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COMMUNICATION APPARATUS AND

COMMUNICATION METHOD
BACKGROUND
[0001] 1. Field of the Invention
[0002] The present disclosure relates to a communication

apparatus and a communication method.

[0003] 2. Description of the Related Art

[0004] Hitherto, a wireless communication apparatus has
been known which includes a transmission unit and a receiv-
ing unit, and transmits communication data from the trans-
mission unit to the receiving unit. In this wireless communi-
cation apparatus, when the transmission unit sends a
reference packet and a data packet, and the receiving unit
receives neither the reference packet nor the data packet, a
frequency channel for reception is changed (see, for example,
JP-A-2014-110585). Thereby, a channel is transitioned from
a frequency channel in which a communication error due to
noise or interference is generated to another frequency chan-
nel.

SUMMARY

[0005] In a technique disclosed in JP-A-2014-110585,
communication performance deteriorates when the state of a
transmission path between the transmission unit and the
receiving unit is defective in the entire bandwidth.

[0006] The present disclosure is contrived in view of such
circumstances, and an object thereof of the present disclosure
is to provide a communication apparatus and a communica-
tion method which are capable of preventing communication
performance from deteriorating even when the state of a
transmission path is defective in the entire bandwidth.
[0007] A communication apparatus of the present disclo-
sure performs a communication with another communication
apparatus using a frequency bandwidth including a plurality
of communication channels. The communication apparatus
includes a processor and a communicating device. The com-
municating device transmits a signal to the another commu-
nication apparatus using a first number of communication
channels included in the frequency bandwidth, and receives a
response to the signal from the another communication appa-
ratus using the first number of communication channels. The
processor changes the number of communication channels
used in communication with the another communication
apparatus, from the first number to a second number, in accor-
dance with the response to the signal, and controls power for
each of the communication channels used in the communica-
tion with the another communication apparatus based on the
second number.

[0008] According to the present disclosure, it is possible to
prevent communication performance from deteriorating even
when the state of a transmission path is defective in the entire
bandwidth.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG.1isablock diagram illustrating a configuration
example of a communication system in a first embodiment.
[0010] FIG. 2 is a schematic diagram illustrating a hard-
ware configuration example of a PLC apparatus.

[0011] FIG. 3 is a schematic diagram illustrating an
example of communication frequencies and communication
channels which are used by the PL.C apparatus.
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[0012] FIG. 4 is a schematic diagram illustrating an
example of a communication frame.

[0013] FIG. 5 is a schematic diagram illustrating an
example of a relationship between power and the number of
communication channels which are used in communication
in each DPC mode.

[0014] FIG. 6 is a schematic diagram illustrating an
example of a relationship between each DPC mode and
power.

[0015] FIG. 7 is a schematic diagram illustrating a round
robin in each DPC mode.

[0016] FIG. 8 is a flow diagram illustrating an operation
example when a DPC mode is changed in order to increase
power.

[0017] FIG. 9 is a flow diagram illustrating an operation
example when a DPC mode is changed in order to reduce
power.

DESCRIPTION

[0018] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings as appro-
priately. However, more detailed description than necessary
may not be given. For example, detailed description of
already well-known matters or redundant description of sub-
stantially the same components as those previously stated will
not be given. This is intended to prevent the following
description from being unnecessarily lengthy and to facilitate
understanding by those skilled in the art. Meanwhile, the
accompanying drawings and the following description are
provided in order to allow those skilled in the art to suffi-
ciently understand the present disclosure, and are not
intended to restrict the subject matter described in the claims.

BACKGROUND TO AN ASPECT OF THE
PRESENT DISCLOSURE

[0019] When communication is performed using a plural-
ity of communication channels, a communication channel
having a low S/N ratio (signal to noise ratio) may be present
in the plurality of communication channels due to the influ-
ence of noise. In addition, noise may be present in the entirety
(entire communication bandwidth) of the plurality of com-
munication channels depending on the state of a transmission
path. In this case, an S/N ratio deteriorates in the entirety of
the plurality of communication channels. For this reason, in
some cases, a communication error increases, a communica-
tion delay increases, and communication performance dete-
riorates.

[0020] Hereinafter, a description will be given of a commu-
nication apparatus and a communication method which are
capable of preventing communication performance from
deteriorating even when the state of a transmission path is
defective in the entire bandwidth.

First Embodiment

Configurations and the Like

[0021] FIG.1isa schematic diagram illustrating a configu-
ration example of a communication system 1000 in a first
embodiment. In the communication system 1000, a plurality
of PLC (Power Line Communication) apparatuses 10 is con-
nected to a power line 1A. The PL.C apparatus 10 performs
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power line communication, for example, in conformity to the
standard of IEEE (The Institute of Electrical and Electronics
Engineers) 1901.

[0022] The PLC apparatus 10 may be, for example, a PLC
modem or an electrical instrument having a PLC modem
built-in. This electrical instrument includes, for example,
household electrical appliances such as a television, a tele-
phone, a video cassette recorder, and a set-top box, or office
instruments such as a personal computer, a facsimile, and a
printer. In addition, the PL.C apparatus 10 includes infrastruc-
ture instruments such as a control instrument for a streetlight
and a smart meter which is a next-generation electrical energy
meter, or security instruments such as a sensor instrument and
a monitoring camera which are represented by the IoT (Inter-
net of things).

[0023] The PLC apparatus 10 includes one or more PL.C
apparatuses 10M operating as a master device and one or
more PLC apparatuses 10S operating as a slave device. When
the master device and the slave device are not particularly
distinguished from each other, these devices are simply
described as the PL.C apparatus 10.

[0024] FIG. 2 is a block diagram illustrating a hardware
configuration example of the PL.C apparatus 10. The PL.C
apparatus 10 includes a circuit module 30 and a switching
power supply 20.

[0025] The switching power supply 20 supplies various
types of voltage (for example, +1.2V, +3.3V, and +12 V) to the
circuit module 30, and includes, for example, a switching
transformer and a DC-DC converter (both are not shown in
the drawing). Power to the switching power supply 20 is
supplied from a power supply connector 21 through an
impedance upper circuit 27 and an AC-DC converter 24. The
power supply connector 21 is provided, for example, on the
back surface of a housing 100 included in the PL.C apparatus
10.

[0026] The circuit module 30 includes a main IC (Inte-
grated Circuit) 11 and an AFE IC (Analog Front END Inte-
grated Circuit) 12. In addition, the circuit module 30 includes
a low pass filter (LPF) 13, a driver IC 15, a coupler 16, a band
pass filter (BPF) 17, and a memory 18. In addition, the circuit
module includes an Ethernet (Registered Trademark) PHY IC
(Physical layer Integrated Circuit) 19 and an AC cycle detec-
tor 60.

[0027] The coupler 16 is connected to the power supply
connector 21, and is further connected to the power line 1A
through a power supply cable 1B, a power supply plug 25, and
a receptacle 2. An LED 23 operates as a display unit, and is
connected to the main IC 11. A LAN cable 26 for connection
to various types of device (for example, a personal computer)
is connected to a modular jack 22. The modular jack 22 is
provided, for example, on the back surface of the housing
100. The LED 23 is provided, for example, on the front
surface of the housing 100.

[0028] The main IC 11 includes a CPU (Central Processing
Unit) 11A and PLC MAC (Power Line Communication
Media Access Control layer) blocks 11C1 and 11C2. In addi-
tion, the main IC 11 includes PLC PHY (Power Line Com-
munication Physical layer) blocks 11B1 and 11B2

[0029] The CPU 11A has a 32-bit RISC (Reduced Instruc-
tion Set Computer) processor mounted therein. The PLC
MAC block 11C2 manages a MAC layer (Media Access
Control layer) of a transmission signal, and the PLC MAC
block 11C1 manages a MAC layer of a received signal. The
PLC PHI block 11B2 manages a PHY layer (Physical layer)
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of'a transmission signal, and the PLC PRY block 11B1 man-
ages a PHY layer of a received signal.

[0030] The AFE IC 12 includes a DA converter (DAC;
Digital to Analog Converter) 12A, an AD converter (ADC;
Analog to Digital Converter) 12D, and variable gain ampli-
fiers (VGA) 12B and 12C.

[0031] The coupler 16 includes a coil transformer 16A and
coupling capacitors 16B and 16C. Meanwhile, the CPU 11A
controls operations of the PLC MAC blocks 11C1 and 11C2
and the PLC PHY blocks 11B1 and 11B2 using data which is
stored in the memory 18, and controls the entirety of the PLC
apparatus 10.

[0032] In FIG. 2, the PLC apparatus 10 includes the PL.C
MAC blocks 1101 and 11C2 and the PLC PHY blocks 11B1
and 11B2, and it is shown that these blocks are used for
transmission and reception, respectively. Instead thereof, the
PLC apparatus 10 may include a PLC MAC block 11C and a
PLCPHY block 11B (which are not shown), and may be used
in common for transmission and reception.

[0033] Meanwhile, the PLC MAC blocks 11C1 and 11C2
are simply also referred to as the PLC MAC block 11C. The
PLC PHY blocks 11B1 and 11B2 are also simply referred to
as the PLC PHY block 11B.

[0034] Similarly to a general modem, the main IC 11 is, for
example, an electrical circuit (LSI; Large Scale Integration)
that performs signal processing including basic control or
modulation and demodulation for data communication. For
example, the main IC 11 modulates received data which is
output from a communication terminal (for example, a PC)
through the modular jack 22, and outputs the modulated data
as a transmission signal (data) to the AFE IC 12. In addition,
the main IC 11 demodulates a signal which is input from the
power line 1A side through the AFE IC 12, and outputs the
demodulated signal as a received signal (data) to a commu-
nication terminal (for example, a PC) through the modular
jack 22.

[0035] The AC cycle detector 60 generates a synchronizing
signal which is required for each of the PL.C apparatuses 10 to
perform control at a common timing. The AC cycle detector
60 includes a diode bridge 60a, resistors 605 and 60c, a DC
(Direct Current) power supply unit 60e, and a capacitor 60d.
[0036] The diode bridge 60a is connected to the resistor
605. The resistor 605 is connected in series to the resistor 60c.
The resistors 605 and 60c¢ are connected in parallel to one
terminal of the capacitor 60d. The DC power supply unit 60e
is connected to the other terminal of the capacitor 60d.
[0037] Specifically, the generation of the synchronizing
signal by the AC cycle detector 60 is performed as follows.
That is, the detector detects the zero-crossing point of a volt-
age having an alternating-current power waveform AC (alter-
nating-current waveform composed of a sinusoidal wave of
50 Hz or 60 Hz) of a commercial power supply which is
supplied to the power line 1A, and generates the synchroniz-
ing signal based on the timing of the zero-crossing point. An
example of the synchronizing signal includes a square wave
composed of a plurality of pulses synchronized with the zero-
crossing point of an alternating-current power waveform.
[0038] Meanwhile, the AC cycle detector 60 is not essen-
tial. In this case, a synchronizing signal included in, for
example, a communication signal is used in synchronization
between the PLC apparatuses 10.

[0039] Communication by the PLC apparatus 10 is per-
formed schematically as follows.
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[0040] Data which is input from the modular jack 22 is sent
to the main IC 11 through the Ethernet (Registered Trade-
mark) PHY IC 19, and a digital signal is generated by per-
forming digital signal processing. The generated digital sig-
nal is converted into an analog signal by the DA converter
12A of the AFE IC 12. The converted analog signal is output
to the power line 1A through the low pass filter 13, the driver
IC 15, the coupler 16, the power supply connector 21, the
power supply cable 1B, the power supply plug 25, and the
receptacle 2.

[0041] In addition, a signal which is received from the
power line 1A is sent to the band pass filter 17 through the
coupler 16, and is converted into a digital signal by the AD
converter 12D after the gain thereof'is adjusted by the variable
gain amplifier 12C of the AFE IC 12. The converted digital
signal is sent to the main IC 11, and is converted into digital
data by performing digital signal processing. The converted
digital data is output from the modular jack 22 through the
Ethernet (Registered Trademark) PHY IC 19.

[0042] [Details of Communication System]

[0043] Next, the details of a communication system which
is used by the communication system 1000 will be described.
[0044] FIG. 3 is a schematic diagram illustrating an
example of communication frequencies and virtual channels
(also referred to as communication channels) which are used
by the PLC apparatus 10. In FIG. 3, 2 MHz to 12 MHz are
illustrated as the bandwidth of communication frequencies.
In addition, in the bandwidth of communication frequencies,
a communication channel CH is divided per MHz, and ten
communication channels CH (CH1 to CH10) are provided.
Each of the communication channels CH has, for example, 32
subcarriers. Therefore, ten communication channels CH1 to
CH10 have 320 subcarriers.

[0045] Meanwhile, the bandwidth of communication fre-
quencies, the number of communication channels, and the
number of subcarriers are an example, and may be other than
these. The number of communication channels is two or
more.

[0046] In addition, a communication frame FR which is
communicated by the PL.C apparatus 10 includes a preamble
(PB) frame control (FC), and a frame body (Pb). The com-
munication frame FR is formed in any array in a time domain
and a frequency domain.

[0047] Data of the preamble (PB) is a fixed value, and all
the data are, for example, “1”. The preamble data is used in
order to perform, for example, carrier detection, synchroni-
zation, or demodulation. Data of the frame control (FC) and
the frame body (Fb) is an unfixed value. In the present
embodiment, one preamble is provided for each predeter-
mined frequency bandwidth (for example, per MHz) in, for
example, the communication frame FR. Meanwhile, one pre-
amble may be provided in the entirety of the communication
frame FR.

[0048] As an example, the communication frame FR can
include a maximum of ten communication channels CH1 to
CH10. As described later, in the present embodiment, the
number of communication channels CH included in the com-
munication frame FR is variable in accordance with a DPC
(Dynamic Power Control) mode.

[0049] FIG. 4 is a schematic diagram illustrating an
example of a frame format of the communication frame FR.
InFIG. 4, the communication frame FR includes the same PB
and FC for each communication channel CH. In FIG. 4, ten
communication channels CH are included in the communi-
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cation frame FR, and one Fb is included in the entirety of ten
communication channels CH. Information of the frame for-
mat of the communication frame FR is stored in the memory
18.

[0050] The frame format of the communication frame FR
shown in FIG. 4 is an example, and other frame formats may
be adopted. For example, in FIG. 4, diversity is not considered
in the Fb, but the Fb may be divided and provided in a time
domain or a frequency domain in the communication frame
FR, in consideration of the diversity.

[0051] Inaddition, in the present embodiment, a DPC mode
described later is adopted, and thus the number of communi-
cation channels CH used in communication changes. For this
reason, the number of communication channels CH included
in the communication frame FR also changes.

[0052] [Details of DPC Mode]

[0053] TheCPU 11A sets a DPC (Dynamic Power Control)
mode for adjusting power used in communication. In addi-
tion, when the DPC mode is set, the CPU 11A determines the
power used in communication, and determines the commu-
nication channel CH used in communication. The communi-
cation channel CH, used in communication, to be determined
is as to which communication channel is used (for example,
which of CH1 to CHS is used), the number of channels of the
communication channel CH, or the like. Setting information
of'the DPC mode is stored in the memory 18.

[0054] Inaddition, the DPC mode is set by, for example, the
PLC apparatus 10M. The PLC apparatus 10M notifies the
PLC apparatus 10S of information of the set DPC mode. The
information of the DPC mode includes information of power
for each communication channel CH (per communication
channel CH) which is set, and information (for example,
identification information of the communication channel CH
or information of the number of communication channels
CH) of the communication channel CH which is used. Each
of the PL.C apparatuses 10S can recognize a DPC mode to
which a master device is adopted, based on the notice of the
information of the DPC mode by the PL.C apparatus 10M, and
can perform communication in the communication system
1000 based on the DPC mode to which the master device is
adopted.

[0055] FIG. 5 is a schematic diagram illustrating a relation-
ship between the number of communication channels CH and
power per communication channel CH which are used in
communication in each DPC mode.

[0056] The number of DPC modes is plural. In FIG. 5, DPC
modes 1 to 5 are illustrated. Meanwhile, the DPC mode n is
also abbreviated to DPCn. In the DPC mode 1, ten commu-
nication channels CH are used, and the bandwidth thereof is
10 MHz. In the DPC mode 2, five communication channels
CH are used, and the bandwidth thereofis 5 MHz. In the DPC
mode 3, three communication channels CH are used, and the
bandwidth thereof is 3 MHz. In the DPC mode 4, two com-
munication channels CH are used, and the bandwidth thereof
is 2 MHz. In the DPC mode 5, one communication channel
CH is used, and the bandwidth thereof is 1 MHz.

[0057] FIG. 6 is a schematic diagram illustrating a relation-
ship between each DPC mode and a power level.

[0058] Communication power in the DPC mode 1 is —45
dBm/Hz, and this power is set to a default. In this case,
communication power in the DPC mode 2 is -42 dBm/Hz,
and is greater than by dB than the communication power in
the DPC mode 1.
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[0059] Communication power in the DPC mode 3 is —40
dBm/Hz, and is greater than by 5 dB than the communication
power in the DPC mode 1. Communication power in the DPC
mode 4 is =38 dBm/Hz, and is greater than by 7 dB than the
communication power in the DPC mode 1. Communication
power in the DPC mode 5 is —35 dBm/Hz, and is greater than
by 10 dB than the communication power in the DPC mode 1.
[0060] Meanwhile, the number of communication channels
CH and power for each communication channel which are
used in communication change in accordance with the DPC
mode, but power (total power) for all the communication
channels CH used in communication almost does not change.
Therefore, the power decreases as the number of communi-
cation channels CH used in communication becomes larger,
and the power increases as the number of communication
channels CH used in communication becomes smaller. For
example, when the number of communication channels CH is
changed from ten to five, power per communication channel
CH is doubled.

[0061] For example, when the number of communication
channels CH is changed from ten to five, the CPU 11A
increases the power per communication channel CH so that,
for example, the total power become unchanging in accor-
dance with such a change. Thereby, the signal level of a signal
capable of being transmitted through the power line 1A
increases, and the probability of communication through the
power line 1A succeeding improves.

[0062] For example, when the number of communication
channels CH is changed from five to ten, the CPU 11A
reduces the power per communication channel CH so that, for
example, the total power become unchanging in accordance
with such the change. Thereby, the signal level of a signal
capable of being transmitted through the power line 1A
decreases, interference with communication by another PLC
apparatus 10 is reduced, and the number of communication
channels CH increases, thereby allowing communication
efficiency to be improved.

[0063] Meanwhile, in FIG. 6, DPC mode 1 in which power
per communication channel CH is minimum is assumed as a
default of the DPC mode, but the DPC mode 5 in which the
power per communication channel CH is maximum can also
be assumed.

[0064] [Details of Round Robin]

[0065] When the DPC mode is set to the DPC mode 2 to the
DPC mode 5, the CPU 11A may change the communication
channel CH using a round robin. In the round robin, the CPU
11A changes the frequency bandwidth of the communication
channel CH without changing the number of communication
channels CH used in communication. Setting information
about the round robin is held in the memory 18. The setting
information about the round robin includes, for example,
information as to how the communication channel CH is
shifted by the round robin. The PLC apparatus 10 can detect
an available frequency using the round robin without increas-
ing the power per communication channel CH.

[0066] FIG. 7 is a schematic diagram illustrating a round
robin in each DPC mode. In FIG. 7, the available bandwidth
of communication frequencies is 2 MHz to 12 MHz, and a
case is illustrated in which at least a portion of this bandwidth
is used in communication.

[0067] Inthe DPC mode 1, since ten communication chan-
nels CH are used, and the entirety of the available communi-
cation channels CH1 to CH10 is used, the round robin is not
able to be adopted. In this case, the CPU 11A sets the com-
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munication channels CH1 to CH10 as communication chan-
nels which are used (communication channels to be used).

[0068] In the DPC mode 2, five communication channels
CH are used. The CPU 11A may set, for example, CH1 to
CHS, CH6 to CH10, CH1 to CH5, CH6 to CH10, . . ., in this
order, as communication channels to be used, using the round
robin. In addition, the CPU 11 A may set CH1 to CH5, CH2 to
CH6, CH3 to CH7, in this order, as communication channels
to be used, using the round robin. In addition, the CPU 11A
selects five communication channels CH arbitrarily, and may
set these communication channels as communication chan-
nels to be used by repeating such a selection. The communi-
cation channel CH which is arbitrarily selected may not be a
communication channel CH adjacent thereto.

[0069] In the DPC mode 4, two communication channels
CH are used. The CPU 11A may set, for example, CH1 and
CH2, CH3 and CH4, CH5 and CH6, CH7 and CH8, CH9 and
CH10, CH1 and CH2, in this order, as communication chan-
nels to be used, using the round robin. In addition, the CPU
11A may set CH1 and CH2, CH2 and CH3, CH3 and CH4, in
this order, as communication channels to be used, using the
round robin. In addition, the CPU 11A may set CH1 and CH3,
CH2 and CH4, CH5 and CH7, CH6 and CHS, in this order, as
communication channels to be used, using the round robin. In
addition, the CPU 11A selects two communication channels
CH arbitrarily, and may set these communication channels as
communication channels to be used by repeating such a selec-
tion. The communication channel CH which is arbitrarily
selected may not be a communication channel CH adjacent
thereto.

[0070] Inthe DPC mode5, one communication channel CH
isused. The CPU 11A may set, for example, CH1, CH2, CH3,
CHS8, CH9, CH10, CH1, CH2, CHS3, . . ., in this order, as
communication channels to be used, using the round robin. In
addition, the CPU 11A may set, for example, CH1, CH3,
CHS, CH7, CH9, CH2, CH4, CH6, CH8, CH10, CH1, CH3,
..., in this order of, as communication channels to be used,
using the round robin. In addition, the CPU 11A selects one
communication channel CH arbitrarily, and may set this com-
munication channel as a communication channel to be used
by repeating such a selection.

[0071] The CPU 11A of the PLC apparatus 10M transmits
a predetermined signal through the power line 1A, using the
communication channel CH which is arbitrarily set in the
round robin. The PLC apparatus 10S having received the
predetermined signal returns an ACK signal for the predeter-
mined signal to the PLC apparatus 10M. When the ACK
signal is received from all the PL.C apparatuses 10S which are
targets of communication, the PL.C apparatus 10M deter-
mines a communication channel CH transmitting the prede-
termined signal corresponding to the ACK signal, as a com-
munication channel CH used in communication after that.
This determination information is held in the memory 18.

[0072] Inaddition, the CPU 11A of'the PLC apparatus 10M
may cause information of the set DPC mode and information
of'a communication channel to be used which is determined
in the round robin to be included in the frame header (for
example, FC) or FB of the communication frame FR, and
transmit these pieces of information to the PLC apparatus
10S. Thereby, the set DPC mode and the information of a
communication channel to be used can be shared with each of
the PL.C apparatuses 10 in the communication system 1000.



US 2016/0149689 Al

[0073] [Operations and the Like]

[0074] Next, an operation of the PL.C apparatus 10 will be
described.

[0075] Here, a case is illustrated in which the PL.C appara-

tus 10M changes the DPC mode. Meanwhile, information of
the PLC apparatus 10 as a transmission destination of a bea-
con signal for setting the DPC mode is registered in advance
with, for example, the memory 18. The information of the
PLC apparatus 10 includes identification information of the
PLC apparatus 10 (for example, information of a MAC
address and an [P address of the PL.C apparatus 10) or authen-
tication information in which the PLC apparatus 10 is authen-
ticated to be valid as the transmission destination of a beacon
signal. The PL.C apparatus 10 having authentication informa-
tion registered with the memory 18 is also referred to as an
“authenticated PLC apparatus”. Herein, a case is illustrated in
which the number of authenticated PL.C apparatuses is ten,
but there is no limitation thereto.

[0076] FIG. 8 is a flow diagram illustrating a first operation
example of the PLC apparatus 10M. FIG. 8 illustrates an
operation when the PLC apparatus 10M changes the DPC
mode in order to increase the power for each communication
channel CH.

[0077] First, the CPU 11A sets the DPC mode 1 as a default
of the DPC mode, and holds setting information in the
memory 18 (S11). Meanwhile, as a default, any of the DPC
modes 2 to 4 may be set rather than the DPC mode 1.
[0078] The CPU 11A transmits a beacon signal to the
authenticated PL.C apparatus (for example, PL.C apparatus
10S which has already been authenticated in the PL.C appa-
ratus 10M) through a communication apparatus such as the
AFE IC 12, in accordance with the DPC mode 1. This beacon
signal is sent, for example, periodically from the PL.C appa-
ratus 10M to the PL.C apparatus 10S in the communication
system 1000. Meanwhile, the communicating device is, for
example, a device, inclusive of the AFE IC 12, which is
disposed closer to the power supply plug 25 side than the AFE
IC 12.

[0079] The CPU 11A monitors whether an ACK signal for
aninquiry signal regarding the beacon signal being capable of
being correctly received (LINK normal state) has been
received by a communication apparatus. The CPU 11A deter-
mines whether the ACK signal has been received from all the
authenticated PL.C apparatuses (S12).

[0080] When the ACK signal is received from all the
authenticated PLC apparatuses, the PL.C apparatus 10 termi-
nates the process of FIG. 8. Since it can be presumed that
signal power is sufficient, and a device which has not received
the beacon signal in the authenticated PL.C apparatus is not
present, the power per communication channel CH is not
increased.

[0081] On the other hand, when at least one ACK signal is
not received from the authenticated PL.C apparatus, the CPU
11A changes the DPC mode so that the power per communi-
cation channel CH increases (S13).

[0082] The CPU 11A temporarily sets the DPC mode 2, for
example, when the DPC mode 1 is set, and temporarily sets
the DPC mode 3 when the DPC mode 2 is set. Meanwhile,
since it may be preferable that the power per communication
channel CH increases, the DPC mode 3 or the DPC mode 4
may be temporarily set next to the DPC mode 1. A method of
selecting a DPC mode which is next set is held in, for
example, the memory 18, and is referenced by the CPU 11A.

May 26, 2016

[0083] The CPU 11A transmits the beacon signal to the
authenticated PL.C apparatus through a communication appa-
ratus, in accordance with the DPC mode (for example, DPC
mode 2) which is temporarily set.

[0084] In addition, the CPU 11A may transmit the beacon
signal while changing the communication channel to be used
using the round robin, in accordance with the DPC mode
which is temporarily set.

[0085] Ina case of, for example, the DPC mode 2, ACK is
assumed to be received from the total number (ten) of authen-
ticated PL.C apparatuses in the communication channels CH1
to CHS5. In this case, the CPU 11A holds setting information
including communication using the communication channels
CH1 to CHS in the DPC mode 2, in the memory 18.

[0086] Inaddition, in a case of, for example, the DPC mode
2, it is assumed that ACK is received from half (five) of the
authenticated PL.C apparatuses in the communication chan-
nels CH1 to CHS, and that ACK is received from half (five) of
the remaining authenticated PL.C apparatuses in the commu-
nication channels CH6 to CH10. In this case, the CPU 11A
can receive all the ACKs by performing the round robin, and
thus holds information of a method of transitioning a fre-
quency using a round robin, in the memory 18.

[0087] The CPU 11A monitors whether an ACK signal for
aninquiry signal regarding the beacon signal being capable of
being correctly received (LINK normal state) has been
received by a communication apparatus. The CPU 11A deter-
mines whether the ACK signal has been received from all the
authenticated PL.C apparatuses (S14).

[0088] When at least one ACK signal is not received from
the authenticated PL.C apparatus, the PL.C apparatus 10 pro-
ceeds to S13, transmits the beacon signal by increasing the
power per communication channel, and attempts to receive
the ACK signal again.

[0089] On the other hand, when the ACK signal is received
from all the authenticated PL.C apparatuses, the CPU 11A
establishes (fixes) the DPC mode which is temporarily set as
a new DPC mode, and holds the mode in the memory 18
(S15).

[0090] The CPU 11A communicates communication data
through a communication apparatus, using the communica-
tion frame FR, in accordance with the established DPC mode
(S16). Here, the CPU 11 A communicates the communication
data, as necessary, through the communication apparatus,
based on the round robin.

[0091] For example, the CPU 11A refers to the setting
information which is held in the memory 18, and performs
communication through the communication apparatus, in the
DPC mode 2, using the communication channels CH1 to
CHS. in addition, the CPU 11A refers to information of a
method of transitioning a frequency, for example, based on
the round robin which is held in the memory 18, and performs
communication through the communication apparatus, alter-
nately using the communication channels CH1 to CH5 and
the communication channels CH6 to CH10.

[0092] The CPU 11A notifies the authenticated PL.C appa-
ratus of information of the established DPC mode through the
communication apparatus (S17). This notification is per-
formed by, for example, the beacon signal. Thereby, the PL.C
apparatus 10M can share the information of the DPC mode
between the authenticated PL.C apparatuses.

[0093] According to the process of FIG. 8, the PLC appa-
ratus 10M transmits a signal to all the authenticated PLC
apparatuses which are assumed to be communication part-
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ners. When ACK for a signal is not received from at least some
of the authenticated PLC apparatuses, the PLC apparatus
10M transmits a signal by increasing the power for each
communication channel CH, and performs a scanning pro-
cess of confirming ACK for a signal. Therefore, whenever the
scanning process is performed, the number of communica-
tion channels to be used decreases, and the power for each
communication channel CH increases. By the power increas-
ing, there is a tendency for a signal to reach the authenticated
PLC apparatus, and the reception rate of ACK becomes
higher. Therefore, even when the state of a transmission path
deteriorates throughout the entirety of the communication
channels CH1 to CH10, the PLC apparatus 10M can improve
communication performance.

[0094] FIG.9is a flow diagram illustrating a second opera-
tion example of the PL.C apparatus 10M. FIG. 9 illustrates an
operation when the PLC apparatus 10M changes the DPC
mode in order to reduce the power for each communication
channel.

[0095] First, the CPU 11A sets the DPC mode 5 as a default
of the DPC mode, and holds setting information in the
memory 18 (S21). Meanwhile, as a default, any of the DPC
modes 2 to 4 may be set rather than the DPC mode 5.
[0096] The CPU 11A transmits the beacon signal to the
authenticated PLC apparatus through the communication
apparatus, in accordance with the DPC mode 5. This beacon
signal is sent from the PL.C apparatus 10M to the PLC appa-
ratus 10S, for example, periodically, in the communication
system 1000.

[0097] The CPU 11A monitors whether an ACK signal for
aninquiry signal regarding the beacon signal being capable of
being correctly received (LINK normal state) has been
received by a communication apparatus. The CPU 11A deter-
mines whether the ACK signal has been received from all the
authenticated PL.C apparatuses (S22).

[0098] When at least one ACK signal is not received from
the authenticated PLC apparatus, the PL.C apparatus 10 ter-
minates a process of FIG. 9. That is, since it can be presumed
that signal power is insufficient, and that a device in which the
beacon signal is not received normally in the authenticated
PLC apparatus is present, the power per communication
channel CH is not reduced.

[0099] On the other hand, when the ACK signal is received
from all the authenticated PL.C apparatuses, the CPU 11A
changes the DPC mode so that the power per communication
channel CH is reduced (S23).

[0100] The CPU 11A temporarily sets the DPC mode 4, for
example, when the DPC mode 5 is set, and temporarily sets
the DPC mode 3 when the DPC mode 4 is set. Meanwhile,
since it may be preferable that the power per communication
channel CH increases, the DPC mode 3 or the DPC mode 2
may be temporarily set next to the DPC mode 5. A method of
selecting a DPC mode which is next set is held in, for
example, the memory 18, and is referenced by the CPU 11A.
[0101] The CPU 11A transmits the beacon signal to the
authenticated PLC apparatus through the communication
apparatus, in accordance with the DPC mode (for example,
DPC mode 4) which is temporarily set.

[0102] In addition, the CPU 11A may transmit the beacon
signal while changing the communication channel to be used
using the round robin, in accordance with the DPC mode
which is temporarily set.

[0103] Ina case of, for example, the DPC mode 4, ACK is
assumed to be received from the total number (ten) of authen-
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ticated PL.C apparatuses in the communication channels CH1
and CH2. In this case, the CPU 11 A holds setting information
including communication using the communication channels
CH1 and CH2 in the DPC mode 4, in the memory 18.

[0104] Inaddition, in a case of, for example, the DPC mode
4, ACK is assumed to be received from different authenticated
PLC apparatuses for every V5 (every two) of the total number
of authenticated PL.C apparatuses, in the communication
channels CH1 and CH2, CH3 and CH4, CH5 and CH6, CH7
and CHS8, and CH9 and CH10. In this case, the CPU 11A can
receive all the ACKs by performing the round robin, and thus
holds information of a method of transitioning a frequency
using a round robin, in the memory 18.

[0105] The CPU 11A monitors whether an ACK signal for
aninquiry signal regarding the beacon signal being capable of
being correctly received (LINK normal state) has been
received by a communication apparatus. The CPU 11A deter-
mines whether the ACK signal has been received from all the
authenticated PL.C apparatuses (S24).

[0106] When the ACK signal is received from all the
authenticated PLC apparatuses, the PL.C apparatus 10 pro-
ceeds to S13, transmits the beacon signal by reducing the
power per communication channel, and attempts to receive
the ACK signal again.

[0107] On the other hand, when at least a portion of ACK
signal is not received from the authenticated PLC apparatus,
the CPU 11A establishes the DPC mode which is temporarily
set before one current DPC mode during temporary setting, as
a new DPC mode, and holds the mode in the memory 18
(S25).

[0108] The CPU 11A communicates communication data
through a communication apparatus, using the communica-
tion frame FR, in accordance with the established DPC mode
(S26). Here, communication data is communicated, as nec-
essary, by the round robin.

[0109] For example, the CPU 11A refers to the setting
information which is held in the memory 18, and performs
communication through the communication apparatus, in the
DPC mode 4, using the communication channels CH1 and
CH2. In addition, the CPU 11A refers to information of a
method of transitioning a frequency, for example, based on
the round robin which is held in the memory 18, and performs
communication through the communication apparatus, using
the communication channels CH1 and CH2, CH3 and CH4,
CHS and CH6, CH7 and CH3, and CH9 and CH10 in this
order.

[0110] The CPU 11A notifies the authenticated PL.C appa-
ratus of information of the established DPC mode through the
communication apparatus (S27). This notification is per-
formed by, for example, the beacon signal. Thereby, the PL.C
apparatus 10M can share the information of the DPC mode
between the authenticated PLC apparatuses.

[0111] According to the process of FIG. 9, the PLC appa-
ratus 10M transmits a signal to all the authenticated PLC
apparatuses which are assumed to be communication part-
ners. When ACK for a signal is received from all the authen-
ticated PL.C apparatuses, the PLC apparatus 10M transmits a
signal by reducing the power for each communication chan-
nel, and performs a scanning process of confirming ACK for
a signal. Therefore, whenever the scanning process is per-
formed, the number of communication channels to be used
increases, and the power for each communication channel
decreases. The communication efficiency of communication
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data improves by an increase in the number of communica-
tion channels to be used, and thus it is possible to speed up
communication.

[0112] [Effects and the Like]

[0113] In this manner, the PLC apparatus 10 can perform
communication efficiently in accordance with the state of the
transmission path. For example, when noise is present in the
entirety of a plurality of communication channels CH, the
PLC apparatus 10 increases the power per communication
channel CH by reducing the number of communication chan-
nels CH used in communication. Thereby, the PL.C apparatus
10 can improve the S/N ratio of the communication channel
CH used in communication with another PLC apparatus 10.
[0114] Therefore, even when the characteristics of the
transmission path are defective throughout the entirety of the
communication bandwidth (for example, 2 MHzto 12 MHz),
the power per bandwidth is increased by reducing the band-
width which is used, and thus it is possible to improve resis-
tance to noise. Thereby, even when characteristics are defec-
tive in the entire bandwidth of the transmission path, the PLC
apparatus 10 can suppress an increase in communication
error, and suppress an increase in communication delay, and
prevent communication performance from deteriorating.
[0115] In addition, when noise is not present in a portion of
a plurality of communication channels CH, the PL.C appara-
tus 10 may reduce the power per communication channel by
increasing the number of communication channels CH used
in communication. Thereby, the PL.C apparatus 10 suppresses
power consumption, and thus can improve the transmission
efficiency of communication with another PLC apparatus 10.
[0116] In addition, the PLC apparatus 10 changes the com-
munication bandwidth without changing the communication
bandwidth using the round robin, and thus can detect an
available communication channel without increasing the
power per communication channel CH.

Other Embodiments

[0117] As described above, the first embodiment has been
described as the illustration of a technique in the present
disclosure. However, the technique in the present disclosure
is not limited thereto, and can also be applied to embodiments
in which changes, substitutions, additions, omissions, and the
like are performed. In addition, the respective embodiments
may be combined with each other.

[0118] In the first embodiment, a case has been illustrated
in which the PL.C apparatus 10 performs power control in
association with a change in the number of communication
channels CH. Meanwhile, the PL.C apparatus 10 may not
associate a change in the number of communication channels
CH with power control. For example, even when the number
of communication channels CH is reduced and power is not
increased, it is possible to expect an improvement in commu-
nication performance by reducing communication interfer-
ence.

[0119] Inthe first embodiment, an example is illustrated in
which the PLC apparatus 10M as a master device sets the
DPC mode, and notifies another PL.C apparatus 10 of the
information of the DPC mode. Meanwhile, the PL.C appara-
tus 10S as a slave device may set the DPC mode, and notify
another PLC apparatus 10 of the information of the DPC
mode. In addition, without distinguishing the master device
from the slave device, any of the PL.C apparatuses 10 may set
the DPC mode, and notify another PL.C apparatus 10 of the
information of the DPC mode.
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[0120] In the first embodiment, an example has been illus-
trated in which the communication system 1000 is a power
line communication system that performs communication in
accordance with the power line communication system.
Meanwhile, the communication system 1000 may be a com-
munication system that performs communication in accor-
dance with another communication system (for example,
wireless LAN system).

[0121] Inthe first embodiment, a processor may be config-
ured physically in any way. In addition, when a program-
mable processor is used, process contents can be changed by
changing a program, and thus it is possible to increase the
degree of freedom of a design of the processor. The processor
may be constituted by one semiconductor chip, and may be
constituted physically by a plurality of semiconductor chips.
When the processor is constituted by a plurality of semicon-
ductor chips, each control in the first and second embodi-
ments may be realized by a separate semiconductor chip. In
this case, it can be considered that one processor is constituted
by the plurality of semiconductor chips. In addition, the pro-
cessor may be constituted by a member (such as a capacitor)
having a separate function from that of the semiconductor
chip. In addition, one semiconductor chip may be configured
to realize the function of the processor and other functions.

[0122]

[0123] A communication apparatus of an aspect of the
present disclosure performs a communication with another
communication apparatus using a frequency bandwidth
including a plurality of communication channels CR. The
communication apparatus includes a processor and acommu-
nicating device. The communicating device transmits a signal
to another communication apparatus using a first number of
communication channels CH included in the frequency band-
width, and receives a response to the signal from the another
communication apparatus using the first number of commu-
nication channels CH. The processor changes the number of
communication channels CH used in communication with the
another communication apparatus, from a first number to a
second number, in accordance with the response to the signal,
and controls power for each of the communication channels
CH used in communication with the another communication
apparatus, based on the second number.

[0124] The communication apparatus is, for example, the
PLC apparatus 10. The processor is, for example, the main IC
11. The communicating device is, for example, a device,
inclusive of the AFE IC 12, which is disposed closer to the
power supply plug 25 side than the AFE IC 12.

[0125] Thereby, the communication apparatus adjusts the
number of communication channels and the power for each of
the communication channels even when the state of a trans-
mission path is defective in the entire bandwidth, and thus it
is possible to prevent communication performance from dete-
riorating.

[0126] In addition, in this communication apparatus, the
first number may be more than the second number.

[0127] Thereby, the communication apparatus reduces the
number of communication channels used, and can commu-
nicate a signal by increasing the power of each communica-
tion channel increasing. Therefore, the communication appa-
ratus improves a reception rate of a response to the signal and
prevents communication performance from deteriorating.
[0128] In addition, in this communication apparatus, the
first number may be less than the second number.

(Outline of an Aspect of the Present Disclosure)
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[0129] Thereby, the communication apparatus increases
the number of communication channels used, and can com-
municate a signal by decreasing the power of each commu-
nication channel increasing. Therefore, the communication
apparatus improves communication performance of a com-
munication data and can make a rapid communication.
[0130] In addition, in this communication apparatus, the
communicating device may transmit the signal to a plurality
of'other communication apparatuses using the first number or
the second number of communication channels CH included
in the frequency bandwidth. When the response has not been
received from at least one of the plurality of other communi-
cation apparatuses using the first number or the second num-
ber of communication channels CH, the communicating
device may perform a communication using one or more
other communication channels CH included in the frequency
bandwidth, without changing the number of communication
channels CH used in a communication.

[0131] Thereby, the communication apparatus can perform
communication using various communication channels CH
without changing the power for each of the communication
channels. Therefore, the communication apparatus can pre-
vent excessive communication interference from being gen-
erated, and thus it is possible to improve the probability of
success in communication with another communication
apparatus.

[0132] In addition, in this communication apparatus, the
processor may change the communication channels used in
the communication with the other communication appara-
tuses in a round-robin scheduling in the frequency bandwidth.
[0133] Thereby, the communication apparatus changes the
communication channels CH used without changing a com-
munication channel width, and can detect an available com-
munication channel CH without increasing power for each of
the communication channels.

[0134] In addition, in this communication apparatus, the
communicating device may transmit identification informa-
tion of the second number of communication channels CH to
another communication apparatus.

[0135] Thereby, another communication apparatus can
identify each communication channel in which the number of
channels is changed, and perform communication with a
communication apparatus, using a communication channel
after change.

[0136] In addition, in this communication apparatus, the
communicating device may perform communication using
the power line 1A.

[0137] Thereby, even when the state of the power line 1A is
defective in the entire bandwidth, the communication appa-
ratus adjusts the number of communication channels and the
power per communication channel, and thus it is possible to
prevent communication performance from deteriorating.
[0138] Inaddition, acommunication method ofanaspect of
the present disclosure is a communication method in a first
communication apparatus that performs a communication
with a second communication apparatus using a frequency
bandwidth including a plurality of communication channels.
The method includes transmitting a signal to a second com-
munication apparatus using a first number of communication
channels included in the frequency bandwidth, receiving a
response to the signal from the second communication appa-
ratus using the first number of communication channels,
changing the number of communication channels used in
communication, from the first number to a second number in
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accordance with the response to the signal, and controlling
power for each of the communication channels used in the
communication based on the second number.

[0139] Thereby, even when the state of a transmission path
is defective in the entire bandwidth, the communication appa-
ratus adjusts the number of communication channels and the
power per communication channel, and thus it is possible to
prevent communication performance from deteriorating.
[0140] Inaddition, in this communication method, the first
number may be more than the second number.

[0141] Thereby, the communication apparatus reduces the
number of communication channels used, and can commu-
nicate a signal by increasing the power of each communica-
tion channel increasing. Therefore, the communication appa-
ratus improves a reception rate of a response to the signal and
prevents communication performance from deteriorating.
[0142] Inaddition, in this communication method, the first
number may be less than the second number.

[0143] Thereby, the communication apparatus increases
the number of communication channels used, and can com-
municate a signal by decreasing the power of each commu-
nication channel increasing. Therefore, the communication
apparatus improves communication performance of a com-
munication data and can make a rapid communication.
[0144] In addition, in this communication method, the sig-
nal is transmitted to a plurality of second communication
apparatuses using the first number or the second number of
communication channels CH included in the frequency band-
width. When the response has not been received from at least
one of the plurality of second communication apparatuses
using the first number or the second number of communica-
tion channels CH, a communication may be performed using
one or more other communication channels CH included in
the frequency bandwidth, without changing the number of
communication channels CH used in a communication.
[0145] Thereby, the communication apparatus can perform
communication using various communication channels CH
without changing the power for each of the communication
channels. Therefore, the communication apparatus can pre-
vent excessive communication interference from being gen-
erated, and thus it is possible to improve the probability of
success in communication with another communication
apparatus.

[0146] In addition, in this communication method, the
communication channels used in the communication with the
plurality of second communication apparatuses may be
changed in a round-robin scheduling in the frequency band-
width.

[0147] Thereby, the communication apparatus changes the
communication channels CH used without changing a com-
munication channel width, and can detect an available com-
munication channel CH without increasing power for each of
the communication channels.

[0148] In addition, in this communication method, identi-
fication information of the second number of communication
channels CH may be transmitted to plurality of second com-
munication apparatuses.

[0149] Thereby, another communication apparatus can
identify each communication channel in which the number of
channels is changed, and perform communication with a
communication apparatus, using a communication channel
after change.

[0150] In addition, in this communication method, the
communication may be performed using the power line 1A.
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[0151] Thereby, even when the state of the power line 1A is
defective in the entire bandwidth, the communication appa-
ratus adjusts the number of communication channels and the
power per communication channel, and thus it is possible to
prevent communication performance from deteriorating.
[0152] The present application claims the priorities from
U.S. provisional patent application No. 62/083,810 filed on
Nov. 24, 2014 and an international patent application No.
PCT/IP2015/004993 filed on Sep. 30, 2015, the contents of
which are hereby incorporated by reference into this applica-
tion.

[0153] Even when the state of a transmission path is defec-
tive in the entire bandwidth, the present disclosure is useful in
a communication apparatus, a communication method and
the like which are capable of preventing communication per-
formance from deteriorating.

What is claimed is:

1. A communication apparatus that performs a communi-
cation with another communication apparatus using a fre-
quency bandwidth including a plurality of communication
channels, the communication apparatus comprising:

a processor; and

a communicating device,

wherein the communicating device transmits a signal to the

another communication apparatus using a first number
of communication channels included in the frequency
bandwidth, and receives a response to the signal from the
another communication apparatus using the first number
of communication channels, and

the processor changes the number of communication chan-

nels used in the communication with the another com-
munication apparatus, from the first number to a second
number, in accordance with the response to the signal,
and controls power for each of the communication chan-
nels used in the communication with the another com-
munication apparatus based on the second number.

2. The communication apparatus according to claim 1,

wherein the first number is more than the second number.

3. The communication apparatus according to claim 1,

wherein the first number is less than the second number.

4. The communication apparatus according to claim 1,

wherein the communicating device transmits the signal to

a plurality of other communication apparatuses using
the first number or the second number of communication
channels included in the frequency bandwidth, and per-
forms a communication using one or more other com-
munication channels included in the frequency band-
width without changing the number of communication
channels used in a communication when the response
has not been received from at least one of the plurality of
other communication apparatuses using the first number
or the second number of communication channels.

5. The communication apparatus according to claim 4,

wherein the processor changes the communication chan-

nels used in the communication with the other commu-
nication apparatuses in a round-robin scheduling in the
frequency bandwidth.
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6. The communication apparatus according to claim 1,

wherein the communicating device transmits identification

information of the second number of communication
channels to the another communication apparatus.

7. The communication apparatus according to claim 1,

wherein the communicating device performs the commu-

nication through a power line.

8. A communication method in a first communication
apparatus that performs a communication with a second com-
munication apparatus using a frequency bandwidth including
a plurality of communication channels, the communication
method comprising:

transmitting a signal to the second communication appa-

ratus using a first number of communication channels
included in the frequency bandwidth;

receiving a response to the signal from the second commu-

nication apparatus using the first number of communi-
cation channels;

changing the number of communication channels used in

communication from the first number to a second num-

ber in accordance with the response to the signal; and
controlling power for each of the communication channels

used in the communication based on the second number.

9. The communication method according to claim 8,

wherein the first number is more than the second number.

10. The communication method according to claim 8,

wherein the first number is less than the second number.

11. The communication method according to claim 8,

wherein the signal is transmitted to a plurality of second
communication apparatuses using the first number or the
second number of communication channels included in
the frequency bandwidth,

a communication is performed using one or more other
communication channels included in the frequency
bandwidth without changing the number of communi-
cation channels used in a communication when the
response has not been received from at least one of the
plurality of second communication apparatuses using
the first number or the second number of communication
channels.

12. The communication method according to claim 11,

wherein the communication channels used in the commu-
nication with the plurality of second communication
apparatuses is changed in a round-robin scheduling in
the frequency bandwidth.

13. The communication method according to claim 8,

wherein identification information of the second number of
communication channels is transmitted to the plurality
of second communication apparatuses.

14. The communication method according to claim 8,

wherein the communication is performed through a power
line.



