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Notice

This transiation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,

complete, reliable or it for specific purposes. Critical decisions, such as commercially relevant or

financial decisions, should not be based on machine-translation output.

CLAIMS JP2008235961A

1.

tx A wireless communication system including a parent wireless communication device and a

plurality of child wireless communication devices, wherein the parent wireless communication
device includes a first transmission means for transmitting a beacon and information on the
frequency and transiission timing of the beacon. The same as the first broadcast signal, based
on the second transmission means for transmitting the first broadcast signal, the measuring
means for measuring the received power of the signal transmitted by each of the plurality of
child wireless communication devices, and the received power. A selection means for selecting
a broadcast radio communication device to transmit a second broadcast signal including
information on the frequency and fransmission timing of the beacon from the plurality of child
radio communication devices, and the broadeast radio communication device to the first
broadcast signal. The child wireless communication device includes a third transmission
means for transmitting notification instruction information instructing the transmission of the
second notification signal in parallel with the transmission of the second natification signal,
and the child wireless comunication device receives the notification instruction information.
The receiving means and the fourth transmitting means that. when the notification instruction
information is received, transmits the second notification signal to another child wireless
comnunication device in parallel with the transmission of the first notification signal by the
parent wireless communication device. And the information included in either the second
receiving means for receiving at least one of the first broadcast signal and the second
broadcast signal, and either the received first broadcast signal and the received second
broadcast signal. A wireless communication system including a third receiving means for
receiving the beacon based on the above.
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25 A wireless communication device that comnunicates with a plurality of child wireless
communication devices, that is. a first transmission means for transinitting a beacon. a second
transmission means for transmitting a first notification signal including information on the
frequency and transmission timing of the beacon, and a second transmission means. A
measuring means for measuring the reception power of a signal transmitted by each of the
plurality of child wireless communication devices, and a second notification including
information on the frequency and transmission timing of the beacon which is the same as the
first notification signal based on the received power. The second broadcast signal is
transmitted to the broadcast radio communication device and the selection means for
selecting the broadcast radio communication device to which the signal should be transmitted
from the plurality of child radio communication devices in parallel with the transmission of
the first broadcast signal. A wireless commmunication device comprising: a third transmission
means for transmitting notification instruction information instructing the user to do so.

54 The wireless communication device according to claim 2, wherein the notification instruction
information instructs to transait the second notification signal in a frequency band different
from the frequency band of the first notification signal.

4.

so The wireless communication according to claim 2. wherein the selections means selects a
plurality of the broadcast radio commusnication devices, and the plurality of broadeast radio
communication devices iransmit the second broadcast signal in a time-division manner.

apparatus.

5.

67 The wireless communication device according to claim 2, wherein the notification wireless
comrrunication device detects signal interference and transmits the second notification signal
in a frequency band in which signal interference does not exist.

6.

73 The notification instruction information includes a frequency hopping pattern in which the
second notification signal is transmitted by frequency hopping. and the notification radio
communication device transmits the second notification signal in the frequency hepping
pattern. 2. The wireless communication device according to 2.

~3
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g0 A grouping means for grouping the plurality of child wireless communication devices
according to the magnitude of the received power is further provided. and the selection means
is N {N is an integer of 1 or more} from the group having the smallest received power. The
wireless communication device according to claim 2, wherein the child wireless

communication device is selected as the notification wireless communication device.

8.

as For each of the child wireless communication devices, priority information including at least
one of the power supply duration, the remaining batiery level, and the frequency at which
signal interference is detected is acquired from the plurality of child wireless communication
devices. Based on the acquisition means and the priority information, the increasing duration
of power supply and the remaining battery level, the less frequently the signal interference is
detected, the higher the priority is given, and the recelved power. Further includes a grouping
means for grouping the plurality of child wireless communication devices according to the size
of the above, and the selection means has the highest priority N (N is 1} from the group having
the smallest received power. The wireless communication device according to claim 2, wherein
a child wireless communication device (the above integer} is selected as the notification
wireless communication device.

9.

roz Information on the frequency of a beacon transmitted from the parent wireless
communication device and the transmission timing of the beacon in the wireless
communication system including the parent wireless commuitication device and a plurality of
child wireless communication devices, Instructs to transmit a second broadcast signal
including information on the frequency and transmission timing of the beacon, which is the
same as the first broadcast signal transmitied from the parent wireless communication
device, in paraliel with the transmission of the first broadcast signal. The first receiving
mearnis for receiving the notification instruction information from the parent wireless
communication device, and other children in paralle] with the transmission of the first
notification signal by the parent wireless communication device when the notification
instruction information is received. A transmission means for transmitting the second
broadcast signal to the wireless communication device, a second receiving means for
receiving at least one of the first broadcast signal and the second broadcast signal. the
received first broadcast signal, and the above. A wireless communication device including a
third receiving means for receiving the beacon based on information included in any one of
the received second broadeast signals.

10.

21 The wireless communication device according to claim 9, wherein the notification instruction

13-04-2021 3 IPR2022-00468
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information instructs to transmit the second notification signal in a frequency band different
from the frequency band of the first notification signal.

1l

127 The wireless communication device according to claim 9, wherein the transmission means
transmits the second broadcast signal together with other child wireless communication
devices in a time-division manner.

12.

133 The wireless communication device according to claim 9, further comprising a detection
means for detecting signal interference, wherein the transmission means transmits the
second broadcast signal in a frequency band in which signal interference does not exist.

13.

tze 9. The notification instruction information includes a frequency hopping pattern for
transmitting the second notification signal by frequency hopping, and the transmission
means transmits the second notification signatl in the frequency hopping pattern according to

claim 9. The wireless communication device described.

14.

146 An additional transmitting means for transmitting priority information including at least one
of the power supply duration, battery level, and frequency at which signal interference is
detected to the parent wireless communication device is provided. The wireless
communication device acquires priority information from a plurality of child wireless
communication devices, and based on the priority information, the longer the duration of
power supply and the remaining battery level, the less frequently signal interference is
detected. The higher the priority is given, the plurality of child wireless communication
devices are grouped according to the magnitude of the received power, and N (Nis 1 or
more} having the highest priority from the group having the smallest received power, The
wireless communication device according to claim 9, wherein a child wireless cormmunication
device is selected as the notification wireless communication device.
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, veliable or it for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

DESCRIPTION JP2008235961A

10 Wireless communication devices and systems

{0001}
¢ The present invention refates to a wireless communication device and a wireless
communication system, and relates to, for example, a wireless communication system in which

a plurality of terminals form one network.

{0002}

20 In a conventional wireless ad hoc network, for example, when a parent terminal selects a
parent terminal candidate from a plurality of child terminals and notifies the priority order so
that a notification signal is not broadcast for a predetermined time, the parent terminal
candidate has priovity. It becowes a new parent terminal according to the order and transmiis
a notification signal. By doing so, the period in which the parent terminal does not exist can be
shartened, and the terminal wishing 1o participate in the network can immediately start

contunication with the parent ferminal {see, for example, Patent Document 1). R
200563270

{0003]

31 Ina system that assumes a wideband system of several gigahertz and does net know where the
broadcast signal is transmitted, in order to identify the frequency of the broadeast signal and
its information, a method of sequentially scanning a narrow band or a method of scanning a
narrow hand in order, There are methods to obtain the spread gain, but these take time to
identify the broadcast signal. If an attempt is made to receive the notification signal in a short
time, the probability of failure in reception increases, and the terminal that wants to newly join
the network cannot receive the notification signal and starts operating as the parent terminal

13-04-2021 1 IPR2022-00468
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itself. In other words, in general ad hoc communication, a terminal that wants to newly join the
network first searches for the parent terminal, but if the parent terminal cannot be found. it
hecomes the parent terminal itself. Therefore, when the network load is high and the reception
operation time of the parent terminal is long, the parent terminals may be scattered and the
system throughput of the network may be significantly reduced.

{0004]

46 The present invention has been made in consideration of the above-mentioned circumstances,
and an object of the present invention is to provide a wireless communication device and a
svstem capable of improving the system throughput of a network.

{0005}

sz The wireless commmunication system as one aspect of the present invention is a wirveless
communication system including a parent wireless communication device and a plurality of
child wireless communication devices, and the parent wireless communication device is a first
transmission means for transmitting a beacorn. A second transmitting means for transmitting a
first broadcast signal including information on the frequency and transmission timing of the
heacon, a measuring means for measuring the received power of the signal transmitted by
each of the plurality of child wireless communication devices, and the received power. A
selection means for selecting from the plurality of child wireless communication devices a
broadeast wiveless communication device to transmit a second broadcast signal including
infarmation on the frequency and transmission timing of the beacon, which is the same as the
first broadcast signal. The notification wireless communication device is provided with a third
transnission means for transmitting notification instruction information instructing the
transmission of the second notification signal in parallel with the transmission of the first
notification signal, and the child wireless communication. The device is a first receiving means
for receiving the notification instruction information, and when the notification instruction
infermation is received, the device is sent to another child wireless communication device in
parallel with the transmission of the first notification signal by the parent wireless
communication device. A fourth transmitting means for transmitting the second broadcast
signal, a second receiving means for receiving at least one of the first broadcast signal and the
second broadcast signal, the received first broadcast signal, and the reception. It is
characterized by comprising a third receiving means for receiving the beacon based on the
information included in any one of the second broadcast signals.

{0008]
27 'The wireless communication device as one aspect of the present invention is a wireless
communication device that communicates with a plurality of child wireless communication

devices, and includes a first transmission means for transmitting a beacon and information on
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the {requency and transmission timing of the beacon. 1 The second transmitting means for
transmitting the broadcast signal. the measuring means for measuring the received power of
the signal transmitted by each of the plurality of child wireless communication devices, and
the beacon which is the same as the first broadcast signal based on the received power. A
selection means for selecting a broadcast radio communication device to transmit a second
broadcast signal including information on the frequency and transmission timing from the
plurality of child radio communication devices, and the broadcast radic communication device
for the first broadcast signal. It is characterized by comprising a third transmission means for
transmitting notification instruction information instructing iransmission of the second

notification signal in paraltel with transmission.

{0007}

a3 The wireless communication device as one aspect of the present invention is the wireless
communication device in a wireless communication system including a parvent wireless
commurnication device and a plurality of child wireless communication devices, and a beacon
transmitted from the parent wireless communication device. The second broadcast signal
including the same beacon frequency and transmission timing information as the first
hroadcast signal transmitted from the parent wireless communication device, including the
frequency and transmission timing information of the beacon, is transmitted to the first
broadcast. The first receiving means for receiving the notification instruction information
instructing to transmit in parallel with the transmission of the signal from the parent wireless
communication device, and the first receiving means by the parent wireless communication
device when the notification instruction infermation is received. 1 Transmission means for
transmitting the second hroadcast signal to another child wireless communication device in
paratlel with transmission of the broadcast signal, and second reception for receiving at least
one of the first broadcast signal and the second broadeast signal. It is characterized by
comprising means and a third receiving means for receiving the beacon hased on the
information contained in either the received first broadcast signal or the recetved second
hroadcast signal.

113 According to the wireless communication device and system of the present fnvention, the
system throughput of the network can be improved.

{0009}

118 Hereinafter, embodiments of the present invention will be described.

{0010}
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22 Hereinafter, the wireless communication device and the system according to the embodiment
of the present invention will be described in detail with reference to the drawings.

124 The wireless communication device may be called a terminal.

125 FIG. 1 shows an example of a system configuration of the present embodiment. The terminals
101 to 107 form one network (hereinafter, also referred to as a system). and data can be
communicated with each other using signals in a communication frequency band
{hereinafter, referred to as a main band). Here, the terminal 101 operates as a parent
terminal. The parent terminal transmits a notification signal and a beacon for a terminal
newly joining the network. Each terminal in the network transmits a data communication

signal at a frequency and time slot specified by the parent terminal.

{0011}

i35 FIG. 2 shows a conceptual diagram of a notification signal and a beacon transmitted from the
parent terminal,

37 The notification signal 201 is a signal that can be demodulated when a terminal newly joining
the network continues to receive it for a relatively long time (for example, several tens of
frames: 1 frame is 4 ms}, and is transmitted from the parent terminal. Contains frequency
and timing information for the beacon 202. The beacon transmitted from the parent terminal
contains network-specific information, and the terminal that wants to join the network uses
this information to request the parent termninal to join the network. The beacon is
transmitted by the parent terminal once per frame. From the parent terminal 101 and the
child terminal 102, the child terminal 107 performs data communication 203 using a
frequency or time different from that of the notification signal 201 and the beacon 202. Data
communication 203 is used for communication within the same network.

10012}

150 The parent terminal 101 selects a broadcast signal transmission terminal from the child
terminals in the network.

152 The selection method will be described later with reference to FIGS. 6, 7, and 11,
Opportanities to choose may be made on a regular basis or when the terminal newly joins
the network. Here, it is assumed that the parent terminal 101 has selected the child terminal
103 and the child terminal 104 as the broadcast signal transmission terminal. The parent
terminal 101 notifies the child terminal 103 and the child terminal 104 selected by the
notification signal transmission terminal of the notification signal transmission instruction
information 108 and 109, The notification signal transmission instruction information
includes information necessary for the notified child terminal to transmit the notification
signal. Here, it is assumed that the notification signal transmission instruction information
includes the ID of the other party to be notified, the timing of transmitting the notification
signal, the cycle, and the length of transmission. Other information included includes, for
example, a frequency band in which the broadcast signal transmitiing terminal transmits a
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broadcast signal, a frequency hopping pattern, and a spread code. The child terminals 103
and 104 that have received the notification signal transmission instruction information 108
and 109 become the notification signal transmission terminal and start transmitting the
notification signal according to the instruction information. Further, when the notification
signal transmission terminal is changed, the parent terminal transmits the notification signal
stop instruction information for returning from the notification signal transmission terminal
to the normal child terminal in the same manner as the notification signal transmission
instruction information. Send to the terminal.

10013}

175 FIG. 3 shows a specific example of the notification signal.

76 The notification signal 201 of FIG. 3 is the same as the notification signal 201 of FIG. The
broadcast signal 201 includes two narrowband signals 301 and 302. The narrowband
signals 301 and 302 are, for example, ASK {Amplitude Shift Keying} signals, and
simultaneously transmit exactly the same baseband signal in two frequency bands separated
by a frequency of A £ When PSK {Phase Shift Keving) is used. information is transmitted
using differential phase modulation in which information is added to the phase difference
between one signal and the other signal. It is assumed that Afis a system-specific value, and
each terminal knows the value. The child terminal receives the narrowband signals 301 and

302 in cross-correlation.

100 14]

isa4 and 5 show the relationship between the notification signal transmitted by the parent
terminal and the notification signal transmitted by the notification signal transmission
terminal.

o1 In particular, the relationship shown in FIG. 4 is a major feature of the embodiment of the

present invention.

1001 5]

195 In FIG. 4, the notification signal 401 of the parent terminal 101 and the notillcation signals
405 and 406 of the notification signal transmission terminals 103 and 104 are
simuitaneously transniitted at different frequencies, that is, in parallel.

o2 The broadcast signal 401 and the set of the broadcast signals 405 and 406 include the same
information {information on the frequency and timing of the beacon 202). That is, a set of
the broadcast signals 405 and 406 including the same information as the broadcast signal
401 is transmitted in a time-division manner by the two broadcast signal transmission
terminals. That is, the broadcast signal transmission instruction information 108 and 109
transmitted from the master terminal 101 to the broadcast signal transmission terminals
103 and 104 include the same information as the broadcast signal 401 in parallel with the
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transmission of the broadcast signal 401 by the master terminal 101, It includes an
instruction to transmit the broadcast signal by the broadcast signal transmission terminals
103 and 104 in a time division manner. As described above, the notification signal
transmission instruction infermation inchudes the timing, period, transmission length.
frequency band, etc. of transmitting the netification signal, and therefore, in parallel with the
transmission of the notification signal by the parent terminal 101, 2 It is possible for one
notification signal transmission terminal to transmit the notification signal in a time-division
manner. In this example, the notification signals are transmitted in a time-division manner by
the two notification signal transmission terminals 103 and 104, but the master terminal 101
transmits the notification signal transmission instruction information to only one notification
signal transmission terminal, and 1 Only one notification signal transmitting terminal may
transmit the notification signal in parallel with the transmission of the notification signal by
the parent terminal. Here, the notification signal transmission terminal 103 that transmits
the notification signal 405 cannot receive the data communication signal 403 because its
own transmission signal interferes. Similarly, it becomes very difficult for the broadcast
signal transmission terminal 104 that transmits the broadcast signal 406 to receive the data
commmunication signal 404. Therefore, it is necessary to allocate slots so that one terminal

does not transmit and receive at the same time.

{0016}

227 The notification signal 401 and the notification signals 405 and 406 notify the frequency and
tirning of the beacon 402 over several tens of frames.

2xe During this thme, even if the interference signal 407 is generated and the parent terminal 101
has no cheice hut to stop the notification signal 401, the notification signal 406 of the
notification signal transmission terminal 104 continues to be transmitted. That is, even if it
becomes difficult for the child terminal to receive the notification signal of the master
terminal 101, the child terminal can receive the notification signal because of the notification
signal transmission terminal 104, Therefore, the terminal newly joining the network can
receive the beacon 402 without having to restart the reception of the notification signal from
the beginning. When the terminal 101 detects the occurrence of the interference signal 407,
the terminal 101 stops the transmission in the frequency band {transmission of the
notification signal 401), performs carrier sensing in the main band, and then retransmits the
notification signal in the band without the interference signal. Start sending. In addition 1o
interference, it may be difticult for the child terminal to receive the notification signal from
the parent terminal depending on the position of the parent terminal. Assuming such a case,
it is desirable that the broadcast signal transmission terminal 104 is located far from the

parent terminal.

{0017}

=47 In FIG. 5, the notification signal 501 of the parent terminal 101 and the notification signals
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505 and 506 of the notification signal transmission terminals 103 and 104 are transmitted
in a time division manner.

250 The data communication signals 503 and 504 are signals transmitted by the child terminal
and received by the parent terminal 101, Here, it is assumed that the data communication
signals 503 and 504 are transmitted by the broadcast signal transmission terminals 103 and
104. At this time, when the master terminal 101 receives the data communication signal 503
and the data communication signal 504, if the broadcast signal 501 is transmitted, the
transmission signal transmitted by the master terminal 101 is the receiving side of the
master terminal 101, It becomes difficult to receive the signal due to a large interference.
Therefore, the parent terminal 101 does not transmit the notification signal during the
reception operation, and instructs the selected notification signal transmission terminals 103
and 104 to transmit the notitication signal during the reception operation by the parent
terminal. By issuing such an instruction, the parent terminal 101 and the notification signal
transmission terminals 103 and 104 transmit the notification signal in a time-division
manner.

10018}

206 The broadcast signal 501 and the broadcast signals 505 and 506 notify the frequency and
timing of the beacon 502 over several tens of frames,

zss In FIG. 5, the notification signal 501 of the master terminal and the notification signals 505
and 506 of the notification signal transmission terminal are transmitted at different
frequencies, but they may be transmitted at the same {requency. During this time, even if the
parent terminal 101 has no choice but to stop the transmission of the notification signal
when receiving the data communication signals 503 and 504, the notification signal from the
notification signal transmission terminal is time-divisioned. Since the transmission continues,
the terminal newly joining the network can receive the beacon 502 without having to restart
the reception of the notification signal from the beginning. Assuming such a case, it is
desirable that the broadcast signal transmission terminal 104 is located near the parent
terminal.

{0019}

2a1 4 and 5 show an example in which a broadcast signal that can be received by the terminal is
transmitted even if the terminal does not know the frequency band in which the broadeast
signal is transmitted.

#gs In addition to this, it is also possible that the terminal is transmitting a notification signal that
cannot be receivaed unless the terminal knows the frequency band in which the notification
signal is transmitted. At this time, the terminal that wants to participate in the network even
if the notification signal transmitted by the parent terminal is stopped by the notification
signal transmitting terminal transmitting the notification signal in the same frequency band

as the notification signal transmitted by the parent terminal. Will be able to receive the
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broadcast signal. However, in this case, it is premised that the terminal that wants to
participate in the network knows the frequency band of the notification signal transmitted by
the parent terminal. Such a notification signal that the terminal cannot receive without
knowing the frequency and a notification signal that can be received without the terminal
knowing the frequency band in which the notification signal is transiitted may exist at the
same time. Further, the notification signal described with reference to FIGS. 4 and 5 may be
applied to either notification signal.

{0020}

200 FIG. 6 shows a sequence diagram when the parent terminal determines whether or not the
child terminal becomes a notification signal transmitting terminal when joining the network.

a2 Terminals 611 and 612 that have not yet joined the network of the parent terminal 610
receive the notification signal transmitted by the parent terminal or the notification signal
transmitting terminal, and also receive the beacon transmitted by the parent terminal to
obtain network information. It is assumed that When the child terminal 611 receives a
request to join the network, that is, a request for channel allocation for data communication,
the child terminal 611 notifies the parent terminal 610 of the request to join the network
{step S601), The parentterminal 610 that has received the network participation request
performs a broadcast signal transmission terminal selection process using signal power or
the like {step SG02}. In the broadcast signal transmission terminal selection process, the
parent terminal 610 measures the signal power of the network participation request signal,
estimates the distance to the child terminal based on the magnitude, and the child located at
the desired distance according to the praecessing content. Select a terminal. The notification
signal transmission terminal selection process will be described later with reference to FIG.
in this example, the case where the terminal 611 is not designated as the notification signal
transmission terminal is shown. In this case, the parent terminal 610 notifies only the answer
regarding the network participation request. Here, the permission notification regarding the
network participation request is notified to the child terminal 611 {step S603).

10021}

z2z Next, it is assumed that the child terminal 612 is requested to join the network and the parent
terminal 610 is notified of the network participation request {step $604}.

3z¢ At this time, the parent terminal 610 performs the broadeast signal transmission terminal
selection process in the same manner as described above {(step S605). Here, when the parent
terminal 610 decides to select the child terminal 612 as the notification signal transmission
terminal, the parent termiinal 6 10 notifies the child terminal 612 of the permission
notification regarding the network participation request {step S606), and the notification

sipnal transmission instruction information. Is also notified (step S607).
g i )

13-04-2021 8 IPR2022-00468
Apple EX1016 Page 1011



[0022)

333 The broadcast signal transmission instruction information may include information such as
information to be carried on the broadcast signal, frequency band, diffusion code, beam
direction, transmission power, and the like, in addition to timing information of the broadcast
signal to be transmitted by the slave terminal 612.

237 As the notilication signal transmission timing, the timing ai which the parent terminal 610
performs the reception operation may be specified so that the child terminal 612 transmits
the notification signal while the paremt terminal 610 is in the reception operation. Further, in
consideration of the case where the parent terminal 610 stops the notification signal due to
the generation of an interference signat or the like, it may be specified to transmit the
notification signal to another notification signal transmission terminal in a time division
manner. When the {requency band is specified, if a band having a low frequency correlation
with the frequency band of the notification signal transmitted by the master terminal 610 is
specified, the possibility that the notification signal cannot be {ransmitied at the same time
when the interference signal is generated can be reduced. When the direction of the beam is
specified, by divecting the beam toward the center of the network or the direction of the
parent terminal, it is possible to prevent the terminal that the beacon of the parent terminal
610 does not reach from receiving the notification signal. The broadeast signal transmission
instruction information is transmitted from the parent terminal 610, for example. by a

beacon or a data communication signal.

{0023}

355 The terminal 612 that has received the broadeast signal transmission instruction information
performs the broadcast signal transmission start process according to the content of the
broadcast signal transmission instruction information {step S608).

asg If there is no clear instruction of the frequency band for transmitting the broadcast signal in
the broadcast signal transmission instruction information, the slave terminal 612 performs
carrier sense in the main band and transmits the broadcast signal in the band where the
interference signal does not exist. The notification signal transmitted by the child terminal
612 includes information necessary for receiving the beacon transmitted by the parent

terminal, as well as the notification signal transmitted by the parent terminal.

{0024}

367 FIG. 7 shows a sequence diagram when the notification signal transmission terminal is
periodically selected from the child terminals.

asp It is assumed that the child terminal 711 and the child terminal 712 have already participated
in the network of the parent terminal 7 10 and have been assigned channels for data
communication. The child terminal 711 and the child terminal 712 periodically transmit a
measurement packet for the parent terminal to estimate the signal power and the arrival
direction {step S701, step S703). It is desirable to use a known signal for the measurement
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packet so that the power can be easily measured. Further, when a narrow band signal is
transmitted, it is possible that the power is significantly reduced due to the fading of
frequency selectivity. Therefare, either a wide band signal or a plurality of narrow band
signals are transmitted using several frequency bands. You may. The parent terminal 710
estimates, for example, the reception power and the arrival direction of a known signal. and
selects a desired child terminal.

(0025

sg3 The parent terminal 710 that has received the measurement packet from the slave terminal
711 performs a broadcast signal {ransmission terminal selection process {step $702}, and
determines whether or not the slave terminal 711 should be selected as the broadcast signal
transmission terminal.

ag7 Here, the parent terminal 7 10 determines that the child terminal 711 should not be selected
as the broadcast signal transmitting terminal. and does not take any subsequent action. The
parent terminal 7 10 that received the measurement packet 603 from the slave terminal 712
similarly performs the notification signal transmission terminal selection process {step
S704), and determines that the parent terminal 710 should select the child terminal 712 as
the notification signal transmission terminal. And. At this time, the parent terminal 710
transmits the notification signal transmission instruction information to the child terminal
712 (step S705), and the child terminal 712 that has received the notification signal
transmission instruction information performs the notification signal transmission start
processing according to the instruction {step}. S706). The broadcast signal transmission
instruction information also includes information on whether to transmit the broadcast
signal at the same time at different frequencies as Hlustrated in FIG. 4 or to transmit the
broadcast signal in a time division manner as illustrated in FIG.

10026}

sua F1G. 8 shows a block diagram of an example of a wireless conununication device.

404 First, each part will be described along with the receptiion operation. The radio frequency
signal received from the antenna 812 is converted from the radio frequency signal into a
haseband signal having a mainband frequency bandwidth by the RF / IF processing unit 801.
The baseband signal is converted into a digital signal by the ADC 802.

10027}

w11 The power measurement processing unit 803 is used to measure the signal power of the
signal from the child terminal when operating as the parent terminal.

413 The signal power from the child terminal is calculated using, for example, RSSI (received-
signal intensity) of the signal band. The measurement timing is notified from the control
processing unit 806 when the network participation request is received from the child
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terminal or when the power measurement packet is received. Here, it is assumed that the
power measurement packet is periodically transmitted from the child terminal. and the
control processing unit 806 knaws the cycle. The measured signal power passes through the
control processing unit 806 and is stored in the terminal category DB {DB: database} 811.

{0028}

422 The notification signal reception processing unit 804 is used to receive a notification signal
from the parent terminal when the terminal operates as a child terminal.

25 The broadeast signal data obtained by the broadcast signal reception processing unit 804,
that is, information such as frequency and timing necessary for receiving the beacon of the

master terminal is notified to the control processing unit 806.

{0029

3¢ The data signal reception processing unit 805 is used when receiving transmission data from
the master terminal or child terminal, when receiving a beacon from the parent terminal, and
when receiving notification signal transmission instruction information.

43¢ When the beacon is received, the information required for receiving the beacon is received
from the control processing unit 8086, and alter receiving the beacon, the information
required for network participation included in the beacon and the slot allocation information
for data communication are controlled and processed. Notify 806. When the transmission
data is received from the parent terminal or the child terminal, the slot allocation information
is received from the control processing unit 806, and the reception processing is performed
accordingly.

{0030}

43¢ Next, each part will be described along with the transmission operation.

445 The notification signal transmission processing unit 809 creates a notification signal and
transmits it to the DAC 808 when the ternsinal is operating as a parent terminal. Beacon
information to be carried on the broadeast signal is received from the control processing unit
806,

{0031}

#52 The data signal transmission processing unit 810 receives data from the control processing
unit 806, transmits data to a parent terminal or a child terminal, transmits a beacon, and the
like.

455 The signals output from the broadcast signal transmission processing unit 809 and the data
signal transmission processing unit 810 are converted into analog signals by the DAC 808,
converted into radio frequency signals by the RF 7 IF processing unit 807, and then output
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from the antenna 812.

10032}

2 In addition to the above processing, the control processing unit 806 performs data exchange
with the upper layer and notification signal transmission terminal defermination processing.

s6¢ The terminal category database 811 stores information on child terminals in the network
when operating as a parent terminal.

10033}

s6a FIG. 9 shows a block diagram of an example of the notification signal reception processing
unit 804,

47t The frequency of the signal input from the ADC 802 is converted by the complex
multiplication processing unit 901 by the amount of A £ After that, the complex conjugate
processing unit 902 takes the complex conjugate, and the complex muitiplication unit 903
complex-multiplies the input signal from the ADC 802 and the signal having the complex
conjugate. By doing so. the phase difference vectors of the two narrowband signals 301 and
302 shown in FIG. 3 can be obtained. By passing this through an LPF (Low Pass Filter) 804
that ratches the symbol band of the broadcast signal. a reception result for the signal
transmitted from the parent terminal can be obtained. The matched filter 905 performs the
matched filter proce:ssing on this result to establish the synchronization and obtain the

information of the broadcast signal.

{0034}

53 By adopting this configuration, the chikd terminal can receive the notification signal without
knowing which frequency band notification signal in the main band exists.

d&6 Further, even if a plurality of terminals transmit the notification signal, if the contents of the
notification signal are the same and A {s equal, the notification signal can be recelved
without any particular consciousness, Therefore, the notification signal transimission terminat

can transtnit the notification signal at an arbitrary frequency.

{0035}

so3 FIG. 10 shows an example of database information held by the parent terminal.

483 The parent terminal has a database (terminal category database 811} registered for child
terminals in the network. The terminal category database 811 registers information on the
received power from the slave terminal, the priority for becoming the notification signal
transmission terminal of the slave terminal, and the notification signal transmission terminal

type.
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{0036]

sz Received pawer is ranked according to its strength.

sy Here, it is assumed that the terminals are grouped in S stages from 1 to 5, and 5 is the
terminal having the strongest power. If the terminal is a system that controls transmission
power, it Is necessary to normalize using the transmission power of the child terminal.

{0037]

sne The priority is an index indicating whether or not the child terminal is suitable as a broadcast
signal transmission terminal, and the parent terminal nakes a judgment using a certain
standard or the child terminal notifies the parent terminal.

si2 Here, the grouping is performed in 6 stages from O to 5. where 0 is a terminal that cannot
transmit a notification signal, and 5 is a child terminal that is most likely to be a notification
signal transmission terminal. Here, giving an example of a child terminal that tends to be a
notification signal transmission terminal, for example, it is the power supply continuation
tirne, and the priority changes depending on the time during which the power supply can be
continuously supplied. For example. a terminal that is connected to an AC power source and
does not have to worry about power consumption has a high priority. On the contrary, a
terminal that operates on batteries and has a low battery level has a lower priority. In
addition, as a result of interference detection in the main band performed by the terminal,
the priority is lowered in the terminal where interference is frequently detected, and the
priority is set in the terminal in which interference is not detected for a long time in one
frequency band in the main band. Make it higher.

{0038}

527 The broadcast signal transmission terminal type indicates how the broadcast signal
transmission terminal transmits the broadcast signal.

sz2a For example, the terminal registered as "Freq” uses a frequency different from that of the
master ferminal as shown in FIG. 4 in case the master terminal cannot transmit the broadcast
signal due to the interference signal. At the same time, a notification signal is transmitted.
The terminal registered as "Time” transmits the notification signal in time division with the
notification signal of the parent terminat as shown in FIG. § in consideration of the case
where the parent terminal cannot transmit the notification signal during the reception
operation. There is.

[0039]

sag FIG. 11 shows an example of a flow for the parent terminal to update the value in the
database and determine the broadcast signal transmission terminal.

s¢1 This operation is performed in steps 602, S605, $702, and S704. First, the parent terminal
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measures the signal power from the child terminal {step S1101}. For this signal power
measurement, a network participation request signal from the child terminal may be used. or
a power measurement packet may be used. Next, the value of the terminal category database
811 is updated according to the measured signal power (step S1102). Using the update
result, N terminals with high received power (N is an integer of 1 or more} are selected as the
notification terminal 1 from the terminals having a priority of 1 or more {step S1103}. That
is, a terminal located near the parent terminal is selected. Here, the notification terminal 1 is
a terminal that transmits a notification signal in time division with the notification signal of
the parent terminal in consideration of a case where the parent terminal cannot transmit the
notification signal during the reception operation. If the received power is N or more in the
same category, the terminal with the highest priority is selected.

{0040}

ss6 Further, using the update result, M terminals having low received power (M is an integer of 1
or more} are selected as the notification terminal 2 from the terminals having a priority of 1
or more {step S1104).

sag That s, a terminal located far from the parent terminal is selected. Here, the notification
terminal 2 is a terminal that transmits a notification signal at the same time as the
notification signal of the parent terminal using a frequency different from that of the parent
terminal in case the parent terminal cannot transmit the notification signal due to an
interference signal. is there. If the received power is in the same category and M or more, the
terminal with the highest priority is selected. Finally, if there is a change in the notification
terminal column of the database, the notification signal transmission instruction information
or the notification signal stop instruction information is notified to the corresponding
terminal {step $1105).

1004 1}
571 In the case of the terminal arrangement as shown in FIG. 12, how the database and the
broadcast signal transmifting terminal chiange will be specifically described.

{004 2]

s7a It is assumed that the parent terminal has a terminal category database 811 as shown in FIG.
10, and terminals A to F arve operating as child terminals.

s X, N=1, M=2THBLHLT3,

s7o When the terminal G notifies the parent terminal of the network participation request, the

parent terminal uses the network participation request to measure the received power to
determine its category. and also uses the terminal status included in the network
participation request. Determine the priority category. This information is used to update the

terminal category database 81 1. The parent terminal forther enters the determination
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process of the broadcast signal transmitting terminal.

10043}

sss As shown in FIG. 13, when the signal power of the tarminal G is 1 and the priority is 2. the
received power is in the lowest category and higher thau the priority of the terminal ¥, so
that the terminal G is notified by the notification signal transmission terminal {notification).
Signal 2, "Freq™}), and change the terminal F from the notification signal transmission terminal
to an ordinary child terminal.

a9z As a result, the notification signal stop notification is transmitted to the terminal F, and the
notification signal transmission notification is transmitted to the terminal G.

{0044}

sos FI1G. 14 shows a block diagram of another example of the wireless coramunication device.

agv Hereinafter, the same device parts as those already described will be assigned the same
number and the description thereof will be omitted. First, each part will be described along
with the reception operation. In FIG. 14, four antennas are shown, but any number of
antennas may be used as long as two or more patterns of directivity can be created. If a large
number of terminals are installed, the number of directivity patterns increases and it
becomes easier to grasp the position of the terminal. but there are drawbacks such as an
increase in the size of the wireless communication device.

{0045}

aov The radio frequency signal received from the antenna 812 is converted from the radio
frequency signal into a baseband signal having a mainband frequency bandwidth by the RE /
IF processing unit 801,

s12 The baseband signal is converted into a digital signal by the ADC B02.

10046}

s1s The antenna directivity processing unit 1401 outputs a reception signal having an antenna
directivity according to the instruction by rotating the phase of the received signal and
adding each signal according to the instruction from the control processing unit 1402,

512 The power measurement processing unit 803 is used to measure the signal power from the
child terminal when operating as the parent terminal. The signal power from the child
terminal is caleuwlated using, for example, RSSI of the signal band. The measurement timing is
notified from the control processing unit 1402 when the network participation request is
received from the child terminal or when the power measurement packet is received. Here, it
is assumed that the power measurement packet is periodically transmitted from the child
terminal, and the control processing unit 1402 knows the cycle. The measured signal power
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passes through the control processing unit 1402 and is stored in the terminal category DB
1403,

10047]

sar The notification signal reception processing unit 804 is used to receive a notification signal
from the parent terminal when the terminal operates as a child terminal.

sx3 The broadcast signal data obtained by the broadcast signal reception processing unit 804,
that is, information such as frequency and timing necessary for receiving the beacon of the
master terminal is notified to the control processing unit 1402. When the notification signal
reception processing unit 804 performs the notification signal reception processing, it is
desirable that the antenna directional processing unit 1401 is conirolied to be omni
{omnidirectional).

10048}

12 The data signal reception processing unit 805 is used when receiving transmission data from
the parent terminal or the child terminal and a beacon from the parent terminal

o4 At the time of receiving the beacon, the information necessary for receiving the beacon is
received from the control processing unit 1402, and after receiving the heacon, the data
signal receiving processing unit 805 receives the information necessary for joining the
network included in the beacon and for data communication. Notify the control processing
unit 1402 of the slot alfocation information of. When receiving transmission data from the
parent terminal or the child terminal, the data signal reception processing unit 805 receives
the slot allocation information from the control processing unit 1402, and performs
reception processing accordingly.

10049}

s55 Next, each part will be described along with the transmission operation.

s36 The notification signal transmission processing unit 809 creates a notification signal and
transmits it to the antenna directional processing unit 1404 when the tenminal is operating
as a parent terminal or a notification signal transmission terminal. Beacon information to be
carried on the broadcast signal is received by the broadcasi signal transmission processing
unit 809 from the control processing unit 1402. The data signal transmission processing
unit 810 receives data from the control processing unit 1402, transmits data to a parent
terminal or a child terminal, transmits a beacon. and the like. The signals output from the
broadcast signal transmission processing unit 809 and the data signal transmission

processing unit 810 are input to the antenna directional processing unit 1404,

{0050}
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ses The antenna directivity processing unit 1404 rotates the phase of the signal to the DAC 808
corresponding to each antenna and outputs the signal based on the instruction of the control
processing unit 1402,

a7t For example, in the notification signal fransmission process, in consideration of the case
where the master terminal cannot transmit the notification signal during the reception
operation, when the notilication signal is transmitted in a time division manner with the
notification signal of the master terminal, no directivity is created. [t is good to send so that it
becomes an omni. In addition, in case the parent terminal cannot transmit the notification
signal due to the interference signal, il the notification signal is transmitted at the same time
as the notification signal of the pavent terminal using a frequency different from that of the
parent terminal, the center of the network or the parent By forming a beam in the direction
of the terminal, it is possible to improve the throughput of the system without unnecessarily
expanding the network too much. At this time. the directivity parameter may be instructed by
the master terminal, or the broadcast signal transmitting terminal estimates the arrival
direction of the beacon by using the arrival direction estimation technicue. recognizes the
direction of the master terminal. and directs the directivity parameter. Sex parameters may
be determined. The signal output from the antenna directional processing unit 1404 is
converted into an analog signal by the DAC 808, converted into a radio frequency signal by
the RF / IF processing unit 807, and then output from the antenna 812.

{00514

oo In the embodiment corresponding to FIG. 14, the antenna pattern is formed by digital signal
processing, but analog signal provessing niay be used.
sy2 Further, the antenna patterns may be formed by physically changing the direction of the

antenna.

10052}

so7 In addition to the above processing, the control processing unit 1402 performs data exchange
witht the upper layer, notification signal transmission terminal determination processing, and
antenna directivity determination processing.

7oo When operating as a parent terminal, the terminal category database 1403 holds information
on child terminals in the network.

10053]

7os FIG. 15 shows an example of database information held by the parent terminal {configuration
of FIG. 14).

07 The parent terminal has a terminal category database 1403 registered for child terminals in
the network, and here, the received power from the child terminal, the priority for becoming
the notification signal transmission terminal of the child terminal, and the notification signal
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transmission terminal. Type information and classified antenna pattern groups are
registered. Received power is ranked according to its strength. The received power is stored
for each antenna pattern. Here, it is assumed that the terminals are grouped in 5 stages from
1 to 5. and 5 is the terminal having the strongest power. If the terminal is a system that
controls transmission power. it is necessary to normalize using the transinission power of the
child terminal. The priority is an index indicating whether or not the child terminal is suitable
as a broadcast signal transmission terminal, and the parent terminal makes a judgment using
a certain standard or the child terminal notifies the parent terminal. Here, the grouping is
performed in 6 stages from O to 5, where O is a terminal that cannot transiit a notification
signal. and 5 is a child terminal that is most likely to be a notification signal transmission
terminal. Here, to give an example of the ease of becoming a notification signal transmission
terminal, for example, a terminal that is cormected to ant AC power source and does not have
to worry about power consumption has a high priority, is battery-operated, and has a battery.
Aterminal with a low battery level has a low priority. In addition. as a result of interference
detection in the main band performed by the terminal, the priority is lowered in the terminal
where interference is frequently detected, and the priority is set in the terminal in which
interference is not detected for a long time in one frequency band in the main band. Make it
higher. The broadcast signal transmission terminal type indicates how the broadcast signal
transmission terminal transmits the broadcast signal. For example. the terminal registered as
"Freq” uses a frequency different from that of the master terminal as shown in FIG. 4 in case
the master terminal cannot transmit the broadcast signal due to the interference signal. At
the same time, a notification signal is transmitted. The terminal registered as "Time”
transmits the potification signal in time division with the notification signal of the parent
terminal as shown in FIG. & in consideration of the case where the parent terminal cannot
transmit the notification signal during the reception operation. There is.

{0054}

733 FIG. 16 describes a method of updating received power in the database of the parent terminal
of FIG. 14, a method of antenna pattern grouping. and a method of selecting a broadcast
signal transmitting terminal.

r41 in the present embodiment, it is assumed that the antenna pattern is an antenna pattern in
which nulls are directed in one direction, and power is measured. Hereinafter, steps similar
to those already described will be assigned the same number and the description thereof will
be omitted. First, the parent terminal forms one of its own antenna patterns before
measuring the signal power from the child terminal {step 51601). When the signal power
from the child terminal is measured by using the network participation request signal, an
antenna pattern is formed, for example, when a signal such as a post amble following the
network participation request is transmitted. When the measurement is performed
periodically, the antenna pattersy is formed when the power measurement packet transmitted
from the slave terminal is received. After forming the antenna pattern, the signal power from
the child terminal is received (step S1101). For this signal power measurement, a network
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participation request signal from the child terminal may be used, or a power measurement
packet may be used. Next, the terminal category database 1403 is updated using the
measured signal power value according to the antenna pattern {step §1102}. These
operations are performed for all antenna patterns (step S1602). For example, in the case of
the database of FIC. 15, the loop is looped five times from step S1601 to step S1602.

10055]

oo When the power measurement for all the antenna patterns is completed {Yes in step S1602},
the antenna pattern grouping is performed using the database update result {step S1603).

7az First, find a terminal whose signal power is significantly reduced only for a specitic antenna
pattern. The terminal is classified into a group of the pattern, assuming that it exists in the
direction in which the mull faces in the corresponding antenna pattern. Here, in determining
whether or not the signal power is significantly reduced, for example, when there is a pattern
showing a power lower than the average signal power of all patterns of the corresponding
terminal by 20 dB or more, the null of the pattern is suitable. I think that the terminal exists
in the direction in which it was. Also, if all patterns have similar power on average, they are
not included in the antenna pattern group. All terminals are classified using such a
procedure.

{0056}

sr¢ Among all the pattern groups, N terminals having high received power from terminals having
a priority of 1 or higher are selected as the potification terminal 1 (step S1604).

7z¢ The notification terminal 1 is the same as the above.

{00571

g0 After that, for each group, M terminals having low received power are selected as the
notification terminal 2 from the terminals having priority 1 or higher {step S1605).

rs2 The notification terminal 2 is the same as the above. Finally, if there is a change in the
notification terminal cohunn of the database, the notification signal transmission instruction
information or the notification signal stop instruction information is notified to the
corresponding terminal {step S1105). Although the priority is set to 1 or higher in steps
S1604 and S1G0S, this may be determined as appropriate, and it is not necessary to limit the
priority to 1.

{0058]

291 In the case of the terminal arrangement as shown in FIG. 17, the antenna pattern and the
method of updating the database will be specifically described.

raa ftis assumed that the parent terminal has a database having the contents as shown in FIG. 15,
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s ww

and terminals A to G are operating as child terminals, £/, M= 1 TEELOET S, The
parent terminal forms some antenna patterns when the terminal transmits a power
measurement packet. For example, four types of patterns 1 to 4 are formed of an omni
pattern as shown by a circle in FIG. 17 and a pattern in which nulls are directed in one
direction as shown in FIGS. 18 to 21. Fach time these patterns are changed. the received
power is measured using the power measurement packet from the terminal. When receiving
the power measurement packet from the terminal B, the measured power is significantly
reduced only in the case of the antenna patiern 1 in which the null points in the direction of
the terminal B. In the example of FIG. 15, when the power from the terminal B is measured
by another antenna pattern, the received power is “3” , but only in the case of pattern 1, it
is "07 . From this, the terminal B considers that the terminal exists in the direction in which
the antenna pattern 1 faces the null, and determines the pattern group as the pattern 1.
Similarly. when the signal power is received by the antenna patterns 2, the signal power of the
terminal C decreases, so that the terminal C is classified into the pattern group 2. Regarding
the terminal E and the terminal G, in this example, since there is no antenna pattern in the
direction in which the null faces, the received power is almost constant and grouping is not
performed.

{0059}

s19 After the grouping is performed, the parent terminal further enters the determination process
of the broadcast signal transmitting terminal.

216 In the situation of FIG. 15, in the pattern group 1 and the pattern group 4, since there is only
one terminal B and ane terminal D, they are selected as the broadeast signal transmission
terminals, respectively. In the pattern group 2, the terminal € exists. but the priority is 0 and
the terminal C cannot be selected as the notification signal transmission terminal. Therefore,
the terminal C is not selected as the notification signal transmission terminal. For pattern

group 3. there are iwo terminals. Here, since M = 1, one terminal is selected. Here, since the

priovity of the terminal F is higher than that of the terminal A, the terminal F is selected as
the broadcast signal transmission terminal.

{0060}

g27 In this example, the position of the terminal was estimated and classified using the antenna
pattern. For example, the terminal is equipped with GPS, the position informatien is notified
to the parent terminal, and the parent terminal is registered in the database. At that time, the
GPS position information may be registered in association with the terminal information.

s34 In this case. terminals that are close to each other may be grouped together and a broadcast
signal broadcast terminal may be selected from the group.

{0061}
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ax6 Here, whernt the parent teriminal transimits the broadeast signal of FIG. 3 in a frequency band
different from that of the broadcast signal transmitting terminal, how the terminal obtains
the received signal will be described using an equation.

10062}

g2 Let & () be the baseband signal of the notification signal of the parent terminal, f1 be the
lower carrier frequency of the carrier frequency of the notification signal of the parent
terminal, and {2 be the higher one.

a4s5 Here, it is assumed that & f= f2-f1.

gs6 Then, the notification signal transmitted by the parent terminal can be expressed as follows.
Further, the baseband signal of the notification signal of the notification signal trausmission
terminal is B (1), the lower varrier frequency of the notification signal of the notification
signal transmission terminal is {3, and the higher one is f4. Here, it is assumed that Af{ = {4-
3. At this time. the notification signal transmitted by the notification signal transmission
terminal is.

{0063

ass It is assumed that A fis sufficiently small and the propagation paths at {1 and {2 are
sufficiently correlated and can be regarded as the same.

&57 Similarly, it is assumed that {3 and {4 have the same propagation path characteristics. The
received signal r () can be expressed as follows, assuming that the propagation path at f1
and {2 from the parent terminal to the child terminal that receives the potification signal is
the propagation path at {3 and f4 from the notification signal transmission terminal to the
child terminal. When the reception process is performed on this and the high frequency
component is removed by LPF (1MHz), it becomes. ¥ Represents the complex conjugate. If A
{t), which is the baseband signal of the notification signal of the parent terminal, and B {1},
which is the baseband signat of the notification signal of the notification signat transmission
terminal, are the same signal, no special processing is performed on the receiving side. Also,
regardless of the transmission frequencies 1, {2, {3, and 4, reception is possible by the
maximum ratio composition of 2 passes.

{0064}

a7t Next, a description will be given using a specific example.

&72 FIG. 22 shows the positions of the parent terminal, the child terminal, and the notification
signal transmission terminal. The distance from the parent terminal te the child terminal is
30 m, and the distance from the notification signal transmission terminal to the child
terminal is 5 m. The parent terminal and the notification signal transmission terminal
transmit the notification signal with a bandwidth of 1 MHz and a power of -40 dBm / MHz.
In addition, the parent terminal transmits the beacon signal with a bandwidth of 50 MHz and
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a power of 40 dBm / MHz Since the slave terminal does not know in which frequency band
the broadeast signal is transmitted, it receives the 1000 MHz bandwidth collectively using a
1000 MHz filter, and performs 1 MHz broadcast signal reception processing from the batch.
After receiving the broadcast signal, the beacon signal from the parent terminal is processed
to raceive the signal using a filter in the 50 MHz band. The broadcast signat is diffused to
gain gain. The information is 20 Symbols {the number of bits of 1 Symbol depends on the
modudation method), and if it can be received, the child terminal can make a network
participation request to the parent terminal and can be told the location of the beacon. It is
assumed that the frequency band uses the 6 GHz band, free propagation loss is assumed, and
there is no mudtipath and transmission line change.

{0065]

sut Since the slave terminal does not know at which frequency the neotification signal is located, it
receives the band (1000MHz) in which the notification signal is likely to be transmitted in a
batch. so the reception band is wider than the notification signal and the thermal noise
Greatly affected.

gos The received SNR can be calculated as -33.51 dB in the situation where the broadcast signal
transmitting terminal does not transmit the broadcast signal. From this, if we try to obtain
SNR = 1 1.21d8, we have to increase the diffusion ratio by 29600 times in order to obtain a
diffusion gain of 44.7 1dB. It takes 592 msec to send a 20 Symbol signal. However, if the
notification signal transmitting terminal at a distance of & m from the terminal transmits the
notification signal at the same time as the parent terminal, the received SNR will be -17.82dR
and the diffusion gain should be 28.03dB, so SNR11 with 800 times diffusion. You can get
.21dB. This means that 16msec is sufficient to transmit a 205ymbol signal. Therefore, the
time required for the child terminal to complete receiving the synchronization signal can be
shortened to 1/37.

[0066]

sos In this state, when the child terminal receives the beacon signal transmitted by the parent
terminal, the child terminal can know the frequency band of the beacon signal, so a 50 MHz
filter matching the bandwidth of the beacon signal is used. Can be used.

g1t Therefore, even if the parent terminal transmits at -40dBm / MHz, which is the same as the
notification signal. the reception SNR of the child terminat is -3.5 1dB, and it is possible to
perform sutficient communication by obtaining a diffusion gain of several dB. Become.

{0067}
217 As described above, the present proposal is an effective means when the size of the area
where the broadcast signal can be received and the size of the area where other data signals

can be received are significantly different.
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gz0 For example, even if the terminal is outside the area where the notification signal of the
parent terminal can be received, the terminal can reliably receive the notification signal from
the notification signal transmitting terminal.

{0068}

az6 According o the embodiment shown above, even if the master terminal cannot transmit the
broadcast signal from the master terninal during the reception operation, the request to join
the network is requested by using the broadcast signal from the broadcast signal
transniitting terminal. It becomes easy for the terminal to have to join the network.

{0069}

ez In addition, since notification signals are transmitied from multiple terminals using different
frequencies, the antenna diversity effect and frequency diversity effect make it easy for
terminals that have a request to join the network to join the network. Become,

oz Since it becomes easy for a terminal having a request to join the network to join the network.
it is possible to prevent an unintended crowd of parent terminals and improve the system
throughput of the network.

{00704

sz The present invention is not imited to the above embodiment as it is, and at the
implementation stage, the components can be modified and embaodied within a range that
does not deviate from the gist thereof.

s45 In addition, various inventions can be formed by an appropriate combination of the plurality
of components disclosed in the above-described embodiment.

247 For example, some componenis may be removed from all the components shown in the
embodiments. Inn addition, components across different embodiments may be combined as
appropriate.

{007 1

a5z The figure which shows an example of the syster configuration of this embodiment.

2s¢ Conceptual diagram of a notification signal and a beacon transmitted from a parent terminal.

955 The figure which shows an example of a notification signal.

as6 The figure which shows the relationship between the notification signal transmitted by a
parent terminal and the notification signal transmitted by a notification signal transmission
terminal.

959 The figure which shows the relationship between the notification signal transmitted by a
parent terminal and the notification signal transmitted by a notification signal transmission

terminal,
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g6z A sequence diagram for detenmining a notification signal transmitting terminal when a child
terminal joins the network.

oo¢ A sequence diagram when the notification signal transmission terminal is periodically
selected from the child terminals.

sss The block diagram of the wireless communication device of this embodiment.

g67 F1G. 8 is a block diagram of the notification signal reception processing unit of FIG.

g6¢ The figure which shows an example of the contents of the database which a parent terminal
has.

a70 A flowchart for updating the value in the database and determining the notification signal
transmission terminal.

72 The figure which shows an example of the terminal arrangement.

g73 The figure which shows an example of the contents of the database which a parent terminal
has.

o75 A block diagram of a wireless communication device different from FIG. 8 of the presert
embodiment.

a77 The figure which shows an example of the contents of the database which the parent terminal
having the structure of FIG.

gre FIG. 14 is a flowchart for updating received power, grouping, and selecting a broadcast signal
transmitting terminal by the parent terminal of FIG.

agt The figure which shows an example of the terminal arrangement.

o9z The figure which shows an example of an antenna pattern.

ss3 The figure which shows an example of an antenna pattern.

ns¢ The figure which shows an example of an antenna pattern.

oxs The figure which shows an example of an antenna pattern.

ass The figure which shows an example of a parent terminal, a child terminal, and a broadcast
signal transmitting terminal.

sgs Code description

{0072}

a92 101, 610, 710 .. parent terminal, 102, 103, 104, 107, 611,612, 711, 712 ... child terminal,
108 ... notification signal transmission instruction information, 201, 401, 405, 408, 501, 508
- notification signal , 202, 402, 502 ... Beacon, 203 .. Data communication, 301 .. Narrow
band signal, 403, 404, 503, 504 ... Data communication signal, 407 ... Interference signal,
603 ... Measurement packet, 801 .. RF / {F processing unit . 802 ... ADC, 803 ... Power
measuremeni processing unit, 804 ... Notification signal reception processing unit, 805 ...
Data signal reception processing unit, 806 ... Control processing unit, 807 . RE / ¥
processing unit, 808 ... DAC, 809 ... Notification signal Transmission processing unit, 810 ...
Data signal transmission processing unit, 811 .. 1403 .. Terminal category database, 812 ...
Antenna, 901 ... Complex multiplication processing unit, 802 ... Complex conjugate
processing unit, 903 ... Complex multiplication unit, 805 ... Matched filter, 1401 ... Antenna

directional processing unit, 1402 ... Control processing unit, 1404 .. Antenna directional
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