-1 - DESCRIPTION WIRELESS COMMUNICATION SYSTEM,
WIRELESS COMMUNICATION DEVICE, WIRELESS
COMMUNICATION METHOD, AND COMPUTER PROGRAM Technical
Field [0001] The present invention relates to a wireless communication
system, a wireless communication device, a wireless communication
method, and a computer program, for performing mutual communication
between multiple wireless stations such as with a wireless LAN (Local
Area Network), and more particutardy relates to a wireless communication
system, a wireless communication device, a wireless communication
method, and a computer program, wherein a wireless network is
structured by the communicallbf StaffgHs bperating in an autonomous
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relations. ore spe , the presen inventionré
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wireless communication method, and a computer program, wherein an
autonomous distributed wireless network is formed by the communication

rTecStatians n tlgﬂl&g one another at predetermined frame cycles with

beacons dlescrlbing network information and the like, and
[0001]

The present invention relates toc a wireless
communication system, a wireless communication device, a
wireless communication method, and a computer program, for
performing mutual communication between multiple wireless
stations such as with a wireless LAN (Local Area Network),
and more particularly relates to a wireless communication
system, a wireless communication device, a wireless
communication method, and a computer program, wherein a
wireless network is structured by the communication stations
operating in an autoncmous distributed manner without any
controlling-station/controlled-station relations.

100021

More specificélly, the present inventibn relates tc a
wireless communication system, a wireless communication
device, a wireless communication method, and a computer
program, wherein an autonomous distributed wireless network
is formed by the communication stations notifying one

another at predetermined frame cycles with beacons

describing network information and the like, and



- 2 particularly relates to a wireless communication system, a wireless
communication device, a wireless communication method, and a
computer program, wherein an autonomous distributed wireless network
is formed while avoiding collision of beacons which the communication
stations transmit one to another. [0003] Also, the present invention
relates to a wireless communication system, a wireless communication
device, a wireless communication method, and a computer program,
wherein the communication stations autonomously perform
communication operations in increments of predetermined time intervals,

pa ANhmoLe particylady relates 1o, a yureless communication sysiem, 8
wireless communication device, a wireless communication m«éfti?mor,l and a

wimcoheputet prograima wiheretethecegmmunieatiens stationsperiedically
transmit and receive signals each predetermined time interval while
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41 Th Wieless, LAN s gathering attention as,a sygiem Lo fiee usgrs from

LAN cabling. With a wireless LAN, the greater part of cables can be
coldmitteshfrom theaworkspaicecsuehasoffiees: andithedikersaions

communication terminals
transmit one to another.

[0003]

Also, the present inventiocn relates to a wireless
communication system, a wireless communication device, a
wireless communication methed, and a computer program,
wherein the communication stations autonomously perform
communication cperations in increments of predetermined time
intervals, and more particularly relates to a wireless
communication system, a wireless communication device, a
wireless communicaticn method, and a computer program,
wherein the communication stations periodically transmit and
receive signals each predetermined time interval while
aveiding collision with signals of other stations.
Background Art
[0004]

The wireless LAN 1s gathering attention as a system to
free users from LAN cabling. With a wireless LAN, the
greater part of cables can be omitted from the workspace

such as offices and the like, s¢ communication terminals

such as personal ccmputers (PCs) can be moved with relative



such as personal computers (PCs) can be moved with relative - 3 ease.
In recent years, increased speed and reduced process of wireless LAN
systems has led to marked increase in demand thereof. Particularly, as of
recent, introduction of the personal area network (PAN), wherein a
small-scale wireless network is configured with multiple electronic devices
which people have nearby and communication of information is
performed, is being considered. Differing wireless communication
systems and wireless communicatian devices have been stipulated, using
frequency bandwidths which do not require licensing by the regulatory
authorities, such as the 2.4 GHz band and the 5 GHz band, for example.
246005 An-example of ascommonplacesstandard relating dadnielesscess
networks is IEEE (The Institute of Electrical and Electronic Engineers)
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2.15.3, Bluetooth communication, and so fort er the IEEE 3.11
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‘the communication method and frequency band used, such as the IEEE
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performed, is being considered. Differing wireless
communication systems and wireless communication devices
have been stipulated, using fregquency bandwidths which do
not require licensing by the regulatory authorities, such as
the 2.4 GHz band and the 5 GHz band, for example.

[0005]

An example of a commonplace standard relating ﬁd
wireless networks is IEEE (The Institute of Electrical and
Electronic Engineers} 802.11 (see Non-patent Document 1, for
example), Hiper LAN/2 (see Non-patent Document 2 or Non~
patent.Document 3, for example), IEEE 802.15.3, Bluetooth
communicatioh, and so forth. Under the IEEE 802.11 Standard,
various wireless communication methods exist according to
the communication method and freguency band used, such as
the IEEE 802.1la Standard, IEEE 802.11b Standard, and so on.
{0008]

In order te configure a local area network using
wireless techniques, with a commonly-used method, a device

serving as a control station, that is called an "access



wireless techniques, with a commonly-used method, a device serving as
a control station, that is called an "access 4 point" or "coordinator" is set
up within the area, and a network is formed under the centralized control
of this control station. [0007] With a wireless network in which an access
point has been set up, an access control method based on band
reservation is widely employed wherein, in the event of transmission of
information from a certain communigation device, first, the band
necessary for transmission of that information is reserved at the access
point so that transmission path usage is implemented such that no

po1¢Qlisign with infarmation iransmyssion from other communication deyices.
That is to say, setting up the access point allows synchronous wireless
ne te@MmuUnEcatiomeaevh eneile contmaunieatien Uevee savithindhevirelass
network are synchronized with each other. [0008] However, there is the
conbipler it 2wireless communication system which has an access
rooR@ipt in that asynchronous communication between transmitting and
receiving communication devices always necessitates wireless
comiminieatian ¥izte access-point; medringdhatthedsageint has

been set up, an access control method based on band
reservation is widely employved wherein, in the event of
transmission of information from a certain communication
device, first, the band necessary for transmissiocn of that
information is reserved at the access point sc that
transmission path usage is implemented such that no
ceollision with information transmission from other
communication devices. That is to say, setting up the
access point allows synchronous wireless communication
wherein communicaticn devices within the wireless network
are synchronized with each other.

[(0008]

However, there is the problem with a wireless
communication system which haé an access point in that
asynchroncus communication between transmitting and
receiving communication devices always necessitates wireless
communication via the access point, meaning that the usage
efficiency of the transmission path is halwved.

[0G0¢9]

As opposed to this, "Ad-hoc cemmunication”, wherein



efficiency of the transmission path is halved. [0009] As opposed to this,
"Ad-hoc communication”, wherein - 5 communication terminals directly
perform asynchronous wireless communication, is being proposed as
another method for configuring a wireless network. For small-scale
wireless networks configured of a relatively small number of clients which
are in the proximity of each other in particular, ad-hoc communication
wherein arbitrary terminals can directly perform asynchronous wireless
communication without using a predetermined access point is thought to
be appropriate. [0010] A central control station does not exist in an
ad-hoc wireless communication system, and accordingly is suitable for
coreomiigtisingmhemeanewerkanade wip,otheme elesonich applianrces, for
. example. Features of an ad-hoc network are that the network does not
w1ngdaiy fAPEMEs-eRhifithel @vBALiHAt BRERRSice Rfalftitittions drtkeod

soPQNRLNIeqty Wimed oflJueauling b autematisaly,changed, data can
be transmitted over relatively long distances while maintaining a
wihighspeedidatakate by haoppiag packeatsr audtiplectimesmhetweannpehkile £
stations, and so forth. Various development examples of ad-hoc systems
cligabs\gifdch are in the proximity of each other in
particular, ad-hcc communication wherein arbitrary terminals
can directly perform asynchroncus wireless communication
without using a predetermined access point is thought to be
appropriate.
[0010]

A central control station does not exist in an ad-hoc
wireless communication system, and accordingly is suitable
for configuring a home network made up of home electronic
appliances, for example. Features of an ad-hoc network are
that the network dces not readily fall since even in the
event that one device malfunctions or the power thereof is
turned off, the routing is automatically changed, data can
be transmitted over relatiwvely long distances while
maintaining a high-speed data rate by hopping packets
multiple times between mcbile stations, and so forith,
Various development examples of ad-hoc systems are known
(see Nen-patent Document 4, for example).

[0011]

For example, IEEE 802.11 wireless LAN systems have an

ad~hoc mode for operating peer-to-peer in an autconomous



(see Non-patent Document 4, for example). [0011] For example, IEEE
802.11 wireless LAN systems have an ad-hoc mode for operating
peer-to-peer in an autonomous - 6 distributed manner without a control
station begin provided. Under this operating mode, at the beacon
transmission time each terminal counts a, random period, and in the
event that the device has not received a beacon from another terminal by
the time that the period ends, transmits its own beacon. [0012] Now,
conventional wireless networking will be described in detail with reference
to the example of IEEE 802.11. [0013] Networking with IEEE 802.11 is

. _based on the concept of .BSS (Basic Servjce Set), There are two types of
iR T S T by ST oLt P BRI -
Undmastersudbas a0iAL (Aeeess Hoint soptralsiationkaxists sang anilBSS

(Independent BSS) defined by an ad-hoc mode configured only of
eachliple VTS (MRobIEST erniinaik)m0od4] dffrastrdctive Mede Teet that
cne BT R SO e e s e e o
by ARlo:PeHORAat the period ends, transmits its own beacon.
foclz2]

Now, conventional wireless networking will be described
in detail with reference to the example of IEEE 802.11.
{00131

Networking with IEEE 802.11 is based on the concept of
B35S (Basic Service Set). There are two types of BSS; one
being a B3SS defined by an infrastructure mode wherein a
master such as an AP {Access Point: control station} exists,
and an iBSS (Independent BS5) defined by an ad-hoc mode
cenfigured only of multiple MTs (Mobile Terminals).
[0014]
Infrastructure Mode

The operations of IEEE 802.11 when in the
infrastructure mode will be described.with reference to Fig.
23. With an infrastructure mode BSS, an AP to perform
coordination within the wireless communicaticn system is
indispenéable. |
[0015]

The AP handles the range where the airwaves reach

around itself as a BSS, thus configuring a "cell" as it is



coordination within the wireless communication system is indispensable.
[0015] The AP handles the range where the airwaves reach around itself
as a BSS, thus configuring a "cell* as it is - 7 called in a so-called cellular
system. An MT nearby the AP is contained in the AP, and participates in
the network as a member of the BSS. That is to say, the AP transmits
control signals called beacons at appropriate time intervals, the MT
capable of receiving these beacons recognizes that an AP is nearby, and
further, a connection is establishedwith the AP. [0016] With the example
shown in Fig. 23, the communication station the STAG operates as the
AP, and the other communication stations the STA1 and the STA2

calopeiatmas MEs.c Now s idicated isbe ehart tetherightside of the ap
. drawing, the communication station the STAG serving as the AP
18 FREtS BRatBnd B rBietértfinedtin e iRRbrds I Thé bransiFikssign as a

menQI0t U lime OLihe nextbracon isNoflipd withinthe beacon by 8o -o1
parameter format known as Target Beddon Transmit Time ‘F).ﬁpon
sigheltimeaf tee TBI L @oming, dpe AR operaies heacontansmissiathe MT
procedures. [0017] Conversely, by receiving the beacon, MTs nearby the
cagﬁple cf recelving these beacons recognizes that an AP is
nearby, and further, a connection is established with the AP.
[0016]

With the example shown in Fig. 23, the communication
staticn the STAQ cperates as the AP, and the other
communication stations the STAl and the STAZ operate as MTs.
Now, as indicated in the chart to the right side of the
drawing, the communication station the STAQO serving as the
AP transmits beacons a predetermined time intervals. The
transmission point-in-time of the next beacon is notified
within the beaéon by a parameter format known as Target
Beacon Transmit Time (TBTT). Upon the time of the TBTT
coming, the AP operates beacon transmission procedures.
00173

Convérsely, by receiving the beacon, MTs nearby the AP
can recognize the next beacon transmissicn time by decoding
of the internal TBTT field, soc in some cases (in cases
wherein there is no need for reception), the receiving
device may turn off the power and go to sleep until the next

or until several TBTTs in the future.

[0C1g]



can recognize the next beacon transmission time by decoding of the
internal TBTT field, so in some cases (in cases wherein there is no need
for reception), the receiving device may turn off the power and go to sleep
until the next or until several TBTTs in the future. [0018] - 8 In the
infrastructure mode, only the AP transmits beacons a predetermined
frame cycles. On the other hand, the nearby MTs succeed in participating
in the network by receiving the beacons form the AP, and do not transmit
beacons themselves. Note that the%focus of the present invention is to
operate a network without a master control station such as an AP being
directlyé involved, so the infrastructure maode will be discussed no further.

[0015] " A4-REE Fise Thé berfiohs of TEEE 8. £ whet i theSother
peaddPC: pedewill badeaseribedwith peferance g Fig, 24 {9201 YWith

IBSS in the ad-hoc mode, multiple MTs perform negotiation one with
theanetidryald subseqaently. aurerorhousiyt defind the:IBS8eUponkdédfining

the IBSS, at the end of the negaqtiation the MT group determines the
o T B oSSR Al \por FeUARG (ECGRATBTT has

beacons themselves. Note that the focus of the present
inventicn is to operate a network without a master control
station such as an AP being directly involved, so the
infrastructure mode will be discussed no-further.

[G019]

Ad-hoc Mode

The operations of TEEE 802.11 when in the other ad-hoc
mode will be described with reference to Fig. 24.

[0020]

With IBSS in the ad-hoc mode, multiple MTs perform
negotiation one with another, and subsequently autoncmously
define the IBSS. Upon defining the IBSS, at the end of the
negotiation the MT group determines the TBTT every
predetermined interval. Upon recégnizing that the TBTT has
arrived by referencing a clock within itself, following a
random time delay each MT transmits a beacon in the event of
recognizing that no one has transmitted a beacon yet.

[0021]

In the example shown in fig. 24, the manner in which

tﬁo MTs make'up an IBBS is illustrated. 1In this case, one

of the MTs belonging to the IBSS transmits a beacon each



arrived by referencing a clock within itself, following a random time delay
each MT transmits a beacon in the event of recognizing that no one has
transmitted a beacon yet. [0021] In the example shown in fig. 24, the
manner in which two MTs make up an IBBS is illustrated. In this case,
one of the MTs belonging to the IBSS transmits a beacon each - 9 time
the TBTT arrives. This also includes cases wherein beacons transmitted
from the MTs collide. [0022] There are also cases with IBSS wherein the
MTs turn off the power of the transmitting/receiving device and go to
sleep as necessary. However, the sleep state is not directly related to the
essence of the present invention, and accordingly description thereof will

«irke oMitted i the present spegification, [0923].JLansmission/Reception
Procedures Under IEEE 802.11 Next, transmission/reception procedures

beafider |EEER80L 12 vilf berddsedibEts [0024] #tds know that with wireless

[0 N networks under an ad- hoc environment, a hidden terminal problem
geHeraIIy occurs. A hidden terminal is a terminal which can be heard from

ON€here are also cases with IBSS wherein the MTs turn off
the power of the transmitting/receiving device and go to
sleep as necessary. HoWever, the sleep state is not
directly related to the essence of the present invention,
and accordingly description thereocf will be omitted in the
present specification.

[0023]
Transmission/Reception Procedures Under IEEE 802.11

Next, transmission/reception procedures under IEEE
802.11 will be described.

[0024]

It is know that with wireless LAN networks under an ad;
hoc environment, a hidden terminal problem generally occurs.
A hidden terminal is a terminal which can be heard from one
communication station which is the other part of |
communication therewith in a case of communication being
carried out between certain communication stations, but
cannot be heard by cther communication stations, and since
negotiation cannot be performed between hidden terminals,
there is the possibility thét transmission operations may
collide.

10025]



communication station which is the other part of communication therewith
in a case of communication being carried out between certain
communication stations, but cannot be heard by other communication
stations, and since negotiation cannot be performed between hidden
terminals, there is the possibility that transmission operations may
collide. [0025] - 10 CSMA/CA according to RTS/CTS procedures is
known as a methodology for solvipg the hidden terminal problem. IEEE
802.11 also employs this methodology. [0026] Now, CSMA (Carrier
Sense Multiple Access with Collision Avoidance: Carrier Sense Multiple

Aceesa)/isra senBestion; nsthossiorperforming mutipleaggassbased on
carrier detection. Since receiving signals of information transmitted from
me th skl atatidie s diffictinim wireldssddemmemiation, cotididnts avori

by starting information_transmission from the local station following
Bozééir%ir?n%ﬁg ﬁﬁmﬁﬁ{]ﬁgﬁe f:shr%()s’iﬁ?grtf%gﬁgrgﬁ%Smission from other

[ ooe@mmunication devices with the CSMA/CA (Collision Avoidance) method
rather than CSMA/CD (Collision Detection). The CSMA method is an
actess métidd Suitable forsmywrehforddus datah consmunicatiofsUctsasn

file transfer, and electronic mail.. .
Av01§ance: Earrler Sense Multiple Access) is a connection

method for performing multiple access based on carrier
detection. Since receliving signals of information
transmitted from a local station is difficult in wireless
communication, collision is avoided by starting information
transmission from the local station following cenfirming
that there is no information transmission from other
communication devices with the CSMA/CA (Cellision Avoidance)
method rather than CSMA/CD (Collision Detection). The CSMA
method is an access method suitable for asynchronous data
communication such as file transfer and electronic mail.
[0027]

With the RTS/CTS method, transmission of data is
started in response to a communication staticn which is the
data originator transmitting a transmission request packet
RTS (Reguest To Send), and a confirmation notification
packet CTS (Clear To Send) being received form the
communication station which is the data transmission
destination. Upon a hidden terminal receiving at least one

cof an RTS or CT3, a transmission stop period is set of the



[0027] With the RTS/CTS method, transmission of data is started in
response to a communication station which is the data originator
transmitting a transmission request packet RTS (Request To Send), and
a confirmation notification packet CTS (Clear To Séend) being received
form the communication station which is the data transmission
destination. Upon a hidden terminal receiving at least one of an RTS or
CTS, a transmission stop period is set of the - 11 local station for a period
during which data transmission based-en RTS/CTS procedures is
predicted, whereby collision can be avoided. [0028] Fig. 25 illustrates an
operation example of RTS/CTS procedures. With the example shown in

lodhé dsawingyrant examples dliistratechof atcase wherein fosmatiohon
(Data) is transmitted from a communication station the STAO to a

P2 Ehiftinitation stalioR The STAL which fifitGafhy peHofheEomiRiritatoR
carPReLations yran autonomously dispersed manner. [0029] First, prior to

actual information transmission, the STAO confirms that the media is
[ C@EI&dr for a predetermined time, following which the RTS packet is

transmltted to, the STAL, which is the destination of the mformatlon

foﬂghﬁw illustrates an operaticn example of RTS/CT
procedures. With the example shown in the drawing, an
example is illustrated of a case wherein informatiorn (Data)
is transmitted from a communication staticn the STAQ to a
communication station the STAl which mutually perform
communication operations in an autcnomously dispersed manner.
[0029]

First, prior to actual information transmissien, the
STAC ceonfirms that the media is clear for a predetermined
time, following which the RTS packet is transmitted to the
STAl, which is the destination of the information, following
CSMA procedures. In response o reception of the RTS packet,
the STAl transmits a CTS packet to the STAO which gives
feedback to the effect that the RTS has been received.
f0030]
In the event that the CTS is sucéessfﬁlly received, the

STAJ which is the transmitﬁing side determines that the
media is clear, and promptly transmits the information
{(Data) packet. Alsc, upon successfully receiving the

information, the STAl returns an ACK, whereby one packet of

RTS/CTS transmission/reception transaction ends.



CSMA procedures. In response o reception of the RTS packet, the STAI
transmits a CTS packet to the STAO which gives feedback to the effect
that the RTS has been received. [0030] In the event that the CTS is
successfully received, the STAO which is the transmitting side
determines that the media is clear, and promptly transmits the information
(Data) packet. Also, upon successfully receiving the information, the
STAL returns an ACK, whereby ong packet of RTS/CTS _
transmission/reception transaction €nds. - 12 - [0031] In the event that
another station has happened to have transmitted some sort of signal at
[oothe,same time as the STAG which is the information originator
tral%smitting the RTS, the STAI which is the information recipient cannot
reqaive HhedR Eqtduento-thansighals calkdingn Imiis Kasp=thed STAL dees
not return a CTS. As a result, the STAO can recognize that the earlier
trapygirAiS eoliieret, Skt 18 TR FeédiveliForativhilel Thens prdcedis

wn1 {0 300100 (e RIS Wl & fanaom backell S AR BLg IO
Basically, competition Is Carried out for wining transmission rlg%ts while
thebeamnng the ek Df steb collisiema fAQ32]AccassGempeatition Method o
IEEE 802.11
the RTS due to the signals colliding. In this case, the
STAl dces not return a CTS. As a result, the STAD can
reccgnize that the earlier RTS has collided, since no CTS is
received for a while. Then, procedures for resending the
RTS with a random backoff are activated at the STAL.
Basically, competition is carried cut for wining
transmission rights while bearing the risk of such collision.
[C032]
Access Com@etition Method in IEEE 802.11

Next,'the access competition method stipulated in IEEE
802.11 will be described.

[G033]

With IEEE 802.11, four types of packet intervals (IFS:
Inter Frame Space) are defined. Here, three of these IFSs
will be described with reference to fig. 26. The IFSs
defined are, in order from the shorter, SIFS (Shert IFS),
PIFS (PCF I¥S), and DIFS (DCF IFS).

(00343
With IEEE 802.11, CSMA is employed as a basic media

access procedures (described above), however, it should be



Next, the access competition method stipulated in IEEE 802.11 will be
described. [0033] With IEEE 802.11, four types of packet intervals (IFS:
Inter Frame Space) are defined. Here, three of these IFSs will be
described with reference to fig. 26. The IFSs defined are, in order from
the shorter, SIFS (Short IFS), PIFS (PCF IFS), and DIFS (DCF IFS).
[0034] With IEEE 802.11, CSMA is employed as a basic media access
procedures (described above), however, it should be - 13 noted that a
transmission right is granted to the 1 tsansmitting device only in a case
wherein a backoff timer is operated over a random time period while
monitoring the media state before transmitting something, and there are

notiQ sigRalsdransmitieddurig thisyperiod. [90361 dn the case of
transmitting normal packets following the CSMA procedures (DCF (called
Lr apiEfitute B T oG Tatic Funktion), F8RGwirlesoHhe sorbafpadiettimer

15 $RAIDGsIon.cadng, sk dhe mada, slates mantared by PIES.and
t%e event that there are no transmlséfon signals during this period, a

me deandeons backeff is-takens and:futbat is the enent thakhthereare N@re no
transmission signals during this period as

signals transmitted durlng this period.

{0035]

In the case of transﬁitting normal packets following
the CSMA procedures (DCF (called Distributed Cocrdination
Function), following some sort of packet transmission ending,
first, the media state is monitcored by DIFS, and in the
event that there are no transmission signals during this
period, a random backoff is taken, and further, in the event
that there are nc transmission signals during this period as
well, transmission rights are granted.

[0036]

On the other hand, transmission of packets with
extracrdinarily high urgency, such as ACK, is permitted
following SIFS packet intervals. This enables packets with
high urgency to be transmitted before packets transmitted
following normal CSMA procedures.

[0037]

To summarize the above, the reascn that differing types

of packet interval IFSs are defined is that prioritizing is

performed in the packet transmission competition, accerding

to whether the IFS is SIFS, PIFS, of DIFS, i.e., according



well, transmission rights are granted. (0036] On the other hand,
transmission of packets with extraordinarily high urgency, such as ACK,
is permitted following SIFS packet intervals. This enables packets with
high urgency to be transmitted before packets transmitted following
normal CSMA procedures. [0037] To summarize the above, the reason
that differing types of packet interval IFSs are defined is that prioritizing is
performed in the packet transmission competition, according to whether
the IFS is SIFS, PIFS, of DIFS, i'.e.l,éac?:ording - 14 to the packet interval
length. The purpose of using PIFS will be described later. [0038] Band
Guarantee (1) under IEEE_802.11 In a case of access competition with

to Ea RO Sl BS G Ahd SRy & LoRaRLBERE B Podsaf, P1rS

wilAceerdinglyr IEEE 89241 has PCF (Point Coordination Function) to serve
as a mechanism for guaranteeing and securing a band. However, PCF is

[C0B&sed on poling, and does not operate under Ad-hoc but is only
Bangegggpggtuer‘ladehmag%%%rpezné }9}1; ap d%P ﬂ the infrastructure mode. [0039]

In a case of access competition with CSMA, guaranteeing
and securing a certain band is impessible. Accordingly,
IEEE 802.11 has PBCF (Point Coordination Function) to serve
as a mechanism for guaranteeing and securing a band.
However, PCF is based on poling, and does not operate under
Ad~-hoc but is only performed under management of an AP in
the infrastructure mods.

[0039]

Fig. 27 illustrates the way in which preferential
communication 1s provided by PCF cperations. In the drawing,
the STAD operates as an AP, and the STAl and the STA2
participate in the ESS managed by the AP. This case assumes
the STAl transmitting information while guaranteeing band.
[0040]

After transmitting a beacon for example, the STAQO
serving as the AP performs poling by transmitting a CF~Poll
message to the STAl at a SIFS interval. The STAl which has
received the CF-Poll is granted data transmission rights,
and transmission of data at the SIFTS interval is permitted,
in response to this, the STAl transmits data following SIFS.

Upon the STAQ returning an ACK to the transmitted data, and



Fig. 27 illustrates the way in which preferential communication is provided
by PCF operations. In the drawing, the STAO operates as an AP, and the
STAl and the STA2 participate in the BSS managed by the AP. This case
assumes the STA1 transmitting information while guaranteeing band.
[0040] After transmitting a beacon for example, the STAO serving as the
AP performs poling by transmitting a CF-Poll message to the STA1 at a
SIFS interval. The STA1 which has received the CF-Poll is granted data
transmission rights, and transmission aof data at the SIFTS interval is
permitted, in response to this, the STA1 transmits data following SIFS.
Upon the STAO returning an ACK to the transmitted data, and - 15 one

ondransactionandingena TAG polis e §dA againe [9941] by the,example
shown in Fig. 27, a case wherein this poling has failed for some reason is

[O0&hblvn. At this time, upon recognizing that information is not transmitted
from the STAI follgwing SIFS after,poling the STAI again, the, STAG
deg]rr%lstt e peo}flzﬁlapt%%a%éof”gﬁea?ar%g %ér%)?hmsapoﬁﬁsgga‘ér}é?nr?oll%V\Fﬁ\‘é A

polRiS indervedilndbe eyent that theapeling retpnsueceeds; data s time,

transmitted from the STA1, and an ACK is returned from the STAG.
upqgoggFognizing that information is not transmitted from
the STAl following SIFS after poling the STAl again, the
STAO deems the poling to have failed, and performs peling
again following a PIFS interval. In the event that the
poling retry succeeds, data is transmitted from the STAL,
and an ACK 1s returned from the STAQ,
[0042]

Even in the event that the STAZ has & transmitted
packet, for example, during this series of procedures, the
transmission right never shifts to the STAZ, since this
would mean. that the STAO or the STAl would be transmitting
at a SIFS or PIFS interval before the DIFS time intervél
elapses. That is to say, the 5TAl, which has been polled by
the 3TAC serving as the AP, always has the transmission
right.

[0043]

Band Guarantee (2} undér IEEE 802.11

Further band guarantee means are being studied for IEEE
£02.11, and implementation of a technigue called Enhanced
DCF (EDCF) is planned {the QoS enhancement in IEEER

802.11e} ,EDCF is arranged such that the width for which a



Even in the event that the STA2 has a transmitted packet, for example,
during this series of procedures, the transmission right never shifts to the
STAZ2, since this would mean that the STAG or the STA1 would be
transmitting ata SIFS or PIFS interval before the DIFS time interval
elapses. That is to say, the STA1, which has been polled by the STAG
serving as the AP, always has the transmission right. [0043] Band
Guarantee (2) under IEEE 802.11 Further band guarantee means are
being studied for IEEE 802.11, and ?mblementation of a technique called
Enhanced DCF (EDCF) is planned (the QoS enhancement in IEEE

v %Z.Ilﬁ).\ggg&isvgr{ggg%d such that the Wiq{fh f%r \g[hich a-16 random

Hckofrvalue can be Sef & Short for urgent trakfic needigBamdt-attie

necguaignies,cangitheswidth forwhichthepacket rigtervalsdir S apd hackoff
~value shown in Fig. 26 can be set is longer for other traffic. Consequently,
intgpvecianisih isnredized aftiick @hiadled ransiissicl of Abgeartrtraficirn @

. o Statistical manner, though not as conclusive as with PCF. [0044] Fig..28
i v T R A S e T

reallaffiedegaidingavhish &D G- aperations-guaranten hand  Wrthe-example
shown in the

statistical manner, though not as conclusive as with PCF,

[0044]

.Fig. 28 illustrates the manner in which preferential
transmission is provided te traffic regarding which EDCF
operatiané guarantee band. In the example shown in the
drawings, a case is assumed wherein the STAl attempts to
transmit preferential traffic te the STAQO, and the STA2
attempts to transmit non-preferential traffic to the STAQ,.
Also, the standard IFS5 for both traffics is assumed to be
time equivalent to DIFS.

[0045]

Upon the media becoming clear from peoint~in-time TO,
the STAl and the STA2 both wait for the time of DIFS to
elapse. The media is still clear following DIFS elapsing
from TO (point-in-time T1l}, so the STAl and the STA2 both
start to confirm that the media is clear at a time
determined by random backoff.

00467

With EDCF operaticns, the backoff value of the STAl is

short for preferential traffic, and the backoff value of the



drawings, a case is assumed wherein the STA1 attempts to transmit
preferential traffic to the STAO, and the STA2 attempts to transmit
non-preferential traffic to the STAO. Also, the standard IFS for both
traffics is assumed to be time equivalent to DIFS. [0045] Upon the media
becoming clear from point-in-time TO, the STA1 and the STA2 both wait
for the time of DIFS to elapse. The media is still clear following DIFS
elapsing from TO (point-in-time Ti), so the STAI and the STA2 both start
to confirm that the media is clear-at a time determined by random backoff.
[0046] With EDCF operations, the backoff value of the STAL is short for
preferential traffic, and the backoff value of the - 17 STAZ2 is long for
sTawn:preferential trafte.-rige 28 rilustratescthedrackoff valyes from
oint-in-time Tl of each of the communication stations with arrows. At

L1Bbittntemet T2 WRske fime iR o ddd vabe bf the Sirma Hak elfpsedah
of tlaﬁés Td%mtfcté%@%ﬂ'séjc{‘c fog?se ISI?h an”}:hoe gth er#}? ndbithg—slIlég ime
detects the RTS transmitted gom the STAL, upgates the backoff value,

T2 asrtckprepares for thensubsequent trasmissiON:HO04Th! has elapsed,
the STAl starts transmission of the RTS. On the other hand,
the STA2 detects the RTS transmitted from the STAl, updates
the backoff value, and prepares for the subseguent
transmission,

(00471

Also, the S5TAO returns a CTS at point-in-time T3 where
SIEFS has elapsed from reception of the RTS. The STAl which
has received the CTS starts data traﬁsmission at a point-in~
time T4 where SIFS has elapsed from reception of CTS. The
STAO then returns an ACK at a point-in-time T5 where SIFS
has elapsed from reception of data from the STAL.

[0048]

At point-in-time T6 where returning of the ACK by the
S3TAQ ends, the media is clear again. The STAL and the STA2
both éwait elapsing of time of DIFS again. In the event
that the media is still clear following elapsing of DIFS
{point-in-time T7), the STAl and the STAZ both start to
confirm that the media is clear at a time determined by
random backoff. Here aiso, the backoff value of the STAl is
set short due teo preferential traffic, and RTS transmission

is performed before the backoff value of the STA2 at point-



Also, the STAO returns a CTS at point-in-time T3 where SIFS has
elapsed from reception of the RTS. The SIAM which has received the
CTS starts data transmission at a point-in- time T4 where SIFS has
elapsed from reception of CTS. The STAO then returns an ACK at a
point-in-time T5 where SIFS has elapsed from reception of data from the
STAL. [0048] At point-in-time T6 where returning of the ACK by the
STAO ends, the media is clear again. The STAI and the STA2 both await
elapsing of time of DIFS again. In thé event that the media is still clear
following elapsing of DIFS (point-in-time T7), the STAI and the STA2 both
ipStartto., onfirm that the media is clear at a time determined by random
bacKoff. Here also, the backoff value of the STAl is set short due to
[ ooareferential traffic, and RTS transmission is performed before the backoff
value of the STA2 at point - 18 - in-time T8. [0049] Due to the
abbve-desctibedjiroreddress biderdfraccessunghts isplevided tethess
TAl and the STA2 competing, for _.the access right, according.to the
5 At %%e S?%lbeafﬁl& hahdledt KsS TBEGH bt SHown

S 18 ro ’
egree oippreYerence o e traffi

thelndhgedawingr the backeffivalieof theSTAgalso gragually. begames:
shorter, so a situation wherein the STA2 never gets
the traffic being handled. Also, though not shown in the

rig

drawing, the backoff value of the 3TA2 also gradually
becomes shorter, so a situation wherein the STA2 never gets
access rights deoes not occur.

[0G50]

[Non-patent Document 1]

International Standard ISO/IEC 8802~11:319909 ()
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access rights does not occur. [0050] [Non-patent Document 1]
International Standard ISO/IEC 8802-11:1999(E) ANSI/IEEE Std. 802.11,
1999 Edition, Part 11: Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) Specifications [Non-patent Document 2] ETSI
Standard ETSI TS 101 761-1 V1.3.1 Broadband Radio Access Networks
(BRAN); HIPERLAN Type 2; Data Link Control (DLC) Layer; Part 1: Basic
‘Data Transport Functions [Non-patent Document 3] ETSI TS 101 761-2
V1.3.1 Broadband Radio Access Negworks (BRAN); HIPERLAN Type 2;
Data Link Control (DLC) Layer; Part 2: Radio Link Control (RLC) sublayer
[Non-patent Document 4] "Ad Hoc Mobile Wireless Network" by C. K. Tho

(puphS: sfRublished y, Prentige all FFER) Disclosure of Invention Problems
to be Solved by the Invention [0051] As described above, while the

Di searmserissiopfreEeptivhi procedures according to IEEE 802.11 enable the

iti uarantee to be solved, there
by JOBIEMS OF, access competition and band, gu.

f0051]

As described above, while the transmission/reception
procedures aécording to IEEE 802.11 enable the problems of
access competition and band guarantee to be solved, theze
are several problems which remain, which are listed below.
[0052]

(1) Existence of Point Coordinator

As described above, IEEE 802.11 provides a mechanism
for QoS communication by PCF. However, PCF operates under
the presence of an AP which centrally govefns media access.
With a network having an AP, malfunctioning at the AP causes
a problem that all communication becomes unavailable. Also,
there is the problem that MTs which are at locations where
communication with the AP cannot be made, cannot participate
in the network.

[0053]
(2) Problem of Increased Probability of collision ﬁith EDFC

With the mechanism of EDCF in IEEE 802.11, links with
highex préference basically can be preferentially passed
even without a Point Coordinator such as an AP. However, in
the event that multiple stations simultaneocusly start

transmission with high preference, collisions frequently



are several problems which remain, which are listed below. [0052] (1)
Existence of Point Coordinator As described above, IEEE 802.11 provides
a mechanism for QoS communication by PCF. However, PCF operates
under the presence of an AP which centrally governs media access. With
a network having an AP, malfunctioning at the AP causes a problem that
all communication becomes unavailable. Also, there is the problem that
MTs which are at locations where communication with the AP cannot be
made, cannot participate in the TiefWork. [0053] (2) Problem of Increased
Probability of collision with EDFC With the mechanism of EDCF in IEEE
802.11, links with higher preference basically can be preferentially passed

OCCH e Withdut AP GACEBBTdihatcrEuciNaL Sn AP a9dRBVER ik hthedrihten
or thalmutiplesstations simultanequsly start, transpissionwith high . .. <

preference, collisions frequently - 20 occur since the backoff is set short,
wheleadinrttfthe probferhcoef toweredecaramunicationwaffitiehey c Al sherend
are cases where traffic with low preference is set with long IFSs, and

“Pdér art BAVTORERt WHETER frafficAfith fowler BretérerteP iedomii,
1s Wedranspission right campetition is perfermedfollowing elapsing of long,
IFSs for all communication

fellowing elapsing of long IFSs for all communication
stations, leading to the problem that the overhead is great
and communication efficiency drops. Moreover, in a case
wherein there is no control station such as an AP, there is
no say to suppress requests for traffic e%ceeding the
capacity load of the network, leading to the program nct
requests form higher order layers cannot be fulfilled at all
links. In cases where multiple video streams and the like
are provided, this emerges as a great problem.
{0054]
{(3) Problem of Beacon Coliision

At the time of configuring a network, a predetermined
control station or communication stations operating in an
autonomously dispersed manner perform notification at
predetermined intervals with beacons describing network
information and the like. There is the prcblem of beacon
collision in such systems. For example, with IEEE 802.11,
this probiem; occurs in the case of performing beacon

transmission from multiple stations in the same area and on

the same channel, in both the infrastructure mode and the



stations, leading to the problem that the overhead is great and
communication efficiency drops. Moreover, in a case wherein there is no
control station such as an AP, there is no say to suppress requests for
traffic exceeding the capacity load of the network, leading to the program
not requests form higher order layers cannot be fulfilled at all links. In
cases where multiple video streams and the like are provided, this
emerges as a great problem. [00_54% (3) Problem of Beacon Collision At
the time of configuring a network, a predetermined control station or
Ad-remmynication stations operating in an autonomously dispersed manner
perform notification at predetermined intervals with beacons describing
{00 Ftetwork information and the like. There is the problem of beacon collision

in_such systems. For example, with IEEE 802.11, thjs problems occurs in
S RSP RN AG HE 4G Srat A Sdlon FOHF RIS SaBAE W e

are Sa@Fe atea and pnthesame channel, indbath the,infrastiuctie madeand
the - 21 - Ad-hoc mode. [0055] In the Ad-hoc mode, the beacon

col fansmissien stations datel gefineehwith fardom baskaff to Begin withi 86 the
infrbaesaggﬂc%%!lxi“%o?nésdgr)a\{%g_ %Iegg?erg:teheigegggniggbé%gmwitg t@%e event
that only a single BSS exists, multiple beacons coexist in a
case wherein multiple RSSs enter the alrwave rangs due to
the network relocating or a nearby alrwave-blocking oblect
moving. In the event that the beacon transmission time
overiaps here, a problem cccurs in that the nearby stations
cannot receive the beacons.

[0056]

Example embodiments may provide a superior wireless
communicaticn system, wireless communication device,
wireless communicaticn method, and computer program, wherein
a wireless network is formed by communication stations
cperating in an autoncmous distributed manner without a
device serving as a control station being disposed.

[0057]
Example embodiments may provide a superior wireless

communication system, wireless communication device,

wireless communication method, and



infrastructure mode, while there is no problem in the event that only a
single BSS exists, multiple beacons coexist in a case wherein multiple
BSSs enter the airwave range due to the network relocating or a nearby
airwave-blocking object moving. In the event that the beacon
transmission time overlaps here, a problem occurs in that the nearby
stations cannot receive the beacons.486056] Example embodiments may
provide a superior wireless communication system, wireless
communication device, wireless communication method, and computer

compRfegram, whergin awirelessnetwork s formediby commupication, o rx.
stations operating in an autonomous distributed manner without a device

withservingpas ascbrirs statiorr beingrdispdsed o057 rExamplerst ructed
embodiments may proyide a superior wireless communication system,
ation GedEe i

WU bR VY O GeGiRE“WirdlesS EBmmdnitation thethod, and 22

[ 00 @mputer program, wherein an autonomous distributed network with
guaranteed quality of communication can be constructed without
inkiglvament ehhspénifiet contrpl stativn fO058} UBkample embotiments

[ ior wireless communication system, wireless

Com@cﬁ%%owde a suger or wi ation sy , WA ,

?ﬁ%ﬁkﬁya ﬁ%é,WﬁéF ss communlicatlon device, wireless

communication method, and computer program, wherein data
transmission can be performed while avoiding collision in ah
autoncmous distributed network without involvement of a
specified control station.

[06059]

Example embodiments may provide a superior wireless
communication system, wireless communication device, wireless
communication method, and computer program, wherein beacon
collision can be appropriately avoided among multiple
communicaticn stations in a network configured by‘
communication stations performing notification with beacons.
[006e0]

Example embodiments may provide a superior wireless
communication system, wireless communication device, wireless
communication method, and computer program, wherein an
autonomous dispersed wireless network can be suitably formed
while avoiding collision of beacons which the communication

stations transmit one to



communication method, and computer program, wherein data
transmission can be performed while avoiding collision in an autonomous
distributed network without involvement of a specified control station.
[0059] Example embodiments may provide a superior wireless
communication system, wireless communication device, wireless
communication method, and computer program, wherein beacon collision
can be appropriately avoided among multiple communication stations in a
AN Kork configured by communication stations performing notification
roodwith beacons. [0060] Example embodiments may provide a superior
wireless communication system, wireless communication device, wireless
commupicatienimethog rard temppter program, svrsreincen auteneraeus
dispersed wireless network can, be suitably formed while avoidin

\ s
comiflisish-ofBeatbns Which' the®csmmunitalioh stations rafigmitone to -
wir&BeanQthen, [0061] Example.embodiments may, provids.a, sURelion he rein

wireless communication system, wireless communication device,
the wirsless:daramumication ethadcandt computerprogranm sihyenear fhe
sui CORYURICRION Stalons each can auIonomouSly PeoM™. 1 time
interval units.
[0062]

Example embodiments may provide a superior wireless
communication system, wireless communication device,
wireless communication method, and computer program, wherein
a communication station can perform periodic signal
transmission and reception at each predetermined time
interval, while avoiding collision with signals of other
stations.

Means for Solving the Problems

[0063]

In accordance with a first aspect c¢f the present
invention, there is provided a wireless communication system
for constructing a network by communication stations
transmitiing beacons describing network-related information
t¢ each other at predetermined time intervals, with no
contrelling-station/controlled-station relations; wherein
collision of beacons transmitted from two or more
communication stations within the network is detected; and
wherein collisions are resclived by changing the transmission
timing of at least one of the beacons, in response to

detection of said collision.



suitable autonomous communication operations in time interval units.
[0062] Example embodiments may provide a superior wireless
communication system, wireless communication device, wireless
communication method, and computer program, wherein a
communication station can perform periodic signal transmission and
reception at each predetermined time< 4nterval, while avoiding collision
with signals of other stations. Means for Solving the Problems [0063] In
accordance with a first aspect of the present invention, there is provided a
[ 0 dgegless communication system for constructing a network by
communication stations transmitting beacons describing network-related
infornsatione e eatty othieran predctensiped tinksinteredlsywith e to a
con roIIingigé'gzéltti(ghn/cont]rfolIei(lzi:-hsctg._ltigrﬁla r%!ations; wherein _collision of

log Jeacons transmitted ffom two Fmore” conmani gtlronfgf&(ﬁgﬁ?{}\ﬁrhin the

nodIeIWORKis detected:and whergincallisiens aresresolved hy-changing.the,
transmission timing of at least one of the beacons, in response to
of tdutectivnictsnidedlisionc2d cf@desjodules are in a single

housing "is of no particular concern.
[C065]

Under an autonomous dispersed communication environment,
each communication station performs notification of beacon
information at predetermined time intervals, thereby
anncuncing its own existence to other neighboring (i.e.,
within a communicable range) communication stations, and
alsc notifies the network configuration. Also, the
communication stations perform scanning operations for each
channel and receive beacon signals, thereby detecting
penetration of the communication range ¢f a neighboring
station, and also enables knowing the network configuration
by analyzing the information described in the beacon.

[0066]
Alsc, each communication station includes and transmits,

in beacon signals, neighboring device information relating



In example embodiments, "system" as used refers to a logical collection
of multiple devices (or functional modules for realizing certain functions),
and whether each of the devices and functional modules are in a single
housing’is of no particular concern. [0065] Under an autonomous
dispersed communication environment, each communication station
performs notification of beacon information at predetermined time
intervals, thereby announcing its own existence to other neighboring (i.e.,
within a communicable range) camgiunication stations, and also notifies
the network configuration. Also, the communication stations perform
scanning operations for each channel and receive beacon signals,

to therelydetesting; penetratian of the communication Lange,of a
neighboring station, and also enables knowing the network configuration

conRPaRaRZiry thetinformatiodesdribed imthedsekicore [0086] Also, each

. _ communication station includes and transmits, in beacon signals,

o oV oot ity & 75715 BEson T ler B oRn

cardilping: ir dbis6asee the wammuinicativnstatian eanahtainaet oply
network information of the neighboring station from which beacons can

reli5d gireclly récéied nu dibe bezbndFformation- , a hidden terminal,

which the local staticn canncot receive beacons from but the
neighboring station can.
[0067] |

With such an autonomous dispersed network,
communication staticn newly participating first perform
scanning cperations, i.e., continuously attempt signal
recepticn for a pericd equal to or lower than a super frame,
and confirm existence of beacons transmitted by the nearby
stations. In the event that no beacons are received from
the nearby stations in this process, the communication
station sets an appropriate beacon transmission timing. On
the other hand, in the case that beacons transmitted from
nearby stations are received, the neighboring device
information described in each of the redeived beacons is
referred to so as to set a timing at which none of the
already-existing stations transmit beacons, as the beacon
transmission timing of the local station.
[G068]

Under conditiocns wherein the communication stations are

each statlcnary and the airwave permeation range does not



relating to a station the next over, i.e., a hidden terminal, which the local
station cannot receive beacons from but the neighboring station can.
[0067] With such an autonomous dispersed network, communication
station newly participating first perform scanning operations, i.e.,
continuously attempt signal reception for a period equal to or lower than a
super frame, and confirm existeneeZéf beacons transmitted by the nearby
stations. In the event that no beacons are received from the nearby
stations in this process, the communication station sets an appropriate

chalRg@copdransmission timing.Qp e gther and, in the cage that beacons

transmitted from nearby stations are received, the neighboring device
de sinfopmationadesbribes.in g€ach-bkthetieeeivethbeadons ise refested tonsa as
to set a timing at which none of the already-existing stations transmit

the LRl riRLCaB e HRaton FaRSmiSSIBRIMTING St the 1664 station. [0068)
comBder-conditiqns wherein the, communication stations are .each stafionary

and the airwave permeation range does not - 26 change, beacon collision
whecairbéeayoidesl by themboveddescribed provedurest@urthetathenhand,
ColilnitOEl@e.event that the airwave permeation range changes due to the
[0069]

For example, in a case wherein communication stations
of two systems out of range of the airwaves of each other
set the same transmission timing completely independent of
eéch other, but then move into an airwave permeation range
so that airwaves of each are receivable, a state wherein the
beacons of the stations colliide occurs.

[0070]

Or, a case is also conceivable wherein, following
communication stations of two systems out of range of the
airwaves of each other setting the same transmission timing
completely independent of each other, a new communication
station which is capable of reception from both systems
emerges, thereby exposing collision of bheaconsg transmitted
by each of the communication stations.

[0071]
In example embodiments, upon detection of collision

of beacons transmitted from two or more communication

stations within a communication range,



communication station moving or the like, cases can occur wherein
beacons transmitted by the communication stations collide. [0069] For
example, in a case wherein communication stations of two systems out of
range of the airwaves of each other set the same transmission timing
completely independent of each other, but then move into an airwave
permeation range so that airwaves of each are receivable, a state
wherein the beacons of the stations collide occurs. [0070] Or, a case is
also conceivable wherein, following cammunication stations of two
systems out of range of the airwaves of each other setting the same
transmission timing completely independent of each other, a new

colaammumication: Sstatien whickisicarale of reception frorthath.sysiems
emerges, thereby exposing collision of beacons transmitted by each of
eacthedorhRfuriCAbH $&RbAS 007} irrexaniiile ehwsstir@ntsaupon

exrafigieeiangf colision ofpeacons iansppitied fram o ormore
communication stations within'a communication range, - collision of

[ 00beacons is avoided by autonomous actions of each of the communication
stations, by changing the

Here, the communication station which changes the
beacon transmission timing notifies nearby staticns with a
beacon describing a warning to the effect that the beacon
transmission timing is to be changed, performs a scanning
operatiocn for at least a predetermined period, discovers a
timing which is not being used for beacon transmission by
nearby stations, and determines this to be a new beacon.
Transmission timing.
[0073] N

In a case wherein communication stations of two systems
out of range of the airwaves of each octher set the same
transmission timing completely independent of each other,
but then move into an airwave permeation range so that
airwaves of each are receivable, collisicn of The beacons of
each other can be recognized between the communication
stations.
[0074]

In such a case, collision can be avoided by one of the
communication stations autonomously moving the beacon

transmission timing of itself. For example, in response to

receiving a peacon of another station at a timing which may



transmission timing of at least one of the beacons. [0072] Here, the
communication station which changes the beacon transmission timing
notifies nearby stations with a beacon describing a warning to the effect
that the beacon transmission timing is to be changed, performs a
scanning operation for at least a predetermined period, discovers a
timing which is not being used for beacon transmission by nearby
stations, and determines this to be a new beacon transmission timing.
[0073] In a case wherein communieation stations of two systems out of
range of the airwaves of each other set the same transmission timing

completely independent of each other, but then move into an airwave
£ e ShdimedtionPrange’ §6 thar aitwales bi eathtare teE ERaDIE, Tolidior of the

peaRAconsQf eachpthergan be recagnized hetween,the communication

stations. [0074] In such a case, collision can be avoided by one of the
beacommuracetinisstationscautohomouslyimering. thecheadan teanstnissioro
timing of itself. For example, in response to receiving a beacon of another

reC&hlidn Gt A AP Rhith Ay raSaltfirofitich immemely isibrey

resﬁ@@sqﬂ§sgglgggion immediately following transmission of a
beacon from itself, the communication station changes the
beacon transmission position of itself.

[0075]

Or, an arrangement may ke made wherein, instead of one
communication station autonomcusly changing the beacon
transmission timing, a communication station requests the
other station to change the beacon transmission timing upon
recognizing collision of beacons from receiving beacons of
ancther station at a timing close to that of its own beacon
transmission timing.

[c0T76]

Also, in a case wherein, following communication
stationé of two systems cut of range of the airwaves of eéch
other setting the same transmission timing completely
independent of each other, a new communication station which
is capable of reception from both systems emerges, thereby
exposing collisicn of beacons transmitted by each of the
communicatiocn stations, the newly-participating station méy
reqguest one of the communication stations with which beacons

are colliding to change the beacon transmission timing.



beacon from itself, the communication station changes the beacon
transmission position of itself. Or, in response to receiving a beacon of
another station at a timing which may result in collision immediately
following transmission of a beacon from itself, the communication station
changes the beacon transmission position of itself. [0075] Or, an
arrangement may be made whereirg tnstead of one communication
station autonomously changing the beacon transmission timing, a
communication station requests the other station to change the beacon

cha HEDSAISSIQN Haing.upen. Jecagnizing, coflision of beacens from receiving

béacons of another station at a timing close to that of its own beacon
inclragsmissiaptinmyg. jeer6inAlsoairsacase wherein, foddwings moving the
communication stations of two systems out of range of the airwaves of

beagaph tREPEething e afe tFansmission timing completely independent

oo 9heach other, a new communication station which is capable of reception
from both systems emerges, thereby exposing collision of beacons
tramsmitted dy edch efithe leemmurncationsstations, thetwork in example
newly-participating station may request one of the communication

emoQEEHBRE With Whith BEHEoRS Care <olidiig fo eighde thefdachent+a
usa énéggﬁ%ﬁgmggp'fggffic due to having transmitted beacons.

An arrangement may be made whereiln the communication
stations each transmit a regular beacon just once, and also
transmit one or more auxiliary beacons made up of signals
similér to The regular beacon, at tThe predetermined time
intervals.

[G078]

For example, traffic priority is set in the auxiliary
beacons transmitted by the communicaticon stations, and
notification is made with the beacons describing pricrity~
related information. In this case, an arrangement may be
made wherein, in the event that besacon collision occcurs, the
priority of each others beacons is referred, and the
originator of the beacon with the lower priority changes it
s own beacon transmission timing. Changing the beacon
transmission timing as used here includes stopping beacon
transmission, as well as moving the beacon transmission
timing.

[0079]



Changing the beacon transmission timing as used here includes stopping
beacon transmission, as well as moving the beacon transmission timing.
[0077] Now, with the wireless communication network in example
embodiments, the communication stations win preferential usage periods
for traffic due to having transmitted beacons. An arrangement may be
made wherein the communication 3tatiens each transmit a regular
beacon just once, and also transmit one or more auxiliary beacons made
up of signals similar to the regular beacon, at the predetermined time

interyals. {Q078] Farexample jtaffic prigrityis set intheaudliary 1y
beacons transmitted by the communication stations, and notification is
‘whiahadeaithrthe deacons desdniing prierity: velatedinfosmatian daethis

case, an arrangement may be made wherein, in the event that beacon

=2 CoisiorP GECiE B PGty o 3R tferk beaEsns Rorefeifed: Hhd the
pr i iginataL ot the heacon.with the lpwer, prigiity,changes ifS o heacon

transmission timing. Changing the beacon transmission timing as used
stathiere includes stopping beacon transmission, as well as moving the
[_Oogboe]acon transmission timing. [0079]

In such a case, the communication station transmits a
pbeacen stop request toward nearby stationsg, specifying the
number ¢f beacons which the communication station wanits to
place within the predetermined time interval, and the
priorities therecf. ©On the other hand, the communication
stations which have xeceived the beacon stop reguest detect
beacons with priority of or lower than that specified in the
predetermined time interval, of a number equal to that
specified, and transmit a beacon stop reguest to each of the
beaccon=-originating communication stations. Due to éuch
remote operations, the communication station can obtain the
desired beacon transmission timing from hidden terminals, in
the same way as with neighboring staticons which can mutually
receive beacons.

[co81;

In accordance with a second aspect of the present
invention, there is provided a wireless communicaticn system
for constructing a network by communication stations

transmitting beacons describing network-related information

to each cther at predetermined time intervals, with no



- 30 Also, in the event that a communication station with which beacons
are colliding is equivalent to a hidden station, beacons cannot be directly
received, so the priority cannot be compared with the beacon of the local
station. [0080] In such a case, the communication station transmits a
beacon stop request toward nearby stations, specifying the number of
beacons which the communication3statien wants to place within the
predetermined time interval, and the priorities thereof. On the other hand,
the communication stations which have received the beacon stop request
ct, beacons with riori%/ f.or lower than that s%ecifi,ed in the

det .
Con g R R AT & G RIAT "Gt ARG BEF BqGA) 16 Tt - ShatTed e
sa1dransmita beacon staprequestto.each Qfithe begconsariginating

communication stations. Due to such remote operations, the
t rarcommsnication staiignean ebiain:the] desiredshaatanrsansmissiondimingmne
from hidden terminals, in the same way as with neighboring stations
intagRigh tantastedllpretéeive beapsry [0e81 ]t iraccordasteiwith @nsEsond
aspect of the present inventiqn, there is provided a wireless

SYStBmmtnication syStBm or corsiruttifg % netwdrk -y E6iiHication

desé%%@yﬁb information relating to said pseudo-random
system.
[0081la]

In accordance with a third aspect of the present
invention, there is provided a wireless communication system
for constructing a network by communication stations
transmitting beacons describing network-related information
to each other at predetermined time intervals, with no
contrclling-station/controlled-station relations; wherein
said communicaticn stations eachrperform notification with
said beacons describing information relating to an abnormal
status which should be transmitted to nearby stations.
[0081bk]

In accordance with a fourth aspéct of the present
invention, there is provided a wireless communication system
for constructing a network by communication stations
transmitting beacons deséribing netwecrk-related infeormaticon
te each other at predetermined time intervals, with no
controlling~station/controlled-station relations; wherein

sailid communication stations each are capable of transmitting



transmitting beacons describing network-related information to each other
at predetermined time intervals, with no - 30a -
controlling-station/controlled-station relations; wherein said
communication stations each shift the beacon transmission timing set to
itself at said predetermined time intervals, based on values provided from
a pseudo-random system, and perfgem notification with said beacons
describing information relating to said pseudo-random system. [0081a] In
accordance with a third aspect of the present invention, there is provided
a wireless communication system for constructing a netwark by

® T MMAn ARG Stations RARSMIttY beacths deseABing etRoRLRISEd
moré”fé’&@ﬁfﬂ%r %&Qcoéﬁ%{le?(n}apcfsd%er E“esdigﬂ‘\}v%i%t?rs"ﬁ%%: W RY sasq

controlling-station/controlled-station relations; wherein sai
reg€DEIMUBIgateN stations each perferm Aotification with :said beacans and
describing information relating to an abnormal status which should be
whe treaisniitted fo- nearbiycstationsi §0081blin acroidantewith afeurtmaspectd
of the present invention, there is provided a wireless communication
Notshdfehy HoF cofistititdifig A hdtwiik By RoffRimcafoir stidhg priority-

rel §@£‘§”}]§'@9£§§€98% plescrlblng network-related information

[0081c]

In accordance with a fifth aspect of the present
invention, there is provided a wireless communication device
for operating under a communication environment constructed
by communication stations transmitting beacons describing
network~related information to each other at predetermined
time intervals, with no controlling=station/controlled-
station relations, said device comprising: communication
means for traﬁsmitting and recelving wireless data; beacen
signal generating means for generating beacon signals
describing information relating to the local station; beacon
signal analyzing means for analyzing beacon signals received
from nearby staticons by saild communication means; timing
control means for controlling the beacon transmission timing
with said communication means; and collision avoiding means
for avoiding beacon collisicns occurring with other stations.
[0081d]

In accordance with a sixth aspect of the present

invention, there is provided a wireless communication method



to each other at predetermined time intervals, with no
controlling-station/controlled-station relations; wherein said
communication stations each are capable of transmitting - 30b a regular
beacon just once, and also transmitting one or more auxiliary beacons
made up of signals similar to said regular beacon, at said predetermined
time intervals; and wherein traffic pfarity is set in each of the beacons,
and notification is made with said beacons describing priority- related”
information. [0081c] In accordance with a fifth aspect of the present

invenIIion there is Eravided a wireless CQEmmunication device for
for pex ormlng W1 eiess.c%mmunlca 1on %%erat%ogs under a
perating under a communication environment construciéd by

comR@MRLRication stations transmitting -beacens describing, network-related

information to each other at predetermined time intervals, with no
s t atcomtrellingastatian/cantrolless statndetations ; sajd devicercomprising:d
communication means for transmitting and receiving wireless data,

infgygrebh sighal Gérdrafig fiean’s foF GERératifig Bedcor Synarstervals,

. . .describing,information relating to,the local,station; beacon signal .
B arn o tor LoD eriss Sal8 fons,

saiPlatonshy saidcommypication means; Uming, CORUQLMEANS fors oy £or
controlling the beacon transmission timing ‘with said communication
gendneans;arskeeathision Avoiding Meansibing information relating to
a local station; a beacon signal analyzing step for
analyzing beacon signals received from nearby stations; a
timing control step for controlling the beacon transmission
timing; and a collision avoiding step for avoiding beacon
collisions occurring with other stations.
[0081le]

In accordance with a seventh aspect of the present
invention, there is provided a computer program described in
a computer-readable format so as to execufe, on a computer
system, processing for performing wireless communication
operations under a communication environment constructed by
communication stations transmititing beacons describing
network-related information tc each other at predetermined
time intervals, with no controlling-station/contrelled-
station relations, said program comprising: a beacon signal
generating step for generating beacon signals describing
information relating to a local station; a beacon signal

analyzing step for analyzing beacon signals received from



for avoiding beacon collisions occurring with other stations. [0081d] In
accordance with a sixth aspect of the present invention, there is provided
a wireless communication method - 30c for performing wireless
communication operations under a communication environment
-constructed by communication stations transmitting beacons describing
network-related information to eachCather at predetermined time intervals,
with no controlling-station/controlled-station relations, said method
comprising: a beacon signal generating step for generating beacon
ignals describing information relatin a local station; a beacon signal
e A Sipor Analy e Gbeaion Sonals 1bedved MO heaby S Tne

bea&RliaNs; AsHMing eentrolstep;for contrglling the beacon transmission, .
timing; and a collision avoiding step for avoiding beacon collisions
for oreurrihghwith etherstationsi f0081e] dn@accoidance with a sewenth
aspect of the present invention, there is provided a computer program
Statfelbfibed in a computer-readable format so as to execute, on a computer
System, processing for performing wireless communication operations
(00 N . L
under a communication environment constructed by communication

stationstransmitting heagons.deseribing netwark-related. informatiop;to

each other at predetermined
invention, there is provided a wireless communication
system for constructing a network by communicaticn stations
performing pericdic communication operations at each
predetermined time interval, with no controlling-
station/controlled~staticon relations; wherein, in the event
of performing periodic signal transmission/reception at
each said predetermined time interval, a communication
station attempts reception of transmission signals from
other staticns at least at one of prior to said periodic
signal transmission/reception and following said periodic
signal transmission/reception, so as to detect whether or
not there is collision between said periodic signal

transmission/reception and transmission signals of cther

stations.



time intervals, with no controlling-station/controlled- station relations, said
program comprising: a beacon signal generating step for generating
beacon signals describing information relating to a local station; a beacon
signal analyzing step for analyzing beacon signals received from - 30d
nearby stations; a timing control step for controlling the beacon
transmission timing; and a collisien &voitding step for avoiding beacon
collisions occurring with other stations. [0081f] In accordance with an
eighth aspect of the present invention, there is provided a wireless

rop#9Mmmunication system for constructing a network by communication
stations performing periodic communication operations at each
predetermirme detimelintesval pwith mbcontrotling y station/coneshed:-Station
relations; wherein, in the event of performing periodic signal

ST QAR Son/roEEHTion it “S T ST pre A ERAREA Tints TS AT ton

-env £OBHRRICatoN: Sslation.attempisrecertion ofiransmission signals FaRLs 1y
other stations at least at one of prior to said periodic signal

per fransmissiari/reCeptionmand-fbliewihgrsaigperadiorsigaal predetermined
trapsmission/reception, so as to detect whether or not there.is collision

Cing oSt SaitTerfodiC SIGHar tahSAissToriretaptidr aRd transhiission
obt Signals 0kAeteq band or preferential usage period at a

suitable timing within the predetermined time interval, and
perform periodic communication operations at each
predetermined time interval.
[0083]

In the case of performing periodic
transmission/reception operations at each predetermined time
interval, the communication station attempts reception of a

transmission signal from another station prior to periodic



stations. 31 - (0082] With the wireless communication system in example
embodiments, under an autonomous dispersed communication
,environment wherein each communication station autonomously
performs periodic communication operations at predetermined time
intervals, a communication station is permitted to obtain a reserved band
or preferential usage period at a suitable timing within the predetermined
time interval, and perform periodic communication operations at each
predetermined time interval. [0083]3?n the case of performing periodic
transmission/reception operations at each predetermined time interval,
the communication station attempts reception of a transmission signal

S19m5rh STGthar SR PG P eiHic 325 Sl iraksmiggiBa/reception or
trAQURWING Signal dransmissianireceptign,sq as.to detegtwhether or nof . .

there is collision between the periodic signal transmission/reception and
is thelsigmaltramsmission oftheatherdstatieng8pécifically, receiving
transmitted signals of the other station at a_timing near that of the periodic

tr e RAF ARG RTSR e CBptI Pty GRFRADCAFQaRBASS1on of the

other station. Specifically, receiving transmitted signals
of the other station at a timing near that of the periodic
signal transmission/reception timing of the local station
enables collision at the periodic signal
txansmission/reception timing to be detected. Also,
receiving periodic transmitted signals of the cother station
at a timing near that of the signal transmission/reception
timing of the local station enables collision at the
periodic signal transmission/reception timing to be detected.
[(0084]

Also, an arrangement may be made wherein, a
commurniication station perfoﬁms scanning processing for at
least a predetermined pericd in response to detection of
collision of the periodic transmission/reception signals,
thereby attempting confirmation of the state of cyclic
signal transmission of other staticns.
i0085]

Now, the communication station may attempt reception of
a transmission signal from another station prior to periocdic
signal transmission/reception, wherein, in response to

detection of collision between the periodic signal



enables collision at the periodic signal transmission/reception timing to be
detected. Also, receiving periodic transmitted signals of the other station
at a timing near that of the signal transmission/reception timing of the
local station enables collision at the periodic signal transmission/reception
timing to be detected. [0084] Also, an arrangement may be made
wherein, a communication station performs scanning processing for at
least a predetermined period in response to detection of collision of the
periodic transmission/reception siggals, thereby attempting confirmation
of the state of cyclic signal transmission of other stations. [0085] Now,
the communication station may attempt reception of a transmission signal

v r FaMianothey stationdariny torReriodic ssignak transmissiarvrecention,
wherein, in response to detection of collision between the periodic signal -
othez trdmsrhissiontfeceplionednd tresighat fransmission of thehethkpcal
station, the signal transmission timin% of the local station is delayed, so
0

stald FColSIGR Wit trie sighalE ot thé dtiersiBliol  theréBy avoiding

as 10 avoid ¢o
s1igerllisions [@886]JArsuch:a saser the. cammynigation: stafion maystransmit

[0086]

In such a case, the communication station may transmit
signals with description te the effect that the periodic
signal transmission timing has been changed to avoid
cocllision. The other station with which collision has
occcurred recelves signals with description to the effect
that the periodic signal transmission timing has been
changed te aveid ccllision, and can detect collision with
the pericdic signals which were te be transmitted following
transmission by the local station.

[0087]

Also, the communication stations may notify each other
with beacons with description of the schedule of signals to
be periodically transmitted/received. In this case, the
communication staticns can extract ﬁhe periodic signal
transmission/reception point~in-time of each other. 1In the
event of detecting collision in a periodic signal
transmission/recepticn section based on information
described in a beacon received from a nearby station, the
colliding signal transmission/reception timing can be

changed.



signals with description to the effect that the periodic signal transmission
timing has been changed to avoid collision. The other station with which
collision has occurred receives signals with description to the effect that
the periodic signal transmission timing has been changed to avoid
collision, and can detect collision with the periodic signals which were to
be transmitted following transmission by the local station. [0087] Also,
the communication stations may notify each other with beacons with
description of the schedule of si@néf% to be periodically
transmitted/received. In this case, the communication stations can extract
the periodic signal transmission/reception point-in-time of each other. In
[0 event of detecting collision in a periodic signal transmission/reception

segtiqn basgd aninfermation describedjn a.ngacon regeived;from a

nearby station, the colliding signal transmission/reception timing can be
prediRrangect: 34 - [0088]1Aso cthiccOmaiunicatiam stationaray set anverder of

preference to signals periodically transmitted /received, and make

2N, B h With tEatoRs He st bty RAE L i&fetEnty ditdér Along with a
pre%gﬁgﬂﬁgéﬁsgyﬁg§ along with a schedule of signals

periodically transﬁitted/received. Upon detecting collision
in a periodic signal transmission/recepition section based on
information described in beacons received from nearby
stations, collision can be aveided by changing the timing of
the periodically transmitted/received signals with lower
preferential order.

{0089]

Also, a commuﬁication station may describe relative
point-in-time information from the beacon transmission
point-in-time of the communication station in a part of
signals periocdically transmitted/received. In this case,
upen receiving periodically-transmitted signals transmitted
by other sﬁations, the communication station can extract the
transmission point-in-time of the transmitting station of
the signal, based on the relative point-~in-time infoimation
from the beacon transmission point-in-time described in the
signals periodically transmitted, and detect cecllision.
Stopping transmission of other signals performed at the
point-in-time allows collision to be avoided.

(0080}



periodically transmitted/received. Upon detecting collision in a periodic
signal transmission/reception section based on information described in
beacons received from nearby stations, collision can be avoided by
changing the timing of the periodically transmitted/received signals with
lower preferential order. [0089] Also, a communication station may
describe relative point-in-time information from the beacon transmission
point-in-time of the communication station in a part of signals periodically
transmitted/received. In this case, ypon receiving periodically-transmitted
signals transmitted by other stations, the communication station can
extract the transmission point-in-time of the transmitting station of the

signal based an the, relatiye pgint-in:time informatian, from.the beacon

transmission point-in-time described in the signals periodically
contramsmitetyansdetbot:coldisioni k$teopping trapnsmissian of gthdrssignals
performed at the point-in-time allows collision to be avoided. [0090] 35

PETARDI SR arfardehaRt e e AHRFIAEIGR the CBMmmdiEatort Ledtidie
sigdesaribes. ina part pksigpals. pefigdically fransmitted, information tq the

effect that the signals are being periodically scheduled and transmitted.
Further, information may be described in a part of the
signals periodically transmitted, indicating the
preferential corxder of the signals. In such a case, the
communication station can change the pericdic signal
transmission/reception timing with lower priority order, in
response to detection of collision of periodic signal
Transmission/reception.
[0091]

Also, the communication station may attach a random
offset to the transmission point-in-time for the periodic
signal transmission/reception. The communication staticn
may describe information relating toc the random offset of
the transmission point-in-time in part of the signals
periodically transmitted/received. |
[0092]

Also, the communication staticn may extract a time span
in which collision with pericdic signal
transmission/reception of other stations will not occur by
performing a scanning coperation prior to newly generating
periodic signal transmission/reception, and set the new

pericdic signal transmission/reception timing to the time



Further, information may be described in a part of the signals periodically
transmitted, indicating the preferential order of the signals. In such a
case, the communication station can change the periodic signal
transmission/reception timing with lower priority order, in response to
detection of collision of periodic signal transmission/reception. [0091]
"Also, the communication station may attach a random offset to the
transmission point-in-time for the periodic signal transmission/reception.
The communication station may-déscribe information relating to the
random offset of the transmission point-in-time in part of the signals
periodically transmitted/received. [0092] Also, the communication station
SPafay _xWAEEE tiree Spancin Which pellisioniwitls periadic signal

< Jjfruissionieception of ofher, siations, il not oo by, performing a

scanning operation prior to newly generating “periodic signal

[ odraIsmission/reception, and set the new periodic signal
transmission/reception timing to the time - 36 span in which collision with

perigdit sigrtal Chansiissieh/reedstom b ather StatieHs wilPReracc A
fogogg%Lining information relating toc a network, the

communication station may extract a time span in which
informaticon necessary for obtaining the information is
transmitted, and attempt signal receptticn in the extracted
time slot, sc as to efficiently perform scanning operations.
[0094]

Also, at the time cof acquiring one or more periodic
signal transmission/reception sections and performing
transmission/reception with a desired commuinication station,
the communication station may monitor the signal reception
state in pericdic signal transmission/reception sections.
Also, periodic signal transmission/reception sections,
regarding which marked deterioration in the signal reception
state has been detected, may be released, since it can be
estimated that collision with other signals is occurring.
[0095]

Alsc, the communication station may performs signal
transmission/reception based on access procedures following
the CEMA method involving signal detection for a
predetermined time on a transport path and standby for a

random back-off period, in a time span other than periodic



Also, at the time of performing a scanning operation for obtaining
information relating to a network, the communication station may extract
a time span in which information necessary for obtaining the information
is transmitted, and attempt signal reception in the extracted time slot, so
as to efficiently perform scanning operations. [0094] Also, at the time of
acquiring one or more periodic stgrial transmission/reception sections and
performing transmission/reception with a desired communication station,
the communication station may monitor the signal reception state in

s: gheriodic signal dransmission/reception sections, Alsonperiedic signal .
transmission/reception sections, regarding which marked déterioration in
[ 00 #8d signal reception state has been detected, may be released, since it

can be estimated that collision with other signals is occurring. [0095]

A8} tRE CBRTIRGBation<taftor ity pérfdtRfssigralthe present

1o RDSIssion/ieception based on access procedures lowing fhe CSMA. .,
method involving signal detection for a predetermined timé 6n a transport

for pathand standby far a sandem back-affnered,dn atime span gther than

periodic - 37 signal transmission/reception sections of nearby stations.
traf@@96lting beacons describing network-related information

to each other at predetermined time intervals, with no
controlling-station/controlled-station relations; wherein,
in the event of performing periodic signal

' transmission/reception at each said predetermined time
interval, a communication station describes relative point-
in-time information from the beacon transmission point-in-
time of said communication station, in a part of signals
periodically transmitted/received, and collision between
beacens of nearby stations and signals transmitted from
other stations is detected based on relative point-in~time
information described in signals received from nearby
stations.

[C097]

With the wireless communication system in example
embodiments, a network is constructed by communication
stations periodically notifying each other with beacons. A
communication station is permitted to obtain a reserved band
or preferential usage period at a suitable timing within the
predetermined time interval, and perform periodic

communication operations at



In accordance with a ninth aspect of the present invention, there is
provided a wireless communication system for constructing a network by
communication stations transmitting beacons describing network-related
information to each other at predetermined time intervals, with no
controlling-station/controlled-station relations; wherein, in the event of
performing periodic signal transmission/reception at each said
predetermined time interval, a communication station describes relative
point- in-time information from the btacon transmission point-in- time of
said communication station, in a part of signals periodically
transmitted/received, and collision between beacons of nearby stations

® 2 FhPEGREISTFARSIRftted B Biter'Sthtions is detected based on relative

[ opeint-in-time information described in signals received from nearby
stations. [0097] With the wireless communication system in example
emBodimes] aietworkis bensirictieddsy corhrmmicatiomgtatiens. on
c}i)eriodicall n tifying each other with beacons. A communication station is

&r %5’ O?B?aiﬁ -
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periodic communication operations at - 38 -
predetermined time interval, describing relative point-in-
time information from the beacon transmission point—in-time
in a part of the singles periodically transmitted/received.
Specifically, the communication station may extract the
transmission peint-in~time of beacons of nearby stations,
based on relative point-in-time information described in the
signals received from the nearby stations, and detect
collision with beacons of the nearby stations in the event
that a signal has been transmitted from the local station at
the same point-in-time.
[0099]

Also, the communication station may extract the
transmission point-in-time of beacons of nearby staticns,
based on relative point-in-time information described in the
signals received from the nearby stations, and detect
collision with beacons of the nearby stations in the event
that signals cannot be received from the other station at
the same point-in-time.

[01C0]

Also, the communicaticn station may aveoid collision in



each predetermined time interval. [0098] Now, collision can be detected
between communication stations can be detected by the communication
stations, which periodically perform communication operations ever
predetermined time interval, describing relative point-in- time information
from the beacon transmission point-in-time in a part of the singles
periodically transmitted/received - Specifically, the communication station
may extract the transmission point-in-time of beacons of nearby stations,
based on relative point-in-time information described in the signals

respgeeived froguthenearly stations, and detect collision with begcons of 1 ¢,

the nearby stations in the event that a signal has been transmitted from
the thelotahstationat thesame poiairetimed[G09D] iAsorthey stopping
communication station may extract the transmission point-in-time of

ErafEhedis OF nearby Statiorist BHsed i Felavabiftintitfie b hatich 9721
tradfiggedled in the; signals recqivediftom fhesnearby stations. and detect

collision with beacons of the nearby stations in the event that signals
[01{&anhnot be received from the other station at the same point-in-time.

[0100] Also, the communication station may avoid collision in

In "accordance with tenth aspect of the present

invention, there 1is provided a wireless communication device
for performing communication operations at each
predetermined time interval under a communication
environment with no controlling-station/controlled-station
relations, said device comprising: communicatieon means for
Transmitting and recelving wireless data; communication
control means for performing control of signal
transmissicn/reception operations with gsaid communication
means and processing of transmission/reception signals, and
also controlling periodic signal transmission/reception
ocperations at said each predetermined time interval; and
collisicon detecting means for attempting reception of
fransmission signals from cther stations at least at one of
prior to said periodic signal transmission/reception and
following said periodic signal transmission/reception, so as
to detect whether or not there is collision between said
periodic signal transmission/reception and transmission

signals ©f cother stations.

[0101a]



- 39 response to detection of collision of signals. For example, the
communication station may avoid collision by stopping transmission of
other signals performed at the beacon signal transmission point-in-time
that has been extracted. [0101] In accordance with tenth aspect of the
present invention, there is provided a wireless communication device for
performing communication operatidis.ateach predetermined time
interval under a communication environment with no
controlling-station/controlled-station relations, said device comprising:
commynicatian means.for, tansmiting and recelving wireless data ..
communication  controt means for performing control of S|gnéﬁ

invdfansmissieniteception gparations with) saichcoramupication -means andy ;i ce
processing of transmission/reception signals, and also controlling periodic -

for Sigralirahsmissidr/receptionmoperations at said eachrpredetesmined timed
interval; and collision detecting means for attempting reception of
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1 mdetyeen $aids periodic signal Sransmission/receptio and Jransmissign
signals of other stations.
staticn relations, sald device comprising: communication
means for transmitting and receiving wireless data; beacon
signal generating means for generating bheacon signals
describing information relating to the local station; beacon
signal analyzing means for analyzing beacon signals received
from nearby stations by said communication means; timing
centrol means for controlling the beacon transmission timing
with said communication means; and collision detecting means
 for detecting ccllisions oCcurring with signals of other
stations; wherein, in the event of performing periodic
signal transmission/reception at each said predetermined
time interval, relative point-in-time information from the
beacon transmission point-in-time is described in a part of
signals periodically transmitted/received; and wherein said
cecllision detecting means detect collision between signals
transmitted and received by nearby stations and other
stations, based on relative point-in-time information
described in signals received from nearby stations.

[0101b]



[01 01a] - 39a In accordance with an eleventh aspect of the present
invention, there is provided a wireless communication device for
operating under a communication environment constructed by
communication stations transmitting beacons describing network-related
information to each other at predetermined time intervals, with no
controlling-station/controlled- statictrelations, said device comprising:
communication means for transmitting and receiving wireless data,
beacon signal generating means for generating beacon signals
describir;g infcgrmation relating to the local station; beacon signal

andlyZing fieahs for &naifizing BEacth sighats feciivetd froRt &Y
i nveHRUCRS by said copymynication means; iang, copial means fqr.

controlling the beacontransmission timing with said communication
me ¢ HOearks; :anskeatlision fetectingumeans: fer-deteeting-gellisions: oecufring
with signals of other stations; wherein, in the event of performing periodic
p redsigsainramsrhission/ réceptionsat eaendall predeterriined time interval,
relative point-in-time information_ from the beacon transmission

enV I GRER M is-Getibeain opart BF sigriais parGdealRP L ted-station
rel atgqrbslgrytrtegléqgei}ﬁ%(gm ‘UB{%E?H §§ilqggolgsigg éjg%e)icting means detect

collision between signals transmitted and received by nearby stations and
t rargifer siationscbased on relative peinthr-timednfaimatieniodic signal
transmission/reception at each said predetermined time
interval; and a collision detecting step fér attempting
reception of transmission signals from other stations at
least at cne of prior to said periodic signal
transmission/reception and following said periodic signal
transmission/reception, so as to detect whether or not
there is collision between said periodic signal
transmission/reception and transmission signals of other
stations.
[01C1c]

In accordance with a thirteenth aspect of the present
invention, there is provided a wireless communication method
for operating under a communication environment constructed
by communication stations transmitting beacons describing
netwerk~related information to sach other at predetermined
time intervals, with no controlling-station/controlled-
staticon relations, said method comprising: a beacon signal

generating step for generating beacon signals describing



described in signals received from nearby stations. [0101b] - 39b In
accordance with a twelve aspect of the present invention, there is
provided a wireless communication method for performing
communication operations at each predetermined time interval, under a
communication environment with no controlling-station/controlled-station
relations, said method comprising3&signal transmission/reception step
for performing periodic signal transmission/reception at each said
predetermined time interval; and a collision detecting step for attempting

i clEsERON O ranemission signals fiom other stgtions at Jeast atane.of
prior to said périodic sighal transmission/reception and following sai

ana1Reriqdic signal Hansmission/Iecention 80 as 1¢ detest whether ol NBt o
there is collision between said periodic signal transmission/reception and
nearirgnsmissivorsignals of othel statioss: {©Qlch /racegrdance wiithra for
thirteenth aspect of the present invention, there is provided a wireless
de s cgorimupicatibn methbl fof opefdtmbSunde? eeconTmuRicatibn 1 n-tLme
: environment cons r%cte b)écomlnunication stations transmittintgibeacons
info matbon L C IAEF 5 Lranspiss%Pq €01ptm n-=ime, and
%m1mgnewm-mme|nmmmmnoem:0hrapmﬁaamww
performing periodic signal transmission/reception at each
said predetermined time interval; and a collision detecting
step for detecting collision between a beacon from a nearby
station and signals transmitted/received by other stations,
based on the point-in-time information described in the
signals received from said nearby station.
[0101d]
Also disclosed herein is a computer program described
in a computer-readable format so as to exsecute, on a
computer system, processing for performing wireless
communication operations under an autonomously dispersed
communication envircnment constructed by communication
stations transmitting beacons describing network-related
information to each other at predetermined time intervals,
with no contreolling-station/contrelled-station relations,
the program comprising: a beacon signal generating step for
generating beacon signals describing information relating
to a local station; a beacon signal analyzing step for

analyzing beacon signals received from nearby stations; a

viming control step for ceontrolling the keacon transmission



time intervals, with no controlling-station/controlled- station relations, said
method comprising: a beacon signal generating step for generating
beacon signals describing - 39c information relating to a local station; a
beacon signal analyzing step for analyzing beacon signals received from
nearby stations; a signal transmission/reception step for describing, in a
part of signals, relative point-in-tink®dnfermation from the beacon
transmission point-in-time, and performing periodic signal
transmission/reception at each said predetermined time interval; and a
+1miGQUiSioR, detecting step for defegting,colisian between,a beacon from.a,,
nearby station and signals transmitted/received by other stations, based
collgrsthenpointinstime informatiorrdéscribedan thesignals received from
said nearby station. [0101d] Also disclosed herein is a computer program
(010 escribed in a computer-readable format so as to execute, on a

comppuler sysiem,. progesging fer perfarming wirsless. communication

operations under an autonomously dispersed communication
inveeVironMert €oastiucted by cosymunication istationsdrpnsmitingheacons: n

describing network-related information to each other at predetermined
a coime imtervads: Awith Ao tontrellingcstatiorycomtratiedistatiom relatiomg the r

program comprising: a beacon signal generating step for )
system, processing for performing comminication operations
at each predetermined time interval, under a communication
environment with no controlling-station/controlled-station
relations, said program comprising: a signal
transmission/reception step for performing periodic signal
transmission/reception at each said predetermined time
interval; and a collision detecting step for attempting
reception of transmissiocon signals from other stations at
least at one of pricr teo saild periodic signal
transmission/reception and following said periodic signal
transmission/reception, so0 as to detect whether or not there
is collision between said periodic signal

transmission/reception and transmission signals of other

stations.



generating beacon signals describing information relating to a local
station; a beacon signal analyzing step for analyzing beacon signals
received from nearby stations; a timing control step for controlling the
beacon transmission - 39d timing; and a collision avoiding step for
avoiding beacon collisions occurring with other stations. [0102] In
accordance with a fourteenth aspeétiofthe present invention, there is
provided a computer program described in a computer-readable format
SO as to execute, on a computer system, processing for performing

[Olmmmunication operations at each predetermined time interval, under a
communication environment with no controlling-station/controlled-station
relations¢saidgorograni compiisings a Sigrat ransmisSicriireceptier step
for performing periodic signal transmission/reception at each said

invesredeterniied fmé Sinkeivdr aRd FcsligiBH tefeding St dr atempting

in 4 oSERION StUansIMission signajs from, other siations  cgastat ane of
prior 5 saldrperlo iC Sighal’ ransmissmn/?eception and following said

comgReriodic;signal, trapsmission/teception30-as te.detect.whethes or not
there is collision between said periodic signal transmission/reception and
conmrttansmaission sigrats ofiother wstaionss communication environment
constructed by communication stations transmitting beacons
describing network-related information to each other at
predetermined time intervals, with no controlling-
station/controlled~station relations, sald program |
comprising: a beacon signal generating step for generating
peacon signals describing information relating to a local
station; a beacon signal analyzing step for analyzing
beacon signals received from nearby stations; a signai
ransmissicn/reception step for describing, in a part of
signals, relative point-in-time information from the beacon
transmission point-in-time, and performing periodic signal
transmission/reception at each said predetermined time
interval; and a collision detecting step for detecting
collision between a beacon from a nearby station and
signals transmitted/received by other stations, based on
the relative point-in-time information described in the

signals received from said nearby station.



- 40 - [0103] In accordance with fifteenth aspect of the present invention,
there is provided a computer program described in a computer-readable
format so as to execute, on a computer system, processing for
performing wireless communication operations under a communication
environment constructed by communication stations transmitting beacons
describing network-related infornTatfon to each other at predetermined
time intervals, with no controlling- station/controlled-station relations, said
program comprising: a beacon signal generating step for generating

[ 1 deacon signals describing information relating to a local station; a beacon
signal analyzing step for analyzing beacon signals received from nearby

stafi6n§ ARGl ﬁﬁﬁ%%@%ﬁﬁb@ﬁ%eﬁ%@@é%ﬁg?ﬁf&%ﬁrt of

. Gl BARSHRSrfoctin par
i . ShA T IRG Rerioti GOl Hansha e Eceptin ot~

as teachesdidpredeteratnechiimel intesvalk andragcalfisioncdetpcting stepstorm.
detecting collision between a beacon from a nearby station and signals

In qrdismitietfleceiet By ol sthfiorsThaserrom thgrekiive pdint-in-time
comélﬂﬁé@aék9gt%%§°éi£’§9é9 thgsignals receiverLirom saidngarpy station. -
cocoperative acticns, and to operate as a wireless
communication device. Activating a plurality of such
wireless communication devices and configuring a wireless
network yields the same advantages as those of the wireless
communication system according to example embodiments.
Advantages

[0105]



[0104] The computer programs in example embodiments define computer
programs described in a computer-readable format so as to realize
predetermined progressing of a computer system. In other words,
installing the computer programs in a computer system causes the
computer system to exhibit cooperative actions, and to operate as a
wireless communication device. Activating a plurality of such wireless
communication devices and configuring a wireless network yields the
same advantages as those of the vitfeléss communication system
according to example embodiments. Advantages [0105] - 42 According
to thecpre%clant invention, a sugerior wireless communication system,

wirefeed ommunicatith BEGiEE™ wirdlES8 toRmuAicEiBR Méthotl*aR4esS |

conBRMPEISY 5AJLAN cWherein-a Nelworcis.formegy, commuynication
stations operating in an autonomous distributed manner without a device

wirsgoihy asnawoimtes! statiombéing, dispdsedgancke providedn0106¢rein
Also, gtﬁccjrdir%%}:o tf(lje gresent invention, a superior wireless

& réommunication STStent WirdiBEE BorimdfiRatioh dethte, RfEREEY in
an GRMANMNCARLIONIMathod, and CRIPIE! RFOGIAM, V@Q{Q%g@taserving as.

transmission can be performed while avoiding collision
a control station being disposed, can be provided.

[010g]

Also, acceording to the present invention, a superior
wireless communication system, wireless communication device,
wireless communication method, and computer program, wherein
data transmission can be performed while avoiding collision
in an autonomous distributed wireless network without
involvement of a specified control station, can be provided.
[0107]

Also, according to the present invention, a superiof
wireless communication system, wireless communication device,
wireless communication method, and computer program, wherein
beacen collision can be appropriately avoided among multiple
communicaticn stations in a network configured by
communication stations performing notification with beacons,
can be provided.

{01081

Also, according to the present inventicn, a superior

wireless communication system, wireless communication device,

wireless communication method, and computer program, wherein



in an autonomous distributed wireless network without involvement of a
specified control station, can be provided. [0107] Also, according to the
present invention, a superior wireless communication system, wireless
communication device, wireless communication method, and computer
program, wherein beacon collision can be appropriately avoided among
multiple communication stations in a network configured by
communication stations performing notification with beacons, can be
provided. [0108] Also, according.to the_present invention, a superior
wireless communication system, wireless communication device, wireless
communication method, and computer program, wherein - 43 an

an akiQRRMRYS dispersed wikeless netwark.can, hejsuitably, foumed while

avoiding collision of beacons which the communication stations transmit
fopnettovdricther waribe gprovided: {0809]E Alse cantordingto thegresent
invention, a superior, wireless communication system, wireless

O G RN HEVidE " HirdiBS BornTiific&ffort EtRGE! affd 2oRfputer

prd¥egaum, wherein the communication stations each can autonomously
perform suitable communication operations at predetermined time
[0109]

Alsc, according to the present invention, a superior
wireless communication system, wireless communication device,
wireless communication method, and computer program, wherein
the communication stations each can autonomously perform
suitable communication operations at predetermined time
interval units, can be provided.

o110}

Also, according to the present invention, a superior
wireless communication system, wireless communication device,
wireless communication method, and computer program, wherein
a communicaticon station can perform periodic signal
transmission and reception at each predetermined time
interval, while avoiding collision with signals of other
stations, can be provided.

0111}

According to the présent invention, QoS communication
can be provided even under a dispersed control environment
where no Point Coordinator such as a contrel station exists.
Also, each of the communication stations can autonomously

understand the network load even under a dispersed control



interval units, can be provided. [0110] Also, according to the present
invention, a superior wireless communication system, wireless
communication device, wireless communication method, and computer
program, wherein a communication station can perform periodic signal
transmission and reception at each predetermined time interval, while
avoiding collision with signals of other stations, can be provided. [0111]
According to the present invention, QoS communication can be provided
even under a dispersed control environment where no Point Coordinator

enviSWehas @ cantral station gxists. Alsa, eachaf the communicatiopstations
can autonomously understand the network load even under a dispersed
capacgrityol -o4l erirdnenenst; ok the event drataraffid exceedigfthe with

capacity load of the network is requgste_d, éUSt gtrraffic with, low preferential

Low Gifer Tafibe Btmitated dcordiig 1o the freterertial bitidtwhidh the

prefdRREIJayer efther communicgtionpratocokrequests.0d12] Also,
according to the present invention, situations wherein beacon collision
commpontinedusiy opcursccanibe avoided seven incases of beacon collision due

to networks crossing or
[0112]

Also, according to the present invention, situations
wherein besacon collision continuously occurs can be avoided
even incases of beacon collision due to networks crossing or
the like, and the presence of each node existing in the
network can be understood in a sure manner, so0 the
suppression in occurrence of éonnection cut-offs and the like
can be markedly improved.

[0113]

Other advantages of example embodiments will become
more apparent from the later-described embodiments and
detalled descripticn made with reference t¢ the appendad
drawings.

Best Mode for Carrying Out the Invention
[0114]

EFmbodiments of the present invention will now be
described in detail with reference to the drawings.
[0115]

L. System Configuration

The communication transmissicn path serving as the



the like, and the presence of each node existing in the network can be
understood in a sure manner, so the suppression in occurrence of
connection cut-offs and the like can be markedly improved. [0113] Other
advantages of example embodiments will become more apparent from
the later-described embodiments and detailed description made with
reference to the appended drawings. Best Mode for Carrying Out the
Invention [0114] Embodiments of the present invention will now be
described in detail with reference tQ ghe drawings. [0115] A. System
Configuration The communication transmission path serving as the - 45
basis for the present invention is wireless, with multiple communication

bas stations copfiayning g netyyark,, Ihe, cammunication setying, ag (he Hasis

for the present invention is storage exchange type traffic, with information
conaeing cransferreckiniincrementsiaf packets. Alsowwhile thehtollowing

description assumes that each communication station handles a single
Cowtth%‘céﬁb%%é‘rﬁé@ﬁ) Eﬁsér?arﬁ@ém%‘h? vﬂﬁ"é%uﬂfﬁf@“tlon

is @ﬁgﬂgﬂﬁy(gﬁgﬂgﬁaé“%§5§dtrafflc, with information being

transferred in increments of packets., Alsc, while the
following desctiption assumes that each communication
station handles a single channel, this can be expanded to.an
arrangement wherein multiple freguency channels are used,
i.e. multi-channel transmission media is used.

[0116]

The wireless network system according to the present
inventicn is an autonomously dispersed system configufation
wherein a cocrdinator is not provided, and transmission
control effectively using channel rescurces by transmission
{MAC) frames having a loose time-division multiple-access
structure is performed. Alsc, the communication stations
can also perform ad-hoc communication wherein information is
directly asynchronously transmitted following access
procedures based on CSMA.

[6117]

With such an autonomously dispersed wireless
communication system wherein a control station is not
provided in particular, each communication station notifying
beacon information on the channel notifies other neighboring

(i.e. within communication range) communication stations of



i.e. multi-channel transmission media is used. [0116] The wireless
network system according to the present invention is an autonomously
dispersed system configuration wherein a coordinator is not provided,
and transmission control effectively using channel resources by
transmission (MAC) frames having a loose time-division multiple-access
structure is performed. Also, the communication stations can also perform
ad-hoc communication wherein information is directly asynchronously
transmitted following access procédures based on CSMA. [0117] With
such an autonomously dispersed wireless communication system
wherein a control station is not provided in particular, each

1 toifmunitéaics@atioantotifying beadédn aforrhation tncthle channel

otfes e neighborng. (o wihin communicatonrange)
COMMUNICAtion Stations of ~ 46 itsown existence ant Ao ndtiffestha

at hefwaik seonfiguaternAconmrumication.statien franspits,a beacon at
the head of a transmission frame cycle, so the transmission frame cycle

Craggeiimetby fHepeacor intebvaldisacshdhvcdmemurtieaton stationval .

AlSperforang:%acsglgngiQ%a%%rgtign Otni’thr? chearnpgllﬂfn%r a period equivalent to
the fransmission trame cycle, thereby disEovening BeacSh2iils

operation on the channel for a period equivalent to the
transmission frame cycle, thereby discovering beacon signals
transmitted from nearby stations, and'analyzes the
information described in the beacons to find out the network
configuration (or to participate in the network}. Each of
the communipation stations notify each other of the
transmission/reception timing within each others
transmission frame cycle by exchanging beazcon signals,
thereby realizing loose ?ime—division multiple-access while
performing random access to the media in an autonomcusly
dispersed manner according to CSMA procedures.

[0118)

Fig. 1 illustrates a placement example of communication
devices cenfiguring the wireless communication sysﬁem
according to one embodiment of the present invention. With
this wireless communicatiqn system, no parﬁicular
communication station is provided, with each communication
station operating in an autonomously dispersed manner,
thereby forming an ad-hoc network. The drawing illustrates

the say in which communication device #0 through



transmitted from nearby stations, and analyzes the information described
in the beacons to find out the network configuration (or to participate in
the network) Each of the communication stations notify each other of the
transmission/reception timing within each others transmission frame cycle
by exchanging beacon signals, thereby realizing loose time-division
multiple-access while performing random access to the media in an
autonomously dispersed manner according to CSMA procedures. [0118]
Fig. 1 illustrates a placement exqmglye of communication devices
configuring the wireless communication system according to one
embodiment of the present invention. With this wireless communication

com¥ieM, 9 particular. communication staiop is pri%""%%%’ witheach,
communication station operating In an autonomously dispersed manner,

{ 0thereby forming an ad-hoc network. The drawing illustrates the say in
which. communication device #0 through 47 communication device #6 are

disﬁib‘iﬁe_d W%@%&M&%é&éum@} Psd theUraRINY fHtisirates #ng e
o Commupication range ot each of ”&%f?&%'?”%@ﬂoﬂo eé’é%?ﬁ‘iégglsggued

lines, defining ranges wherein not only can a communication
de COMmMyNICate swthvathes commtinicatipncdeviees tithat 1angern device

communicate with other communication devices in that range,
but signals transmitted therefrom cause interference therein.
That is te say, the communication device #0 is in a range
capakle of communication with the neighboring communication
device #1 and communication device #4, the communication
device #1 is in a range capable of communication with the
neighboring communication devices #0, #2, and #4, the
communicatiocon device #2 is in a range capable of
communication with the neighboring communication devices #1,
#3, and #6, the communication device #3 is in a range
capakle of communication with the neighboring communication
device #2, the communication device #4 is in a range capable
of communication with the neighboring communication devices
#0, #1, and #5, the communication device $5 is in a range
capabkle of communication with the neighboring communication
device #4, and the communication device #6 is in a range
capable of communicaticn with the neighboring communication
device #2. |

folzo;l

In the event of performing communication between



but signals transmitted therefrom cause interference therein. That is to
say, the communication device #0 is in a range capable of
communication with the neighboring communication device #1 and
communication device #4, the communication device #1 is in a range
capable of communication with the neighboring communication devices
#0, #2, and #4, the communication device #2 is in a range capable of
communication with the neighboring communication devices #1, #3, and
#6, the communication device #3 i4fn a range capable of communication
with the neighboring communication device #2, the communication device
#4 is in a range capable of communication with the neighboring

CerESrn HHEBHGR Bebices BovAEeand H5: fife ebMmmanicatdn devite #5 is in

aevd 48NGE £apalE of commupication with e neighhoring comuyynication
device #4, and the communication device #61sina range capabfe of
whiedmmuninatier wth theseighbering.communicafion. deviserita: [8420] In
the event of performing communication between 48 certain
heaggmiisicafitn Hevicess tBré dredormuifddtish device whithigsem be
terggggdlgqr.n one communication device which is the other part of
communication, but cannot be heard from the other communication

[c1deyvice, i.e., "hidden terminals"”.

Fig. 2 schematically illustrates the functional
configuration of a wireless communication device operating
as a wireless station in a wireless netwcork accoerding to an
embodiment of the present invention. The wireless
communication device shown in the drawing can configure a
network while avoiding collision by performing effective
channel access within the same wireless system in an
autonomously dispersed communication embodiment with no
contrcl staticn disposed.
f0122}]

As shown in the drawing, the wireless communication
device 100 is caonfigured of an interface 101, a data buffer
102, a central control unit 103, a beacon generating unit
104, a wireless transmission unit 106, a timing control unit
107, an antenna 109, a wireless reception unit 110, a beacon
analyzing unit 112, and an information storage unit 113.
[C123)

The interface 101 exchanges various types of

information with external equipment {(e.g., a personal



[0121] Fig. 2 schematically illustrates the functional configuration of a
wireless communication device operating as a wireless station in a
wireless network according to an embodiment of the present invention.
The wireless communication device shown in the drawing can configure a
network while avoiding collision by performing effective channel access
within the same wireless system in an autonomously dispersed
communication embodiment with no control station disposed. [01221 As
shown in the drawing, the Wirele§s4c§)rrlmunication device 100 is '
configured of an interface 101, a data buffer 102, a central control unit
103, a beacon generating unit 104, a wireless transmission unit 106, a
timing control unit 107, an antenna 109, a wireless reception unit 110, a
ot ey ST Ul 112, Al 4 ore 08 S hotuni 113" 01557

comih@ infeHase 1@dvexchanges various types of information with external
equipment (e.g., a personal - 49 computer (not shown) or the like)

[ Odgdrinected to the wireless communication device 100. [01241 The data
bquglg%g%ug%%%%éeq%gw%@yé%%r %@Btemporarily store data

sent from devices connected via the interfaée 101, an data

received over the wireless transmission path, before heing

sent via the interface 101.

[0125]

The central control unit 103 centrally performs
management of the series of information transmission and
reception at the wireless communication device 1006, and
access control cof the transmissicn path. Operaticn control
such as collision avoidance processing at the like at the
time of beacon collision, for example, is performed at the
central control unit 103. Processing means for avoiding
collision include moving the beacon transmission position of
the local station, stopping beacon transmission from the
local station, reguesting other stations to change the
beacon transmission position (to move the beacon
transmission position or to Stop}, but the details of these
processing procedures will be described later.

(0126}

The beacon generating unit 104 generates beacon signals

periodically exchanged between neighboring wireless

communication devices. In order for the wireless



sent from devices connected via the interface 101, an data received over
the wireless transmission path, before being sent via the interface 101.
[0125] The central control unit 103 centrally performs management of the
series of information transmission and reception at the wireless
communication device 100, and access control of the transmission path.
Operation control such as collision avoidance processing at the like at the
time of beacon collision, for example, is performed at the central control
unit 103. Processing means for avaiding collision include moving the
beacon transmission position of the local station, stopping beacon
transmission from the local station, requesting other stations to change
conthen beacdm:trafsimissioh position ffernoye dherbeaten straBsmisHON the
position or to stop), but the details of these processing procedures will be

b eaGe8tribetETES f9 L35 S FRE WA (&iferhfifg LinfttE04 gBnaksteseacon
peaugials. peppdically exehanged between neiohhoringuireless o, ¢ty

communication devices. In order for the wireless - 50 communication
aredevi¢cedDOtedbperate. a wirglessanetwarki the theacdHni ttansmission
station of the local station and the beacon reception position from nearby

i“%&ﬁﬁéﬁé%%d%ﬁ?ﬁﬁﬂ? unit 113, and also 1s described in

beacon signal and notified to the nearby wireless
communication devices. The configuration of beacon signals
will be described later. The wireless communication device
100 transmits beacons at the head of transmission frame
cyclies, so the transmission frame cycle at the channel which
the wireless communication device 100 uses is defined by
beaceon intervals. .

[0127]

The wireless transmission unit 106 performs
predetermined modulation processing for wireless
transmission of data temporarily stored in the data buffer
102 and of beacon signals. Also, the wireless reception
unit 110 performs signal reception processing of information
and beacons and the like sent from other wireless
communication devices at a predetermined time.

[0128]

As for the wireless transmission/reception method at
the wireless transmission unit 106 and the wireless
reception unit 110, various types of cemmunication methods

suitable for relatively close-distance communication, that



are stipulated. This information is stored in the information storage unit
113, and also is described in beacon signal and notified to the nearby
wireless communication devices. The configuration of beacon signals will
be described later. The wireless communication device 100 transmits
beacons at the head of transmission frame cycles, so the transmission

. frame cycle at the channel which the wireless communication device 100
uses is defined by beacon intervals. [0127] The wireless transmission
unit 106 performs predetermined modulation processing for wireless
transmission of data temporarily"étgred"in the data buffer 102 and of
beacon signals. Also, the wireless reception unit 110 performs signal

reception roe%estséngl 011; info_Erggtio%A%nd tPeacons ang the like %ent from

“3Tother Wireless. communication devices a 3%r85§f§m§ﬁec?ﬁﬁ1e.?0128]

appAS tof the yyieeless deanspissioa/regeption methpdat thewirelesshoq,
transmission unit 106 and the wireless reception unit 110, various types
OF I3t copmrhiniczioh Metodh suitBblelforaeldfivelyiclbsedistansethod,

cmﬁ?”}@gcﬁ“ecaxﬁ‘?@ hat- ml,can be applied tf g ireless LAN, for f{oar@g'f”
can be applie .§peC| |ca]ﬂly, Fie B (fﬁ ra |(ﬁe énéflme?ﬁo ,

can be applied.

[0129]

The antenna 109 performs wireless transmission.of
signals to another wireless communication device on a
predetermined frequency channel, and collects signals
transmitted from other wireless communication device. With
the present embodiment, a single antenna is provided, and
transmission and reception are not executakle in parallel.
[0130]

The timing centrel unit 107 performs timing ceontreol for
transmission and'reception of the wireless signals. For
example, the beacon transmission timing form the local
station at the head of the transmission frame cycle, beacon
reception timing from other wireless communicaticn devices,
data transmission/reception timing with other communicaﬁion
device, and scanning operation cycle, and so forth,,are
controlled.
f0131]

. The beacon analyzing unit 112 analyzes beacon signals

received from neighboring stations, and analyzes the

existence and so forth of the neighboring wireless



OFDM (Orthogonal Frequency Division Multiplexing) method, CDMA
(Code Division Multiple Access) method, and so forth, can be applied.
[01291 The antenna 109 performs wireless transmission of signals to
another wireless communication device on a predetermined frequency
channel, and collects signals transmitted from other wireless
communication device. With the present embodiment, a single antenna is
provided, and transmission and reception are not executable in parallel.
[0130] The timing control unit 107 pérforms timing control for transmission
and reception of the wireless signals. For example, the beacon
transmission timing form the local station at the head of the transmission
COMEHeEAFAE ThEXCOIT Yo cepliG tifdiAgiirbm ottidraitelesseormnfatione

ices, nsmission/reception timing with,other commuynication
beaggéicgégr%g{s%:gﬁn%%Mggegra?i%n%cgy% ebf anc %g fosr%ﬁ,@alr%n%oﬁ{lrglled. [0131]
neifhedeaconmnalyzingdtibtl2.analrespeaconssignals: recaived fomd
. heighboring stations, and analyzes the existence and so forth of the
in RBRhbOHAERiFeRRs S B agmmbinication devissst Forasdrapldevice

s neinformation such as the
[0132]

The information storage unit 113 stores execution
procedure commands (prograﬁs describing collision avoidance
processing procedures and so forth) for the series of access
control operations executed at the central contrel unit 103,
neighboring device information obtained as the results of
analyzing received beacons, and so forth.

[0133]

With the autonomously dispersed type network according
tc the present embodiment, each communicatign station
notifies beacon information at predetermined time intervals
on a predetermine channel, thereby notifying other
neighboring (i.e., within communication range) communication
stations of own existence, and notify the network
configuration. The beacon transmiésion cyele is defined as
a super frame here, and is 80 milliseconds, for example.
(01347

A communication station newly participating detects
that it has penetrated a communication range while listening

to beacon signals from nearby station by performing scanning



beacon reception timing of neighboring stations and neighboring beacon
reception timing and so forth are stored in the information storage unit
113 as neighboring device information. [0132] The information storage
unit 113 stores execution procedure commands (programs describing
collision avoidance processing procedures and so forth) for the series of
access control operations executed at the central control unit 103,
neighboring device information obtained as the results of analyzing -
received beacons, and so forth. [0133] With the autonomously dispersed
type network according to the present embodiment, each communication
station notifies beacon information at predetermined time intervals on a

Opeorrgg%%rmlng chan@gl thereb}}/ n%tlf}&rllg othgr nq?ghbor%n%&l €. W|th|n

communication range cOmmUNICAtion: Stations of own ex tence an
and10fiy the tetvarks configurations dheilbeatomtransmission eycle ishe

defined as a super frame here, and is 80 milliseconds, for example.
beﬁ@‘?ﬁM]‘ﬁ@éﬁﬁﬁ'ﬁﬁﬁﬁho’Fﬂé‘%ﬂ@n %vﬂ%}%a%ﬁéiﬁétlﬁ&ﬁ%%éﬁ“ts thateraset

o RENSialeg acomupication cange. whlle Jstsning 1 beae ) SRl 18y
nearby station by performing scanning -

stations, while locsely synchronlzlng with the beacon

recepticn timing.

{0135]

Now, the beacon transmission procedures for each
communication station according to the present embodiment
will be described with reference to Fig. 3.

[013e¢]

Each communication station loosely synchronizes while
listening to beacons emitted nearby. In the event that a
new communication station emerges, the new communication
station sets its own beacon transmission timing so as to not
collide with the beacon transmissicn timing of already-
egisting communication stations.

[0137]

In the event that there are no communication stations
nearby, the communication station {1 can start transmitting
beacons at an arbitrary timing. The beacon transmission
interval 1s 80 milliseconds {descriked above). In the
axample shown ét the top tier in Fig. 3, B0l is a beacon

transmitted from the communication station 01.

{0138}



operations, and also can know the network configuration by analyzing the
information described in the beacons. The beacon transmission timing of
the local station is then set to a timing at which no beacons are
transmitted from nearby stations, while loosely synchronizing with the
beacon reception timing. [0135] Now, the beacon transmission
procedures for each communication station according to the present
embodiment will be described with reference to Fig. 3. [0136] Each
communication station loosely synchronizes while listening to beacons
emitted nearby. In the event that a new communication station emerges,
the new communication station sets its own beacon transmission timing
so 48%6 hbt SolliFE Wit theBeatbrofradmssiGr ikiing of bireaBpt ing

in SYRINGCQMMWYERNON SIAHoNS, Lﬁcl%ﬂeﬂth&%‘{%%t@%%th@re RER s 5 on
communication stations nearby, the communication station of can starn

t injfansmigting: heaconstatcart athitany timing < he beasgn §ansaEssjon
interval is 80 milliseconds (described above). In the example shown at

beafignop tRTFTEN: 3, BO1 I'4 ehtBh raRShiteTHon fréomnitmcansn

acéﬂ%ﬂ%@oé'g¥g¥grential usage region (TPP) immediately
following beacon transmission {(described later), so it is
more preferably that the beacon transmission timing of the
communication devices be uniformly scattered through the
transmission frame cycle, rather than being concentrated,
from the perspective of transmission efficiency.
Accordingly, with the present embodiment, the beacon
transmission is started at approximately the center of the
longest time span of the beacon interval within the basic
hearing range of the local station.

[0139]

For example, let us say that a new communication
station 02 appears on a channel where only the communication
staticn 01 exists, as shown at the top tier in Fig. 3. At
this time, the communication station 02 receives beacons
from the communication station 01 so as to recognize the
existence thereof and the beacon position, sets its own
beacon transmission timing at approximately the center of
the beacon interval cof the communication station 01 as shown

in the second tier in Fig. 3, and starts beacon transmission.

{0140}



54 Hereafter, communication stations newly participating in the
communication range set their own beacon transmission timings so as to
not collide with the already-existing beacon placement. At this time, each
communication station acquires a preferential usage region (TPP)
immediately following beacon transmission (described later), so it is

more preferably that the beacon transmission timing of the
communication devices be uniformly scattered through the transmission
frame cycle, rather than being congentrated, from the perspective of
transmission efficiency. Accordingly, with the present embodiment, the
beacon transmission is started at approximately the center of the longest

timg, span. of the_heagon, inferval within, (e %%%uﬁﬁ%%'%g §nag oL ths, o5

local station. [0139] For example, let us say that a new communication
apstatien 02zappears oniachannel where ohly-thecommunieatiars station 01
exists, as shown at the top tier in Fig. 3. At this time, the communication

recgiiisn 02 reteRel BRSCANS Hom e EORIHTRRIBH Stafbro PRoE to
codffGRYNIZE; e existance terepfand the beacen POSKION, SIS s, Qwr, |

beacon transmission timing at approximately the center of the beacon
andniervabefithescorhmunication-station ttleas shawaa dythecseedndytier in

Fig. 3, and starts beacon transmission.
communication stations. Then, as shown in the third tier in
Fig. 3, transmission is started at a timing at approximately
the center of the bacon intervals transmitted from the
communication station 0l and the communication station 02.
[0141]

Hereafter, each time a neighboring communication
station newly participates following the same algorithm, the
beacon interval narrcws. For example, as shown in the-
lowest tier in Fig. 3, the communication station 04 which
appears next sets the beacon transmission timing at a timing
at approximately the center of the bacon intervals set by
the communication station 02 and the communication station
01, and moreover, the communication station 05 which appears
next sets the beacon transmission timing at a timing at
approximately the center of the bacon intervals set by the
communication station 02 and the communication staticn 04.
[6142]

Note that there is also a usage method wherein the

beacon transmission timings of each of the communication

stations are placed in a concentrated manner, and the



[0140] - 55 Further, let us say that a new communication station 03
appears. At this time, the communication station 03 receives at least one
of the beacons transmitted from the communication station 01 and the
communication station 02, and recognizes the presence of these
already-existing communication stations. Then, as shown in the third tier
in Fig. 3, transmission is started at a timing at approximately the center
of the bacon intervals transmitted from the communication station 01 and
the communication station 02. [014%] Hereafter, each time a neighboring
communication station newly participates following the same algorithm,
the beacon interval narrows. For example, as shown in the lowest tier in
TeqeRt O ERBATThAARALSH StaticiPD2vHieh AbSedidifedets tHe bB&con

supllanaiasion oying al g tuing, af appraximately.he qepey,of the bacon
intervals set by the communication station 02 and the communication

constatipni 04, afidtheredvet,dhe canmunicationsstatipn Oscwhicthappears
next sets the beacon transmission timing at a timing at approximately the

CONGERTET dFHHE bEkBnTsRAMls SEERthESiomntiidatsh srdiorroL arlithe

is GATRUNICANQN SIANAD O (4Rl Note, b there s Al aisage method
wherein the

communication, and beacons are concentrated at one place or

multiple places within the super frame cycle, and

transmitted.

[0143]

Or, an arrangement may be made wherein the beacon
transmission timing is set in accordance with a data
transmission capacity unigque to the communication station.
In this_case, communicatiocn stations with a great amount of
transmission data can set the beacon transmission timing to
a point~in-time such that the interval to the next beacon is
long, and communication stations with little transmission
data set the beacon transmission timing to a point-in-time
such that the interval to the next beacon 1s short.

{0144]

However, in order to prevent beacons from saturating
the band (transmission frame cycle), a smallest beacon
interval By, is stipulated, and placement of twoc or more
beacon transmission timings within the B, is not permitted.
For example, in a case wherein the minimum beacon interval

B, 15 stipulated to 5 milliseconds in an 80-millisecond



beacon transmission timings of each of the communication stations are
placed in a concentrated manner, and the - 56 reception operations are
stopped for the remainder of the super frame cycle, so as to reduce
electric power consumption of the device. In this case, processing for
concentrating the, beacon transmission timings and so forth is performed
between the communication stations performing communication, and
beacons are concentrated at one place or multiple places within the super
frame cycle, and transmitted. [0143}, Qr, an arrangement may be made
wherein the beacon transmission timing is set in accordance with a data
transmission capacity unique to the communication station. In this case,

£ SOEMLBICAtIoR, statiops with a great anaount of transmissiondata can set,

the beacon transmission timing to "a point-in-time such that the interval to
be themexibedcon is loagyandcenmhunicationvstatiors: with little
[Ograanmission data set the beacon transmission timing to a point-in-time

stich that the interval to the next beacon is short. [0144] However, in

ordey o prevant heacanssframesatyraling, dhe band-(ransmissig frame
cycle), a smallest beacon interval Bm,;n is stipulated, and placement of
trapedembee timing which can be placed within a super frame.
Note that with the example shown in the drawing, the
transition of time within the 80-millisecond super frame is
. represented as a clock where a needls moves on a circuit in
the clockwise direction.
[0146]

With the example shown in Fig. 4, a total of 16
pesitions 0 through F from 0 to F are configured as "slots"
as points—in~time where beacon transmission can be performed,
i.3., where beacon transmission timings can be placed. As
described with reference to Fig. 3, beacon placement is
performed following the algorithm wherein the keacon
transmission timing of newly-participating stations are
sequentially set at approximately the center timing of
beacon intervals set by already-existing communication
stations. In the event that B,, is stipulated to 5
milliseconds, only up to 16 beacons can be placed in a
single super frame. That is tc say, no more than 16
communication stations can participate in the network.
[0147] |

Now, though not shown in Fig. 3 and Fig. 4, each beacon



beacon transmission timings within the Bmin is not permitted. For
example, in a case wherein the minimum beacon interval Bmin is
stipulated to 5 milliseconds in an 80-millisecond - 57 transmission frame
cycle, only 16 communication stations can be contained in a range
wherein airwaves reach. [0145] Fig. 4 illustrates a configuration example
of beacon transmission timing which can be placed within a super frame.
Note that with the example shown in the drawing, the transition of time
within the 80-millisecond super framié is represented as a clock where a
needle moves on a circuit in the clockwise direction. [0146] With the
. example shown in Fig. 4, a total of 16 positions 0 through F from O to F
15 Jr& Tty hréd ag UshtPoas potnstitftimBaHere FeatorPdnsmission
inCA0AG petformed. d 2 whes beacan tiapsmission imings can, be
placed. As described with reference to Fig. 3, beacon placement is
Trpesfarmediollowiag the algorithmowbereia thenbeacon transmission timing
of newly-participating stations are sequentially set at approximately the

of RAtr MMATPBF bekebh infervas Sty Areatly-eXisting eohmmbinicatiBhth
enS RSN e,y DAl By IorslpIAIEES0.> JUineCpRaz. 0B R
16 beacons can be placed in a

by a pseudo-random number. This pseudo~random number is
determined by a uniquely defined pseudc random sequence TOIS
(TBTT Offset Indication Sequence}, with the TOIS being
updated each super frame cycle.
(01481

Due to setting the TRTT cffset, even in a case wherein
two communication stations have placed the beacon
ftransmission timing at the same slot in the super frame, the
actual beacon transmission point-in-time can be shifted, so
even though the beacons may collide in one super frame cycle,
the communication stations can listen to each cothers beacons
(or a neighboring communication station listen to both
beacons) in another super frame cycle, sco the communication
stations can recognize that their beacons have collided.
The communication stations include the TOIS to be set for
each super frame cycle in the beacon information, and notify
the nearby staticns (to be described later).
[0149]

Alsc, with the present embodiment, even in a case that

the communication stations are in a power saving state



single super frame. That is to say, no more than 16 communication
stations can participate in the network. [0147] Now, though not shown in
Fig. 3 and Fig. 4, each beacon - 58 is transmitted at a point-in-time
having a slight intentional time offset from the TBTT (Target Beacon
Transmission Time) which is the transmission point-in-time of each
beacon. This is referred to as "TBTT offset". With the present
.embodiment, the TBTT offset value is determined by a pseudo-random
number. This pseudo-random number is determined by a uniquely
defined pseudo random sequence TOIS (TBTT Offset Indication
Sequence), with the TOIS being updated each super frame cycle. [0148]
Loue o %%ttingithetTBTT offset, even in a case whergg:n tw? s
TAZommuriication stations %3‘\4/3rpla€é:d tHe b&a&oR transmission |ﬁﬁﬁ"g§1 At

dethe-samesslet inthe superframe, thenactial beacenRansmissi@lception
point-in-time can be shifted, so even though the beacons may collide in

is gpersirsSeayie dyele tireeompsdmicdtien arations dan hstena®ieach

others b acons (ora neighb%riréglcomrgunication station Ii%IeQ to bot?
pe% orme . 2ac COmImun ?a I sta 10% is re%ulre% o errorm
eacons) in another super frame cyclé, so the ’commaunication” stations

re&@puesagpize-that their beacans haveollided: 4 he-eammunieation ang
stations include the TOIS to be set for

following transmission of signals from the local station,

i.e., to perform communication operations for detecting

collision called "Listen Before Send", "Listen After Send".

Transmission signals as used here include both normal data

frame transmissicn and beacon transmission.

f0150] r)

Also, even in the case of not performing data
transmission/reception, the communication stations are
required to perform scanning cperations by consecutively
operating the receiving device over one super frame once
every several seconds, to confirm whether there is no change
in the.presence of nearby beacons and whether there is no
shifting on the TBTT of the nearby stations. Note that this
scanning operation may be performed for detecting abnormal
situations such as cases wherein detection is made that
beacons or preferential transmission periods are colliding,
communication ié cit off during a certain preferential
transmission pericd, and so forth (tc be described later).

[0151]

For the scanning operation, basically a full scan is



each super frame cycle in the beacon information, and notify the nearby
stations (to be described later). [0149] Also, with the present
embodiment, even in a case that the communication stations are in a
power saving state - 59 wherein the electric power for the
transmitting/receiving devices is to be turned off when data
transmission/reception is unnecessary, and transmission/reception is not
being performed, each communication station is required to perform
reception operations for a predeterifined period before and following
transmission of signals from the local station, i.e., to perform
communication operations for detecting collision called "Listen Before
rerSendie d isterr After Sendt'e crahsissien signals aswsedtkete include
both normall dat framhe transmission and beacon transmission. [0150]

COTRREIEVER I the £asd 8F hbt PeforAF datt fanshiiiSsibRireception, the

neceBAWNIGAtian.statiops.are requited tomperfrm scaaning onerations by,
consecutively operating the receiving device over one super frame once

mave sy Bevéraiset ondsy td- cofifiren whethérd therdéy nochangepmrtivesd
presence of nearhy beacons and whether there is no shifting on the TBTT

oISt (1 eding statis. W6t thAEHTd ScAriig BPeration maybe- -2d”
whi@@ﬁQ@@ﬁ@gﬂﬂﬁﬂgegﬂgéﬁ”@%@%&on,recognizes. With the

present embodiment wherein beacon transmission timing
placement is performed such as shown in Fig. 4, the time
span wherein a beacon is transmitted means before/after or
immediately after each TBTT, but is not restricted to this
in the other embodiments.

10152]

Shifting in TBTT can be confirmed by receiving beacons
of other stations and so forth. With the present embodiment,
that stipulating within -B,;./2 milliseconds from the TRTT
group recognized by the local staticn as TBTT is defined as
being "fast", and that stipulating within +B, /2
miliiseconds as TBTT is defined as being "slow". The
communication station corrects the point-in-time so as to
match the slowest TBTT. Note however, that so long as the
same rule is stipulated throughout the system, the point-in-
time may be corrected so as to match the fastest TRBTT. Thus,
by all communication stations within the system setting the
point-in-time to match the slowest (or fastest) TBTT, the

corrected point-in-time is propagated over the network.



situations such as cases wherein detection is made that beacons or
preferential transmission periods are colliding, communication is cut off
during a certain preferential transmission period, and so forth (to be
described later). [0151] For the scanning operation, basically a full scan is
- 60 performed wherein the reception device is operated consecutively
throughout one super frame, but not necessarily restricted to this. For
example a partial scan may be performed wherein the reception device is
operated only within a "time span wherein a beacon is transmitted" which
the communication station recognigés.‘With the present embodiment
wherein beacon transmission timing placement is performed such as
shown in Fig. 4, the time span wherein a beacon is transmitted means

ConsEdreAker or SHiRe GBIy aifet Bth PETT BUfis RotTestictBato this
airedbeotherambodiments, {01h2] Shitingdn B T L £aphe copfirmed by.

receiving beacons of other stations and so forth. With the present
timembodiment, that stipulating within -Bmjn/2 milliseconds from the TBTT
roup recognized by the local station as TBTT is defined as being "fast",
nd that stipulating within +Bmin/2 milliseconds as TBTT is defined as

B, beng 'slowsThe pricritized Period TEP
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Though the communication stations transmit beaccons a
constant intervals, a station which has transmitted the
beacon is provided preferential rights to transmission for a
certain amount of time {e.g., 480 microseconds) following
transmitting the beacen. ¥Fig. 5 illustrates the way in
which preferential rights are provided to a beacon
transmitting station. With the present specification, this
preferential sectien is defined as a Transmission
Prioritized Period (TPP). Also, the remaining'éection of
the super frame following the TPP is defined as a Fairly
Access Pericd (FAP), and communication is performed by
normal CSMA/CA between the communication stations during
this period.

10154}

Fig. 6 illustrates the configuration of a super frame.
As shown in the drawing, following beacon transmissiocn from
each communication station, a TPP is appropriated for the
communication station which has transmitted that beacon, and
following the duration of the TPP a FAP starts, with the FP

ending at the beacon transmission from the next



communication station corrects the point-in-time so as to match the
slowest TBTT. Note however, that so long as the same rule is stipulated
throughout the system, the point-in- time may be corrected so as to match
the fastest TBTT. Thus, by all communication stations within the system
setting the point-in-time to match the slowest (or fastest) TBTT, the
corrected point-in-time is propagated over the network. - 61
Consequently, even communication stations which cannot directly
communicate can share the same fference point-in- time. [0153] B.
Transmission Prioritized Period TPP Though the communication stations
transmit beacons a constant intervals, a station which has transmitted the
corgeacobais imovidedpraferential rights to transmission for a certain amount
[Olq[ggéme (e.g., 480 microseconds) following transmitting the beacon. Fig. 5
ilfustrates the way in which preferential rights are provided to a beacon

trapsmitting:station.WVith,the present specification, this, preferantial ., 1 p,

section is defined as a Transmission Prioritized Period (TPP). Also, the
inyenvahmgese@iorfol e superframe féllowing thad RRiskdsfined as a

Fairly Access Peripd (It:AP) and communjcation is performed by normal
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permitted DIFS + backoff transmission for other packets.
That is to say, each time a bsacon is transmitted, an
opportunity for preferentially transmitting data is obtained.
[0156]

Also, while each communication basically transmits one
beacon for each super frame cycle, in some cases, a
communication station is permitted to transmit multiple
beacons or beacon-like signals, and a TPP can be acguired
each time these beacons are transmitted. In other words, a
communication station can secure preferential transmission
resources in accordance with the number of beacons
transmitted per super frame. Now, a beacon which a
communication station always transmits at the head of a
super frame cycle will be called a "normal beacon", and the
second and subsequent beacons transmitted at other timings
or acquiring TPPs or other objects will be called "auxiliary
beacons".

(01571
Fig. 29 illustrates the cperations for a communication

station tc start transmission each of a TPP section and FAP



this period. [0154] Fig. 6 illustrates the configuration of a super frame. As
shown in the drawing, following beacon transmission from each
communication station, a TPP is appropriated for the communication
station which has transmitted that beacon, and following the duration of
the TPP a FAP starts, with the FP ending at the beacon transmission
from the next - 62 - communication station. [0155] Each communication
station is permitted transmission in intervals of SIFS with regard to
beacon and packet transmission within the TPP of the local station, and is
permitted DIFS + backoff transmis<ion Tor other packets. That is to say,
each time a beacon is transmitted, an opportunity for preferentially
t{%ré%mitting data is obtained. [0156] Also, while each comm_unication

asically transmits one beacon for each super frame cycle, in some
[01GASES, a communication station is permitted to transmit multiple beacons
or beacon-like signals, and a TPP can be acquired each time these
beators aFE trapshiitad. Ihedther words rancomhiunicatiorPsiation darpm
secyire preferential ransmiseion resources,in acgerdance with the
number of beacons

transmission following a shorter bucket interval SIFS. In

se

the

the example shown in the drawing, an RTS packet is
transmitted from the beacon transmission station following
the SIFS. The subseguently transmitted CTS, data, and ACK
packets are alsc transmitted in SIFS frame intervals in the
same way, so the series of communication procedures cannot
executed without interruption from neighboring stations,.
[0158]

Conversely, with a FAP section, the beacon transmission
station starts transmission after standing by for a LIFS +
random backoff, the same as with other nearby stations. In
other words, all communication stations are uniformly
provided with transmission rights by random backoffs. 1In
the example shown in the drawing, following ancther station
having transmitting a beacon, first, the media station is
monitored for the duration of a DIFS, and in the event that
the media is clear during this time, i.e., in the event that
there are not transmission signals, a random backoff is
performed, and further in the event that there are no
signals transmitted during this time, a RTS packet is

transmitted. Note that the series of packets of CTS, data,



transmitted per super frame. Now, a beacon which a communication
station always transmits at the head of a super frame cycle will be called
a "normal beacon", and the second and subsequent beacons transmitted
at other timings or acquiring TPPs or other objects will be called "auxiliary
beacons". [0157] Fig. 29 illustrates the operations for a communication
station to start transmission each of a TPP section and FAP - 63 - section.
[0158] In a TPP section, following transmitting a beacon from the local
station, a communication station-c& start transmission following a
shorter bucket interval SIFS. In the example shown in the drawing, an
RTS packet is transmitted from the beacon transmission station following
ACKheeSIFS. Thesabsedquehtiytragsiittetd € TS| datd sand ACK rpackets ose

i i i in.the same way, so the series of
ac Ysodransiitted in SIES framg intervals in the Y5

Communication Procedtiras cannvt eketuted Withott fteftibfisn $om

tr=RRIgROHNY stations. [SY Lonversely: with & FAR section,thg heacon
transmission station starts transmission after standing by for a LIES +

ne igrelont hackdf tthensame as with other nearby stations. In
[0160]

According to the traffic management method of signals
described above, transmission rights can be preferentially
obtained by communication stations with higher order of
preference setting shorter frame intervals.

[0161]

However, the basic increment of a Transmission
Prioritized Period TPP is fixed to a constant period equal
to or smaller than the smallest beacon interval, and
following this, transition is made to FAP, which is a period
wherein all communication stations obtain communication
rights under uniform conditions of common IFS and random
backeff. Accordingly, in the event that a communication
station needs a communication band exceeding the
Transmission Prioritized Period TPP obtainable by one beacon
transmission per super frame due to a request from the upper
layer, the communication station can transmit auxiliary
beacons besides the normal beacon for example, to further
acquire TPPs. Note that in the event that the object is to
secure band, consecutlve arraying of Transmission

Prioritized Periods TPPs is also permissible. 1In this case,



other words, all communication stations are uniformly provided with
transmission rights by random backoffs. In the example shown in the
drawing, following another station having transmitting a beacon, first, the
media station is monitored for the duration of a DIFS, and in the event
that the media is clear during this time, i.e., in the event that there are not
transmission signals, a random backoff is performed, and further in the
event that there are no signals transmitted during this time, a RTS packet
is transmitted. Note that the series o packets of CTS, data, - 64 ACK,
etc., transmitted owing to RTS signals, are transmitted at SIFS frame
intervals, thereby allowing the series of transactions to be executed

¢ p pdthowt beipg inferrupted by p%@iggﬁogagéé%@ég- 191601 Accarding ta the

traffic management method of signals described above, transmission
intights¢an be preferentially obtained by communication stations with
higher order of preference setting shorter frame intervals. [0161] V
ever, the basic increment of a Transmission Prioritized Period TPP is

fixeg;to a epnstant period.qual to,ar smallgr.than the smallest heacan

interval, and following this, transition is made to FAP, which is a period
staticn transmits multiple virtual beacons called auxiliary
beacons to increase the Transmission Prioritized Period. In
the example shown in the drawings, the communication station
#1 discovers a beacon slot open in the super frame and
places its own auxiliary beacon there, thereby obtaining
multiple TPPs in one super frame, in order to secure the
communication band reguested from the upper layer. Note
that as described above, in Fig. 30 there are cases wherein
the existing FAP is eliminated during the TPP of the
communication station #1 with regard to sections wherein the
communication station #1 has secured continuocus TPPs,
thereby using this a consecutive TPPs. In a system wherein
a super frame is configured in an autonomously dispersed
manner by exchange of NBOI information, an avallable beacon
slot can be searched taking into consideration the hidden
terminal problem, sc the method for obtaining band using
auxiliary beacons 1s simple,
[0163]

Fig. 31 i1s a state transmission diagram of a wireless

communication device operating és a communication station in

the present embodiment. In the example of the drawing, two



wherein all communication stations obtain communication rights under
uniform conditions of common IFS and random backoff. Accordingly, in
the event that a communication station needs a communication band
exceeding the Transmission Prioritized Period TPP obtainable by one
beacon transmission per super frame due to a request from the upper
layer, the communication station can transmit auxiliary beacons besides
the normal beacon for example, to further acquire TPPs. Note that in the
event that the object is to secure baihd; consecutive arraying of
Transmission Prioritized Periods TPPs is also permissible. In this case, -
65 TPPs can continue for a period exceeding the smallest beacon

stahgrval 061 Figl/30- Hastrarsttheanty 4n which arcormemication” .

statirin transmits %H!tiple virtual heacons called.auxiliar bﬁacon to
t el . ,
*Increase th%QT%nsmls&%ﬁllgﬁir‘?%z%rdeﬁgr% < In1 56 l%xg}:nap e C%ﬁo?fvansln the

acqdianiagsthecammunicatiomstation 1 51 discavers a:heacan:slol gpgRiin
the super frame and places its own auxiliary beacon there, thereby
tragistairiag omuRiple “TPRSH BAé Supef fratnd AR ardel toiseduresthe no

o ot SV n g 40 herb S At Rvordin e Sty FIP e
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[ o1eliminated during the TPP of the

Under the normal operation mode, the communication
station starts transmission following standing by for PIFS +
a random backoff.

[0165]

Now, following the beacon transmission timing TBTT of
the local station arriving and transmitting the beacon, the
mode makes transition to the preferential transmission mode,
whereby a Transmission Prioritized Period TPP 1s obtained.
[0le6]

In the preferential transmission mode, transmission
rights can be acquired without interruption from neighboring
stations, by transmitting in SIFS frame intervals.

[016TJ

The communication station continues in the preferential
transmission mode for a Transmission Prioritized Period TPP
of a length equivalent to the band amount required from the
upper layer.

[0168]

Then, upon the TPP ending and going to FAP, or upon



communication station #1 with regard to sections wherein the
communication station #1 has secured continuous TPPs, thereby using
this a consecutive TPPs. In a system wherein a super frame is configured
in an autonomously dispersed manner by exchange of NBOI information,
an available beacon slot can be searched taking into consideration the
hidden terminal problem, so the method for obtaining band using
auxiliary beacons is simple. [0163] Fig. 31 is a state transmission diagram
of a wireless communication devicgsoperating as a communication station
in the present embodiment. In the example of the drawing, two - 66
states are defined; the "preferential transmission mode", equivalent to a

recERRiReyiad wherein thedgcalstation has -aqquired peeferential o, rns
transmission rights, and the "normal transmission mode", equivalent to a
fromaPhserivteWhereinifd |6ealstatios has acgdiret prefeventighal

o etﬁr%%rggsszgon gghts. [0164] Under the normal operation mode, the
PeESmmunication station starts transmission following standing by for PIFS

{ 01%9@ random backoff. [0165] Now, following the beacon transmission

timing TBTT of the local station arriving and transmitting the beacon, the
Also, Fig. 32 illustrates ancther example of the state

transnissicn diagram of a wireless communication device
operating as a communication station. In the example of the
&rawing, in addition to the "preferential transmission mode",
equivalent toc a TPP period wherein the local station has
acquired preferential transmission rights, and the "normal
transmission mode", equivalent to a FAP period wherein no
local station has acquired preferential transmissien rights,
a "preferential transmission mode",hequivalent to a
Transmission Prioritized Peridd TPP of another station, 1is
defined.

[0170]

Under the normal operation mode, the communication
station starts transmission following standing by for a
normal frame pericd of PIFS plus a random backoff. :During
the FAP period, all communication stations witﬁin the system
transmit according to PIFS + backoff.

[0171]

Now, following the beacon transmission timing TBTT of

the local station arriving and transmitting the beacon, the

mode makes transition to the preferential transmission mode,



mode makes transition to the preferential transmission mode, whereby a
Transmission Prioritized Period TPP is obtained. [0166] In the preferential
transmission mode, transmission rights can be acquired without
interruption from neighboring stations, by transmitting in SIFS frame
intervals. [0167] The communication station continues in the preferential
transmission mode for a Transmission Prioritized Period TPP of a length
equivalent to the band amount required from the upper layer. [0168]
Then, upon the TPP ending and fofig to FAP, or upon 67 receiving a
beacon from another station, the mode returns from the preferential
transmission mode to the normal operation mode. [0169] Also, Fig. 32
wheriRratés ardlTer SSfplefottheidtates drdirhiissioh tiagmmivtained .
[Olvxﬁiﬁqless communication device operating as a communication station. In
the example of the drawing, in addition to the "preferential transmission
mote" t equivalehtrtoras TRPP petodmhereirthedasal statiarsdiass asguired
. preferential transmission rights, and the "normal transmission mode",
rlqgﬁﬁvﬁéﬁtR?a?gﬂﬁbﬁﬁgdWﬁﬁgﬂﬁﬁn%nterruption from neighboring

stations, by transmitting with standby periocds of SIFS which
is frame intervals shorter than PIFS. The communication
station continues in the preferential transmission mode for
a Transmission Prioritized Period TPP of a length equivalent’
to the band amount required from the upper layér, .Then,

upon the TPP ending and going to FAP, the mode returns from
the preferential transmission mode to the normal operation
mode,

[0173]

Also, upon receiving a beacon from anocther station and
entering the preferential transmission pericd of that
station, the mode makes transition to a non-preferential
transmission mode. In the non-preferential transmission
mode, transmission is started following standing by for a
period wherein a random backoff is added to DIFS which is a
frame interval even longer than the PIFS frame interval in
the normal transmission mode.

[0174]

Upon the TPP of the other station ending and making

transition to FAP, the mode returns to the normal transition

mode.



local station has acquired preferential transmission rights, a "preferential
transmission mode", equivalent to a Transmission Prioritized Period TPP
of another station, is defined. [0170] Under the normal operation mode,
the communication station starts transmission following standing by for a
normal frame period of PIFS plus a random backoff. During the FAP
period, all communication stations within the system transmit according to
PIFS + backoff. [0171] Now, following the beacon transmission timing
TBTT of the local station arriving a 9 transmitting the beacon, the mode
makes transition to the preferential transmission mode, - 68 whereby a
Transmission Prioritized Period TPP is obtained. [0172] In the preferential
ransmission mode, transmission rights can be acquired without
Interruption from neighboring stations, by transmitting with standby
penags=0kRIRSwriich isframenptesvalsshorter thar PHESedhgbove
communication station continues in the preferential transmission mode for
wherpighsiieSiBr P Atized PEFREL PPPGHE RAgH eglivafdrte® e band
e A0oUNLIEquired from.the Upper layer, Then. upqn, the TBF ending.an
going to FAP, tﬁe mode returnsjfrom
nearby stations as well, there are cases wherein no

[0

transmission 1s attempted during TPP periods of other
stations, and the communication station goes into a power
saving state by turning off the power or the like. Also,
rather than consecutively attempting transmission in DIFS
frame intervals, examples of application include attempting
transmission following confirmation of the TPP being
released by otﬁer means.

[0176]

While normal beaccns are transmitted for network
configuration, auxiliary beacons are transmitted in order to
acguire Transmission Prioritized Periods TPPs, 50 there is
no need for all information included in a normal beacon
{(described later) to be described in an auxiliary beacon.
Accordingly, there are cases wherein only information
relating te TPP acguisition is included in the auxiliary
beaceon. In an extreme example, an auxiliary beacon can be
configured of one bit {or around several bits) of
information to the effect that the signal is being
transmitted upon acquisition of a TRP.

01771



the preferential transmission mode to the normal operation mode. [0173]
Also, upon receiving a beacon from another station and entering the
preferential transmission period of that station, the mode makes transition
to a non-preferential transmission mode. In the non-preferential
transmission mode, transmission is started following standing by for a
period wherein a random backoff is added to DIFS which is a frame
interval even longer than the PIPS frame interval in the normal _
transmission mode. [0174] Upor’ftﬁeOT'F)P of the other station ending and
making transition to FAP, the mode returns to the normal transition
mogf. - 69 :JOl?SLNote that while %n example has been, desqrib_ed ab(_)ve
WheTéin a COmMUMCAtIOH SN consdRitival atipa frahsffssign i
a RiR{rame intervals:dudng J PR pereds of sieasby statians.as well; there
are cases wherein no transmission is attempted during TPP periods of
TPBthefwstatidns mritythecommiurfication statibh goesdiato agpowerl saving

i ike. n ivel
viaie by ning off he power ot hg like, Also, faiher than consecuiively,

attempting ransmission in
auxiliary beacons are not used, network operations
{collusion avoiding operations) the same as those of a case
of using auxiliary beacons to notify that a Transmission
Prioritized Period TPP has been acquired can be realized by
describing, in a part of the signals transmitted upon the
communication station having cbtained a Transmission
Prioritized Period TPP, a message to the effect that the
signals are being transmitted using a Transmission
Prioritized Period TPP. The details of this point will be
described later. The communication stations notify each
other of the reception/transmission timing of each other
within_the super frame, based on beacon signal notification
or description in a part of.the signals such as the data
frame, and randomly access the media by CSMA procedures in
an autonomously dispersed manner, while realizing loocse
time-division multiple access. |
[0178]

While an example has been illustrated here wherein the

beacon transmitting station starts the TPP immediately

foliowing beacon transmission, there is no need to be

restricted to this, and an arrangement may be made wherein a



frame intervals, examples of application include attempting transmission
following confirmation of the TPP being released by other means. [0176]
While normal beacons are transmitted for network configuration, auxiliary
beacons are transmitted in order to acquire Transmission Prioritized
Periods TPPs, so there is no need for all information included in a normal
beacon (described later) to be described in an auxiliary beacon.
Accordingly, there are cases wherein only information relating to TPP
acquisition is included in the auxiligry beacon. In an extreme example, an
auxiliary beacon can be configured of one bit (or around several bits) of
information to the effect that the signal is being transmitted upon

TP rRGAHUSIHOA PR TRP- {01 £ 4)r=7Q sAlsor i anautenamovslydispersad
communication system, a framework for realizing Transmission Prioritized

(pPafiod 1T PRGAqUISIHBN Biechnaaniicatien Sthtonsearrbé réalized‘aven

rwgp{gut ljlsing auxiliary beacons. With a system wherein auxiliary beacons

are not Used, network operations (collusion avoiding operations) the

1 01%AMe as those of a case of using auxiliary beacons to notify that a

Transmission Prioritized Period TPP has been acquired can be realized
byAlso, while description has been made in the above

fo

description that prefereﬁtiél transmission rights are
provided only to the communication station during TPP, but
the communication station called up by the communication
station during TPP is also provided with a Transmission
Prioritized Period TPP. Rasically, transmission is given
preference with TPP, but in the event that it is known that
thé local communication station has nqthing t§ transmit but
another station has information which it wants tc transmit
te the local station, a paging message or a polling message
may be sent to the "other station®.
(01801

On the other hand, in the case that the local station
has transmitﬁed a beacon but has nothing to transmit and
dees not kncw whether other stations have information to be
transmitted tc the local station, this communication station
does not perform communication operations, relinquishes the
preferential transmissicn rights granted by the TPP, and
transmits nothing. As a result, another station start
transmission in this TPP time span, following elapsing of a

DIFS + backoff or PIFS + backoff.



describing, in a part of the signals transmitted upon the communication
station having obtained a Transmission Prioritized Period TPP, a
message to the effect that the signals are being transmitted using a
Transmission Prioritized Period TPP. The details of this point will be
described later. The communication stations notify each other of the
reception/transmission timing of each other within the super frame, based
on beacon signal notification or description in a part of-the signals such
as the data frame, and randomI)TaZEe§s the media by CSMA procedures
in an autonomously dispersed manner, while realizing loose time-division
multiple access. [0178] While an example has been illustrated here
[9%¥herein the beacon transmitting station starts the TPP immediately

follewing,Reagen transmigsion there g HoLead ig,pe resyicted to this,
and an arrangement may be made wherein a - 71 TPP starting

impoiieinetimeiis skt at anelativessasitior f{pointdnstime)siremdie Heactiny .
transmission point-in-time, for example. [0179] Also, while description

% 1k BEEANISAE Th the”aBoVE desehibtion thatprefsrential fah§ffdion
r r SIS 268 Jprovided,galyde the communication;station duripg JTRR..but

scattered uniformly throughout the transmission frame cycle
rather than an arrangement wherein the beacon transmission
timings are concentrated, from the perspective cf
transmission efficiency. Accordingly, with the present
embodiment, beacon transmission is basically started at
approximately the center of the longest time span of beacon
intervals in the range that can be heard by itself. Of
course, there is also a usage method wherein the beacon
transmission timings of the communication stations are
placed in a concentrated manner and the reception operations
are stopped in the remaining transmission frame cycle, so as
te reduce the power consumption of the devices.

[0182}

In the behavior at the time of collision in the
wireless network according to the present embodiment,
generally the same principle can be applied for beacon
ccllision avoidance operations with regard to collision of
normal beacons cne with another, collision of normal beacons
and auxiliary beacons, and collision of auxiliary beacons

one with another. Moreover, signals periodically



the communication station called up by the communication station during
TPP is also provided with a Transmission Prioritized Period TPP.
Basically, transmission is given preference with TPP, but in the event that
it is known that the local communication station has nothing to transmit
but another station has information which it wants to transmit to the local
station, a paging message or a polling message may be sent to the "other
station". [0180] On the other hand, in the case that the local station has
transmitted a beacon but has nathing to transmit and does not know
whether other stations have information to be transmitted to the local
station, this communication station does not perform communication
craQRerefions, wlinguishesthe. preferential transpuissignyights granted by,
the TPP, and transmits nothing. As a result, another station start
accopansmission irsthis TRMtidwel spdrt, folowirrrelapsirty 6ka cBiF 3 ksbadleoff
hand PIFS + b?dc?koﬁ. - 72 - [0181] Taking into consideration the fact that
PBBE fimetfatei foll67 rafsMiciion of BéiBors @& shdwh fPEGL36 %n
detakangement is-more preferable; wherein dhe beacons traggmission timings
of the communication stations are scattered uniformly throughout the
nat@aﬁswﬁﬁmmiﬂgnﬁ;@y@mitted and received in super frame

intervals. For example, the same advantages can be obtained
with regard to processing of collision of Transmission
Prioritized Periods With ne auxiliary beacon transmission as
well, by cellision detection and cellisicon avoidance
procedures the same as with the case of beacons.
Accordingly, in the fellowing, collisicn of auxiliary
beacons and Transmiésion Prioritized Periods TPPs, in
addition to ncrmal beacons, will be described as beacon
collision, fer the sake of ease of description.

[0183]

C. Frame Feormat of Beacon

Fig. 7 illustrates an example of the format of a beacon
frame transmitted with the autonomously dispersed wireless
communication system according to the present embodiment.
{0184}

With the example in the drawing, a beaccn includes a TA
{Transmitter Address) field, which is an address, uniguely
indicating the originating station, a Type field indicating
the type cf the bkeacon, a NBOI/NBAI {Neighboring Beacon

Cffset Information / Neighboring Beacon Activity



rather than an arrangement wherein the beacon transmission timings are
concentrated, from the perspective of transmission efficiency.
Accordingly, with the present embodiment, beacon transmission is
basically started at approximately the center of the longest time span of
beacon intervals in the range that can be heard by itself. Of course, there
is also a usage method wherein the beacon transmission timings of the
communication stations are placedlin a concentrated manner and the
reception operations are stopped ihthe remaining transmission frame
cycle, so as to reduce the power consumption of the devices. [0182] In
n %@%Qg@gyi r %IQ% (}in‘}% oé gogissionein thte:,L gvrirel%slsnggtly\rllqu‘accordi_ng to
he preser?t embodimént, generaﬂy?ﬁ@ same Brlnmple can 3b“éea_lpplled for
inHeacen; sallision-aveidance aperatigns Withsegaed 1o gollision: of, normal
beacons one with another, collision of normal beacons and auxiliary
TObeachhsT afll eetiisidn ot aakiliany bedusns<onewithcandther Mereover,

i Ei308l8 poriogill. 13 ragamiiedcagt syoer fame (gaia fraes and

for i i
so forth) by ‘acquifing Transmission Prioritize riods s '¢can also be

abdigndled inthe same-wayasbeacans withyegard ta,eollision. detactiofecn
and collision avoidance operations, due to the nature of being transmitted
traypiniecedved ins@péfffafieeld for storing TBTT changes and

other sorts of infeormation which should 5e passed on, a
TxNum field which indicates the amount of resources which
the communication device has secured preferentially, and a
Serial field indicating an exclusive and unique serial No.
assigned to the beacon in a case of transmitting multiple
beacens within the super frame cycle,

[0185]

In the Type field is described the type of the beacon
in an 8-bit length bitmap format. With the present
embodiment, whether the beacon is a "normal beacon" which
the communication station transmits just once at the head of
each super frame or an "auxiliary beacon" transmitted.for
obtaining preferential transmission rights, is indicated
with values from O through 255 indicating priority, as
information for identifying which the bkeacon is,
Specifically, in the case of a normal beaccn, which must be
transmitted once every super frame, 255 indicating the
greatest pricority is assigned, and for auxiliary beacons,

cne of the values of 0 through 254 which is eguivalent to



intervals. For example, the same advantages can be obtained with regard
to processing of collision of Transmission Prioritized Periods with no
auxiliary beacon transmission as well, by collision detection and collision
avoidance procedures the same as with the case of beacons.
Accordingly, in the following, collision of auxiliary beacons and
Transmission Prioritized Periods TPPs, in addition to normal beacons, will
be described as beacon collision, for the sake of ease of description.
[0183] C. Frame Format of Bea(_:_onigig. 7 illustrates an example of the
format of a beacon frame transmitted with the autonomously dispersed
wireless communication system according to the present embodiment.

+ 04841 Wi thefezé%@pjﬁgk@e erawing, a beacan includes a TA

(#aﬁsmﬁ% A?ddress) leld, vvlh{l:ch ilssan S<§1dd§ess, uniquely indicating the

[ 0lariginating station, a Type field indicating the type of the beacon, a
NBOI/NBAI (Neighboring Beacon Offset Information / Neighboring

Be¥esR ATtRMS =2 ThfotmtioR e rAFRIChIR FECBSHIGHT PolttSinititRe:
endNiRrmation.gtpeacons recelvable from pearby, stations, 3 TOIS IBIT

Offsét Indication Sequence) field which is information indicating the TBTT
inddftsetvaltie (Pesetied of reservation or preferential usage
of signals {data frame or the like) periodically transmitted,
in which the reserved usage period cr a preferential usage
periocd TPP is set.
[0187]

The NROI fieié is information describing the position
(reception point-in-time) of beacons of nearby stations
which the local station is capable of receiving in the super
frame. With the present embodiment, information relating to
the placement of the received beacon is described in a 16-
bit length bitmap format, since a maximum of 16 slots for
placing beacons are provided within a super frame, as shown
in Fig. 4. That is to say, the normal beacon transmission
point~in~time is mapped to the head bit (MSB) of the NBOI
field as a reference, the positions {(reception points-in-
time}) of beacons which the local station is capable of
receiving are mapped to bits at relative positions from the
normal beacon transmission point-in-time of the local
staticn, 1 is written to bits corresponding to the normal

and auxiliary beacon relative position (cffset) and relative

position (offset) of receivakle beacons, and the bit



above) in the super frame cycle in which the beacon has been
transmitted, an ALERT field for storing TBTT changes and other sorts of
information which should be passed on, a TxNum field which indicates
the amount of resources which the communication device has secured
preferentially, and a Serial field indicating an exclusive and unique serial
No. assigned to the beacon in a case of transmitting multiple beacons
within the super frame cycle. [01851 In the Type field is described the
type of the beacon in an 8-bit lefgttfbitmap format. With the present
embodiment, whether the beacon is a "normal beacon" which the
communication station transmits just once at the head of each super
POSIEhBTHT diPEHRARAY DSt tRIATHittEa ¥8 ¢ ottakfiig préffedtig left
2+ @nsmission rights, is indicated with values from 0 through 255 indicating
priority, as information for identifying which the beacon is. Specifically, in
[01tkelcase of a normal beacon, which must be transmitted once every
super frame, 255 indicating the greatest priority is assigned, and for

auXifdry BeaEoS; SRESF the GARTBS O thrBlg A5 MR s efthivatent
a ni@<ifRniNG PrIOEItY. O e, tradfic, 15 assigned, JO18GLWIth,a systgm

wherein auxiliary beacons are not used,
contained as shown in ¥ig. 4, in the event that a
‘communication station {0 creates an NBOI field of
"1100,0000,0100,0000", this indicates that "beacons of
communication station 1 and communication station 9 are
receivable™. That is to say, 1 is marked in the event that
a beacon is receivable with regard te a bit cgorresponding to
the relative position of a receivable beacon, and 0, i.e., a
space, is assigned in the case that this is not received.
Aiso, the reason that the MSE is 1 is that the lcoccal station
transmits beacons, and 1 is also marked at the pqsition
matching the point-in-time of the local station transmitting
auxiliary beacons as well.
[0189]

Also, while the description abbve has been made
assunming that the NROI field is transmitted and received in
a bitmap format corresponding to the point-in-time in the
super frame, configuring the NBRCI field in a bitmap férmat
is not necessarily indispensable, and the object of the
pfesent invention can be achieved with an arrangement

wherein this is configured of an information group



the Type field can be described in a part of the signals, to indicate the
priority of reservation or preferential usage of signals (data frame or the
like) periodically transmitted, in which the reserved usage period or a
preferential usage period TPP is set. [0187] The NBOI field is information
describing the position (reception point-in-time) of beacons of nearby
stations which the local station is capable of receiving in the super frame.
With the present embodiment, information relating to the placement of the
received beacon is described in a 16; bit length bitmap format, since a
maximum of 16 slots for placing beacons are provided within a super
frame, as shown in Fig. 4. That is to say, the normal beacon transmission

1 nd0l0kINtime s mapned to the head bit (MFB) of the NBQI. figld.as &

referencé, the positions (reception points-in- time) of beacons which the
conocalistationis cap@blemfuﬂenmwngla}reﬁnappedta@ﬁsatdelﬁwelved in
ositions from the normal beacon transmission point-in-time of the local
15?5{?6& FYERritteR to D CHPESHGITHIAG 15 Btk REARSP HHPadkitarRe
peDeAGANsrelative position (offset) and relative position (offset) of receivable
beacons, and the bit - 76 positions corresponding to other relative
[0lpgsjtions are left at O.

Also, while description zbove has been made that the
relative positions (peints-in-time) of the transmitted and
received beacons are marked, the point-in-time of the
preferential transmission period can alsc be marked in the
NBOI as a matter cof course, whereby, in addition to
detection of beacons cne with another, collisicon of signals
which are periodically transmitted using the Transmission
Prioritized Period TFP with beacons, and cellision of
Signals which are pericdically transmitted cne with another,
can also be detected.

(0191}

Also, the NBAI field is for reducing hidden terminals
with regard to beacon reception; the NBAI field is set in
the frame format of the beacon, and information identifying
"beacons which the local station actually performs reception
processing for" is described in the same format as the NBCI
field. The NBAI field has bits placed based on the
transmission point-in-time of the normal beacon of the local
station in the same format as with the NBOI field, and

information for identifying the TBETT which the local station



[0188] For example, under a communication environment wherein a
maximum of 16 communication stations 0 through F are contained as
shown in Fig. 4, in the event that a communication station O creates an
NBOI field of "1100,0000,0100,0000", this indicates that "beacons of
communication station 1 and communication station 9 are receivable”.
That is to say, 1 is marked in the event that a beacon is receivable with
regard to a bit corresponding to the relative position of a receivable
beacon, and 0, i.e., a space, is assigned in the case that this is not
received. Also, the reason that the MSB is 1 is that the local station
transmits beacons, and | is also marked at the position matching the

actpoint-petrierofthedoealtstatiop transmitting  Aoxiliaey Heaearisas well.

b 0189]_Also, while the description above has been made assuming that

L HeNBOTHiRld is transmitted and received in a bitmap format

[ 0168rKesponding to the point-in-time in the super frame, configuring the
NBOI field in a bitmap format is not necessarily indispensable, and the
objekct of-thenypre serttiinveatier: canbhelachieved avithi ar dskangement:
wherein this is configured of an information group - 77 indicating which

°thfihe Spah'iithe SUper framé Puledfostate .  Accordingly, in the

sleep mode state, beacons are transmitted in the state that
all zerces are set to the NBAI bits (except for the point-
in-time of the local station performing beacon transmission).
On the other hand, upon the communication staticn entering a
communication state with another station, operations for
receiviﬁg normal beacons of the nearby stations are
performed. 1In this case, beacons are transmitted in the
state of ones set to the NBAI bits corresponding to the
reception peoints-in-time ({(TBTT) of the normal beacons of the
nearby stations.

[0193]

In the event that a nearby station is transmitting an
auxiliary beacon, 1 is set to the NABI bit corresponding to
the reception point-in-time (TBTT) of the auxiliary beacon
received, only in the event that the preferentiai
transmission with the auxiliary beacon is determined to be
made to the local station. Whether the preferential
transmission with the auxiliary beacon is being made to the
local station or not is determined based on whether or not a

communication state has been established with the



communication, and is ultimately transmitted and received in a format
such that the above-described processing can be performed. [0190]

Also, while description above has been made that the relative positions
(points-in-time) of the transmitted and received beacons are marked, the
point-in-time of the preferential transmission period can also be marked in
the NBOI as a matter of course, whereby, in addition to detection of
beacons one with another, collision of signals which are periodically
transmitted using the Transmission, Prioritized Period TPP with beacons,
and collision of signals which are periodically transmitted one with
another, can also be detected. [0191] Also, the NBAI field is for reducing

contidden ierminals: with,pegard fo.beaconyeceptign,the;NBAI field is set in
the frame format of the beacon, and information identifying "beacons

{02@Hith the local station actually performs reception processing for" is
described in the same format as the NBOI field. The NBAI field has bits

plabBE Based of the Sr&TSHissiof HoihEh-fiffe- Bf-fHetnGrm&fiéacon of
« r dhEr9cale stationindhesame farmat,as with.the &@Qiiiggdf%%acon for

information for identifying the TBTT which the local station
each auxiliary beacon is specified by some sort of means,

the NBAI bit corresponding to the reception point-in-time
(TBTT)} of the auxiliary beacon is set to 1 only for an
auxiliary beacon wherein the recipient of the data is
determined to be the local station. That is to say, the
communication station determines whether or not to set the
NBAI bit to 1, according to whether or not the auxiliary
beacon transmitted on the time span and the signal
transmitted by the other station using TPP are transmitted
to the local station {(i.e., whether or not the local station
needs to receive the signals).

[0185]

On the other hand, the station which has received the
beacon cbtains an OR of the NBAI bits in the received keacon
by shifting according to the beacon reception point-in-time
according to the same procedures for compiling the Rx NBOI
Table (described above), and determines whether or not to
perform transmission forbidden processing in each TBTT set
in the super frame.

[0196]

In the event that the OR of the NBAI bit is 1, the



actual performs reception processing for is described in bitmap format.
[0192] The communication stations do not receive beacons of other
stations in the sleep mode state. Accordingly, in the sleep mode state,
beacons are transmitted in the state that all zeroes are set to the NBAI
bits (except for the point- in-time of the local station performing beacon
transmission). On the other hand, upon the communication station
entering a communication state with another station, operations for
receiving normal beacons of the neggby-stations are performed. In this
case, beacons are transmitted in the state of ones set to the NBAI bits
corresponding to the reception points-in-time (TBTT) of the normal
comeachnsofdthe snaarbyrstations. [0403]Ha theeveptthet ai nearbyestation
Is transmitting an auxiliary beacon, 1 is set to the NABI bit corresponding

p Ojtéltthjenré‘hcb‘ﬁ?ioﬁ]ﬁcﬁﬁﬁihﬁirﬂéj(?Bm dftRéE q‘f:&ﬁi‘éﬂﬂbeécéﬁr@%‘i\/ed,
peppbeirgt&aepeyg@%@a&dyﬁec%efﬁg%mmngﬁ%ﬁg\TSE'O&W%EBHG auiiliary
to be made to the S

beacon is determine ocal station. Whet%ert e
begpreferéatigl transnissioaneith thel anxiiapsbeakeon istaeing madea 0 the
local station or not is determined based on whether or not a

nOL oAbt SRR haS ek Edtablsidd fth ke tions .  However,

in the event that the TBTT is the beacon transmission point-
in-time of the lccal station, transmission forbidden
processing is nct performed, and the frame including beacon
information is transmitted.
01973

The TOIS field sﬁores a pseudo-random sequence for
determining the above-described TBTT offset, and indicates
how much of a TBTT offset the beacon is being transmitted
with. Providing a TBTT offset enables actual beacon
transmission point-in-time to be shifted even in the event
that two communication stations set beacon transmission
timings to the same slot in a super frame, so even though
the beacons may collide in one super frame cycle, the
communication stations can listen to each others beacons {(or
a nejghboring communication station listen to both beacons)
in another super frame cycle, so the communication stations
can recégnize that their beacons have collided.
[0198]

Fig. 8 shown the TBTT and actual beaceon transmission

point-in-time. As shown in the drawing, in the event that



- 79 communication station transmitting the auxiliary beacon. [0194]
Further, in the event that the recipient of data transmitted in the TPP
accessory to the auxiliary beacon for each auxiliary beacon is specified
by some sort of means, the NBAI bit corresponding to the reception
point-in-time (TBTT) of the auxiliary beacon is set to 1 only for an
auxiliary beacon wherein the recipient of the data is determined to be the
local station. That is to say, the communication station determines
whether or not to set the NBAI bit to 1, according to whether or not the
auxiliary beacon transmitted on thé time span and the signal transmitted
by the other station using TPP are transmitted to the local station (i.e.,
r or. pot the local station needs to receive the signals). [0195]_On
B AR ot Ao P R B L ke obidlfe 3h OR
rpof the INBALbits inthe recaivedibeagen by shifting acearding e thersrr +
beacon reception point-in-time according to the same procedures for
60 sompilingthedRx NBOIL Tabld (deseribeticalso\ro), ARdWeterhiifies whether
s L LRLI2. perionm ranamissiop Jproidden prosessina i e2gh AT SELL.
the super trame. [01
will be used for transmission is determined each super frame

th%ﬁ

cycle, and the TOIS is updated.
[0199] |

Also, in the event that transmission cannot be
performed at the point-in-time that the communication
station intended, due to detecticn of collision with signals
form another staticn or the like, all zeroes or the like are
stored to the TOIS, and transmission is made to nearby
stations capable of receiving beacons to the effect that the
beacon transmission timing this time could not be performed
at the intended point~in-time. Specific usage forms of the
TCIS fieid will be described later.

[CG2C0]

The ALERT field stores information to be transmitted to
nearby stations in an abnormal state. For example, in the
event that there are plans to change the normal beacon TBRIT
to avoid keacon ceollision ér the like, or in the event of
requesting stopping of auxiliary beacon transmission to a
nearby station, a descripticn is made in the ALERT field to
that effect. BSpecific usage forms of the ALERT field will

be described later.



In the event that the OR of the NBAI bit is 1, the - 80 communication
station sets from the TBTT point-in-time or a point-in-time slightly prior to
that through a certain period stipulated by the maximum length of TBTT
offset + beacon length to a transmission forbidden state, so as to not
obstruct beacon reception of other stations. However, in the event that
the TBTT is the beacon transmission point- in-time of the local station,
transmission forbidden processing is not performed, and the frame
including beacon information is trafdntitted. [0197] The TOIS field stores
a pseudo-random sequence for determining the above-described TBTT
offset, and indicates how much of a TBTT offset the beacon is being
[02P3Asmitted with. Providing a TBTT offset enables actual beacon

transmissign, pointnime fo be shifted gven,In the event thattwg, ;
communication stations set beacon transmission timings to the same slot
traifsnsupenifame, seevethoughathe beacens may:celideda ong super
frame cycle, the communication stations can listen to each others
TxNyga dorfsidr a heigiib ity EERINEIiEATGP StatiohTistEn 16 bty BRacoRS) -

i . <IN anather super rame cyclg, 50 the communication stations can
recognize that their beacons have collldle%k.1 619 °

transmission, the number of auxiliary beacons within the

super frame cycle is equivalent to the percentage of time

wherein resources are preferentially secured and

transmission is performed.

0z02]

The serial No. assigned to the beacon in a case of
transmitting multiple beacons within the super frame is
written to the Serial field. An exclusive and unigue numﬁer
is described for each of the beacons transmitted within the
super frame, as serial Nos. of beacons. With the present
empbodiment, relative point-in-time information indicating
what number in order TBTT the auxiliary beacon is being
transmitted at, based on the normal beacon of the local
station, 1s described in the Serial field as the serial.No,
{0203}

While normal beacons are transmitted for network
configuration, auxiliary beacons afe transmitted in order to
acguire Transmission Prioritized Periods TPPs, so there is
ne need for all information included in & normal beacon

(described later) to be described in an auxiliary beacon.



Fig. 8 shown the TBTT and actual beacon transmission point-in-time. As
shown in the drawing, in the event that - 81 the TBTT offset is defined as
being one point-in-time of TBTT, TBTT + 20 microseconds, TBTT + 40
microseconds, TBTT + 60 microseconds, TBTT + 80 microseconds,
TBTT + 100 microseconds, and TBTT + 120 microseconds, which TBTT
offset will be used for transmission is determined each super frame
cycle, and the TOIS is updated. [0199] Also, in the event that
transmission cannot be performed at the point-in-time that the
communication station intended, due to detection of collision with signals
form another station or the like, all zeroes or the like are stored to the
TOIS, and transmission is made to nearhy stationsj%?ﬂpable of receiving

ACTBELLO 1 the Efféctihat e B dtontFars RS tihiHg fHid the could
r=1394 R perforped. at the intepded poinfin-ime: Spedific usageforms of
the TOIS field will be described later. [0200] The ALERT field stores
beaipformation to be transmitted to nearby stations in an abnormal state. For
example, in the event that there are plans to change the normal beacon
929877 to avoid beacon collision or the like, or in the event of requesting

stopping of auxiliary beacAn franSMISSIONIO® ary beacons are not
used, ceollision of signals which are periodically
transmitted/received using the Transmission Prioritized
Periocd TPP with beacons, and collision of signals which are
pericdically transmitted/received one with another, can be
handled in the same way as with cellisions of beacons one
with another, and periodically transmitted/received signals
one with ancther, by describing, in a part of the signals
transmitted upon the communication station having obtained a
Transmission Prioritized Period TPP, information the same as
that of the normal beacon.
[0205]

For example, in the event of setting priority fox
Transmission Prioritized Period TPP, there is the need to
include the Type field in auxiliary beacons and signals
transmitted pericdically using the Transmission Prioritized
Period as well,

[0206]

Also, in the case éf providing a random offset to the

transmission timing of signals transmitted periodically

using the Transmission Prioritized Period TPP and in the



nearby station, a description is made in the ALERT field to that effect.
Specific usage forms of the ALERT field will be described later. - 82 -
[0201] The number of auxiliary beacons which the station is transmitting
in the super frame cycle is described in the TxNum field. Since the
communication station is given a TPP, i.e., preferential transmission
rights, following beacon transmission, the number of auxiliary beacons
within the super frame cycle is equivalent to the percentage of time
wherein resources are preferentially $ecured and transmission is
performed. [0202] The serial No. assigned to the beacon in a case of
transmitting multiple beacons within the super frame is written to the
cagerd freh iy é&@l@i?@&h@@hﬁuén@rrﬁtie?nifsid%cﬁbedtfweamﬁsafihe
beacon transmgted |i[h|n the su rfr g1e as ser | Nos. of beacons.

rv\L/r}[ﬁ tﬁe pElégé:éll’?t em oajmen re a |ve pol n? in- f'me m?or%zﬁmn |nd|€at|njgd

cowhatiiinbeniyerdey 'EBI:TrKE%@U%BIam@@@S@n is being Hapsitigd at,
based on the normal beacon of the local station, is described in the Serial

auxield asxhbserial NO 0203y Wedife hoanarbédcohareiwaismitied foring

the€¥ransm15510n Pricritized Period as well.
[0207]

Also, in cases wherein the communication stations are
to notify each other of the relative point-in-time position
of the transmission timing éf signals transmitted
periodically using the Transmission Prioritized Period TPP
as te the normal beacon (offset from the normal beacon), in
order to detect collision with a beacon, there is the need
to include a Serial field in auxiliary beacons and signals
transmitted periodically using the Transmission Pricritized
Period as well.

02081

D, TRTT Settings for Normal Reacon

After turning on the electric power, a communication
station first performs a scanning operaticn, i.e., attempts
signal reception continuing over the duration of a super
frame or longer, and confirms the presence of beacons
transmitted by nearby stations. In the event that no
beacons are received from nearby stations in this process,
the communication station sets an arbitrary timing as the

TBTT timing. On the other hand, in the event of receiving a



configuration, auxiliary beacons are transmitted in order to acquire
Transmission Prioritized Periods TPPs, so there is no need for all
information included in a normal beacon (described later) to be described
in an auxiliary beacon. - 83 Accordingly, there are cases wherein only
information relating to TPP acquisition is included in the auxiliary beacon.
[0204] Also, with a system wherein auxiliary beacons are not used,
collision of signals which are periodically transmitted/received using the
Transmission Prioritized Period TPP with beacons, and collision of
signals which are periodically tran&mitted/received one with another, can
be handled in the same way as with collisions of beacons one with
another, and periodically transmitted/received signals one with another,

PeaRPReSEMBING LNt PaftSrtnaEgRAIsS tahdfited tPBntAEHMmEitation

(orstatien havingsebtained as Transmission Prgudtized Period TRE, 1o
information the same as that of the normal beacon. [0205] For example,

neanthesvent of settmgtprienty=fod TrafsmissionRrioritizedPeriad AR on
there is the need to include the Type field in auxiliary beacons and

tralgRARS hahsited petiddiEEFATIAG te Trafsridsiol? Prdhitizad ent o

a bit peosition which is not marked.
[0209]

Basically, the communication station cbtains the
preferential usage period (TPP) immediately following
transmission of beacon, so an arrangement is more preferable
whersin the beacon transmission timings of the communication
‘'stations are scattered uniformly throughout the super frame
cyclie, from the perspective of transmission efficiency.
Accordingly, based on the results of the OR of the NBCIs
obtained from the beacons received from the nearby stations,
the center of the secticon where the run length of the space
is the longest is determined as the beacon transmission
timing.

[o210]

Now, in the event that the TBTT interval wherein the
run length is longest, i1s smaller than the minimum TRTT
interval (i.e., egual to or smaller than B,,}, new |
communication stations cannot participate in this system.
[0211)

Also, in ancther embodiment, there are cases wherein

the beacon transmission point-in-time TBTT of the local



Period as well. [0206] Also, in the case of providing a random offset to the
transmission timing of signals transmitted periodically using the
Transmission Prioritized Period TPP and in the - 84 case of employing a
mechanism for changing the transmission timing of periodically
transmitted/received signals to avoid collision, there is the need to include
a TOIS field in auxiliary beacons and signals transmitted periodically
using the Transmission Prioritized Period as well. [0207] Also, in cases
wherein the communication station&re to notify each other of the
relative point-in-time position of the transmission timing of signals
transmitted periodically using the Transmission Prioritized Period TPP as
sta51RB ottt bebR oR{ofddER6RtHe Ao AN beaken), inushdérto detect

. lisi it there i need to,include a Serial field in
1@%%?;%1&&%%%%%%} gig%a%segtlréa%%rﬁ i%%%ag rio%?caarhsymu%r%ge%ﬁe

acdoaasmissiondiiatitizeda Pesiodsas welk {Q208]rB. $BTdcgettingsiferthi s
Normal Beacon After turning on the electric power, a communication
casgatibh FrsSFerferns a3Lanning 6pefation: Fenattentfsconsideration

ordering of the beacon transmission points—in-time among the
communication stations which are to actually perform
communication.

{0212}

Fig. 9 illustrates the way in which the TBTT of a
communication staticn newly participating is set based cn
the NBOIs ¢f the beacons received from nearby stations. The
éxample shown in the drawing is described from the
perspective of a newly—-appearing communication station A,
with a communication environment wherein nearby the
communication station A are a communication station 0,
communication station 1, and communicatiocon statien 2. Let
us say that the communicatieon station A is capable of
receiving beacons from the three stations 0 through 2 within
a super frame by performing a scanning operation.

[0213]

The beacon reception points-in-time of the nearby
statlons are haﬁdied as relative positions to_the normal
beacon of the local station, which is described in the NBOI
field in bitmap format (described above}. At the

communication statien A, the NBOI fields of the three



signal reception continuing over the duration of a super frame or longer,
and confirms the presence of beacons transmitted by nearby stations. In
the event that no beacons are received from nearby stations in this
process, the communication station sets an arbitrary timing as the TBTT
timing. On the other hand, in the event of receiving a - 85 beacon
transmitted from nearby stations, the logical sum (OR) of the NBOI fields
of the beacons received from the nearby stations is taken and referred,
and finally a beacon transmission gitpigg is extracted from a timing
equivalent to a bit position which is not marked. [0209] Basically, the
communication station obtains the preferential usage period (TPP)

veaMmediately follgwing, fransmission of heagan, so an arrangement is more

pre erable wherein the beacon transrission timings of the communication

accsiations are scateredtupifarmlytbroughoutihe super framne cyete, frem
the perspective of transmission efficiency. Accordingly, based on the

as feRuRs 'otthé SR GTIRE NBOL Hht&ihe dRStthebedt ofr et e defd Y

andNE/CRY Statlons,; fhe,center of the section where the Lun length of the
space Is the longest is determined as the beacon transmission tlrﬂmg.

thelf2dQ] integrating the NBOIs for reference.
[0214] |

The sequence obtained as a result of integrating and
referencing the NRBOI files of the nearby stations is
"1101,000%1,0100,1000" indicated by "OR of NBOIs" in Fig. 9.
1 indicates the relative position of a timing regarding
which a TBTT has already been set in the super frame, and 0
indicates the relative position ¢f a timing regarding which
a TBTT not yet been set. In this sequence, the place.where
the spaces (zeroes) form the longest run length is a
candidate for placing a new beacon. With the exémple shown
in Fig. 9, the longest run length is 3, so there are two
candidates. The communication station A has set of these
the 15th bit as the normal beacon TBTT for itself.
[0215]

The communication station A sets the point-in-time of
the 15th bit as the normal beacon TBTIT for itself (i.e.,
head of the super frame for itself), and starts beacon
transmission. At this time, the NBOI field which the

communication station A transmits lists the reception

points-in-time of the beacons of the communication statiens



Now, in the event that the TBTT interval wherein the run length is longest,
is smaller than the minimum TBTT interval (i.e., equal to or smaller than
B,n"), new communication stations cannot participate in this system.
[0211] Also, in another embodiment, there are cases wherein the beacon
transmission point-in-time TBTT of the local - 86 station is set to an
adjacent point-in-time, such as immediately following a beacon already
transmitted, according to communication attributes and so forth. In this
case, processing is added such as#&king into consideration ordering of
the beacon transmission points-in-time among the communication
stations which are to actually perform communication. [0212] Fig. 9
0 thustratbs thé way inhiwhichothecEBT T of @ commmuonitatientstasor newly
i é)rggticiggtinggs ‘Eet based ]g)n the NBtQIs of the beacons receiyed from
Reatby Stations’ THe® BxanipleXhowi f the Frawiig 7 Ges&ribéd friom fhe
poParspastive-ghanewly-appgaring compuinication station A With & rmal
communication environment wherein nearby the communication station A
besgrera ednimenication stdtioion conemuaication statids 11 ands
ommuni%]tiqu%tggo? 2. Let u§ s}% that the communic,%;i-ongs:tation Als

in(%ﬁ%ﬁﬁgo or TX { acon TX)" in Fi
[0216]

At the time of the communication station A obtaining
preferentiairtransmission rights by transmission of an
auxiliary beacon or the like, the longest run length of
spaces (zeroes) in the sequence indicated by "OR of NBOI™
cbtained by integrating the NBOI fields of the nearby
stations is then further searched, and the transmission
point-in-time of the auxiliary beacon (Transmission
Prioritized Period) is set to the place of the spaces that
has been found. In the example shown in Fig. 39, a case is
assumed for transmitting two auxiliary beacons (i.e.,
acguiring twe Transmission Prioritized Perieds), and the
auxiliary beacon transmission timings (setting timings for
Transmission Prioritized Pericds) are set to the points-in-
time of the 6th bit and 1lth bit of the "OR of NBOIs". In
this case, the NBOI field which the communication station A
transmits is further marked at the place where the local
. station performs auxiliary beacon transmission (relative

position tc the normal beacon) in addition to the normal

beacon of the local station and the relative positions of



receiving beacons from the three stations O through 2 within a super
frame by performing a scanning operation. [0213] The beacon reception
points-in-time of the nearby stations are handled as relative positions to
the normal beacon of the local station, which is described in the NBOI
field in bitmap format (described above). At the communication station A,
the NBOI fields of the three - 87 beacons received from the nearby
stations are shifted according to the reception point-in-time of the
beacons so as to match the corresglponding bit position on the time axis,
and the OR is obtained of the NBOT bits for each timing, thereby
" integrating the NBOlIs for reference. [0214] The sequence obtained as a

result of integrating and _referencing the NBOI files of the nearby stations

o8 B (1 00 L D100 00" Ticicated B OR BF BT in Hlg 01 17

nedndicatesthe relgtive pasition of a timing regarding which a TBTT has
already been set in the super frame, and O indicates the relative position

[ 049F d timing regarding which a TBTT not yet been set. In this sequence,

regaggieTn e s Cogee T e g B0 s
thdhe lengeskautulengthissd so theteareitM® TBTTs with the above-
described procéssing procedgres and transmitting beacons,
beacon collision can be avoided under conditions that the
cemmunication stations are stationary and that the range of
reach cf the airwaves does not change. Also, £oS
communication can be provided wherein resources are
preferentially aliocated to communication between certain’
communication stations for a certain time span, by setting
Transmission Prioritized Periods by transmitting auxiliary
beacons (or signals like multiple beacons} within the super
frame according to the order of preference of the
transmission data. Alsc, each communication station can
autonomously know the degree of saturétion of the system by
referring the number of beacons {(NRQOI field) received from
the nearby stations,'so preferential traffic can be
contained while taking into consideration the degree of
saturation of the system at each communication station, evén
though the system.is autonomously controlled. Further, the
beacon transmissicn points—-in-time are placed so as to not

collide, due to the communication stations referring to the

NBOI files of the received beacons, so frequent collision -



candidates. The communication station A has set of these the 15th bit as
the normal beacon TBTT for itself. [0215] The communication station A
sets the point-in-time of the 15th bit as the normal beacon TBTT for itself
(i.e., head of the super frame for itself), and starts beacon transmission.
At this time, the NBOI field which the communication station A transmits
lists the reception points-in-time of the beacons of the communication
stations - 88 0 through 2 from which beacon reception can be made in a
bitmap format wherein bit positionsSéquivalent to relative positions from
the transmission point-in-time of the normal beacon of the local station
are marked. This is as indicated by "NBOI for TX (1 Beacon TX)" in Fig. 9.

carf0p¢6RpAP it inryehthencomarmMicatiorestation 1A bbtainingrprefecentiain
t£ansm|55| nghts ﬁ/ ansn%ssqn of a Jttauxmary beacon or the like, the

S

o%&%&t runnlength% p%%%n 78roes) in the Sequence indicated by "OR of

[02NBPI" obtained by integrating the NBOI fields of the nearby stations is
then further searched and the transm|55|on pomt in- t|me of the auxiliary

ha& as been found In the example shown in Flg 9 acaseis
Precedures

Under the conditions that the communication stations
are stationary and that the range of reach of the airwaves
does not change, beacon collision can be avoided (described
above). Conversely, 1f the range of reach of the airwaves
changes due to the communication stations moving or the iike,
there will be cases wherein the beacons transmitted from the
communication stations collide.
f0219]

Fig. 10 illustrates the way in which beacons collide
due to change in the range of reach of the airwaves. The
drawing illustrates a case wherein systems configuring
networks approach each other.

[02201

At the upper part of Fig. 10, communication stations
the STAD and the STAL exist in a range where airwaves from
communication stations the STAZ2 and the STA3 cannot reach,
with the STA0 and the STAl performing communicetion. Alsoc,
the STAZ and the STA3 perform communication completely
independent from these. In this case, the beacon

transmission timings are set for each communicaticn station



assumed for transmitting two auxiliary beacons (i.e., acquiring two
Transmission Prioritized Periods), and the auxiliary beacon transmission
timings (setting timings for Transmission Prioritized Periods) are set to
the points-in- time of the 6th bit and 11th bit of the "OR of NBOIs". In this
case, the NBOI field which the communication station A transmits is
further marked at the place where the local station performs auxiliary
beacon transmission (relative position to the normal beacon) in addition
to the normal beacon of the local sﬁtic_)_n and the relative positions of - 89
the beacons received from the nearby stations, as shown. in NBOI for TX
(3 Beacon TX)". [0217) In the event of the communication stations each

i SS1NG thelr oun beacon ransmissian ining TBTT with thg sbove,
described processing procedures an tra%smlfﬁhgkbeacons, beacon

rigollisieaganbe: avoigegdinger-conditions;that the rearainicationmsdions
are stationary and that the range of reach of the airwaves does not

tirgrgyernlsh, QbSO EBHMUEAILALIDA tah e proviges witdrelrt festrrcade

are grefeﬁenqlallé( aIIocQted to communicagon tween certain
statliofis whicC (o gle] reco%nlze eac O er. . . .
communication stations for a certain time span, by setting Transmission

[o2Prigritized Periods by transmitting auxiliary beacons (or signals like
multiple beacons) within the super

Subksequently, upon {the range of reaph of the airwaves
of) the communication stations moving to where each of the
communication staticns can transmit/réceive, as shoﬁn in the
bottom tier in Fig. 10, & situation occurs in which the
beacons of the stations collide.

[0222]

In such a case, there iz the need for at lease one of
the stations which has caused the colliéion to change the
beacon transmission point-in-time to avoid collision. Fig.
11 shows an example of collision detection and TBTT changing
procedures. The example shown here is a case wherein the
TBTT of the beacon transmitted by the STAQ and the TBTT of
the beacon transmitted by the STA2 have perfectly matched
the point-in-time TBTTO].

{0223]

At peint-in-time T0, the beacon transmission TBTT for
both the S5TAC and the 3TAZ arrives, so each transmit beacons
at a point-in~time shifted from the point-in-time TO by a
TBTT offset. At point-in-time TC, the TBTT offset of the

STAG and the TBIT cffset of the STA2 happen to be the same,



frame according to the order of preference of the transmission data. Also,
each communication station can autonomously know the degree of
saturation of the system by referring the number of beacons (NBOI field)
received from the nearby stations, so preferential traffic can be contained
while taking into consideration the degree of saturation of the system at
each communication station, even though the system is autonomously
controlled. Further, the beacon transmission points-in-time are placed so
as to not collide, due to the communication stations referring to the NBOI
files of the received beacons, so frequent collision - 90 can be avoided
even in cases wherein multiple communication stations contain

so preferbntaktraffico (0218, Ez BéacentCellisiohsScarariossand olkigian is
AY) idance Procedures Under the conditions that the communication
sta

16hS arE S ionAT dhd that the T8AGE™SF ré4éh oPtHe- diitaves tdoes
shptehangg, beacen collision cap-he.avaided(descrined, ahave),,

Conversely, if the range of reach of the airwaves changes due to the
capggmmupication’ stations movingrorthédikeprthers wilhbe casesahereimn
op etpgtbiegé:songitrﬁristrggéecglug%r;.the communication stations collide. [0219]
[0224]

The next super frame comes, and the TBTT for both the
STAO0 and the 3TA2 arrives at point-in-time T1, so0 beacon
transmission processing is activated again. Now, let us say
that while the TBTT offset at the STA2 is zero, the TRBIT
offset selected at the STAO is a relatively large value. By
shifting the actual beacon transmission point-in-time by
TBTT offset, even though the beacons may collide in one
super frame cycle, the communication stations can listén to
the beacons of each other in another super frame cycle.
[0225]

In the example shown in the drawing, the STAQ operates
the receiving device before and after beacon transmission,
and accordingly can recognize that the STAZ is transmitting
beacons at a TBTIT point-in-time close to that of itself. 1In
the same way, the STA2 operates the receiving device before
and after beacon trénémission, and accordingly can recognize
that the STAQ0 is transmitting beacons at a TBTT point-in-

time c¢lose to that of itself. Whether or not a beacon has

been received close to the TBTT of it self is determined



Fig. 10 illustrates the way in which beacons collide due to change in the
range of reach of the airwaves. The drawing illustrates a case wherein
systems configuring networks approach each other. [0220] At the upper
part of Fig. 10, communication stations the STAG and the STAL exist in a
range where airwaves from communication stations the STA2 and the
STAS3 cannot reach, with the STAG and the STA1 performing
communication. Also, the STA2 and the STA3 perform communication
completely independent from thgse% In this case, the beacon '
transmission timings are set for each’ communication station - 91 ina
independent manner for each system, but as shown to the right side of

the u per pa in Fig. 10, %aac n transmission timings which .
ba%%%of?ungtg?ygkrh%{cr%ﬁa{hg eaer?J Sét1e vn\}?eaésnt &°5tal i%%eslv‘vfﬁ%hwdloﬂﬁ&tn

théeeagrize eachrahesd0223} Subsentently, aponAthe range of reach of
the airwaves of) the communication stations moving to where each of the
[ 0%dPimunication stations can transmit/receive, as shown in the bottom tier

i 79,108 situalion ggeuts inwhich he, beagons of the stafiops collde.
[02 TT In Ssucha case, there is the nee((:fl?or 4t ledse one o
beacon transmission position, the reason being that a beacon
of another station has been received immediately prior to
transmission of its own beacon. O©On the other hand, at the
STA2, a beacon of another station has been received close to
the TBTT point-in-time of its own beaccn, but the beacon was
received fellowing transmission of its own beacen, so¢ no
TRTT change is performed.
[0227]

Also, even in the event that the STA0 and the STA2 are
not performing data transmission/reception and are in a
power saving state, both are required at the time of signal
transmission to perform reception operaticns for a
predetermined period before and folleowing transmission of
signals from the local station, i.e., Listen Refore Send and
Listen After Send, and such reception operations enable the
communication stations to recognize the beacons of each
other.
[0228]

In the case of changing the beacon transmission

pesition, the STAO makes notification to the nearby stations

that it is going to change the TBTT, using the ALERT field



the stations which has caused the collision to change the beacon
transmission point-in-time to avoid collision. Fig. 11 shows an example of
collision detection and TBTT changing procedures. The example shown
here is a case wherein the TBTT of the beacon transmitted by the STAO
and the TBTT of the beacon transmitted by the STA2 have perfectly
matched the point-in-time TBTTO. [0223] At point-in-time TO, the beacon
transmission TBTT for both the STAO and the STA2 arrives, so each
transmit beacons at a point-in-time2ghifted from the point-in-time TO by a
TBTT offset. At point-in-time TO, the TBTT offset of the STAO and the
TBTT offset of the STA2 happen to be the same, - 92 so the beacons

of colledeysanbneitietthetSEAGmMorthe $TAR is leapalbie afdetecting thatd
the beacons are colliding. It should be noted that the communication

£o155GHd Bfe hot TERADIE Bf Setivting FRRSMISSSh biefatorieangy

st 48¢8RUON LoRerations simyltaneaysly - {0224] rLhe next super trame
comes, and the TBTT for both the STAO and the STA2 arrives at

exqpitemn-tiowETli 8o beacoat trapsaiission propessifigdsactivatedecddaint:

. Now, let us say that while the TBTT offset at the STA2 is zero, the TBTT

TGRSl i d at ihé STRGIEA ity 1drgeé Value. By

[0229]

With the example shown in Fig. 11, the éTAO recognizes
beacon collision near the point-in-time T1, and immediately
activates TBTT changing processing, but this processing may
be executed after a delay of one or two super frames, due to
delay in processing within the communication station.
f0230]

Upon the STAO finding an available TBTT by the
procedures described with reference to Fig. 9, the TBTT 1 is
set as the new TBTT, and dces not perform beacon
transmission at point-in-time T2 but instead performs beacon
transmission at point-in-time T3 instead, and subsequently
performs beacon transmission at the timing of TBTT1 with a
.TBTT offset.

[0231]

On the other hand, the S5TA2 transmits its beacon at
point-in~time T2 as if nothing had happened, and
subseguently continues to transmit its beacon at the timing
of TBTTO with a TBTT offset. With the example shown in Fig.

11, the STAZ2 does not change TBTT, but there are cases



shifting the actual beacon transmission point-in-time by TBTT offset, even
though the beacons may collide in one super frame cycle, the
communication stations can listen to the beacons of each other in another
super frame cycle. [0225) In the example shown in the drawing, the
STAG operates the receiving device before and after beacon
transmission, and accordingly can recognize that the STA2 is transmitting
beacons at a TBTT point-in-time close to that of itself. In the same way,
the STA2 operates the receiving_d%\gcg before and after beacon '
transmission, and accordingly can recognize that the STAG is
transmitting beacons at a TBTT point-in- time close to that of itself.

aneYiheihesar aghs heacen ips been feceived.close fa e TBIT of i el is

determined - 93 based on whether or not'a beacon een received
stawihint théeange ob the lacal-beacar IR Bm;2.{0226F Newithek s
STAO determines to chan%géi:rs’aown TBTT, i.e., beacon transmission
havgo&tieR St reaBn15EiRg BEatbfi Bracther Stdtfoh Fa Been
[ o2Feseived immediately prior to transmission of its own beacon. On the
other hand, at the STAZ2, a beacon of another station has been received
close tohthe:¥&TT poiat-in-timevelitd ownt beacan thittthe beagan was a
received following transmission of its own beacon, so no
beacon notifying in the ALERT field that the TBTT is to be
changed, or recognizes that no beacon is being transmitted
near the TRTT of beacons received so far, & scan is executed
to tell where the new TBTT of the beacon has been determined
at (not shown}).
[0233]

Also, an arrangement may be made wherein, at the time
of reception of a beacon of another station immediately
following the beacon transmission point-in-time of the local
station, a request is made to the originatocr of the beacon
received immediately following to change the beacon
transmission point-in-time. Fig. 12 illustrates an example
of TBTT changing procedures wherein one station of colliding
beacons sends a beacon transmissicon point—-in-time changing
request to the other station.

[0234]

Upcn the TBTT for both the STA0 and the STAZ arriving

at point-in-time T1l, beacon transmission processing is

activated for poth. Now, let us say that while the TBTT

offset at the STAZ is zero, the TBTT offset selected at the



TBTT change is performed. [0227] Also, even in the event that the STAO
and the STA2 are not performing data transmission/reception and are in a
power saving state, both are required at the time of signal transmission to
perform reception operations for a predetermined period before and
following transmission of signals from the local station, i.e., Listen Before
Send and Listen After Send, and such reception operations enable the
communication stations to recognize the beacons of each other. [0228].
In the case of changing the beaconfansmission position, the STAO
makes notification to the nearby stations that it is going to change the
TBTT, using the ALERT field 94 of the beacon to be transmitted (the alert
STHeld & a fietd d6i sokinglinfarenatioh - be Transinitted 46 ¢the tearlf A0

stations Inan ggggg@al situation). FkL)thQer, the STAG_execuytes scanning

“PY5r at least one super Trame “to-colleet RfonationYor Gatémfifity the

trdﬁﬁ%ﬂEEEBﬂogagh\MghEQ@é%ﬁﬁqmgﬁ@QMEb@ﬂagn&iyﬂEE§T£g%ognize
recognizes beacon collision near the point-in-time Ti, and immediately

thafetivateS TBT Tiehdniging procéssing seqathis procesERgimayint-in-

time close to that of jtself. In the same way, the STAZ
operates the receiving device before and after beacon
transmission, and accordingly cén recognize that the STAO is
transmitting beacons at a TBTT point=-in-time close to that
of itself.

02351

Now, the STAZ transmits a message tco the STAD "to the
effect of you are requested to change your 'TRTT". The STAQ
operates the receiving device for a certain while before and
foliowing signal transmission such as a beacon even in a
power saving state (described above), and accordingly can
receive this message.

{0236]

In response to having received a TBTT change request
message, the STAQ makes notification to the nearby stations
to the effect that the TBTT will be changed, using the ALERT
field of the beacon transmitted. Further, the STA0 executes
scanning for at least one super frame, to collect
information for determining the new TBTT.

[0237]

Upon the STAC finding an available TBTT by the



be executed after a delay of one or two super frames, due to delay in
processing within the communication station. [0230) Upon the STAO
finding an available TBTT by the procedures described with reference to
Fig. 9, the TBTT 1 is set as the new TBTT, and does not perform beacon
transmission at point-in-time T2 but instead performs beacon
transmission at point-in-time T3 instead, and subsequently performs
beacon transmission at the timing of TBTTI with a TBTT offset. [02311
On the other hand, the STA2 transmits its beacon at point-in-time T2 as if
nothing had happened, and sub‘se%ﬂjeﬁtly continues to transmit its
beacon at the timing of TBTTO with a TBTT offset. With the example
shoc}/vn in Fig. 1)1§_|£)he STA doesfnot chan%e TBIT, b tth§\re are cases, -

PGS W éarseirdlgfﬁé: RS p&sring SeRRAHG processiy t/knoiw tHe state of

setthenatmorkhavingrecaarized dhatthe petwarks, have-grossed from
reception of the beacon of the STAG. [0232] In the event that a

tragembsunicatie skationtretoghizes & déatoninetifping inahé ArERT<fmldn
that the TBTT is to be .changed, or{gco%ni%eséij-lat no beacon is bein
- imsce 5 d sy

tra rgﬁnslr%ﬁ%eo naegr%ﬁénerf'Po %)ISS.COI’]S recelvg oafgr, a scgﬁ%ug§gc%ed
performs periodic beacon transmission at the timing of TBTT1
with a TBTT offset.

i0238]

On the other hand, the STA2 transmits its beacon at
peint-in-time T2 as if nothing had happened, and
subsequently continues to transmit its beacon at the timing
of TBTTO with a TBTT offset. With the example shown in Fig.
12, the STAZ deces not change TBTT, but there are cases
wherein the STA2 performs scanning processing to know the
state of the network, having recognized that the networks
have crossed from reception of the beacon of the 3TAD.
[0239]

Note that with the above-described processing, the rule
is that at the time of beacons colliding, a communication
stétion which has received a beacon from another station
immediately pricr to its own beacon transmission point-in-
time is to change its own beacon transmission point-in-time,
however, a reverse arrangement may be made wherein a
communication station which has received a beacon from
another station immediately following its own beacon

transmission point-in-time is to change its own beacon



to tell where the new TBTT of the beacon has been determined at (not
shown). [0233] Also, an arrangement may be made wherein, at the time
of reception of a beacon of another station immediately following the
beacon transmission point-in-time of the local station, a request is made
to the originator of the beacon received immediately following to change
the beacon transmission point-in-time. Fig. 12 illustrates an example of
TBTT changing procedures wherein one station of colliding beacons
sends a beacon transmission pointdfi-time changing request to the other
station. [0234] Upon the TBTT for both the STAO and the STAZ2 arriving
at point-in-time T, beacon transmission processing is activated for both.

a6 Rt 1Ris a3, WHIRStHBSFBTT offset at the STA2 is zero, the TBTT

[Oﬂfgﬁet selected at the - 96 STAG is a relatively large value. In this case,
the’ STAG operates the receiving device before and after signal

transmissiopsueh askeacans: and accosdinghrean recognize dhat the
STAZ is transmitting beacons at a TBTT point-in- time close to that of
de Gegdif- 19 1 Sane WAy Cthes STAR ! Bpérats the Fessivrigsdenicd prforaed

wi-410 81eL0eR607 URRIPISION ANdReeqringly a0 REAgNEE TP 1.
described in further detail. Fig. 33 through Fig. 37
illustrate several examples of ccllision detecting
procedures with regard to an example wherein beacons have
collided between communication stations which are
transmitting and receiving data. Following detection of
collision, the already-described procedures are used to
activate the TBTT changing procedures as necessary.

[0241]

Fig. 33 illustrates an example of a case wherein the
beacon transmission point-in-time have collided between the
STAC and the STA2, while the STA0 is continuing to transmit
data to the STAL.

[0242]

Upon the TBTT for both the STA0 and the STA2 arriving
at point-in-time T0, beacon transmission processing is
activated for both. Now, let us say that the TBTT offsét
selected at the STA2 is a relatively larger value that the
TBTT cffset of the STAQ.

[0243]

The STAC transmits the beacon as planned (B0 in the



transmitting beacons at a TBTT point-in-time close to that of itself. [0235]
Now, the STA2 transmits a message to the STAG "to the effect of you are
requested to change yourTBTT". The STAG operates the receiving
device for a certain while before and following signal transmission such
as a beacon even in a power saving state (described above), and
accordingly can receive this message. [0236] In response to having
received a TBTT change request message, the STAG makes notification
to the nearby stations to the effect that the TBTT will be changed, using
the ALERT field of the beacon traréitted. Further, the STAG executes
scanning for at least one super frame, to collect information for
de,terrg:)inin%the ne\éthBT;FI'.AEOZS?J Ugon the STAG finding an available

y the =87 procedlirss d85G et with fefereRed 18 Fig 0/ tRE TBTT
be doiSe SBhAS e eV IBJdn angdees netperfarm heacon:traggmission at

point-in-time T4 but instead performs beacon transmission at

regusintiiretirheas Hste&d A8nd subsegaritht peeforrisperodit beatBlT

po%ﬁ%yin§§gﬁga% g;gngglngng} y@@éﬁ¥511%8¥%%%r, the 3TAZ

follows CSMA/CA procedures to set a NAV while signals of

dr

other stations are present, and refrains from signal
transmission. Consequently, even in the event that there
was a schedule to Transmit & beacon at point-in-time TI1,
this is delaved.

{02447

The STAO continues to transmit data to the STAL (D0 in
the drawing). The duration to the peoint-in-time of
receiving the ACK is written to the Duration field for the
data for the purpose of virtual carrier sense, and the STA2
interprets this an refrains from transmitting signals until
the point—in—time T2,

[0245]

Subsequently, the STA2 makes transition to a signal
transmittable.state following elapsing of PIFS {or SIFS) + a
random delay amount.from point-in-time T2, and transmits a
beacon at point—in~time Té (B2 in the drawing).

[0246]

Since the STAC operates the receiving device be%ore and

after signal transmission, it can iecognize that the STAZ is

transmitting beacons at a TBTT point-in-time close to that



[0238] On the other hand, the STA2 transmits its beacon at point-in-time
T2 as if nothing had happened, and subsequently continues to transmit
its beacon at the timing of TBTTO with a TBTT offset. With the example
shown in Fig. 12, the STA2 does not change TBTT, but there are cases
wherein the STA2 performs scanning processing to know the state of the
network, having recognized that the networks have crossed from
reception of the beacon of the STAG. [0239] Note that with the
above-described processing, the rifed is-that at the time of beacons
colliding, a communication station which has received a beacon from
another station immediately prior to its own beacon transmission point-in-

°f tirfi&gd fo change its own beacon transmission point-in-time, however, a

[oJgYerse arrangement may be made wherein a communication station
which has received a beacon from another station immediately following
its DN beaconidransmission-RoiBkHHEMe isdoshangerits ownbeacon -
98 - transmission point-in-time. [0240] Next, operations relating to a

be aGARnfurRESIToT St NP BEidcting cdtision o 3ighdbs inan Hikénambesiyon
or disBefRad Wirgless ngluorkaceording,to the present embodiment will be
transmission of its own beacon. On the other hand, at the
STAQ, a beacon has been received close to the TBTT point-in-
time of its own, but the beacon was received following
transmission of its own beacen, so no TBTT change is
pexrformed,

[0248]

In the case of changing the beacon transmission
position, the STA2 makes notification to the nearby stations
that it is going to change the TBTT, using the ALERT field
of the beacon to be transmitted, performs a scan, finds a
new available TBTT where collision-will not occur, and
changes the TBTT of the local station to the available TBTT.
[0249]

On the cother hand, the STAQ continues beacon
transmissién as if néthing had happened, but there are cases
wherein the STAQ performs scanning processing to know the
state of the network, having reccgnized that the networks
have crossed from reception of the beacon of the STAZ.
[0250]

Fig. 34 illustrates an example of a case wherein



described in further detail. Fig. 33 through Fig. 37 illustrate several
examples of collision detecting procedures with regard to an example
wherein beacons have collided between communication stations which
are transmitting and receiving data. Following detection of collision; the
already-described procedures are used to activate the TBTT changing
procedures as necessary. [0241] Fig. 33 illustrates an example of a case
wherein the beacon transmission ﬁomt in-time have collided between the
STAO and the STA2, while the STAQB is continuing to transmit data to the
STAL. [0242] Upon the TBTT for both the STAG and the STA2 arriving at
point-in-time TO, beacon transmission processing is activated for both.

‘:ONdxﬁﬁPéi ISP IR TRE T P BBt 'SefeBEEIThE SFAS IS RTlatiGele
stAsragryvalue thatthe, TBT] EQH%%%Q Jhe %Iﬁ‘@ {0243] TheSTAG STAZ

transmits the beacon as planned (BO in t e - 99 drawing). Since the
[02STA2 operates the receiving device before and after beacon signal
transmission, it can recognize that the STAO is transmitting beacons at a

TBTH® potit mﬁnﬁ&%f&%%&‘ﬂwa‘%%? itsaIf “RGrtREA tha S PRI Nt —in-time

T0, and data at the point-in-time T1. The STAZ is
attempting to transmit the beacon at point-in-time T2, and
a;cordingly is operating the receiving device according to
Listen Before Send, and thus can receive signals of the STAQ.
Also, the STAZ follows CSMA/CA procedures and refrains from
signal transmission while signals of other stations are
present. Further, the STAZ analyzes the Duraticn field of
the received signals, and accordingly refrains from
transmission of signals upon point—-in-time T3 where an ACK
is received. Consequéntly, the scheduled transmission of a
beacon at point-in-time T2 is delayed.

[0252]

At this point, the STAZ has already detected that
signalis periodically transmitted are colliding. Following
elapsing of PIFS {or SIFS) + a random delay amount (e.g.,
TBTT offéet) from point-in-time T3, the STAZ makes
transition to a signal transmittable state, and transmits a
beacen at point-in~time T4. At this time, the STAZ2 lists in
the TOIS field that it could not transmit & beacon at the
point-in-time intended by the local station.

[0253]



follows CSMA/CA procedures to set a NAV while signals of other stations
are present, and refrains from signal transmission. Consequently, even in
the event that there was a schedule to transmit a beacon at point-in-time
Ti, this is delayed. [0244] The STAO continues to transmit data to the
STA1 (DO in the drawing). The duration to the point-in-time of receiving
the ACK is written to the Duration field for the data for the purpose of
virtual carrier sense, and the STAZ gpterprets this an refrains from
transmitting signals until the point-in-time T2. [0245] Subsequently, the
STAZ2 makes transition to a signal transmittable state following elapsing of

PIF$ ¢0sBNES b par dardoridelay eanounbfreapoiat-ifetimesT2rdnd rrer
transmits a beacon at point-in-time T3 (B2 in the drawing). [0246] Since
SthﬁélsﬁAé}ﬂéﬁér%%éﬂhe Pé&nrﬁg%m@@ﬁemfe%mt%e%@m Send

n recagniz h STA2 is trans sata
erdEISSD Lo [ate s e S eake dapanng et
sigleieeminesteechangea its owi bBT s h€reby confirming the
presence of the STAZ. Also, the fact that the transmitting
station was not able to transmit at the intended point-in-
time can be recognized by referencing the TCIS field in the
beacon recelved form the STAZ, and determines that the
signal transmitted from itself has interrupted the beacon
Cransmission point-in-time, thereby detecting signal
collision.

[0254]

In the event that the STAZ recognizes for some reason
that the signals of the STAO are being received in a TPP
(such as being transmitted following an auxiliary beacon, or
description being made in a part of the transmitted signals
to the effect of a TPP), there are cases wherein ths STAZ
may change the TBTT of itself. 0On the other hand, in the
event that the STAZ does nct change the TBTT due to the
signals of the STAO0 not being received in a TPP or the like,
the STAQO recognizes that beaccons of the STA2 are being
transmitted near this TBTT, and accordingly the STAQ forbids
transmission in order to not obstruct beacon transmission of

the STA2 from now on.

[0255]



beacon transmission position, the reason being that a beacon of another
station has been received immediately prior to transmission of its own
beacon. On the other hand, at the STAO, a beacon has been received
close to the TBTT point-in- time of its own, but the beacon was received
following transmission of its own beacon, so no TBTT change is
performed. [0248] In the case of changing the beacon transmission
position, the STA2 makes notification to the nearby stations that it is
going to change the TBTT, using tAEALERT field of the beacon to be
transmitted, performs a scan, finds a new available TBTT where collision
will not occur, and changes the TBTT of the local station to the available

TBTHS [6248] &ifthe6thef hant2ther STATE LaRtiMIES bagEHRY ks have
crd@nsmisgionas fnothinghad happgped.hyt therg are cages whereip,the

STAO performs scanning processing to know the state of the network,
s t dtavimgs recognized dhat theanetyorks: dravegcrossed drom ieceptionr: obthe
beacon of the STA2. [0250] Fig. 34 illustrates an example of a case
th&REEIPEE01 collision has occurred between the transmitted signal of the
023EAO and the beacon transmission point-in-time of the STA2.

Fig. 35 illustrates an example of a case wherein
collision has occurred between signal reception of the STAC
and the beacon transmission point-in-time of the STAZ.
[0257]

The S5TAC, which is the dats originator, transmits a CTS
to the STAl at peoint-in-time Tl. with point-in-time Tl as a
TBTT, the STAZ is attempting teo transmit the beacon at
point-in~time T2 which is later than this point-in-time by a
TBTT offset, and is operating the receiving device according
to Listen Before Send, and thus can receive CTS signals.

The STA2 follows CSMA/CA procedures and refrains from signal
transmission while signals of other stations are present.
Further, the STAZ analyzes the Duration field of the
received signals, and accordingly refrains from transmitting
signals upon point-in-time T3 where data is received.
Consequently, the beacon which was criginally scheduled to
be transmitted at point-in-time T2 is delayed.

[0258]

At this point, the STA2 has already detected that

signals periodically transmitted are colliding. Following



[0251] The STAO transmits an RTS to the STA1 at point-in-time TO, and
data at the point-in-time Ti. The STA2 is attempting to transmit the.
beacon at point-in-time T2, and accordingly is operating the receiving
device according to Listen Before Send, and thus can receive signals of
the STAO. Also, the STA2 follows CSMA/CA procedures and refrains
from signal transmission while signals of other stations are present.
Further, the STA2 analyzes the Dyrgiion field of the received signals, and
accordingly refrains from transmission of signals upon point-in-time T3
where an ACK is received. Consequently, the scheduled transmission of

el dieagopatmoint-instimer T2 jis delayegh [0262] AL thispoint: the STA2
has already detected that signals periodically transmitted are colliding.
TRBTHoIRWiRG telabsiiy BPPIES {(Br SHTS) ¥ & rabident Gkkayrakmunt (e.g.,

TBTT .offset) from paoint-jn-time T3, the STA2 makes transition to a,signal
o S 20 h A A bemch AL ROt A e T4 AT b =

bediae, the STARisis it ithe TQLS figld that if cowdnot ransmiba beaegn a4
the point-in-time intended by the local station. [0253] - 102 The STAG
thep Jéthfe el fbcEing idevica before angrafemit a beacon at the

point-in-time intended by the local station.
[02539]

The STAQ operates thg receiving device before and after
signal transmission, and recognizes by Listen After Send
that the STAZ has transmitted a beacon immediately folléwing
reception of the signals of the local station, thereby
confirming the presence of the STA2. Alsao, the fact that
the STAZ was not able to transmit at the intended point-in-
time can be recognized by referencing the TOIS field in the
beacon received form the STAZ2, and determines that the
signal transmitted from itself has interrupted the beacon
transmission point-in-time of the STAZ, thereby detecting
signal collision.

[0260)]

In the event that the STA2 recognizes for some reason
that the signals of the STAO are being received in a TPP
(such as being transmitted following an auxiliary beaccn),
there are cases wherein the STA2 may change the TBTT, i.e.,
beacon transmission position of itself. On the other hand,

in the event that the STA2 does not change the TRTT due to



signal transmission, and recognizes by Listen After Send that the STA2
has transmitted a beacon immediately following signals of the local
station, thereby confirming the presence of the STA2. Also, the fact that
the transmitting station was not able to transmit at the intended point-in-
time can be recognized by referencing the TOIS field in the beacon
received form the STA2, and determines that the signal transmitted from
itself has interrupted the beacon transmission point-in-time, thereby -
detecting signal collision. [0254] Ihthe event that the STA2 recognizes
for some reason that the signals of the STAO are being received in a TPP
th%such as bein% ransmitted following an auxiliary beacon, or_description

efi§itade ;]f) Ft 5rthe PtsmitddsifRsk’ 15 the Bridctsta TPPY®

11fhere-ate eases whereinithe STAZ cmay-changethe FRTEof itself Qn.the,
other hand, in the event that the STA2 does not change the TBTT due to
trahemsighald ofethe STA® ABBeingrdceivedrid PP acthevikes sthe

STAG recognizes that heacons of the STA2 are being transmitted near
S RN S A e A

to ahstrush beacen transnaission-ofsthe STAZ em-pawpi 10255 103 on,
s¢ that the STAO does not perform reception in this time |
span.

[0261]

The STAO and the STAZ can recognize that networks have
crossed, by detecting mutual collision, and may perform scan
processing to know the state of the network.

[0262]

With the example described with reference to Fig. 34,
description has been made assuming that the communicatiocon
stations recognize the Duration field. Though recegnition
of the Duration field is preferable processing, a
description will be made cof collision detection regarding a
case wherein recognition of the Duratiocn field is not
performed. Fig. 36 illustrates an example of a case wherein
the signal transmission of the STA0 and the beacon
transmission polnt—-in-time of the STAZ have collided.

[0263]

The STAQ transmits data, and the TBTT of the STA2

{point-in-time Tl in the drawing) arrives while perfoiming

this data transmission. The STAZ attempts beacon



The STAO and the STA2 can recognize that networks have crossed, by
detecting mutual collision. In such cases, the stations may perform scan
processing to know the state of the network. [0256] Fig. 35 illustrates an
example of a case wherein collision has occurred between signal
reception of the STAG and the beacon transmission point-in-time of the
STA2. [0257] The STAO, which is the data originator, transmits a CTS to
the STAI at point-in-time TI. with pgoimt-in-time Tl as a TBTT, the STA2 is
attempting to transmit the beacon at point-in-time T2 which is later than
this point-in-time by a TBTT offset, and is operating the receiving device
traaecargingrtodisteniBefore-Sengd; and, thuscan:receive CISsighals: ddwe
STA2 follows CSMA/CA procedures and refrains from signal transmission

the, iR &ignals bf tifier SQtORL e i8S, EuRRE: e ST AP analyzes -
accihieDhation field ofthe,, received sianals, af&%@C@%&?&ﬁ%f%@%SJﬁ%m

transmitting signals upon point-in-time T3 where data is received.
CsMEgnseqadntty thecheacors whichrwas ofigiadllytselediuled terberhile
. _transmitted at point-in-time T2 is delayed. [0258] At this point, the STA2
S1InashIRady dBEcE Nt "Sighak percthitdily GaAsmitedarte Edmbinge

forﬁiﬁggguio point-in-time T2. Consequently, the beacon
transmission that was originally schedule for point—in-time
Tl is delayed.

(0264}

At this point, the 3TA2 has already detected that
signals pericdically transmitted are colliding. Following
elapsing of DIFS + a random delay amount (e.g., TRTT offset)
from point-in-time T2, the STA2 makes transition to a signal
transmittable state, and transmits a beacon at point-in-time
T3. At this time, the STAZ lists in the TOIS field that it
could not transmit a beacon at the point-in~time intended by
the local station.

[0265]

The STA0 receives an ACK from the STAl during this time,
and in the event that the DIFS is longer than the time
necessary for receiving the ACK, a situation wherein the
STA2 cbstructs rece?tion of the ACK will not occur. The
STAC operates the recelving device before and after signal
transmission, and accordingly receives the beacon which the

STAZ transmits at point-in-time T3 by Listen After Send, and



- 104 elapsing of PIFS (or SIFS) + a random delay amount (e.g., TBTT
offset) from point-in-time T3, the STA2 makes transition to a signal
transmittable state, and transmits a beacon at point-in-time T4. At this
time, the STA2 lists in the TOIS field that it could not transmit a beacon at
the point-in-time intended by the local station. [0259) The STAO
operates the receiving device before and after signal transmission, and
recognizes by Listen After Send that the STA2 has transmitted a beacon
immediately following reception of tHe signals of the local station, thereby
confirming the presence of the STA2. Also, the fact that the STA2 was
not able to transmit at the intended point-in- time can be recognized by

EhURERh TG Tid FOTE Tidhd 7T B bédeor fecivet forfi ther STA2, AhE°
cardelesBunes thatghe signalransmited fropsitself. has inteppted the

beacon transmission point-in-time of the STA2, thereby detecting signal
recegllisionf {02601 ¢n $Hé eévent thatithe BFA2 tecogrized Ier Somereasont

that the signals of the STAO are being received in a TPP (such_as being
2t RRsMtE folfbwing an AR Bedtsin® Sthé?éaé:retggséa {hdtein the

t rand A2 Y changeithechBTH »Leopeacen ansmissien position of itself.
On the other hand, _
transmission point-in~time of the STAZ, and thus detects

signal collision.

f0266]

In the event that the 5TAZ recognizes for some reason
that the signals of the 3TA(Q are being received in a TEP
{such as being transmitted following an auxiliary beacon, a
description being made in a part of the signals transmitted
from the STAQ to the effect that transmission is being made
in a TPP, etc.), there are cases wherein the STAZ may change
the TBTT, i.e., beacon transmission position éf itself. On
the cther hand, in the event that the STAZ does not change
the TBTT due to the signals of the STA0 not being received
in a TPP or the like, the STA0 recognizes that beacons of
the 8TAZ are being transmitted near this TBTT, and
accordingly transmission is forbidden for the STAO to
transmit in this time span, in order to nct obstruct beacon
transmissicn of the STA2 from now on.

[0267]
The STA0O and the STAZ can recognize that networks have

crossed, by detecting mutual collision, and may perform scan



in the event that the STA2 does not change the TBTT due to - 105 the
signals of the STAO not being received in a TPP or the like, the STAO
recognizes that beacons of the STA2 are being transmitted near this
TBTT, and accordingly activates procedures for forbidding transmission
to the STAL in order to not obstruct beacon transmission of the STA2
from now on, so that the STAO does not perform reception in this time
span. [0261) The STAO and the $FA2.can recognize that networks have
crossed, by detecting mutual collision, and may perform scan processing
to know the state of the network. [0262] With the example described with
proeference todign34, wescsiptien has been madaassuming that the
communication stations recognize the Duration field. Though recognition
[Ozéfgthe Duration field is preferable processing, a description will be made of
IS on tection Ie9 ding.a_ case wherein reco nltlon of the Duratio
fle d ﬁé not%pzegrformgd‘%f‘3 %% |Yustgr§tsesra$1be§e;1 ]g?e ofa'case w Ig erein~*
is theasignal tapsmission of the SIAD antitheibracan HaRGMISTLNion
point-in-time of the STA2 have collided. (0263] The STAO transmits data,
stalh@rheaET bethesrabved a beacon from ancther station

immediately prior to its own beacon transmission point-in-
time is to change its own beacon transmission point-in-time,
however, a reverse arrangement may be made wherein a
communication station which has received a beacon from
another station immediately following its own beacon
transmission peoint-in-time is to change its own beacon
transmission peint-in-time.

[0263]

Example of Operation of Collision Aveoiding Procedures

Next, another example will be given to describe
collision detection in a case wherein Duration field
recognition is nect performed or RTS/CTS procedures as not
used together, as with the operation example shown in Fig.
36. Fig. 37 illustrates an example of a case wherein the
signal reception of the STAQ and the beacon transmission
point-in-time of the STA2 have collided.

[0270]

The STA( receives data from the STAl which 1s the data

originator. The TBTT of the STA2 (point-in-time T1 in the

drawing) arrives in the midst of this data transmission.



(point-in-time Ti in the drawing) arrives while performing this data
transmission. The STA2 attempts beacon - 106 transmission at
point-in-time TIl, and receives signals from the STAG since the receiving
device is operating in accordance with Listen Before Send. The STA2
follows the CSMA procedures to refrain from signal transmission while
signals of other stations are present, and transmission is forbidden to
point-in-time T2. Consequently, the beacon transmission that was
originally schedule for point-in-ti'rheleﬁ i§ delayed. [0264] At this point, the
STAZ2 has already detected that signals periodically transmitted are
colliding., Following elapsing of DIFS + a random delay amount (e.g.,

Ther B bffsBt)  ROR pOME-irtime §9° id 8T A~hRE SRR Ritfors 678 3ignal

criransnaittable siate.and rapsmits.a beacor at peintyindime F3ALthig g,
time, the STAZ2 lists in the TOIS field that it could not transmit a beacon at

butthegouattindtimedntendeddsy the tocal statior: {0265k The-8TAR: recsives
N ,anhA,CK fro}rp the STAI during this time, and in the event that the DIFS is
"hiGHgdP trian thetifle “RECESKATy P feceRing HE Atk & Sithafiod Wherein

detBe s Adbeiruds recepion QLtherACK WIlNOLOGoUE: 18y «ransmits
a beacon at point-in-time Tl on schedule.
(02711

The STAQ receives interference in the signals reception
from the STAl due to the beacon signal transmission from the
STRZ, and cannot receive the data correctly. Following data
recepticn, the STAOQ returns a message to the STAL to the
effect that the data could not be received, in the form of a
NACK.

(0272}

The 5TAZ2 operates the receiving device for a certain
while following signal transmission accerding to Listen
After Send, and accordingly can receive the NACK of the STAC.
The STAZ -judges that the STAl has failed in data reception
due to its own signal transmission, from receiving the NACK
from the STAl immediately following signal transmission from
itself, and thereby detects that the beacon from itself has
collided with signal reception at ancther station.

[0273]
Immediately following this, the STA2 may transmit

signals (not shown) to the STAO0 to nectify the STAQ "that



STAO operates the receiving device before and after signal transmission,
and accordingly receives the beacon which the STA2 transmits at
point-in-time T3 by Listen After Send, and 107 thus can confirm the
presence of the STA2. Also, the STAO can recognize by referencing the
TOIS field of the beacon received from the STA2 that the STA2 is not
able to transmit at the point-in-time intended, judges that the signal
transmitted from itself has obstructedythe beacon transmission
point-in-time of the STA2, and thus detects signal collision. [0266] In the
event that the STA2 recognizes for some reason that the signals of the

thiSTASR eseingireceiveddna ERP: fsuch asheing trapsmitted following.
an auxiliary beacon, a description being made in a part of the signals
STAfansniitteds frotn THeSTAGC k6 1te ffeef tHatdramsatiasionds eigmade

. inaTPP, efc.), e are_cases wherein the STA2 may change the TBTT,
tmll.ler?,gbeozifcc;{:}r}l1 Ffkra%q;%&ls'sio?r?npois:s?he()nog itsel .aﬁﬁ'thjénotﬁ%éfhgﬁgfl in tﬁéaécvent

thdhatthe §3é42 does petghangeaithe TBTE duestathe-signals.of the SEAO
not being received in a TPP or the like, the STAO recognizes that
STHyeatorrorae ST A argBéinghraridtiitted near this TBTT, and
AL rdingly transmission is forbidden for the STAO to transmit in this time
Lo PP
span, in order to not obstruct beacon
The STAZ (and the STAQ) can recognize that networks

have crossed, by detecting mutual cellision, and may perform
scan processing to know the state of the network.
[0275]

While description has been made with referencé to Fig.
33 through Fig. 37 regarding cases of collision between
signals of other stations and beacons, exactly the same
procedures are performed in cases of collision between
signals of other stations and signals of preferential
transmission/reception performed periodically.

[0276]

In a case wherein beacon collision has occurred due to
change in the range of reach of airwaves, the following
supplementary ltems are further taken into consideration in
the event of perferming collision avoidance using the above
procedures wherein one of the communication stations which
has caused ccllision moves the beacon transmission point-in-
time (TBTT change} as described above.

10277]



transmission of the STA2 from now on. [0267] The STAO and the STA2
can recognize that networks have crossed, by detecting mutual collision,
and may perform scan - 108 - processing to know the state of the network.
[0268] Note that with the above-described processing, the rule is that at
the time of beacons colliding, a communication station which has
received a beacon from another station immediately prior to its own
beacon transmission point-in- time is to change its own beacon
transmission point-in-time, howevetla feverse arrangement may be
made wherein a communication station which has received a beacon
from another station immediately following its own beacon transmission

poirft-if & RO GG e itS DN EEIET tratRiisERTFpoihth-Anfeeacon
ot (0268 Fxample; ot Opgration ot Gollision Aveiding Eragadires, NEXt ;

another example will be given to describe collision detection in a case
cwrwherginDurationfiedd recogniiondss TRl Detfoamet-ar RTSEFSing
procedures as not- used together, as with the operation example shown in

immegiate xy B9 St AE8 ANERERble St 858 WireiHER Signal
cha@%ﬁpgoﬂgégg é_%Gl%nqlglLe Q%%Q%UQQS'S'&SSA%” exception in the

event that the STA0 has just recently set a new TBTT. The
phrase "just recently" as used here is equivalent tec 1
through 3 super frames following setting the new TBTT, for
example. The reascn is that, in the event that relatively
large networks collide, there is the possibility that
collision will be avoided by TBTT change performed by other
cemmunication stations, and standing by until the abnormal
situation is stabilized is appropriate. Aalso, there is also
the possibility that the network with which ccilision is
cccurring will go away, the abnormal situation thereby being
stabilized.

[0278]

Further, TBTT changing processing is not activated as
an exception in the event that a beacon of ancther station
is received immediately prior to beacon transmissicn of the
local station but the ALERT field in the received.beacon
notifies information to the effect that the TBTT of the
beacon is going to be changed. This is because the beacon
collision will be solved by itself due to the TRTT changing

processing.



point-in-time of the STA2 have collided. [0270] The STAG receives data
from the STAI which is the data originator. The TBTT of the STA2
(point-in-time Ti in the drawing) arrives in the midst of this data
transmission. - 109 The STA2 is operating the receiving device before
signal transmission (beacon transmission) due to Listen Before Send,
but cannot directly receive transmitted data from the STA1 which is a
hidden terminal, and accordingly has-nat yet detected the presence of the
STAG, and accordingly transmits a beacon at point-in-time Ti on
schedule. [0271] The STAG receives interference in the signals reception
[ o fham the STAL due to the beacon signal transmission from the STA2, and
cannot receive the data correctly. Following data reception, the STAO

retliaisiamessagectothedSTAL totheheffectsthap theneatascould notde
received, in the form of a NACK. [0272] The STAZ2 operates the receiving

ConddvibE F§iSa cRriaht \FRile ffloRRTg Sighat franshidSion aceardihg o tisten

cheAlioLRend -and accordingly.canreceive thes NAGK of the STAQ, Jhe 14
STAZ judges that the STA1 has failed in data reception due to its own

chagighaktramsmissi®T, fsom receiving the NACK
[0280]

Alsc, TBIT changing processing is not activated as an
exception in the event that a beacon of another station is
received immediately prior to beacon transmission of the
local station but the priority value indicated in the TYPR
field of the received beacon is lower than the priority
value of the beacon of the local staticon transmitted at the
TBTT. 1In this case, this means that the station
transmitting the beacon with lower priority value activates
TBTT changing processing instead. For example, in the event
a normal beacon of one communication station collides with
an auxiliary beacon of another communication station, the
TBTT for the auxiliary beacon needs to be moved. Also, in
the event that auxiliary beacons collide one with another,
the one with higher traffic priority is given preference,
and the one with lower priority should be moved (or
eliminated).

[02811
Fig. 13 illustrates, in the form of a flowchart, device

actions executed at each communication station, in a case



from the STA1 immediately following signal transmission from itself, and
thereby detects that the beacon from itself has collided with signal
reception at another station. [0273] Immediately following this, the STA2
may transmit signals (not shown) to the STAO to notify the STAG "that -
110 this time span is being used for beacon transmission of the STA2",
so as to prompt changing of the signal reception timing of the STAO. On
the other hand, in the event that the STA2 does not perform this, there a
cases wherein the STA2 autonemidgusly-changes the TBTT. [0274] The
STAZ2 (and the STAO) can recognize that networks have crossed, by
detecting mutual collision, and may perform scan processing to know the
whegggtenoftheamstwork 10275 Whiledeseription dras Beerchmedeswith the

ra{ge]éere@ceéo EAQ.OESJQQ%%%h Fig.é:;? regar ing cases of (iollljsion between
§Gnals of otfer Statibns Ehd beacshs: Bxactly the SAne prosedireR ara™®

ot parformaghimeasas ehcaliisionheaiween- signals etothey stations,and s; on
signals of preferential transmission/reception performed periodically.

moORI6} s drcasEOwhereinsdacorreollisibn thalrodcurred BE8Tochange) .
Such device actions are actually realized in the form of
executing a predetermined execution command program at the
central centrol unit 103 within the wireless communication
device 100.

[0282]

The actions are activated in response to the
communication station detecting collision of beacons
transmitted from the local station. First, the local
station checks whether or not a TBTT change has occurred
recently within itself (step 31).

[0283]

In the event that no TBTIT change has been made recently,
a check 1s further made regarding whether or not a
description is made in the ALERT field of the received
beacon to the effect that the TBTT is going to be changed
{(step 52).

[0284]

In the event that no recent TBTT change has been
confirmed at the local station or at nearby stationé in
Steps 51 and 82, the priority of the transmitted beacon of

the lccal station side and the priority described in the



change in the range of reach of airwaves, the following supplementary
items are further taken into consideration in the event of performing
collision avoidance using the above procedures wherein one of the
communication stations which has caused collision moves the beacon
transmission point-in- time (TBTT change) as described above. [0277] - ill
In the above-described example, upon receiving a beacon of another
station immediately prior to transmissjon of its own beacon, the STAO
activates TBTT changing processing immediately, but an arrangement is
made wherein TBTT changing processing is not activated as an

TySXcepton in the 1gvent thatthe STAO as just recently.set a.pew EBTT.

The phrase "just recently” as used here is equivalent to 1 through 3
[C3Bpér frames following setting the new TBTT, for example. The reason is
that, in the event that relatively large networks collide, there is the

posSibifitythal <ehilisiBA wilt be &fotded by TETT thaRga et B

£r&then cogrmunication:stations .and stapding by wntihthe.ahnormal ;¢ the
situation is stabilized is appropriate. Also, there is also the possibility that

trahemetwork witharhichtotiision - obcakriry will go devays thenabkotmmah

. Situation thereby being stabilized. [0278] o
is conversely made Fregarding whether or not the priority of

the beécon received from the other station is higher than
the priocrity cf the transmitted beacon of the local station
side {(step $4).

i0286]

In the event that the pricrity of the beacon received
from the other station is higher than the priority of the
transmitted beacon of the local station side, determinatiocn
is made to change the TBIT, i.e., the beécon transmission
position, of the local station. In this case, ths
comnmunication station executes scanning for at least cne
super frame to collect information.for determining the new
TBTT, and makes notification to the nearby stations with a
beacon describing in the ALERT field a message to the effect
thaﬁ the TBTT will be changed, as described with reference
to Fig. 11, and further, discovers an available TBTT with
the procedures described ébove with reference to Fig. 8, so
as to detect a destination to move the beacon (step 56).
‘Transmission is made with a beacon from the new TRTT,

thereby notifying the nearby stations of the relocated



Further, TBTT changing processing is not activated as an exception in
the event that a beacon of another station is received immediately prior to
beacon transmission of the local station but the ALERT field in the
received beacon notifies information to the effect that the TBTT of the
beacon is going to be changed. This is because the beacon collision will
be solved by itself due to the TBTT changing processing. - 112 - 027 91
Taking into consideration these supplementary items contributes to
preventing oscillation in TBTT chahbigin the event of multiple
communication stations simultaneously changing their TBTTs. [0280]
Also, TBTT changing processing is not activated as an exception in the
beagrght thaPaheatsA of arbther station is received immediately prior to
[Gﬁeﬁcon transmission of the local station but the priority value indicated in
the' TYPE field of the received beacon is lower than the priority value of
thenbheacon of the=locak station:thiansmitted atthe TR Ldndhis-case; thise
means that the station transmitting the beacon with lower priority value

beagii S SHS T chaffindg prodd&ing fistea Esr eedmpledhs théent a
£nNYMALReaconof.one commyaicatignstation.colideg Wit 1 scacion
side, i.e., in the event that the priority of both beacons
matches, a check is made regarding whether or not the
reception peint-in-time of the received beacecn is earlier
than the beacon transmission pecint-in-time of the local
station (step 35}.

[0288]

In the event that the timing of the beacon receiﬁed
from the other station is earlier, the local station
determines to change its own TRTT, i.e., beacon transmission
pesition, the reason being that a beacon of another station
has been received immediately pricr to transmission of its
cwn beacon. That is to say, the comﬁunication station
executes scanning for at least one super frame to collect
info;mation for determining the new TBTT, makes notification
to the nearby stations with a beacon describing in the ALERT
field a2 message to the effect that the TBTT will be changed,
and further discovers an available TBTT sc¢ as to detect a
destination to move the beacon (step S6). Transmission is
then made with a beacon from the new TRBRTT, thereby notifying

the nearby stations of the relocated beacon transmissicn



an auxiliary beacon of another communication station, the TBTT for the
auxiliary beacon needs to be moved. Also, in the event that auxiliary
beacons collide one with another, the one with higher traffic priority is
given preference, and the one with lower priority should be moved (or
eliminated). [0281] Fig. 13 illustrates, in the form of a flowchart, device
actions executed at each communication station, in a case 113 wherein
beacon collision has occurred dueitoschange in the range of reach of
airwaves, to avoid beacon collision by one of the communication stations
- which has caused the collision moving the beacon transmission
t irf@igt-in-time (TBTT change). Such device actions are actually realized in
the form of executing a predetermined execution command program at
[024B&! central control unit 103 within the wireless communication device

co1203,(025%] The Agtions ale acllvated ipfesponse lalhe, gommunication
sStation aetecting collision or beacons transmitted rrom the ocal station.
Trahigst] 8 tocal istation cheeks shetheparaata TBTT change has

occurred recently within itself (step S1). [0283]

So far, description has been made under the assumption
that beacon transmission and transmission{reception
prioritized periods TPPs start with a slight random delay
from a point-in-time based on a TRTT. A classical case
enables ﬁhe signals of both to be discovered at the time of
collision even in the event that the transmission timing
TBTTs of the signals within the super frame are the same,
due to this random delay. However, a situation can occcurxr
wherein, in some cases, in addition to the TRTTs of the
colliding signals, even the random values completely match.
In such a case, the colliding signals are always transmitted
at the same timing, and the communication stations which
have caused the collision cannot detect the signals of each
other since both are performing transmission operations, and
accordingly cannot recognize that the signals are coiliding
at this time span. |
102901

In such a case, the quality of the signals
transmitted/received in the particular time span where
colliision is occurring markedly deteriorates, so

communication cut-cff occurs in this time span alone.



In the event that no TBTT change has been made recently, a check is
further made regarding whether or not a description is made in the
ALERT field of the received beacon to the effect that the TBTT is going to
be changed (step S2).[0284] In the event that no recent TBTT change
has been confirmed at the local station or at nearby stations in steps 31
and S2, the priority of the transmitted beacon of the local station side and
the priority described in the - 114 Type field of the received beacon are
compared (step S3). [0285] Inthé &Vent that the priority of the beacon
received from the other station is not lower than the priority of the
transmitted beacon of the local station side, a check then is conversely
Accmgtieregardingaketes oratot the'lpriorityef thebeacoprecaivedfiom

he other station is, higher than the priority of the transmitted beacan of
o e B R S i P eRca P
thebeaeon feceivad frenmthe othes station isighekthandthe prierity oftheoq,

transmitted begcon of the local station side, determinatiqn is made to
coléhange the TBTINA.ES, thib&gcoitiahsftisdion releasing the TPP at

this time span.
[0291}

Examples of phenomenon used for judging marked
detericoration is signal quality include a great number cof
errors occurring in only a particular time span leading to a
continued communication cut-off state, no ACKs being
returned during only the particular time span, communication
being requested at a low data rate during only the
particular time span, and so forth.

[0292]

A communication station which has released the TPP due
to such a reason continues transmissicn/reception of data
with access method based on CSMA/CA with a random backoff,
and also activates scanning processing by continuously
operating the receiving device, to attempt detection of
‘beacon signals and the like of ancther station which may be
hidden. Upon discovering the beacon of a nsw communication
station is this process, the abgve-described procedures are
followed to analjze the information described in the beacon,
extract the media occupation state of the neighboring

communication stations, and effect collision avoidance.



position, of the local station. In this case, the communication station
executes scanning for at least one super frame to collect information for
determining the new TBTT, and makes notification to the nearby stations
with a beacon describing in the ALERT field a message to the effect that
the TBTT will be changed, as described with reference to Fig. 11, and
further, discovers an available TBTT with the procedures described
above with reference to Fig. 9, so ﬁsgto_detect a destination to move the
beacon (step S6). Transmission is made with a beacon from the new
TBTT, thereby notifying the nearby stations of the relocated - 115 -

[ oPgacon transmission timing. [0287] Also, in step S4, in the event that the
priority of the beacon received from the other station is not higher than
theBiriprity ®f tié trahsaiitted beacbhofthedocdstationtside, i.e., in the
event that the priority of both beacons matches, a check is made

COREGEiRG WietREP OF RO fiie TBESPHN Pofiftlin e of B técedived
opdeaconyis earlier, than the beagan transmission.paint:ipstime.of the logal

station (step S5). [0288] In the event that the timing of the beacon
adgetéiwedtfropnthd Bilier stdtiomisléddiey, thigoealsstatiopletely match.
[0294)

The communication station sets the signal transmission
timing TBTT of the beacon or Transmission Prioritized Period
TPP in the super frame (step S531), and performs signal
transmission/reception based on the set transmission timing
{step 332).

[0255]

The communication station performs transmission
operations at the transmission timing TBTT, and accordingly
cannot detect collisicn by itself in the event that not only
TBTTs but also the random values, i.e., the TBTT offsets
completely match. Accordingly, periodic transmission
operations of the signals continues over several super
frames. Consequently, the situation in which the signal
gquality has markedly deteriorates is detected (step S33).
Detericration of quality as used here is detected by
symptoms such as a dgreat number of errors occurring in conly
a pariicular time span leading to a continued communication
.cut—off state, no ACKs being returned during only the

particular time span, communication being requested at a low



determines to change its own TBTT, i.e., beacon transmission position,
the reason being that a beacon of another station has been received
immediately prior to transmission of its own beacon. That is to say, the
communication station executes scanning for at least one super frame to
collect information for determining the new TBTT, makes notification to
the nearby stations with a beacon describing in the ALERT field a
message to the effect that the TBTT will be changed, and further
discovers an available TBTT so-asitb®detect a destination to move the
beacon (step S6). Transmission is then made with a beacon from the new
TBTT, thereby notifying the nearby stations of the relocated beacon
da §rarishii s 186 Cthing [0 28] tCelisivh AdidirfPProcediesdn Busen .
fo Q%r] Signal Transmission Timings Completely Match: So far, description
as been made under the assumption that beacon transmission and
trangmissier/eecentipns prioritized perigds ITRRS start withra slight, randem
delay from a point-in-time based on a TBTT. A classical case enables
COMRRISGIAS TF boHT S Pe disésréred dtithe Hinde sRicotision evendis the

) e s o T Tt s s i e s
(stQGEUE34), if found releases the transmission section with
deteriorated quality (step $535), and sets the deteriorated
pericdic transmission signals to the new transmission timing
TBTT.
[0297]

the new transmission timing TBTT can bhe notified to
nearby station by describing in a beacon, and also by
transmitting periodic signals with the new transmission
timing TBTT itself. |
[0298]
Cellision Avoiding Procedures in Case that Normal Reacon

Cannot be Received:

There are cases wherein not all the information
described in the normal beacon is included in auxiliary
beacons or signals pericdically transmitted and received
using Transmission Prioritized‘P@riods TPPs (see Fig. 7).
In this case, even in the event that the is collisicn
between auxiliary beacons one with another, collision
between signals pericdically transmitted and received using

Transmission Pricritized Periods TPPs and beacons, or



wherein, in some cases, in addition to the TBTTs of the colliding signals,
even the random values completely match. In such a case, the colliding
signals are always transmitted at the same timing, and the
communication stations which have caused the collision cannot detect
the signals of each other since both are performing transmission
operations, and accordingly cannot recognize that the signals are
colliding at this time span. [0290] {3 such a case, the quality of the
signals transmitted/received in the particular time span where collision is
occurring markedly deteriorates, so communication cut-off occurs in this

cofime spanalone.x117 Accardingly, there are cases wherein, Mpon.a..q

communication station judging that the quality of signals transmitted from
ong¢he MPP imatjeticulee ditte sganpavéonarikethy deterionratéd; caltision of
. signals can be resolved by releasing the TPP at this time span. [0291]

TR FRAIRE SFREHOMENSH UREATOr judyiig maTkEa SdERTiONALGN RS Eigraf
wheality inclida agreat AUMber of rerrars aecuring inpoly ey}rgg@éfﬁm%

span leading to a continued communication cut-off state, no ACKs being
s captumedduringsenlydhepagticular imesspan, icammitimicationals at
the normal beacon transmission time span of the
communication station owing to even the TBTT offsets
coincidentally completely matching,
[0299]

In such a case, an arrangement may be made wherein a
Serial field is provided in the auxiliary beacons or signals
pericdically transmitted using Transmission Prioritized
Pericds TPPs to describe relative point-in~time information
indicating what number in order TBIT the signal is being
transmitted at hased on the normal beacon of the local
station, whereby a communication station which has received
auxiliary beacons or signals periodically transmitted can
extract the normal beacon transmission point—in-time of the
guxiliary beacocon transmitting station.

[0300]
o

Fig. 3% illustrates a communication operation example
for performing signal collision avoiding, based on the
contents of the Serial field added to the auxiliary beacons

or periodically-transmitted signals. In the drawing, the

assumption is that the STA0 and the STAl are in



being requested at a low data rate during only the particular time span,
and so forth. [0292] A communication station which has released the TPP
due to such a reason continues transmission/reception of data with
access method based on CSMA/CA with a random backoff, and also
activates scanning processing by continuously operating the receiving
device, to attempt detection of beacon signals and the like of another
station which may be hidden. Upon discovering the beacon of a new
communication station is this prodess, the above-described procedures
are followed to analyze the information described in the beacon, extract
the media occupation state of the neighboring communication stations,
conmgrich effetticollisionfavoidanceinstk8n 02981 Fig.c38 illustrates; ipns, and
h flowchart form, tge communication procedures including collusion
2VEVGIaRY SpeFationEinthe theE i Whit A SR thE Yaruoht Dafies iRt
thed@difion 4o the TBTHsef elliding-signalscompletely matchy (02941, The
communication station sets the signal transmission timing TBTT of the
airpeacon dugrdrsmissiorrRrioritized Periodt I PRomstreosuper framer(step
S31&e§n&g%r£[orms skLgrpal transmission/reception based on the set

Obsﬁgﬁénﬂsﬂon ﬁ%ﬁﬂ? 2 networks one from another being
removed. Alsc, in the drawing, 8 TBTTs are set in the super
frame, TO through T7.

[0301]

The top tier in Fig. 39 is the initial state. At
point-in—-time TU0 and point=in-time T2, the normal beacons of
poth sides are colliding with the auxiliary beacons of the
cther. Now, let us assume a case wherein reception of the
nermal beacons of each other is continuously impossible due
to a reason such as the TBTT offset continuing to match. In
this case, the STAl cannot receive the normal beacons of the
STAG, and neither can the STA0 receive the normal heacons of
the STAL.

[0302]

Subseguently, the STAl can receive auxiliary beacons
and signals pericdically transmitted using Transmission
Prioritized Pericds TPPs from the S8TAQ, transmitted at
point-in-time T4 and point-in-time T6. In this case, upon
the STAl receiving an auxiliary beacon transmitted from the

STAC at point-in-time T4 and point-in-time T6, the STAIL

analyzes the description in the Serial field, and extracts



(step S32). [0295] The communication station performs transmission
operations at the transmission timing TBTT, and accordingly cannot
detect collision by itself in the event that not only TBTTs but also the
random values, i.e., the TBTT offsets completely match. Accordingly,
periodic transmission operations of the signals continues over several
super frames. Consequently, the situation in which the signal quality has
markedly deteriorates is detected (ﬁgp S33). Deterioration of quality as
used here is detected by symptoms such as a great number of errors
occurring in only a particular time span leading to a continued

i n £OMIUNIGAtion, cul-off state, no ALKsbeing returned during gnly the
particular time gpan, communication Belng-requestec?at alow 119 drata
theate:during only the particslartime spadn antksatortdr  [0296] tppmormal
detecting such signal quality deterioration, the communication station
beagopchés 1 trapsfilsSIBhRECE BicH RimingRTor Biheis SAvEh £hfthé Li3éd

cn VBRUD 10e super frame (step §_§zf'%’ If foynd releases e rapgmission.,, .

section with deteriorated quality (step S35), and sets the deteriorate
poipefiadic transnmgsionmsignals 10 the aeyrxanseission gdngniBTIt is
transmitting signals near the point-in-~time T2 itself, and
accordingly cannot recelve the normal beaccons of the STAO.
{0303}

Subsequently, as shown in the upper-middle tier in the
drawing, the STAl releases the TPP used near the point-in-
time T2 and repositions to another TBRTT (point-in-time T3 in
the drawing), sco as to be capable of receiving the normal
beacons of the STA0. The STAL can tell the resource usage
state of the STA2 by receiving the normal beacons of the
STAZ.

{03041

The STAO0 can also receive the auxiliary beacons of the
STAl transmitted at point-in-time T5, and by performing
processing the same as that of the 3TAl described above,.can
receive the normal beacons of ﬁhe.STAl by releasing its own
TPP at point—in—time TO. Finally, the placement of normal
beacons and auxiliary beacons (periodic signal transmission
using Transmission Pricoritized Periods or TPPs) such as

shown at the bottom tier in Fig. 392 is achieved.

[C305]



[0297] the new transmission timing TBTT can be notified to nearby
station by describing in a beacon, and also by transmitting periodic
signals with the new transmission timing TBTT itself. [029811 Collision
Avoiding Procedures in Case that Normal Beacon Cannot be Received:
There are cases wherein not all the information described in the normal
beacon is included in auxiliary beacons or signals periodically transmitted
and received using Transmission Prioritized Periods TPPs (see Fig. 7).
In this case, even in the event thatjthe is collision between auxiliary
beacons one with another, collision between signals periodically
transmitted and received using Transmission Prioritized Periods TPPs

and:beagens-okr12@negllisiondhetween signalsPeriadieallys does not
transmitted/received one with another, media occupation information for

automerAifié spanscaimotbe détBeterh Hisé scdses ciitBeroncaivetcing

cheVaBIEID O} REAEANS canpt B fecelved eyen. iy perfauning
scanning processing, due to transmitting other S|gnaf§ at the normal

me sRRACOMEANSMISSIGM Hiie: span of e ommtimication:statien Owing ten
even the TBTT offsets coincidentally completely matching.
effect that it should relsase the TPP, as show at the lower~
middle tier in Fig. 39, for example. In this case, upon
receiving this release request message, the STAC changes the
transmission point-in-time of the auxiliary beacon which had
been transmitted at peint-in-time TO0, and finally, the
placement of normal beacocons and éuxiliary beacons such as
shown at the bottom tier in Fig. 39 is achieved.
Accordingly, the STA0 can receive the normal beacons of the
STAl, and thereby can tell the resource usage state of the
STAL.
f0306]

Note that the TPP section changing prccedures by
auxiliary beacon are performed according to already-descried
procedures. Following detection of an available slot by
scanning operaticns, TPP placement is performed at a point-
in-time where collision deces not cccur.

[03C7]

Cther Scan Triggers

Description of scanning operations has been made so far
regarding scanning performed pericdically, and scanning

performed due to detection of collision. With the present



[0299] In such a case, an arrangement may be made wherein a Serial
field is provided in the auxiliary beacons or signals periodically
transmitted using Transmission Prioritized Periods TPPs to describe
relative point-in-time information indicating what number in order TBTT
the signal is being transmitted at based on the normal beacon of the local
station, whereby a communication station which has received auxiliary
beacons or signals periodically transmitted can extract the normal beacon
- transmission point-in-time of the aﬁ&ﬁia’fy beacon transmitting station.
[0300] Fig. 39 illustrates a communication operation example for
performing signal collision avoiding, based on the contents of the Serial

e RddBaed thiRE Aukifary HeaRoHE6F pBriddieamy:franénfitted signals. In
cortRerdraning,the - assumptian is that thg 3TAQand.the. STALarein 121

communication with other unshown communication stations, and have
ne iggdreopemtigeds muteallyf ndependent detwarksdbut the SIEAO and the
STA1 have come into the range of reach of airwaves due to the

e RIS PSthBBn B TRSIRG B THRAGE ShRA GG the % orks one

tr FAMiANABET being: Lemeved, Alsq.in the drawing, 8, TBTTs are set in the
super frame, TO through T7.

detection/reception processing performed after signal
transmission (Listen After Send), even in the event that
collision is not detected. There are cases wherein scanning
processing is activated due to such signal
detection/reception processing, beacons of the ccmmunicatiqn
staticon are searched for, and acguisition of media
occupation informaticn of the communication station is
attempted.

[0308;

Also, the signal detector and receiving device are
continuous cperated during scanning processing in time spans
when signals are not being transmitted, but signal
transmission is given preference during the time span for
transmitting signals, and the receiving device may be
stopped for just the duration of signal transmission.

[G309]

F. Other Beacon Collision Scenarios and Collision Avoiding

Procedures
In the above section E, description has been made

regarding processing procedures for avoiding beacen



[0301] The top tier in Fig. 39 is the initial state. At point-in-time TO and
point-in-time T2, the normal beacons of both sides are colliding with the
auxiliary beacons of the other. Now, let us assume a case wherein
reception of the normal beacons of each other is continuously impossible
due to areason such as the TBTT offset continuing to match. In this
case, the STAI cannot receive the normal beacons of the STAO, and
neither can the STAO receive the normal beacons of the STA1. [0302]
Subsequently, the STAI can receivg,auxiliary beacons and signals
periodically transmitted using Transmission Prioritized Periods TPPs from
the STAO, transmitted at point-in-time T4 and point-in-time T6. In this

coLBSEi BROM the STAL raceiving anrauiliaybeacoptiansmitted; from the
STAO at point-in-time T4 and point-in-time T6, the STAI analyzes the
chajegesipdon ifthe Seriat fiekt; bor etteddtens] 22> wifoamatidn segdiwting -
e hﬂégnugtqlofsa raelaéivgéirggrgi ference the auxiligré/ beacon is beinlgh _
Fansmitted at from the ndrmal “BeSCoiT Trahsmidsioh pothtindinia Stherd by
poweeogHizing thatcthennaraalheacanakthe . STAGLS haing transmitted near
the point-in-time T2. Further, the STA1 recognizes that it is transmitting
expighals rearitheipointih-tme 2 isélf zarscii tted by the
communication staticns.
[0310]

Fig. 14 illustrates the way in which bkeacons
transmitted by the communication stations collide due to the
power of a new communication station being turned on. The
drawing illustrates an example wherein systems configuring
networks already existing independently are merged due to
the emergence of a new communication station. Alsc, even if
a new communication station does not emerge, there are cases
wherein systems configuring already-existing networks are
merged due to a third communication station coming
therebetween. In such a case as well, the same processing
as described below can be performed.

[0311]

At the upper part cof Fig. 14, communication stations
the STAO and the STAL exist in a range where airwaves Ffrom
communication stations the STAZ and the STA3 cannot reach,
with the STA0 and the STAl performing communication. Also,

the STA2 and the STA3 perform communication completely

independent frem these. In this case, the beacon



accordingly cannot receive the normal beacons of the STAO. [0303]
Subsequently, as shown in the upper-middle tier in the drawing, the STA1
releases the TPP used near the point-in- time T2 and repositions to
another TBTT (point-in-time T3 in the drawing), so as to be capable of
receiving the normal beacons of the STAO. The STAI can tell the
resource usage state of the STA2 by receiving the normal beacons of the
STAZ2.[0304] The STAO can also rggeiye the auxiliary beacons of the
STAI transmitted at point-in-time TJS and by performing processing the
same as that of the STA1 described above, can receive the normal

beacons.of thg.STAI by releasing itIs own TPP agn%oint-in-gme TO. Finally,
transmission 1?1n?3 F?F set L[or eac cq) unicatlian statlog
the BIacement of hormal ‘beacons and auxiliary eaconsa(perlodlc sigha

in tansmissimdstngdrarsmissionsRaaritzed PefiodsoralPRs)-sucheas the
. shown at the bottom tier in Fig. 39 is achieved. [0305] - 123 On the other
righdnd iAthe Bvehe thERs FRAO ddesiet: abfondrraasy releaserthes ion

oo 4 25 U STAQ UG e utapnates e STt
staSTAGx tarsthe-iefigst that itshelyd releasedhedi?Ri-as show at the lower-
[0312]

Subsequently, upen the communication statien the STA4
newly emerging between these communication staticn, and
assuming that the stations the STA(, the STAl, the STAZ, and
the STA3 have become capable of transmission/reception with
the 5TA4, as shown in the bottom tier of Fig. 14, the
beacons of the statiocons collide as far as the STA4 is
concerned. In such a case, there is the need for at lease
one of ‘the sets of stations of which the beacons are
colliding to change the beacon transmission timing TRBTT,
ctherwise, the beacons cannot be heard correctly. In other
words, the 3TA4 cannot participate in the network.
f0313]

In such a case as well, there i1s the need for a station
to change the transmission polnt-in-time. Fig. 15 shows an
example of TBTT changing procedures in the event that beacon
collisicn has been exposed due to participation of a new
communication station. The example shown here is a case

wherein the TBTT of the beacon transmitted by the S$TAO and

the TBTT of the beacon transmitted by the STAZ have



middle tier in Fig. 39, for example. In this case, upon receiving this
release request message, the STAO changes the transmission
point-in-time of the auxiliary beacon which had been transmitted at
point-in-time TO, and finally, the placement of normal beacons and
auxiliary beacons such as shown at the bottom tier in Fig. 39 is achieved.
Accordingly, the STAO can receive the normal beacons of the STA1, and
thereby can tell the resource usage state of the STAL. [0306] Note that
the TPP section changing procedures by auxiliary beacon are performed
according to already-descried procedures. Following detection of an
available slot by scanning operations, TPP placement is performed at a
appointi ia-tiele wirere lcelistore doBsS T dgetr. {A30TRAther Soan EMggerss
Description of scanning operations has been made so far regarding

s15ghhhing pefbrmel ipetiodiGallf Bhd“Seaned petforitdd dué t5arable

o £ delggtion of collision; With the present.-124,.embadiment, there are, gases
wherein signals of a  communication station which had not been

theecdgnizeddashensighbosing statien sofae cande=detedtec:by signal
detection/reception processing performed before signal

communication cannot be made {(hidden terminals Ffrom each

other).

[0314]

At point-in-time T0, the beacon transmission TRTT for
both the STAQ0 and the STAZ arrives, so each transmit beacons
at a point-in-time shifted from the point-in-time TGO by a
TBTT offset. At point-in-time T0, the TBTT offseﬁ of the
3TAO and the TBIT offset of the STA2 happen to be different
values, with a small TBTT off set valus being selected for
the STAZ, and a large TRTT off set value béing selected for
the STAQC.

[0315]

The STA4 can recelve beacons transmitted from both the
STACG and the STAZ. Now, the STa4 has received beacons from
these two station within the TBTT incrementation of itself
{i.e., within the range of* B,./2), and accordingly can
detect that beacons are colliding. Next, determination is
made on which communication station a méssage should be
transmitted reagarding requesting changing of the TBTT. With

the example shown in the drawing, the beacon of the STAD was

received later, so the STA4 determines to have the STAO to



transmission (Listen Before Send) and signal detection/reception
processing performed after signal transmission (Listen After Send), even
in the event that collision is not detected. There are cases wherein
scanning processing is activated due to such signal detection/reception
processing, beacons of the communication station are searched for, and
acquisition of media occupation information of the communication station
is attempted. [0308] Also, the signal detector and receiving device are
continuous operated during scafinin 8prc“)cessing in time spans when
signals are not being transmitted, but signal transmission is given
ch%réeference during the time span for transmittin(g signals, and the receiving

| fee iy e StoppPed tEPETheSddafion ot SignditrirdfisEion. [0309]
redufdthen BeaconGallision $eenarigsrand gallision AvoidingyBracedures

In the above section E, description has been made regarding processing
thatrotddurgsA0r avoiding beasan ad@5ncollisiomisrd casegvhererethei ving
da {gn%% 3f reach of airwaves changes due to communication stations

fRoving and so Tofth P BESd&E 1k %a TalbTarfBe LoRtEVRAWEE e

boEleGe required at the time of signal transmission to
perform reception operations for a predetermined period
before and following transmission of signals from the local
station, (Listen Before Send / Listen After Send), so the
STAQ can recelve this message.

f031¢]

Note that the STA4 does not simply compare the beacon
reception point-in-time as such to determine which of the
received beacons that have collided is later, but rather
makes reference teo the TOIS fields of the besacons, and
subtracts the pseudo-~random sequence used, thereby
calculating the TBTT of the beacon itself. Of course, an
agreement may be made wherein the TBTT changing message is
transmitted to the side with the earlier beacon reception
point-in-time or TBTT, so long as the same agreement is held
among all of the communication stations, but description
will proceed here with the example of an agreement wherein
the message is sent to the later one.

[0317]
Upon receiving the TBTT change request message and

recognizing that it must change its TBTT, the STA0 activates



power of a new communication station turns on, thereby exposing
collision of beacons transmitted by the communication stations. [0310]
Fig. 14 illustrates the way in which beacons transmitted by the
communication stations collide due to the power of a new communication
station being turned on. The drawing illustrates an example wherein
systems configuring networks already existing independently are merged
due to the emergence of a new communication station. Also, even if a
new communication station does nof #merge, there are cases wherein
systems configuring already-existing networks are merged due to a third
communication station coming therebetween. In such a case as well, the

thSaAMe PresRssiNG Adeseribad helovsgap baperfarmed[0811] Atthen:s
upper part of Fig. 14, communication stations the STAO and the STAl

cassdstih HrantRswhere afrisies frormcesimpmication STatrsithetSTARes

nd the STA3 cannot reach, with the. STAG and the STA erformlng
nOtcofrcrl%r%au%lca tioR- Aso 55 STAZ SRT TS ST berform cSithication

chaafapleiely rindependent;frens theserin ﬂnép@ssftfﬁl@ea@%mﬂ@o be
transmission timings are set for each communication station in a
trapdepéndent thanndb it eddraystem, Huf belshdion to tee ing

information to be transmitted to the nearby stations in an
abnormal situation}). Further, the STA0 executes scanning
for at least one super frame, to collect information for
determining the new TBTT. With the example shown in Fig. 15,
the TBTT changing processing is immediately activated from
point-in~time T1, but this processing may be executed after
a delay of cone or twe super frames, due to delay in
processing within the communicaticn statien.
103183

Upon the STAO finding an available TBTT by the
procedures described with reference te Fig. 8, the TBTT1 is
set as the new TBTIT, and does not perform beacon
transmission at point-in-time T2 but instead performs beacon
transmission at point-in-time T3.in5tead, and subsequently
periodically performs beacon transmission at the timing of
TBTT1 with a TBTT cffset.
[0319]

On the cother hand, the STAZ2 transmits its beacon at
point—-in-time T2 as if nothing had happened, and

subsequently continues tc transmit its beacon at the timing



right side of the upper part in Fig. 14, beacon transmission timings which
unfortunately match have been set between the stations which do not
recognize each other. [0312] Subsequently, upon the communication
station the STA4 newly emerging between these communication station,
and assuming that the stations the STAO, the STA1, the STA2, and the
STA3 have become capable of transmission/reception with the STA4, as
shown in the bottom tier of Fig. 14, the beacons of the stations collide as
far as the STA4 is concerned. In Such a case, there is the need for at
lease one of the sets of stations of which the beacons are colliding to

of q{@plgf wft%e%c%g@ns #%sel ntiming TBTT, otherwise, the beacons
cannot be heard correctﬁ/. n other words, the STA4 cannot participate in

[0ibenetwork. [0313] In such a case as well, there is the need for a station
to change the transmission point-in-time. Fig. 15 shows an example of
TBTT éhéndifigprocédires iAha Event tHatbedcoh! ebllisiorraas beena

be £XDOSEH. Qe [Q patticipation pL a-new Gomu “”-icaél?é‘ ian. Ihe o
example Sj:h Wwn here Is a case wherein the gJ}T of the beacon
chérarsnited by theySTAQ anek the d BJek ebihei keacam ransatitied bydhe

STAZ2 have - 127 approximately matched the TBTTO, but the TBTT of the
nexx TADRSIBTT of beacons received so far, a scan is executed
te tell where the new TBTT of the beacon has been determined
at (not shown).

[0321}

In a case wherein beacon collision has become exposed
due to participation of & new communication station or the
like, the following supplementary ltems are_further taken
into consideration in the event of performing ceollisicn
avoidance using the above procedures wherein the newly-
participating station requests one of the communication
stations which has caused collision to change the beacon
transmission point-in-time as describéd above.

[0322]

In the above-described example, upon receivikg a TBTT
change :equest from the 3TA4, the 3STA(Q activates TRTT
changing processing immediately, but an arrangement is made
wherein TBTT changing processing is not activated as an
excepticn in the event that the STA0 has just recently set a

new TBTT. The phrase "just recently" as used here is

eguivalent to 1 through 3 super frames following setting the



slightly later. Also, we will say that the STA4 is capable of communication
with either of the STAO and the STA2, but the STAO and the STA2 are in
a state wherein direct communication cannot be made (hidden terminals
from each other). [0314) At point-in-time TO, the beacon transmission
TBTT for both the STAO and the STA2 arrives, so each transmit beacons
at a point-in-time shifted from the point-in-time TO by a TBTT offset. At
point-in-time TO, the TBTT offset of the STAO and the TBTT offset of the
STA2 happen to be different valugs,;with a small TBTT off set value being
selected for the STA2, and a large TBTT off set value being selected for
the STAO. [0315) The STAA4 can receive beacons transmitted from both

newher$TAO and the-3TA2; Now, the STA4 hasdecgivedibgacons fram.

these two station within the TBTT incrementation of itself (i.e., within the
langmgesdtRimkii 2y, id decordigly chn teteat thatibeddons aﬁeacfollldlng
Next deterr‘ril a]toon is mgdg %n which communication_station a messag

ol dsdhe” ransmltted FEGaFUiRY raquestiiyEREng: ﬁﬁ%?‘?ﬁgdrﬁgﬁo\ﬁ}ﬁr

con&h@r@@ﬁ@l@rﬁmlﬁ inihe deawing: theibegcen of the STAR was, sergived
later, so the STA4 determines to have the STAG to - 128
situation is stabilized is appropriate. Also, there is also

the possibility that the network with which collision is
occurring will go away, the abnormal situation thereby . being
stabilized.
[0323]

Further, with the above example, the STA4 transmits a
TBTT change request message tc the communication station
with the later collision beacon reception point—-in-time or
the later TBTT, but in the event that the ALERT field in one
of the colliding beacons notifies information to the effect
that the TBTT of the beacon is going to be chénged, this
beacen is not counted as a colliding beacon, sc the TRTT
change reguest message transmission processing is activated
only in the event that there are colliding beacons excluding
these. This is because the beacon collision will be solved
by itself due to the TBTT changing processing.
(03241

Taking into consiaération these supplementary items
contributes to preventing oscillation in TBTT changing in
the event of multiple communication stations simultaneously

changing their TRTTs.



change the TBTT, and transmits the STAG a message M requesting
changing of the TBTT. Now, even in the event that the STAO and the
STAZ2 are not transmitting or receiving data and are in a power saving
state, as described earlier both are required at the time of signal
transmission to perform reception operations for a predetermined period
before and following transmission of signals from the local station, (Listen
Before Send / Listen After Send), so the STAG can receive this message.
[0316] Note that the STA4 does n]o%%mply compare the beacon
reception point-in-time as such to determine which of the received
beacons that have collided is later, but rather makes reference to the
[93£8s fields of the beacons, and subtracts the pseudo-random sequence

usad sthereby calcuating the IBTL of the beagon ifself.Of equtse, A0y

agreement may be made wherein the TBTT changing message is
in trhesmitidd tolthedside Wvitinthe etlist beaconaeceptian fifeini-in-timeramrT
TBTT, so Ion% as the same agreement is held among all of the

haRSAmiTES N SETIORET biiE ABSErorR Wil BPOSESd Hére Witttk 2= ed
ex@XADRle ghapagreement whergin, te%mezgeaglwt&é@%@emgﬁ

[0317] Upon receiving the TBTT change request message and
thereoognizing thatnit must ehangehitsrEBT T thenSTAG Activates which the

message 1s to be transmitted to. For example, in the event
a normal beacen of one communication station cellides with
an auxiliary beacon of another communication station, the
TRTT feor the auxiliary beacon should be moved. Also, in the
event that auxiliary beacons cocllide one with another, the
one with higher traffic priority is given preference, and
the one with lower priority should be moved (or eliminated).
[0326] |

Fig. 16 illustrates, in the form of a flowchart, device
actions executed at each communication station, in a case of
beacon coliision being exposed due to participation of a new
communication station or the like, wherein the newly-
participating station réquests one of the communication
stations which has caused collision to change the beacon
transmission point-in-time (TBTT change), to avoid beacon
collision. Such device actions are actually realized in the
form of executing a predetermined execution command program
at the central control unit 103 within the wireless

communication device 100.



129 the TBTT changing processing from point-in-time TI. In this case,
with these processing procedures, the STAO first makes notification to
the nearby stations that it is going to change the TBTT, using the ALERT
field of the beacon to be transmitted (the ALERT field is a field for storing
information to be transmitted to the nearby stations in an abnormal
situation). Further, the STAO executes scanning for at least one super
frame, to collect information for determining the new TBTT. With the
example shown in Fig. 15, the TBTJ-changing processing is immediately
activated from point-in-time Ti, but this processing may be executed after
a delay of one or two super frames, due to delay in processing within the
[ o $oMmMunication station. [0318] Upon the STAO finding an available TBTT
by the procedures described with reference to Fig. 9, the TBTT1 is set as
theThew aBT Hnand doesaiot perfoimibeaeop drarrsmissioneat
point-in-time T2 but jnstead performs beacon transmission at

COTBRE AR TS fRdea8, 4Rd 2GbiBquERty Serfuiciyi5aFsmts beacon
e r dfansmission-atine fiming,of TBELE with a BRI T, offsets [03121 On the

other hand, the STA2 transmits its beacon at point-in-time T2 as if
requthivgphad Happemedt apdd beacon B have collided.

{0328]

First, a check is made regarding whether or not one of
the received beadons A or B has described in the ALERT field
that the TBTT will be changed, and beacons with this
description are deleted from colliding beacons (step 510).
[0329]

Now, following deieting beacons having described in the
ALERT field that the TBTT will be changed from colliding
beacons, determination is made once more regarding whether
or not there are colliding beacons {(step S1i). 1In the event
that colliding beacons are found to exist as a result of the
determination, the later~described processing of step 512
and on is performed, and in the event that no colliding
beacons are found to exist, this processing routine ends.
[0330]

In the event that colliding beacons still exist even
following the processing in step S10, the TYPE fields of
each of the received beacons are referred to, and the
difference in traffic priority is compared (step S12}.

[0331]



subsequently continues to transmit its beacon at the timing - 130 - of
TBTTO with a TBTT offset. [0320] In the event that a communication
station recognizes a beacon notifying in the ALERT field that the TBTT is
to be changed, or recognizes that no beacon is being transmitted near
the TBTT of beacons received so far, a scan is executed to tell where the
new TBTT of the beacon has been determined at (not shown). [0321] In
a case wherein beacon collision has become exposed due to participation
of a new communication station or {ié Iike, the following supplementary
items are further taken into consideration in the event of performing
collision gvoidance using the above procedures wherein the newly-

pariciBating stitforF FEqUiests dhe BrthBchmimtinicHidne &tions ifich
Lohas causegreollisionda changedheheacon. transpission nainin:time;as

described above. [0322] In the above-described example, upon receiving
or dTBF Tocharige reqhestciromzthe SEA4 sthe) STAQIactivates ABEEsing

o chan inﬁgnprocessinsg immediately, but an arrangement is made wherein
‘Iﬁ‘i“lgc a

R§ing Procassing isHot attlated s ah™ exBEpfion in'tHe event
vedbatthe STAQ.Das just r@ﬁ@@t%ﬁgg-@e request message is

transmitted to the originator of the beacon B (step 513},
and this processing routine ends:
[0332]

Also, in the event that there is no difference in the
priority of the received beacpns, determiﬂation is further
made with regard to which received beacons has arrived later
{(step S13). The beacon reception point-in-time as such is
not compared to determine which of the received beacons that
have collided is later, but rather reference is made toc the
TOIS fields of the beacons, and subtracts the pseudeo-random
seguence used, thereby calculating the TBTT of the beaconé
themselves.

[0333]

Now, in the event that beaccon A has arrived later, a
TBTT change request message 1s transmitted to the originator
of the beacon A (step S$14), and this processing routine ends.
Alsc, in the event that beacon B has arrived later, a TBTT
change request message is transmitted to the originator of
the beacon B {step 5153), and this processing routine ends.

[0334]



new TBTT. The phrase "just recently" as used here is equivalent to 1
through 3 super frames following setting the - 131 new TBTT. The reason
is that, in the event that relatively large networks collide, there is the
possibility that collision will be avoided by TBTT change performed by
other communication stations, and standing by until the abnormal
situation is stabilized is appropriate. Also, there is also the possibility that
the network with which collision is occurring will go away, the abnormal
situation thereby being stabilized ;[©323] Further, with the above
example, the STA4 transmits a TBTT change request message to the
communication station with the later collision beacon reception

Colpaint-dm-time odithe |ates IBLEbutiin the aveohthattbeAlIERE field in
one of the colliding beacons notifies information to the effect that the

@?%Fﬁﬁmis going to be changed, this beacon is not counted
ashgollainebeadan. s9,ihe IRTTochange ipduastimessade,,
transmission processing Is activated only in the event that there are

descelliding heacons excluding-¢hesen Thisds beeause thesbeacaneedisian

will be solved by itself due to the TBTT changing processing. [0324]
auxfLfieinks 86RSIfefRtioh teskSsupiflériehtary terig ansmitted and

received using Transmission Prioritized Pericds TPPs {same
as above). In this case, even in the event that the is
collision between auxiliary beacons one with another,
collision between signals periocdically transmitted and
received using Transmission Prioritized Periods TPPs and
beacons, or collision between signals pericdically
transmitted/received one with another, media occupation
information'for cther time spans canncot be detected. Also,
cases can be conceived wherein normal beacons cannct be
received even by performing scanning precessing, due to
coincidental transmission of other signals at the normal
beacon transmission time span of the communication station.
[0335]

In such a case, an arrangement may be made wherein a
Serial field is provided in the auxiliary beacons or signals
periodically transmitted using Transmission Prioritized
Pericds TPPs to describe relative point~in—time information
indicating what number in order TBTT the auxiliary beacon is
being transmitted at based on the normal heacon of the local

station, whereby a communication station which has received



contributes to preventing oscillation in TBTT changing in the event of
multiple communication stations simultaneously changing their TBTTs. -
132 - [0325] Also, in the event that the priority values indicated in the
TYPE fields of the colliding beacons differ, the TBTT change request
message transmission processing is activated excluding beacons
indicating a priority value greater than the lowest priority value thereof
from stations to which the message is to be transmitted to. For example,
in the event a normal beacon of oné communication station collides with
an auxiliary beacon of another communication station, the TBTT for the
ayxiliary beacon should be moved. Also, in the _event that auxiliary

e ot iAo e ai b IR d e sue CHEH

ext@iyen praterapes.-ant dheone-withdewes paeriprshauldbermaved{ofhe
eliminated). [0326] Fig. 16 illustrates, in the form of a flowchart, device

auxgctichsveRectes at eaehrddmiumicatiohistation, in a case of beacon
03%%]TSi°n being exposed due to participation of a new communication
station or the like, wherein the newly participating station requests one of

theregmnunication +statiens avhiehhas ceusedcalision ta changathe o

beacon transmission point-in-time (TBTT change), to avoid beacon
for performing signal collision avoiding, based on the
contents of the Serial field added to the auxiliary beacons
or periodically-transmitted signals. In the drawing, the
assumption is that the STAG is in communicatién with another
unshown chmunication station, the STAZ is alsc in
communication with another unshown communication station,
and both have been operating as mutually indépendent
networks, but the STAl has come into the range of reach of
alrwaves of the STAC and the_STA2 due to communication
stations moving or an cbstacle shielding the networks one
from another being removed. Alsc, in the drawing, 8 TBTTs
are set in the super frame, TO through T7.
[0337]

The top tier in Fig. 40 is the initial state. At
point—in~time TO0, the auxiliary beaccons of the STAO and the
normal beacon of the STAZ are colliding. Now, the STAl
cannot receive the normal beacons of the 3TAZ at point-in-
time TO, due to the auxiliary beacons or signals

periocdically transmitted using Transmissicn Prioritized

Pericds TPPs transmitted from the STAQ. However, the



collision. Such device actions are actually realized in the form of
executing a predetermined execution command program at the central
control unit 103 within the wireless communication device 100. 133 -
[0327] The actions are activated in response to the communication
station detecting collision of beacons transmitted from the local station.
We will say here that reception of beacon A and beacon B have collided.
[0328] First, a check is made regarding whether or not one of the .
received beacons A or B has desaried-in the ALERT field that the TBTT
will be changed, and beacons with this description are deleted from
colliding beacons (step S10). [0329] Now, following deleting beacons
auxhaviagydéscuibeddn diie tAEERM fielchthatthie: B Tawilldes ahanged froen
colliding beacons, determination is made once more regarding whether

T> 6FRoPther€ GFe Eoffiding Behtofs (8Rp s Th Heevert Hiar Gbiifding
aux2€26Qns pre found to.exist as asesplt,of the, determination; the ; ;o

later-described processing of step S12 and on is performed, and in the
T35, evbnt thibd hozoiliding sheaconsarecfounddo exists tais procedsing ¢outine
theggg%}[gignextracts information regarding how much of a
relative time difference the auxiliary beacon is being
transmitted at from the normal beacon transmissiocn point—-in-
time, thereby recognizing that the normal beacon of the STAZ
is being transmitted near the peint-in-time T0. Further,
the STAL recognizes that the STA0 is transmitting signals
near the point-in-time T0, and accordingly cannot receive
the normal beacons of the STAZ.
{0338]

Subsequently, as shown in the middle tier in Fig. 40,
the STAl transmits a message to the STAO to release the
Transmission Prioritized Period TPP acguired by the STAC
near the point-in-time T0O. Upon receiving this message, the
STAO releases the TPP held at the point-in~time TO.
Accordingly, only the normal beacon of the STA2 is
transmitted as a periodic transmitted signal at point-in-
time TO0, and the STAl can receive the normal besacons of the
STAZ. The STAl can tell the resource usage state cf the
STAZ by receiving the normal beacons of the STAZ.

[0339]

On the other hand, as shown in the bottom tier in Fig.



In the event that colliding beacons still exist even following the processing
in step 310, the TYPE fields of each of the received beacons are referred
to, and the difference in traffic priority is compared (step 312). [0331] -
134 Now, in the event that the priority of beacon A is lower, a TBTT
change request message is transmitted to the originator of the beacon A
(step S14), and this processing routine ends. Also, in the event that the
priority of beacon B is lower, a TBEE change request message is
transmitted to the originator of the beacon B (step SI5), and this
processing routine ends. [0332] Also, in the event that there is no

40 difference;inthe, pooripnefthe receivedhgagans, determinafion ds further
made with regard to which received beacons has arrived later (step S13).

redige beagonaeveptidr point-itteneasssucinispnotcomparechto deterpine
which _of the received beacons that have collided is later, but rather

Lo HBSrehtedis made 16 e SFOR fiBRf of e eaconstand Sthtnadsthd e
s apseudo-randam: sequence used -thereby gajcplating the TBTT ofithe

beacons themselves. [0333] Now, in the event that beacon A has arrived
noradr, geacon which had been transmitted at point-in-time TG,

and following detection of an available slot by the already-
described procedures, normal beacon transmission is started
at & point-in-time where collision does not occur.
Accordingly, the 3TALl c¢an receive the ncormal beacons of the
STAZ, and the STAl can tell the resource usage state of the
STAZ2.

[G340]

Other Scan Triggers:

Descripticn of scanning operations has been made sc far
regarding scanning performed periodically, and scanning
performed due to detecticon of coliision. With the present
embodiment, there are cases wherein signals of a
communication station which had not been recognized as a
neighboring station so far can ke detected by signal
detection/reception processing performed before signal
transmission (Listen Before Send} and signal
detection/reception processing performed after signal
transmission {(Listen After Send), even in the event ﬁhat
ceollision is not detected. There are cases wherein scanning

processing i1s activated due to such signal



TBTT change request message is transmitted to the originator of the
beacon A (step S14), and this processing routine ends. Also, in the event
that beacon B has arrived later, a TBTT change request message is
transmitted to the originator of the beacon B (step S15), and this
processing routine ends. [0334] - 135 Collision Avoiding Procedures in
Case that Normal Beacon Cannot be Received: There are cases wherein
not all the information described in the normal beacon (see Fig. 7) is
included in auxiliary beacons or. signals periodically transmitted and
received using Transmission Prioritized Periods TPPs (same as above).
In this case, even in the event that the is collision between auxiliary

aeheaCANS Que With:another, collision beween, sionals periadigally. s c- ¢ 5 on
transmitted and received using Transmission Prioritized Periods TPPs

s tagncrheaconss ar colidiorrbetveeeh sigmalssperodicalfy media
transmitted/received one with another, media occupation. information for

cCHtheHifte $pansEahnBlns tetdtted “RIE L €ase< Cart b Cdtidehed

at tWhetgin normal beacons cannot be received even by performing
scanning processing, due to coincidental transmission of other signals at

[03thelnormal beacon transmission time span of the communication station.
[0335)

Also, the signal detector and receiving device are
continuous cperated during scanning processing in time spans
when signals are ncot being transmitted, but signal
transmission is given preférence during the time span for
transmitting signals, and the receiving device may be
stopped for just the duration of signal transmission.

[0342]

G. _Setting TRTT of Auxilisry Beacon Based on Priority

At the time of transmitting beacons, a communication
station performs scanning, finds available TBTTs by
referring to the NBOIs of received beacons, and sets its own
new TBTT. |
[0343]

However, situations can be c¢onceived wherein the super
frame is already saturated with normal beaéons and auxiliary
bacons of other stations in the processing of setting the
new TBTT, sc that there is no available TBTT. In this case,
the communication station can solve the situation by
abandoning sending traffic out on this system, or by

competing for resources used for transmitting traffic with



In such a case, an arrangement may be made wherein a Serial field is
provided in the auxiliary beacons or signals periodically transmitted using
Transmission Prioritized Periods TPPs to describe relative point-in-time
information indicating what number in order TBTT the auxiliary beacon is
being transmitted at based on the normal beacon of the local station,
whereby a communication station which has received 136 auxiliary
beacons or signals periodically transmitted can extract the normal beacon
transmission point-in-time of the a?u‘%glia'ry beacon transmitting station.
[0336] Fig. 40 illustrates a communication operation example for
performing si%nal collision avoiding, based on the contents of the Serial

Lo fio A O tHRSUNITE) BeacdRs20r peribdirAfitranshifted Sigrfals
1odhe drayvingnthe; agsumptiop.igthatthe STAQ.Is,in commpnication with

another unshown communication station, the STAZ2 is also in
ne tegmnyrcation withtandther gashewn conmmdnicationtsiatien, taadikdather

have been o erati%g as mutually independent networks, but the STAL

me RS o ints T Fallie 8f readitof hirva ek df 1HE SEAOBIR e sTA2
cor@ig 1Q £OMInURication sstatjons spovinganan-ehstacle shielding the . .

networks one from another being removed. Also, in the drawing, 8 TBTTs
witdrelset intfiesuper framde rEOdthrough T7.

[0344]

Fig. 17 illustrates, in the form of a flowchart, the
procedures for a communication station te set a new TBTT
within a super frame cycle. Such device actions are
actually realized in the form of executing a predetesrmined
execution command program at the central control unit 103
within the wireless communication device 100.

[0345]

These procedures are activated for setting a TBTT for a
nocrmal beacon within the super frame at the time of new
participation, or for setting a TRTT for an auxiliary beacon
within the super frame in order to acquire traffic resources
{step S21). We will say that the priority of the beacen Ffor
which the local station is attempting toe set a TBTT has been
set at this point.
i034s6]

The communication station performs a scanning operaticn
for at least one super frame (step S22), and s=zarches for an

available new TBTT slot within the super frame {step $23).



[0337] The top tier in Fig. 40 is the initial state. At point-in-time TO, the
auxiliary beacons of the STAO and the normal beacon of the STA2 are
colliding. Now, the STA1 cannot receive the normal beacons of the STA2
at point-in- time TO, due to the auxiliary beacons or signals periodically
transmitted using Transmission Prioritized Periods TPPs transmitted from
the STAO. However, the - 137 auxiliary beacons of the STA2 transmitted
at point-in-time T5 can be received. In this case, upon the receiving an
auxiliary beacon transmitted from the STA2 at point-in-time T5, the STAL
analyzes the description in the Serial field thereof, and extracts
information regarding how much of a relative time difference the auxiliary

1n heacoskisheingatraasmitied atfom the-noHnal beagorrianamission the
point-in- time, thereby recognizing that the normal beacon of the STA2 is

nevwhdiRg Transniitieditedrohersoirtin-fiecFOu Fafthés s fie BFA Wi th
ecognizes that the STAQ is tragsmitting signals near, the point-in-time
e et CARNSTTeoaE (e oy bLe o R STAG D
rou[0338) Subseguently, as shown in the middle tier in Fig. 40, the STA1
- transmits a message to the STAO to release the Transmission Prioritized
[03@dhdod TPP acquired by the STAO

On the other hand, in the event that an available slot
cannot be detected within the super frame, i.e., in a full
state, the communication station searches the beacons which
have TBTTs paced within the super frame for one which has an
order of preference lower than that of the beacon for which
the local station is attempting to set a TBTT {(step 524).
[0348]

In the event that a desired number of beacons with low
order of preference has been detected, a stop reguest for
the beacon transmission 1s performed to the originators of
the beacons {step S525).

[0349]

Subsequently, the communication station sets the TBTT
for its own normal beacon cor auxiliary beacon at the
positicon which has become an available slct due to the
beacon transmission stopping (step 526), and the entire
processing routine ends.

{03501
Fig. 18 illustrates the procedures for searching for

the beacon with the lowest order of preference from the



near the point-in-time TO. Upon receiving this message, the STAO
releases the TPP held at the point-in-time TO. Accordingly, only the
normal beacon of the STA2 is transmitted as a periodic transmitted signal
at point-in- time TO, and the STAL can receive the normal beacons of the
STA2. The STA1 can tell the resource usage state of the STA2 by
receiving the normal beacons of the STA2. [0339] On the other hand, as
shown in the bottom tier in Fig. - 138 40, there are cases wherein the
STA1 transmits a message rque%tﬂh%g normal beacon transmission
point-in-time change to the STAZ2. In this case, upon receiving this
message, the_STA2 activates fransmission changing procedures for the
e Gthial letét]%o% V?Iﬁ%hq‘ﬁlgcf %geﬁ?ratn%?niﬁgﬁeaﬁ p%lgﬁtml iR G Bhe 9 2
TrTollowing detestionsf anravailable slot by:the;alreadyydescrbedrarrs of
procedures, normal beacon transmission is started at a point-in-time
theyherceoliisiohiddes-het seau Accordinghs the STBAE cangecsaivedteby

e e%rerg}eg bheac ns%[ gT%Z agd tQ% Lﬁl gan tellﬁh_% resource usage

State of the %ﬁEA %34 [ Othet Scan Tridaers: Destription of sca %l?%a’

theORAraYONS Pasbaen made-sq far; regarding.seanningmertorgiedsi e1g or
periodically, and scanning

the beacon.

[0351]

The example shown in Fig. 18, is described from the
perspective of a communicaticen station A which desires to
newly transmit traffic with higher order of preference, with
a communication environment wherein nearby the communication
station A are a communication staticn 0, communication
station 1, and communication station 2. TLet us say that the
communication station A is capable of receiving beacons from
the three stations 0 through 2 within a super frame.

[0352]

The beacon reception points-in-time of the nearby
stations are described as relative positions fto the normal
beacon of the local station in the NBOI field in bitmap
format (described above). At the communication station A,
the NBOI fields of the three beacons received from the
nearby stations are shifted according to the reception
point-in-time of the beacons so as to match the

corresponding position of bits on the time axis, and the CR

is obtained of the NBOI bits for each timing for reference.



performed due to detection of collision. With the present embodiment,
there are cases wherein signals of a communication station which had
not been recognized as a neighboring station so far can be detected by
signal detection/reception processing performed before signal
transmission (Listen Before Send) and signal detection/reception
processing performed after signal transmission (Listen After Send), even
in the event that collision is not detected. There are cases wherein
scanning processing is activated due;ta such signal - 139
detection/reception processing, beacons of the communication station are
searched for, and acquisition of media occupation information of the

[0 TBEIMUNIcation station is attempted. [0341] Also, the signal detector and
receiving device are continuous operated during scanning processing in
timéspafRInHETEsighariatrhstbeingttansmitédibtesignaling and

- SEIAUER R s g g s o e
incsignaldammnsmission {0842]r S SettinggTBTE of Auxiliaty Beagpn-Based
on Priority At the time of transmitting beacons, a communication
relative position of a timing regarding which a TBTT has
already been set in the super frame, and 0 indicates the
relative position of a timing regarding which a TBTT not vyet
been set. In the example shown in the drawing, the seguence
is "1111,1111,%111,1111", i.e., all timings in the super
frame have been marked, indicating that there are na more
available TBTTs.
[0354]

In such a case, the communication station A makes
reference to the TYPE fields in the beacons received within
the super frame, and obtains the priority of the traffic of
each. The communication station f£inds beacons to which a
priority lower than the order of preference of the traffic
which it is attempting to transmit is set, and clears the
bit in the "OR of NBOI" corresponding to the reception
point-in-time of such a low-priority beacon.

[0355]

With the example shown in Fig. 18, let us say that the

TYPE of Beacon~0' has been set tc a low order of preference,

In this case, an Exclusive OR XOR is taken betwsen the "Low

Priority Beacon Rx" where the bit position corresponding to



station performs scanning, finds available TBTTs by referring to the
NBOIs of received beacons, and sets its own new TBTT. [0343]
,However, situations can be conceived wherein the super frame is
already saturated with normal beacons and auxiliary bacons of other
stations in the processing of setting the new TBTT, so that there is no
available TBTT. In this case, the communication station can solve the
situation by abandoning sending traffic out on this system, or by
competing for resources used for t]réﬁlsr?\itting traffic with - 140 lower
order of preference, so as to transmit traffic if the local station with high
order of preference. The wireless network accarding to the present
R BB et BREL LRE 12ker: HIBRib: 4hd A b0l ol & Perited to
praeguest-angthercomimurication station torsfopdransmitting auXiliany che
beacons with low order of preference. [0344] Fig. 17 illustrates, in the
Sthfgpitof & fléwchai, thiexdrbéeHureistior aceoraanmicktion Satibhaomsetat -

;-1 TBTT withn.a super fame eycle, Such device agtions,gre, aqualy .,
realized In tne rorm o?executlng a preﬁe?ermmed’ execution comman

areProgEameat theceaniaheontro) UNtHO3s within tae wireless campunigation
device 100.

of BEach" in the drawing is taken to be the NBOI tally, and

is taken as beacon transmission point-in-time candidates for

the communication station A. Subsegquently, the

communication station A can find an available TBTT according

to the procedures described above with reference to Fig. 9,

and set the TBTT for the new beacon.

[0356]

As described above, performing processing procedures
for eliminating a beacon with low order of preference from
the NBCI and setting a TBTT for a new beacon for the local
station means that the local station is setting the same
TBTT as another staticn, and accordingly beacon cellision
temporarily occurs. However, response is made to the
collision within the system to aveid collision, and
accordingly the TBTT changing processing shown in Fig. 13
and Fig. 16 occur. Consequently, TBTT changing processing
is executed for low-priority beacons, and leow-priority
beacons are gradually eliminated from the system.

{0357]

Fig. 19 illustrates the way in which the communication

i



[0345] These procedures are activated for setting a TBTT for a normal
beacon within the super frame at the time of new participation, or for
setting a TBTT for an auxiliary beacon within the super frame in order to
acquire traffic resources (step S21). We will say that the priority of the
beacon for which the local station is attempting to set a TBTT has been
set at this point. [0346] The communication station performs a scanning
operation for at least one super frame (step S22), and searches for an
available new TBTT slot within theyguper frame (step 523). - 141 In the
event that an available slot has been found here, the new TBTT is set
following the procedures described with reference to Fig. 9 (step S27),

s t zanchthis BNtire, pracessing:dauting is endeds347br@ntherotherhandein
the event that an available slot cannot be detected.within the super
of PEPESTBNGR o0 fEfE tRe"@fftinicatioh fafi6h searéifesite the

SEIeD R TR cag MU b R0 ke i
bedfacakstation:is attemptingitocseta b Tdo(step 524)14@348] o point-
in-time T0Q' represents cne super frame, and the upper tier,
middle tier, and lower tier illustrate the time-sequence
transmission of the beacons over three super frames. Note
that three communication stations, the STAQ, the STAl, and
the STA2 exist here, with at least the STAQ and the STAZ
belng within the range of reach of alrwaves so as to have a
communication environment wherein signals can be directly
transmitted and received therebetween.

[0358]

With the state shown at the upper tier in Fig. 19, tﬁe
3TAZ transmits in the super frame a normal beacon {TYPE =
255) and two auxiliary beacons with order of preference
{(TYFE =) 127. Also, the STA0 transmits in the super frame a
normal beacon (TYPE = 255) and three auxiliary beacoﬁs with
order of preference (TYPE =) 254. The TBTT timings within
the super frame are all occupied, and there are no available
Time spans.

[0359]

Under such a situation, 1n the event that the STAOQ

wants to additionally transmit two auxiliary beacons, the

STAQ first performs a scanning operation (not shown), and



In the event that a desired number of beacons with low order of
preference has been detected, a stop request for the beacon
transmission is performed to the originators of the beacons (step S25)
[0349] Subsequently, the communication station sets the TBTT for its
own normal beacon or auxiliary beacon at the position which has become
an available slot due to the beacon transmission stopping (step S26), and
the entire processing routine esti.4[g3§0] Fig. 18 illustrates the
procedures for searching for the beacon with the lowest order of
preference from the - 142 beacons with TBTTs placed in the super frame,

finaﬁ‘sd sgiting & , TBIT for the beacon of the local Sﬁat'o&aé\'gs‘%’atﬁ‘e‘fﬁpﬁoef
the beacons WhIch the Nearpy stations set are recogrized by Teferencing

ordhe NBO) fiekt desedbed in eash beacens Also; ithe priarity of the beacon
is described in the TYPE field of the beacon. [0351] The example shown
PrEfasignes, ishdescibedRrerrine peaspetiive offa edbmiilificatan staticreA

setVRIENdESInes to, newly fransmitjraffic with higher order of preference,, ,
Wltﬁ/ a communication environment wherein nearbyt e communication
"Low Priority Beacon Rx) and "OR of NBOIs" is taken
according to the procedures described with reference to Fig..
18, and the NBOI invalidates the transmission timings of the
auxiliary beacens f£rom the STA2 and handles thess as
available TBTTs. Further, the STA( determines to transmit
auxiliary beacons with an order of preference of 254 at
poﬁnt—inwtime Tl and point-in-time T6 corresponding to the
invaiidated TBTT timings.
{0360]

The middle tier in Fig. 18 illustrates the way in which
thée beacons of the STAO and the STAZ are celliding, due to
the STAC transmitting the auxiliary beacons at point-in-time
Tl and point-in-time T6. At this time, the STAD and the
STAZ perform preocessing following TBTT changing procedures
shown in Fig. 13 or Fig. 16. Consequently, the STAZ2 which
is transmitting auxiliary beacons with low order of
preference starts the TBTT changing processing.

[0361]

The STAZ perfcrms a scanning operation to set TBTTs for

the two auxiliary beacons having the order of preference of

127, and searches for available time within the super frame



station A are a communication station O, communication station 1, and
communication station 2. Let us say that the communication station A is
capable of receiving beacons from the three stations 0 through 2 within a
super frame. (0352] The beacon reception points-in-time of the nearby
stations are described as relative positions to the normal beacon of the
local station in the NBOI field in bitmap format (described above). At the
communication station A, the NBOI fields of the three beacons received
from the nearby stations are shifted-according to the reception
point-in-time of the beacons so as to match the corresponding position of
bits on the time axis, and the OR is obtained of the NBOI bits for each

(noliming.fonreferenceo- 443+ 193931 The sequence obtaigedas aresylt of
integrating and referencing the NBOI files of the nearby stations is
beajprficated By *OR®DINBOISEn Fi§. e indicatesahe falative positiontaf
ti egarding which a TBTT has already been set in the super frame,

STAanlﬁr%r’]a%r?casteg ﬁg& SPtatve SoSifionr 3¢ aﬁﬁﬁ%bﬁ@%r&iﬁﬁ%ﬁi@h a TBTT

Acchehyel beenssel. ithe.example-shawn inthe,drawing, the seguence dge
"1111,117.1,1111,1111", i.e., all timings in the super frame have been

bot pyarkédeindicatifgathat there are no more
[0362]

Repeating the above~-described operations wherein the
TBTTs of beaccons with low order of preference are eliminated
from the super frame and TBTTs of beacons with high order of
preference are sel enables resocurces for high priocrity to be
ensured.

[0363]

Now, the example described here is a case of containing
newly~generated high priority traffic, with high-priority
traffic seizing the resources of low-priority traffic,

There may be cases wherein a pelicy is instead wherein TPPs
already being serviced are given preference, regardless of
how high or low the priority is. In such cases, the above
processing for seizing low-priocrity TPPs is not activated,
but in the event that a traffic group already beihg serviced
falls into a collision state due to moving of a
communication station, there may be cases wherein one of the
TPPs already being serviced must be eliminated. 1In such a
case as well, high-priority traffic can be preferentially

utilized by applying procedures the same as those described



available TBTTs. [0354] In such a case, the communication station A
makes reference to the TYPE fields in the beacons received within the
super frame, and obtains the priority of the traffic of each. The
communication station finds beacons to which a priority lower than the
order of preference of the traffic which it is attempting to transmit is set,
and clears the bit in the "OR of NBOI" corresponding to the reception
point-in-time of such a low-priority beacon. [0355] With the example
shown in Fig. 18, let us say thatthé4¥YPE of Beacon-0' has been set to a
low order of preference. In this case, an Exclusive OR XOR is taken
between the "Low Priority Beacon Rx" where the bit position
ab&¥tresponding to - 144 the beacon transmission timing for the low order
[Oygéereference beacon is set to 1 and the "OR of NBOIs", and the 5th bit,
10th bit, and 12th bit, corresponding to the point- in-time where the
1. beacon:@dsreceived inthe IOR-of NBOIshs are sleared. Gonsequently,
the sequence indicated by "XOR of Each" in the drawing is taken to be
: taken as beacon transmission point-in-time
candidates. for the communication station A. Subsequently, the
co%ﬁgl?r%?éﬁgn %?at%ﬁ%%%?ﬁ?n%gﬁ Sav%ﬁaﬁire @Eilﬁarlccr:%)%&i%:éon G
above, 1in the event that a communication station which

transmits low-priority traffic exists nearby the
communication station A which desires to set a TETT for a
beacon anew, the advantage can be cobtained that resources
for high priority can be secured.

[0365]

On the other hand, in the event that there are no
communication stations which transmit low-priority traffic
nearpy the communication station A, and in the event that
cnly communication stations which receive low-priority
traffic exist, the same cannot be eliminated. The reason is
that mutual beacon reception cannot be made with hidden
terminals, and even in the event that the communication
station A invalidates the low-pricrity traffic in the NBOI
of the local station, this does not reach the hidden
terminal side, so TBTT changing procedures such as shown in
Fig. 13 and Fig. 16 cannot be directly activated.

[0366] |
Accordingly, in the event that the beacon transmission

point-in-time still cannot be found even with the means



to the procedures described above with reference to Fig. 9, and set the
TBTT for the new beacon. [0356] As described above, performing
processing procedures for eliminating a beacon with low order of
preference from the NBOI and setting a TBTT for a new beacon for the
local station means that the local station is setting the same TBTT as
another station, and accordingly beacon collision temporarily occurs.
However, response is made to the collision within the system to avoid
collision, and accordingly the TBT.T, changing processing shown in Fig. 13
and Fig. 16 occur. Consequently, +§ T changing processing is executed
for low-priority beacons, and low-priority beacons are gradually eliminated

dedEQTHRE System: {0357, Fig. 19 ilusrates the way Inwpich the ; ., -
communication - 135 station eliminates beacons of other stations with low

desdrees clprefergnse and sets & oewal BT, rastatenwbereindae-tspper
frame is already full of beacons for which TBTTs have been set. In the

Stagiaing O 6RPPEIR-IPEMETE R pSiRt-TA%INYS TP réprésents one super

confl@ME. 2P0 he unpardier, juiddie tier, and)lgwer tieg Ilusprate the; - - 4
time-sequence transmission of the beacons over three Super frames.

regNoete: thatthrea copmmiincatiomsiatiens, dhe STHAO:Hhe SdAl;ahtng

"remote operations” of the hidden terminal.

[0367]

Fig. 20 and Fig. 21 illustrate the way in which a
communication station which desirés setting of a TBTT for a
new beaccon stops transmission of beacons by remote
operations via a nearby station, and sets.a TBTT for a local
station beacon. In the drawing, from point-in~time T{ to
point-in-time TO0' represents one super frame, showing the
sequence transition of beacon transmission over four super
frames. Also, a communication environment is assumed here
wherein thres comﬁunication stations, the STAG, the STAIL,
and the STAZ2 exist, with at least the STA0 and the STA2
being out of the range of reach of airwaves, so that
transmission and reception of signals cannot be directly
performed.

[0368]

In the state shown at the top tier in Fig. 20, the STAZ

is transmitting a normal beacon {TYPE = 255} and five

auxiliary beacons with an order of preference of (TYPE =) 2

within the super frame. Also, the STA0 and the STAl are



the STAZ2 exist here, with at least the STAO and the STA2 being within
the range of reach of airwaves so as to have a communication
environment wherein signals can be directly transmitted and received
therebetween. [0358] With the state shown at the upper tier in Fig. 19, the
STAZ2 transmits in the super frame a normal beacon (TYPE _ 255) and
two auxiliary beacons with order of preference (TYPE =) 127. Also, the.
STAO transmits in the super frame a normal beacon (TYPE = 255) and
three auxiliary beacons with orderlgfdoreference (TYPE =) 254. The TBTT
timings within the super frame are all occupied, and there are no
available time spans. [0359] Under such a situation, in the event that the
eadT ADL Wt 16 eiditioral iy trarsnib 8eo auxiliafy BEacoRs thei STAR

first performs a_scanning opgration (not shown), and - 146 finds the

SupaeurxiIil%ar}f‘/nft)ee'acng?%utﬁsinstr%1 ﬁte%%ﬁh%(@f%\%swifé ﬁ%el Tordef of preteréréd e

arel 2, BSkeagarsihaving lower order of preference than the beacons
regarding which TBTTs are to be set by the local station. Then, the

[03ExdIlusive OR XOR of the "Low Priority Beacon Rx) and "OR of NBOIs" is
G Sce s e et desriad Wi stererce 051, 18
three auxiliary beacons for transmitting traffic with an
order of preference of 254, but recognizes that tﬁe TBTT
timings within the super frame are all cccupied. Further,
even though the STAJ attempts to activate procedures for
eliminating the low-priority traffic shown in Fig. 18, the
auxiliary beacon transmission timing cannot be found.
Accordingly, the STAC describes information to the effect
that "I want to transmit three beacons with an order of
preference of 254" in the ALERT field of the normal beacon
transmitted at point-in-time TG, and notifies this to
surrounding stations. The beacon in which such information
is described in the ALERT field is equivalent to a remote
beacon stopping request to surrounding stations. Also,
following notificaticn of the beacon stop request with the
ALERT, therSTAO gces into & scan étate for a while, to
search for whether or not available slots can be created by
remote operaticns with nearby stations.
[0370]

Note that the ALERT field is a field for storing

information to be transmitted to the nearby stations in an



auxiliary beacons from the STA2 and handles these as available TBTTs.
Further, the STAG determines to transmit auxiliary beacons with an order
of preference of 254 at point-in-time Tl and point-in-time T6
corresponding to the invalidated TBTT timings. [0360] The middle tier in
Fig. 19 illustrates the way in which the beacons of the STAG and the
STAZ2 are colliding, due to the STAG transmitting the auxiliary beacons at
point-in-time Ti and point-in-time T6. At this time, the STAG and the
STAZ2 perform processing following JBTT changing procedures shown in
Fig. 13 or Fig. 16. Consequently, the STA2 which is transmitting auxiliary
beacons with low order of preference starts the TBTT changing

abrRI0LEssing {03647, The 3 TAZ performs g.scapning gperation 10,56t

TBTTs for the two auxiliary beacons having the order of preference of
iRy, andusealiches foe availabledime: fithim theosuper fames+147 «got o
shown), but no available time is found (or no auxiliary beacons with a

LR o P brderroriret8r ndetdre oRindf oM BHAD abiindBhBIrarmitting

cnAfdhe auxdiasy begcons. Accordingly, £ag situatian sefties,dawn to that
shown in the bottom tier in Fig. 19. [0362]

definitions for notifying multiple abrormal states. Fig. 22
schematically illustrates the configuration of the ALERT
field in this case. As shown in the drawing, the ALERT
field is sectioned into a type field which indicates the
type of definition, and the main field for describing the
abnormal state. In the event that the type is changing of
the TBTT of the local station, information relating to the
TBTT changing is described in the main field. Also, in the
event of the type of a remoté cperation, the order of
preference cf the beacons which the local station wants to
set and the number of beacons are descried in the main field.
{03711

Upon receiving the beacon with information to the
effect that "I want to transmit three beacons with an order
of preference of 254" described in the ALERT field, the S8TAl
performs a scanhing operation for at least one super frame,
in order to confirm whether or not there are beacons having
an order of preference below 254 being transmitted nearby.
Simultaneous with completion of the séan, the STAL
recognizes that the STAZ is transmitiing five auxiliary

beacons with a lower order of preference of 2 in the super



Repeating the above-described operations wherein the TBTTs of
beacons with low order of preference are eliminated from the super frame
and TBTTs of beacons with high order of preference are set enables
resources for high priority to be ensured. [0363] Now, the example
described here is a case of containing newly-generated high priority
traffic, with high-priority traffic seizing the resources of low-priority traffic.
There may be cases wherein a policy is instead wherein TPPs already
being serviced are given preferén&é,zre"g"ardless of how high or low the
priority is. In such cases, the above processing for seizing low-priority
TPPs is not activated, but in the event that a traffic group already being

£ralSviced falls into a collision state due to moving of a communication

[ o3stagion, there may be cases wherein one of the TPPs already being
serviced must be eliminated. In such a case as well, high-priority traffic
caNdetpreferesttially. atilizedeby apphying: procedurés.the sametas thiosel
described - 148 - above. [0364] H. Bettina TBTT of Auxiliary Beacons

ragsled drePRGA IRENBle Ti5etatibnEREEGTING fo°the Frocedtrds the

eff$%%xg¥¥¥"h§eggﬂ%cycu to temporarily stop transmission of
three beacons with an order of preference lower than the
order of preference of 254", During this while, the STAQ
remains in a scanning state to search for whether or not
available slots can be created by remote operations with
nearby stations.

[0373]

In response to reception of the beacon stop request
message M, the STAZ stops transmission of the three
auxiliary beacons transmitted at point-in-time T3, point-in-
time T3, and point-in-time T7, of the auxiliary beacons with
an order of preference of 2 that are keing currently
transmitted.

[0374]

Next, at the top tier in Fig. 21, the STAl performs a
scanning operaticon for at least one frame, thereby detecting
that peint-in-time T3, point-in-time T35, and point-in-time
T7, are available. Or, the fact that point-in-time T3,
point-in~time 75, and point-in-time T7, are available, is
notified by the NBOI of & beacon transmitted by the STA2 or

other nearby staticns. Note that during this while, the



above, in the event that a communication station which transmits
low-priority traffic exists nearby the communication station A which desires
to seta TBTT for a beacon anew, the advantage can be obtained that
resources for high priority can be secured. [0365] On the other hand, in
the event that there are no communication stations which transmit
low-priority traffic nearby the communication station A, and in the event
that only communication stations which receive low-priority traffic exist,
the same cannot be eliminated. Thf reason is that mutual beacon
reception cannot be made with hldden terminals, and even in the event
that the communication station A invalidates the low-priority trafflc in the

STAY)B%mOJ {he logal station, s, daes not feach the hidden fgrnyipal side, so

TBTT changing procedures such as shown in Fig. 13 and Flg 1 cannot
notheadizedthraetivated s[0366] baceordingly, invtheevent thatthedieacon:ith
transmission point-in-time still cannot be found even with the means - 149
negfdyeripba With'Big. 18, the communication station which desires setting of
[o®yEBTT for a new beacon has a nearby station to search for whether or
not there is a communication station transmitting low-priority traffic, and
Next, at the bottom tier in Fig. 21, the STAO makes

reference to the NBOI of the beacon received from the STAL
or another nearby station, and upon recognizing that point-
in-time T3, point-in-timé TS5, and point-in-time T7, are
available, sets the TBTTs for the auxiliary beacons each
having order of preference of 254 at these timings, and
starts beacon transmissicon.

[0376]

On the other hand, after stopping beaccn transmission
temporarily, the STAZ searches for availlable TBTTs within
the super frame to attempit auxiliary beacon transmission
with an order of preference of 2 again. However, the STAQ
is already océupying these time spans with beacons having a
higher order of preference, so no available points-in-time
can be found, and auxiliary beaccn transmission is abandoned.
[0377]

Thus, performing remote operations for setting TBTYs
for beacons with higher order of preference by eliminating
beacons with lower order of preference in the super frame
enables resources to be secured for high priority.

[0378]



request stopping of the transmission, thereby performing "remote
operations" of the hidden terminal. [0367] Fig. 20 and Fig. 21 illustrate the
way in which a communication station which desires setting of a TBTT for
a new beacon stops transmission of beacons by remote operations via a
nearby station, and sets a TBTT for a local station beacon. In the
drawing, from point-in-time TO to point-in-time TO' represents one super
frame, showing the sequence transition of beacon transmission over four
super frames. Also, a communicatioh environment is assumed here
wherein three communication stations, the STAO, the STA1, and the
STAZ exist, with at least the STAO and the STA2 being out of the range
of Pedeh Ghairwavessothitatransmissidn and rebaptionof sigpads. zanot

in 5 recty, peromed, 10366] In he siat shoun af e top ter g, 20

1Y A
IS transmitting a normal beacon and five

wi tihdhary-eacons with an-arder of preference ot (LERE:T) 2 nwithinghe
super frame. Also, the STAO and the STAL are - 150 each only
ietdnsipftting HoPmar BEABORS (PY PRI=I2BBY 43 tHe  Super fremebPes, the
de5@?1%&5“g%EBQEh@ﬁ@%é%ggﬁg?ﬂgﬁdagi%%O%%ﬂgggari1y stops
transmission processing of auxiliary beacons of itself lower
than the order cof preference of XX indicated. 7
Industrial Applicability
[0379]

The present invention has been described in detail with
reference to particular embodiments. However, it is self-
evident that one skilled in the art can be various.
modifications and substitutions to the embodiments without
departing from the essence of the present invention.

[0380]

With the present specification, in an autonomously=-
dispersed wireless netwérk, the present invention has been
described with primary embodiments in application to a
communication environment wherein communication stations
each notify each other with beacons at predetermined frame
cycles, but the essence of the present invention is not
restricted to this.

[03817

For example, the present invention can be similariy

applied to a communication system of another arrangement



[0369] Now, at point-in-time TO, the STAO desires to transmit three
auxiliary beacons for transmitting traffic with an order of preference of
254, but recognizes that the TBTT timings within the super frame are all
occupied. Further, even though the STAO attempts to activate
procedures for eliminating the low-priority traffic shown in Fig. 18, the
auxiliary beacon transmission timing cannot be found. Accordingly, the
STAO describes information to the effect that "I want to transmit three
beacons with an order of preference of 254" in the ALERT field of the
normal beacon transmitted at point-in-time TO, and notifies this to
surrounding stations. The beacon in which such information is described

wnd1 818 AFERT field is equivalent 1o a remote beacqn stopping requestto,
surrounding stations. Also, oITIowmg notification of the beacon stop
staequest withithe AbERT;ike STAOgoesintea scansstatadana whilesto

search for whether or not available slots can be created by remote
SY Yfetatidns Wit eady tREGTS TO3 TOF Noté tRarthe ArERT félEish

scdield forstering. nformationsta be fransmifted fo the nearby sfations in.an -
151 abnormal situation. In the above descriptions the ALERT field is

so useddfor gesetibingsinformatiortoche netifieg tperiodically setting

bands using reservaticn or preferentially, for each of the

time Intervals.

f0382]

In conclusion, the present invention has been disclosed
in the form of examples, and the descriptions in the present
specifiéation are not to be interpreted restrictively. The
Claims should be referenced to determine the essence of the
present invention.

Brief Description of the Drawings
{0383} |

Fig. 1 is a diagram illustrating & placement example of
communication devices configuring a wireless coﬁmunication
system according to an embodiment of the presént inﬁention.

Fig. 2 is a diagram schematically illustrating the
function configuration of a wireless communication device .
operating as a communication station in a wireless network
acceording to aﬁ enmbodiment of the present invention.

Fig. 3 is a diagram for describing the procedures for
each of the communication stations to transmit beacons in an

autonomously dispersed network according to the presant



the nearby stations that the local station is going to change a TBTT. Here,
the ALERT field has multiple definitions for notifying multiple abnormal
states. Fig. 22 schematically illustrates the configuration of the ALERT
field in this case. As shown in the drawing, the ALERT field is sectioned
into a type field which indicates the type of definition, and the main field
for describing the abnormal state. In the event that the type is changing of
the TBTT of the local station, information relating to the TBTT changing is
described in the main field. Alsa; ifi #ffe “event of the type of a remote
operation, the order of preference of the beacons which the local station

. wants to set and the number of beacons are descried in the main field.

16371 POpon receiving the beacon with information to the effect that |

wagt .tréf‘%'g‘itath&% ?Qﬁ‘)ﬁ]iw@k@@@{ﬂ%r of @é%fa?{%ﬂ‘?c%@igl@4" _
described in the ALERT field, the STA1 performs a scanning operation for

exipéastdn® sapenframe; simierierio confimpavhéther oraot therpiaresd
Witﬁgiacons having an order of preference below 254 being transmitted

Itby. BiRititahedl8 WiiltF templetion of the scan, the STAL recognizes
thagihe STAZ is.transpitting five.auxiliary BeagQns with-a lowerardar of

preference of 2 in the super - 152 - frame.
beacon transmission station is given preferential rights
within a super frame cycle.

Fig. 6 is a diagram illustrating fhe configuration of a
super frame cycle.

Fig. 7 is a diagram illustrating an example of the
format of a beacon frame transmitted in the autonomously
dispersed type wireless communication system according to
the present embodiment. .

Fig. 8 is a diagram for describing TBTT offset.

Fig. 9 is a diagram for describiﬁg procedures for a
newly-participating communication station to set TBTTs for
itself based on the NBCOIs of beacons obtained from beacons
received from nearby stations. |

Fig. 10 is a diagram illustrating the way in which
beacons coliide due to change in the range of reach of
alrwaves.

Fig. 11 is a diagrém illustrating an example of TBTT
changing procedures.

Fig. 12 is a diagram illustrating a modification of the

TBTT changing procedures shown in Fig. 11.



[0372] Next, as shown at the bottom tier in Fig. 20, the STA1 transmits a
beacon stop request message M to the STA2 to the effect that "I want
you to temporarily stop transmission of three beacons with an order of
preference lower than the order of preference of 254". During this while,
the STAG remains in a scanning state to search for whether or not
available slots can be created by remote operations with nearby stations.
[0373] In response to reception of the beacon stop request message M,
the STA2 stops transmission of the fhree auxiliary beacons transmitted at
point-in-time T3, point-in- time T5, and point-in-time T7, of the auxiliary
beacons with an order of preference of 2 that are being currently

trapgnyitteds; [9374] Nexf-atthe Pl Higr2l dbe:STAL performs.a

scanning operation for at least one frame, thereby detecting that
ex Ppoiten-trnecE3hpointantinmea T3 cand pointdn-time oE@earetavaitablel Or,
the fact that point-in-time T3, point-in-time T5, and point-in-time T7, are
Peagrfiabi! id SAHietP By the RE®H 6°a beatoh et by the $TA2 or
ch:Qther ngahyestations. Nete thatidusing.this,whille, the +4831ike, by one

of the communication stations of which the beacon has
collided changing the beacon transmission peint-in-time
{TRTT change).

¥ig. 14 is a diagram illustrating the manner in which
collision of beacons transmitted by the communication
stations is exposed due to power of a new communication
station being turned on.

Fig. 15 1is a diagram illustrating an example of TBTT
changing procedures in the event that collision of beacons
being exposed due to participation of a new communication
station.

Fig. 16 is a flowchart illustrating device operations
executed at each communication station in order to avoeid
beacon collision upon beacon collision occurring due to
emergence of a newly—participating station, by requesting
one of the communication staticns of which the beacon has
collided to change the beacon transmission point-in-time
(TBTT change) .

#ig. 17 is a flowchaxrt illustratiﬁg procedures for a
communication station to set a new TBTT within the super

frame cycle.



STAO remains in a scanning state to search for whether or not available
slots can be created by remote operations with nearby stations. [0375]
Next, at the bottom tier in Fig. 21, the STAO makes reference to the
NBOI of the beacon received from the STA1 or another nearby station,
and upon recognizing that point- in-time T3, point-in-time T5, and
point-in-time T7, are available, sets the TBTTSs for the auxiliary beacons
each having order of preference of 254 at these timings, and starts
beacon transmission. [0376] O tHe8thier hand, after stopping beacon
transmission temporarily, the STA2 searches for available TBTTs within
the super frame to attempt auxiliary beacon transmission with an order of
prefer@ncd bf 2Sagaifl: eV er Othe S TAD! id AfreBlly dUCRpyHGrBRsECr

se 428 Bpgns Mith.beacons Qi‘\éh@gﬁﬂghiﬁ%@&&\ _O&P%%ffﬁegcee.'uﬁooe@?fme
available points-in-time can be found, and auxiliary beacon transmission

fois ahandonednh [A37%7 [cHaks; pefferming remote opertionsfoisetting s
TBTTs for beacons with higher order of preference by eliminating

FopddeanS ittt IoWéordfer of preference in the super frame enables

respuices, © e secured for nigh pHopl. {9378l e manner in which a
communication station eliminates low order of preference
beacons of other stations in a state wherein the super frame
is full of beacons with TBTTs already set, and sets a new
TBTT.

Fig. 20 is a diagram illustrating the manner in which a
communication station which desires tc set a TBTT for a nhew
beacon stops beacon transmission by remote operations via
nearby stations, and sets TBTTs for itself.

Fig. 21 is a diagram illustrating tﬁe manner in which a
communication station which desires to set a TRTT for a new
beaccn stops beacon transmission by remote operaticns via
nearby stations, and sets TBTTs for itself.

Fig. 22 is a diagram schematically illustrating the
configuration of an ALERT field.

Fig. 23 is a diagram for describing the operations in a
wireless network based on IEEE 802.11 in the infrastructure
mode. |

Fig. 24 is a diagram fof describing the operaticns in a
wireless network based on IEEE 802.11 in the ad~hoc mode.

Fig. 25 is a chart illustrating an example of access



- 154 Note that a communication station, which has received information
to the effect that "l want to transmit a beacon with an order of preference
of XX" described in the ALERT field, performs beacon stopping
processing by the above- described remote operations, and also
temporarily stops transmission processing of auxiliary beacons of itself
lower than the order of preference of XX indicated. Industrial Applicability
[0379] The present invention has been described in detail with reference
to particular embodiments. However, it is self- evident that one skilled in
the art can be various modifications and substitutions to the embodiments
without departing from the essence of the present invention. [0380] With

Opégg@{gﬁgnﬁp%gﬂ,féc@@,& apautongmously- dispersed wireless network,

the present invention has been described with primary embodiments in

applicationdoiz comimumicationlémdrormeéntwhersin commmenicationss

stations each notifg each other with beacons at predetermined frame
de fhResk, Yut thi&EsE8Ace of the present invention is not restricted to this.

(0381}, Forexample, fhe presentinyention £ag besimilagy;
Coordination Function) operations.

Fig. 28 is a diagram illustrating the way in which
preferential transmission is provided to band-ensured
traffic by EDCF operations.

Fig. 29 is a diagram for describing operations for a
communication station to start transmission in each of a TPP
section and FAP section.

Fig. 30 is a diagram illustrating the manner in which a
communication station increases preferential usage period by
transmitting multiple virtual beacons called auxiliary
beacons.

Fig. 31 is a diagram illustrating a state transition
diagram of a wireless communication device operating as a
communication station.

Fig. 32 is a diagram illustrating state transiticn of a
wireless communication device operating as a coﬁmunication
station.

FPig. 33 is a diagram for describing ceollision detection
means in a case wherein beacons of Communication stations
transmitting and receiving data have collided.

Fig. 34 is a diagram for describing collision detection



applied to a communication system of another arrangement 155 wherein
beacons are transmitted from multiple communication stations within
communication range, or to a communication system of another
arrangement wherein each communication station operates in
predetermined tame interval increments, so as to perform signal
processing by periodically setting bands using reservation or
preferentially, for each of the time intervals. [0382] In conclusion, the
present invention has been discloséd i the form of examples, and the
descriptions in the present specification are not to be interpreted
restrictively. The Claims should be referenced to determine the essence

me2BPthe" pleseht InVeHtSH. Brigt15estTiption ST HHEBRfings [03831R1S 1 is
tra Siggram, dlusifating aplacement example of Gomguynication devices

configuring a wireless communication system according to an
enitiadiment ok the prieserninventione .12 isg diagrans sohemtatiealty: on
illustrating the function configuration of a wireless communication device

meeGBerdting 458 BofhTtRICAONSialiGN f a WHFEIBES FRtwEHk BLBordiRG to
tr aﬁ@ﬂ@b&(}j@% 9f the. present inventiqn,Fig..3 is a diggram for des.cri bing

the procedures for
Fig. 36 is a diagram for describing collision detection

means in a case wherein beacons of communication stations
transmitting and receiving data have collided.

Fig. 37 is a_diagram for describing cellision detection
means in a case wherein beacons of communication stations
transmitting and receiving data have collided.

Fig. 38 is a flowchart illustrating communication
procedures including collision aveiding operations in a case
wherein, in addition to the TRTTs of colliding signals\
matching, even the random values thereof have completely
matched.

Fig. 39 is a diagram illustrating an example of
communication operations for performing signal collision
avoidance based on the contents described in the Serial
field éppended to an auxiliary beacon or periodically-
transmitted signals.

Flg. 40 is a diagram illustrating an example of
communication cperations for performing signal collision
avoidance based on the contents described in the Serial

field appended to an auxiliary beacon or periodically-



each of the communication stations to transmit beacons in an
autonomously dispersed network according to the present - 156 -
invention. Fig. 4 is a diagram illustrating a configuration example of
beacon transmission timings which can be placed within a super frame
cycle. Fig. 5 is a diagram illustrating the manner in which a beacon
transmission station is given preferential rights within a super frame cycle.
Fig. 6 is a diagram illustrating the configuration of a super frame cycle.
Fig. 7 is a diagram illustrating an exgmnple of the format of a beacon
frame transmitted in the autonomously dispersed type wireless
communication system according to the present embodiment. Fig., 8 is a
rr Siagram dor deseribing TBTT offset. Fig. 9 is a diagram for describing
procedures for a newly-participating communication station to set TBTTs
Re for 4izedf Bhserken the NBOIs of beacons obtained from beacons
{O§gg_eéived from nearb_y stations. Fig. 10 _is a diagram illustrating th_e way in
which beacons collide due to change in the range of reach of airwaves.

Fig: 44 is.a giagram ustating aniexample ofsTBTT
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changing procedures. Fig. 12 is a diagram illustrating a modification of the
TBTT changing procedures shown in Fig. 11. - 157 Fig. 13 is a flowchart
illustrating device operations executed at each communication station in
order to avoid beacon collision upon beacon collision occurring due to
change in the range of reach of airwaves or the like, by one of the
communication stations of which the beacon has collided changing the
beacon transmission point-in-time (TBTT change). Fig. 14 is a diagram
illustrating the manner in which —cadll&ton of beacons transmitted by the
communication stations is exposed due to power of a new communication
station being turned on. Fig. 15 is a diagram illustrating an example of
TBTT changing procedures in tH&-&vést that collision of beacons being
expozied ,duelto partigignation of 8 new communijcation station. Fig. 16 is a

fowchatt MESHETNG FebIEe So&raTions Y& xslted at Cah Eotfifdrication’
ne Sialian 1, ordertaavoid sheacon.callisionupansheacan collision.eceurring
due to emergence of a newly-participating station, by requesting one of
de ahs idohmunidation’statidns of whidie theabéacory hasacollideéd ¢o change
the beacpn transmission point-jn-time,
pre etermfhed éime intgrvals, with no controlling-
station/controlled-station relations;
wherein collision of beacons transmitted from two or
more communication stations within the network is detected;
and wherein collisions are resolved by changing the

transmission timing of at least one of the beacons, in

response to detection of said collision.

2. The wireless communication system according to Claim 1,
wherein a communication station which changes the beacon
transmission timing thereof in response tc detection of said
collision notifies nearby stations with a keacon describing
a warning to the effect that the beacon transmission timing
is to be changed, performs a scanning operation for at least
a predetermined pericd, discovers a timing which is not
being used for beacon transmission by nearby stations, and

determines this to be a new beacon transmission timing.

3. The wireless communication system according te Claim 1,
wherein a communication station determines to change the

beacon transmission timing of itself in response to



(TBTT change). Fig. 17 is a flowchart illustrating procedures for a
communication station to set a new TBTT within the super frame cycle. -
158 Fig. 18 is a diagram for describing the procedures for searching the
beacons with TBTTs placed within a super frame for those with low order
of preference, and setting TBTTs for the local station. Fig. 19 is a diagram
illustrating the manner in which a communication station eliminates low
order of preference beacons of other stations in a state wherein the super
frame is full of beacons with TBTTs already set, and sets a new TBTT.
Fig. 20 is a diagram illustrating the ' manner in which a communication
station which desires to set a TBTT for a new beacon stops beacon

redi@MSMizsion by remole operations via_neatby stations, and sets TBITS
For itselr. lfig. 31183 (%agraml?llustratlng the ' manner in which a

to coramshicatiomstation whishslesiresrtoiseiat EBTT for a new beacon
stops beacon transmission by remote operations via nearby stations, and
sets TBTTs for itself. Fig. 22 is a diagram schematically illustrating the
gonfiguration of an AVERT field. Fig, 235 4 diagram fordescribing the
operations in a

wherein a communication station determines to change the

beacon transmission timing of itself in response to

reception of a beacon from another station immediately

following transmission of a beacon from itself.

H. The wireless communication system according to Claim 1,
wherein a communication station determines to change the
peacon transmission timing of itself as to another station
in response to reception of a beacon from the other station

close to the timing of transmission of a beacon from itself.

6. The wireless communication system according to Claim 1,
wherein traffic priority is set in beacons transmitted from
each of the communication stations, and notification is made
with beacons describing priocrity-related information;

and wherein, in the event that a beacon collision
occurs, the communication stations refer to the priority of
the beacons of each other, and the originator of a beacon
with low priority changes the beacon transmission timing of

itself.



wireless network based on IEEE 802.11 in the infrastructure mode. Fig.
24 is a diagram for describing the operations in a wireless network based
on IEEE 802.11 in the ad-hoc mode. Fig. 25 is a chart illustrating an
example of access - 159 - operations by RTS/CTS procedures. Fig. 26 is
a diagram illustrating packet intetv AIFS defined in IEEE 802.11. Fig. 27
is a diagram for describing PCF (Point Coordination Function) operations.

Fig., 28 is,a dipgramdlustrating the way:igwhich (referential fransmissien s
is provided to band-ensured traffic by EDCF operations. Fig. 29 is a

ldiagramdandeswibiig-operations forias communicatenr stationta:staft t tad
transmission in each of a TPP section and FAP section. Fig. 30 is a

L gragr&AGustiatinghe PHERTSE 5% Which & (ommbRicatod statiohfication is
in&ree‘}qufetskpreferential usage fﬁgiod by transmitting multiple virtual

"Bescons calf%%aé:uoxrﬁi%ary beatons “Righ31 ¥ 4 dagra ﬁlﬁ&r&ﬁ’r@%@?&ﬁéon"
transitign diagram of 2 wireless, capmunication device aperating a8y + o2 rq
communication station. Fig. 32 is a diagram illustrating state transition of a

nearby statiocns, specifying the number of beacons which one

communication station wants to place within said
predetermined time interval, and the priorities thereof;
and wherein other communication stations which have
received said beacon stop reguest detect beacons, with
priority of or lower than that specified in said
predetermined time interval, of a number eqgual to that

specified, and transmit a beacon stop request to each of the

beacon-originating communication stations.

8. The wireless communication system according to Claim
1, wherein, upon detection of collision of beacons received
from nearby stations, a communication station reguests one
of the communication stations to change the beacon

transmissicn timing theresof.

9. The wireless communication system according to Claim
8, wherein the communication status requests the
communication station of which the beacon reception timing

was later to change the beacon transmission timing thereof.



wireless communication device operating as a communication station.
Fig. 33 is a diagram for describing collision detection means in a case
wherein beacons of communication stations transmitting and receiving
data have collided. Fig. 34 is a diagram for describing collision detection -
160 means in a case wherein beacons of communication stations
transmitting and receiving data have collided. Fig. 35 is a diagram for
describing collision detection means in a case wherein beacons of
communication stations transmitting.and receiving data have collided.
Fig. 36 is a diagram for describing cofllision detection means in a case
wherein beacons of communication stations transmitting and receiving
data have collided. Fig. 37 is a diagram for describing collision detection
means in a case wherein beacons of communication stations transmitting
1and receiMing daia havewxollided ikg. 384s aflowcharbillustradiogng a
communication procedures including collision avoiding operations in a
netedgek Where M adeior  thesFBTTS JFcolidiid Sigialdanateting,

aeSYENNE random v QLureeSl%]\?é%Ofi%%erga%@ letely, matched, fig. 33.is a

diagram 1llustrating an example of communication operations for
preaestarmingsignaheollisieR rvals, with no controlling-—
station/controlled-station relations;

wherein said communication stations each shift the

beacon transmission timing set to itself at said
predetermined time intervals, based on values provided from
a pseudo-random system, and perform notification with said

beacons describing information relating to said pseudo~

random system.

11. A wireless communication system for constructing a
network by communication stations transmitting beacons
describing network-related information te each other at
predetermined time intervals, with no controlling-
staticn/controlled-station relations;

wherein said communication stations each perform
notification with said beacons descriking information
relating to an abnormal status which should be transmitted

tc nearby stations.

12. A wireless ccocmmunication system according to Claim 11,

wherein said communication stations each describe, as a



avoidance based on the contents described in the Serial field appended
to an auxiliary beacon or periodically- transmitted signals. Fig. 40 is a '
diagram illustrating an example of communication operations for
performing signal collision avoidance based on the contents described in
the Serial field appended to an auxiliary beacon or periodically - 161 -
transmitted signals. Reference Numerals [0384) 100 wireless
communication device 101 interface 102 data buffer 103 central control
unit 104 beacon generating unit To&wireless transmission unit 107
timing control unit 109 antenna 110 wireless reception unit 112 beacon
analyzing unit 113 information storage unit - 162 - CLAIMS 1. A wireless
warhifuRication B/stEierbr tonstaetiny sequest relating to

changing of the beacon transmission placement of the local
station, or elimination of a beacon transmitted from ancther

station.

13. A wireless communication system according to Claim 11,
wherein & communication station performs a scanning
operation in response to reception of a beacon from a nearby
station describing information indicating warning of an
abnormal status, and acquires information regarding the

status of the network.

14. A wireless communication system for constructing a
network by communication stations transmitting beacons
describing network-related information to each other at
predetermined time intervals, with no controlling-
station/controlled-station relations;

wherein said communication stations each are capable of
transmitting a regular beacon just once, and also
transmitting cne or more auxiliary beacons made up of
signals similar to said regular beacon, at said
predetermined time intervals;

and wherein traffic priority is set in each of the
beacens, and notification is made with said beacons

describing priority-related information.



network by communication stations transmitting beacons describing
network-related information to each other at predetermined time intervals,
with no controlling- station/controlled-station relations; wherein collision of
beacons transmitted from two or more communication stations within the
network is detected; and wherein collisions are resolved by changing the
transmission timing of at least one of the beacons, in response to
detection of said collision. 2. The wireless communication system
according to Claim 1, wherein a communication station which changes
the beacon transmission timing thereof in response to detection of said
collision notifies nearby stations with a beacon describing a warning to
the effect that the beacon transmission timing is to be changed, performs
a scanning operation for at least a predetermined period, discovers a
titningavhichds aiot beinguused:foi beasgpdansmissionibyneart aim 14,
stations, and determines this to be a new beacon transmission timing. 3.
whemRlfirgfess COMmtinicatior 8y steat Aebsrdtdgfo EREHL IS viherein a

pr&OOVIKDIcAtion.siation determipes to.change the, beacon transmission

_ Vin

timing of itself in response to - 163 reception of a beacon from another
t r Statidn tamedhatehe priak 1o tensmission efua beaser froxadself. 4. The

wireless communication system according to Claim 1,

i6. B wireless communication system according to Claim 14,
wherein the number of auxiliary beacons transmitted at said
predetermined time interval, and information uniquely
identifying each auxiliary beacon within said predetermined
time interval, is described in a beacon and notification is

made.

17. A wireless communication system according to Claim 14,
wherein the communication stations each.describe, in beacons,
neighboring device information relating to the local station
beacon transmission timing and the transmission timing of
beacons which are receivable, and make notificaticn thereof;

and wherein, at the time of newly éetting beacon
transmission timing, reception beacons with lower priority
than that set to said beacon are searched out and eliminated

from said neighbcoring device informaticn.

18. A wireless communication device for operating under a

communication environment constructed by communication



wherein a communication station determines to change the beacon
transmission timing of itself in response to reception of a beacon from
another station immediately following transmission of a beacon from
itself. 5. The wireless communication system according to Claim 1,
wherein a communication station determines to change the beacon
transmission timing of itself as to another station in response to reception
of a beacon from the other station close to the timing of transmission of a
beacon from itself. 6. The wirelessté8mmunication system according to
Claim 1, wherein traffic priority is set in beacons transmitted from each of
the communication stations, and notification is made with beacons

s taddsetibirigr prisily-Felate PRAGIPRG G it Rl geine iviekeventahata

s 38600 gliON gcguis, i commynication.stations tefer to the priarlty of
the beacons of each o&er, and the originator 6f 8 beacon With 1ow pridrity

wi tehangessierdeacon;ransmission smng 0fe iselt k64 . Jheawireless
‘communication system according to Claim 1, wherein traffic priority is set
salp eACorR traRSHrfed drom each of the communication stations, and
notification.is_made with beafcons describjn% riori%gelated information;
ounnlca lon means Icr tfaqsmlt $%% EECEI¥%%§ .
ana wherein a beacon stop request IS transmitted toward nearby stations,
wirspegifying the number of beacons which one
beacon signal generating means for generating beacon
signals describing information relating to the local
station;
beacon signal analyzing means for analyzing beacon
signals received from nearby stations by said communication
means;
timing control means for contrelling the beacon
transmission timing with said communication means; and

collisicn avoiding means for avoiding beacon ccllisions

occurring with other staticns.

19. The wireless communication device according to Claim
18, wherein said ccillision avelding means determine to
change the beacon transmission timing of the local station
in response to recepticon of a beacon from ancther station
immediately prior to transmission of a beacon from the local

station.

20. The wireless communication device according to Claim



communication station wants to place within said predetermined time
interval, and the priorities thereof; and wherein other communication
stations which have received said beacon stop request detect beacons,
with priority of or lower than that specified in said predetermined time
interval, of a number equal to th? _éspecified, and transmit a beacon stop
request to each of the beacon-originating communication stations. 8. The

14vireless-communieatiom system-aceording fo.Claimy 1, whesin,upon. .

detection of collision of beacons received from nearby stations, a
clcomyaunication stattontreguestsoniesnf thendemmunicatien Btaiinsdoat ion
~ change the beacon transmission timing thereof. 9. The wireless '

1 ohfRbAicafiofR By SRATRECSTRINY o Clamm B wHerelh theconrshugicatiénn
. Statys request t? communication station of which the beacop reception
s regyests e op receptio

“iting “wasYater' to change the Beaton tPansniission timing theréot. -

140; A wirgless, communication system for constructing a network by
communication stations transmitting beacons describing network-related
information to each other at predetermined time intervals, with no
controlling- station/controlled-station relations; wherein said
coOmmMUuAation Stkiops caehshifi thst beacels taRsSmissivrrtihing set t6laim
%tself at said . . , .

18, wherein, at the time of changing the beacon transmission

Timing of the local station, said beacon signal generating

means describes, in a beacon, a warning to the effect that

the beacon transmission timing is to be changed;
and said timing control means discover a timing unused
by nearby stations for beacon transmission by performing a

scanning operation for at least a predetermined periocd, and

determine this to be the new beacon transmission timing.

22. A wireless communication device according to Claim
18, wherein said collision avoiding means perform a scanning
operation to detect beacons from other stations in response
to reception of a beacon from a nearby staticn describing
information indicating warning of an abnormal status, or in
response to not being able to detect a beacon from sald
other gtation cover sald predetermined time interval, and
acquire information described in beacons transmitted from

nearby stations.



predetermined time intervals, based on values provided from a
pseudo-random system, and perform notification with said beacons
describing information relating to said pseudo- random system. 11. A
wireless communication system for constructing a network by
communication stations transmit%tji beacons describing network-related
information to each other at pre dermined time intervals, with no
contrp¥ing: gigiopcontiolied-siaianelallonsyWheleln. 8- coraing to
communication stations each perform notification with sai ‘beacons
cideseribing infosmaitian srelatingddlansaknrormad status, which-should bemi ne s
transmitted to nearby stations. 12. A wireless communication system
tacebrding t¢ ChaikeLowheka@in saidscommunication stationseedohca L
describe, as a - 166 warning of an abnormal status, a request relating to

s tc‘?ﬁhﬁfhg“&f the HeaLsf tr‘é?]sﬁﬁ%?é’rjf pliefient o]F’ﬁ?e_cIBEalf ek q‘ﬁ?SF her
s t%'@ B?lt'?ﬁ 8%% b@ 8‘3‘%@133‘&%&%%? féq{g%@?ﬁhgtgyg B %%‘ % V%%eéecsos n from

communication system accordingto Claim 11, wherein a communication

tistation-perfenms-a sganning operation in response to reception of a
beacon from a nearby station describing information indicating warning of
an abnormal status, and acquires information regarding the

24. The wireless communication device according to Claim
18, wherein said beacon signal generating means deécribe
traffic priority set for a beacon in said beacon;

and wherein said collision avoiding means perform
collision aveiding cperations according to comparison
results with the pricrity of a beacon with which collision

has occurred.



status of the network. 14. A wireless communication system for
constructing a network by communication stations transmitting beacons
describing network-related information to each other at predetermined
time intervals, with no controlling- station/controlled-station relations;
wherein said communication stations each are capable of transmitting a
regular beacon just once, and afsb* transmitting one or more auxiliary
beacons made up of signals similar to said regular beacon, at said
predetermined time intervals; and wherein traffic priority is set in each of
the beacons, and notification is made with said beacons describing
“priority-related information. - 167 15. A wireless communication system
aééordiriyte Glairm 14s swherinsaid communicaticrestations @aok atquité aim
a preferential usage period for traffic, due to_having transmitted the

L eqlifa? beabon ahd dtiiliahy Béadons? 16°AWir1ess Eorihumictoren 11
wiEYGIEm ac %rgg}%dﬁoeg'?%%_n“i"g%re%thcen%”@?%%%fta%'éa{y QES_C%SFCOR

transmitted at said predetermined time interval, and information uniquely
 ddensifyingeach-auxiliagy beagen mithinosaid predeteuwnined stimedatervals on
is described in a beacon and notification is made.
avoiding means do not change the beacon transmission timing

of the local staticn.

26. The wireless communication device according to Claim
18, wherein, in the event of a collision with a besacon of
aﬂother station before a predetermined period has elapsed
after setting the beacon transmission timing of the local
staticn, said collision aveiding means do not change tThe

beaccen transmission timing of the local station.

27. The wireless communication device according to Claim
18, wherein, in response to detection of collision of
beacons received from nearby stations, éaid éollision
avoiding means requests one of the communication stations to

change the beacon transmission timing thereof.

28. The wireless communication device according to Claim
18, wherein said timing contrcl means shift the beacon

ctransmission timing set to the local staticn at said



17. A wireless communication system according to Claim 14, wherein the
communication stations each describe, in beacons, neighboring device
-information relating to the local station beacon transmission timing and
the transmission timing of beacons which are receivable, and make
notification thereof; and wherein, at t eﬂme of newly setting beacon
transmission timing, reception beacons with lower priority than that set to

psaigheacpn-are searened,eut.and eliminated; from, saidneighioring

device information. 18. A wireless communication device for operating
t nadera secoramurication estviroaentcenstructediby commupieation- 168 dom
stations transmitting beacons describing network-related information to
SgacR®ther at predetermined time intervals, with no
controlIing-station/controjIgtd-station relations, said device comprising:

commitiic&tibH feans 107 rg)ﬁsarﬁﬁhgsét%qfaejceﬂﬁﬁ’ge%@é@s Bseps perform
nde2%aN.signah ognerating means fop generaling Beacan ;91gAAI8 « 5 on

describing information relating to the local station; beacon signa

rabalyzing rneans for anadyzing beackin signats:received from nearby
stations by said communication means; timing control means for
controlling the beacon

29. The wireless communication device according to
Claim 24, wherein, in the event that the priocrity of the
beacon of the local station is low, said collision avoiding
means determine changing of the beacon transmission timing

of the local station.

30. The wireless communication device according to
Claim 24, wherein, in the event that the priority of the
beacon of the other station with which a collision has
occurred is low, said collision avoiding means reguest
changing of the beacon transmission timing te said other

station.

31. The wireless communication device according to
Claim 18, wherein said beacon signal genesrating means
describe, in the beacons, the priority of the traffic set in
the beacons;

and wherein said collisicon avoiding means transmits a
beacon stop regquest toward nearby stations, specifying the

number of beacons which saild collision avoiding means wants



transmission timing with said communication means; and collision
avoiding means for avoiding beacon collisions occurring with other
stations. 19. The wireless communication device according to Claim 18,
wherein said collision avoiding means determine to change the beacon
transmission timing of the local station in response to reception of a
beacon from another station imm af’ately prior to transmission of a
cbegean fram e local siation. 30. Theifeless Gommypicplign deyigg ¢,
according to Claim 169 18, wherein said collision avoiding means
pfetermine o wohange the beacon transmission timing of the local station
in response to reception of a beacon from another station immediately
following transmission of a beacon from the local station. 21. The wireless
communication device according to Claim 18, wherein, at the time of

changingtfie hebRoff HanSATTESB dmtingdf 5’ fotal StafioR sdld bedchr ™
3 S9N 0gneTating. eans desedbes, 0.2 heagon.ayaming o e effegt

Groa scanni
that the beacon transmission timing Is to hanged; an salatlmlng png

csentelBeans discoyena dming vaused y-nearby stationsfosheaconquest
transmission by performing a scanning operation for at least a

f predetemined periodiand detdrmipgithisae benthemew beacaescribed in

transmission timin.gc. .
beacons transmitted from nearby stations.

33. The wireless communication device according to
Claim 31, wherein, in response to reception of a beacon
stop request from another station, said collision avoiding
means detect beacons with priority of or lower than that
specified in said predetermined time interval, of a number
equal to that specified, and transmit a beacon stop request

to each of the beacon~originating communication stations.



22. A wireless communication device according to Claim 18, wherein said
collision avoiding means perform a scanning operation to detect beacons
from other stations in response to reception of a beacon from a nearby
station describing information indicating warning of an abnormal status, or
in response to not being able to_detect a beacon from said other station
over said predetermined time inlje?\;sal, and acquire information described
in beacons transmitted from nearby stations. 170 23. The wireless
communication device according to Claim 18, wherein said collision
avoiding means determines to change the beacon transmission timing of
the local station in response to reception of a beacon from another

station dlose toitheltimimgofitransivissiopnf ddeacen frone tiédgecdlo Claim
station. 24. The wireless communication device according to Claim 18,

Livher8insaid b8acoh SimaPgererding nAsiRTdesthBe TrafiE priofifyPsdt

nd rj?f.—?%%%‘%]ri‘;{r? 3AId peacon; %%dayzv@%%e'%ég'éjr%ogksﬁggz QVoIdiNg,MEANS ) 51 5 ng
pertorm collision avoiding operations accordlng to comparison re Its

+ With-thepriority: of a peacan withawhigh sallision=has geeried ey k @5nearby
The wireless communication device according to Claim
stations.

35, The wireless communication device according to Claim
34, wherein sald beacon signal generating means describe, as
a warning of an abnormal status, a reguest relating to
changing of the beacon transmissicon placement of the local
station, or eliminaticn of a beacon transmitted from another

station.

36. The wireless communication device according to Claim
35, wherein sald collision avoiding means perform a scanning
operation in response to reception of a beacon from a nearby
station describing information indicating warning of an
abnormal status, and acquires information regarding the

status of the network.



18, wherein, in the event of a collision with a beacon in which is described
a warning to the effect that the beacon transmission timing is going to be
changed, said collision avoiding means do not change the beacon
transmission timing of the local station. 26. The wireless communication
device according to Claim 18, wherein, in the event of a collision with a
beacon of another station before a predetermined period has elapsed
after setting the beacon transmission timing of the local station, said
collision avoiding means do notchange-the beacon transmission timing of
the local station. 27. The wireless communication device according to
Claim 18, wherein, in response to detection of collision of beacons
received from nearby stations, said collision avoiding means requests
one of the communication stations to change the beacon transmission

Timingtherebt” 28°The WifEIRsS ohMtintatich dévics BEEBRIiIng t6 Cai
1g 18, wherein g@dﬁt@mge@qg'?msapé;%h;Qséggn frapsmission _

timing set to the local station af said 172 predetermined time intervals,
al sandperform theaoprotransmission, based tivyalbes pravidedfromm of -
. pseudo-random system; and wherein said beacon signal generating
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predetermined time intervals;
wherein said beacon signal genesrating means set traffic
pricrity in each of the beacons, and make notification with

said beacons describing priority-~related information.

38. The wireless communication device according to Claim
37, further comprising preferential communication means for
acquiring a preferential usage period for traffic, due to

having transmitted the regular beacon and auxiliary beacons.

3%. The wireless communication device according to Claim
37, wherein said beacon signal generating means describe, in
a beacon, the number of auxiliary beacons transmitted at
sald predetermined time interval, and information uniguely
identifying each auxiliary beacon within said predetermined

time interval, whereby notification is made.

40. The wireless communication device according to Claim
37, wherein said beacon generating means describe, in

beacoens, neighboring device information relating to beacon



relating to said pseudo-random system. 29. The wireless communication
device according to Claim 24, wherein, in the event that the priority of the
beacon of the local station is low, said collision avoiding means determine
changing of the beacon transmission timing of the local station. 30. The
wireless communication device according to Claim 24, wherein, in the
event that the priority of the beacon of the other station with which a
collision has occurred is low, said collision avoiding means request
changing of the beacon transmissidrY fiming to said other station. 31. The
wireless communication device according to Claim 18, wherein said
beacon signal generating means describe, in the beacons, the priority of
triestrafiitiset i ihérseacoris: antbwhéreit shidcolisibntawoiding means
R DRl o1 Beacoh e ek S lIBIGH AUdig meAN A7 2K o
maRlaGeowithinsaid predetermined time interval, and the priorities thereof.
32. The wireless communication device according to Claim 31, wherein

saides|ligfrravdidingmeanstperforaf arseahnirte operatibr #¢ response

to reception of a beacon stog request
transmission timing, said timing control mean search out

receptiecn beacons with lower priority than that set to said
beacon, and eliminate from said neighboring device

information.

41. A wireless communication methed for performing
wireless communication operations under a communication
environment constructed by communication stations
transmitting beacons describing network-related information
to each other at predetermined time intervals, with no
controlliing~station/controlled~station relaticns, said
methed comprising:

a beacon signal generating step for generating beacon
signals describing information relating to a local stationy

a beacon signal analyzing step for analyzing beacon
signals received from nearby stations;

a timing contrcl step for controlling the bheacon
transmission timing; and

a collision avoiding step for avoeiding beacon

collisicns ocgurring with other stations.



fo

from another station, and acquires information described in beacons
transmitted from nearby stations. 33. The wireless communication device
according to Claim 31, wherein, in response to reception of a beacon
stop request from another station, said collision avoiding means detect
beacons with priority of or lower than that specified in said predetermined
time interval, of a number equal to that specified, and transmit a beacon
stop request to each of the beacon-originating communication stations.
173 34. The wireless communicatiotédevice according to Claim 18,
wherein said beacon signal generating means perform notification with
said beacons describing a warning relating to an abnormal status which
Should: bectransiaifteeitodicarbyeswrionsd 351 The wirsless conarndaitation
rdn(ieav{i:c% gcggrdégg ;[:g{ gcl:%i@e 34{5 I\)Ngergén saiéj beaconcsilgnal generati,n{%g%
means describé, as a warfing of an a%%%rr%‘al Sthtus. o rg’qu%csetsrglé mg to

forchangingef the heacor ransaissinnlacement of the; loeal statienjor

elimination of a beacon transmitted from another station. 36. The wireless
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infofridfition to each other at predetermined time intervals,

with no controlling-station/controlled-station relations,

said program comprising:

a kbeacon signal generating step for generating besacon

signals describing information relating to a local station;

a beacon signal analyzing step for anaslyzing beacon

signals received from nearby stations;

a timing control step for controlling the beacon

transmission timing; and

a collision avociding step for avoiding beacon

collisions occurring with other stations.

43. A wireless communication system for constructing a

network by communication stations performing periodic

communication operations at each predetermined time interval,

with no controlling-station/controlled-station relations;

wherein, in the event of performing periodic signal

transmission/reception at each said predetermined time

interval, a communication station attempts receptiocn of

transmission signals from other stations at least at one of



abnormal status, and acquires information regarding the status of the
network. - 174 37. The wireless communication device according to Claim
18, capable of transmitting a regular beacon just once, and also
transmitting one or more auxiliary beacons made up of signals similar to
said regular beacon, at said predetermined time intervals; wherein said
beacon signal generating means set traffic priority in each of the
beacons, and make notification with said beacons describing
priority-related information. 38. The Mikeless communication device
according to Claim 37, further comprising preferential communication
means for acquiring a preferential usage period for traffic, due to having

prransniitied 2he reguiardieacovand auxidiasybeaconsr 39:Phe wireless

£ S0 munication device according to Claim 37, wherein said beacon signal

Yenerafity RfeshS 8B4RABE, it & Beacor: 1B TRMBEY SEEGRIHY beaoris
rdransmaitted,at. said-predetsrmined- ime dnterval, and infarmation unigyely

identifying each auxiliary beacon within said predetermined time interval,
payheréby notificationrisneades40nThe wirsléss candmunioation delvice

,accoiding to Claim 37, wherein said beacon generating means describe,
347 BaicSits, HelGhbHAG d&tice information relating to beacon - 175

44. The wireless communication system according to Claim
43, wherein a communication station detects collision of
periodic signal transmission/reception by receiving
transmission signals of other stations at a timing close to
the periodic signal transmission/reception timing of the

local staticen.

45. The wireless communication system according to Claim
43, wherein a communication station detects collision of
periodic signal transmission/reception by receiving the
periodic transmission signals of other stations at a timing
close to the transmission/reception timing of local station.

46. The wireless communication system according to Cléim
43, wherein a communication station performs a scanning
process for at least a predetermined period in response ;o
detection cof collision of said pericdic signal

transmission/reception, thereby attempting confirmation of

the state of cyclic signal transmission of other stations.



transmission timing of the local station and the transmission timing of
beacons which are receivable, and make notification thereof; and
wherein, at the time of newly setting beacon transmission timing, said
timing control mean search out reception beacons with lower priority than
that set to said beacon, and eIimLp te from said neighboring device
information. 41. A wireless comr_hu ication method for performing

wiggjess epmmunicafion operations; under g.can E‘E‘Qt?aé@@o%gl‘%o ment
constructed by communication stations transmitting beacons describing

CInetworarelated informatienrie. eachothematqredeterminedrtine dntervalse
with no controlling-station/controlled-station relations, said method

s Jgoprising: scbeacohidighalgenieratingestepddrcgeniarating beacon
signals describing information relating to a local station; a beacon signal

LGRSy e TOF SRRIVEING teacoh Stnats FeckRid fidm ndiiby OcCur by
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timing; and a collision avoiding step for avoiding beacon ¢ ons
pHECUHING With otherstationsi s 476nd2 A epmpyter praaram deseipecking new
a computer-readable
periodic signal transmission/reception timing to the time
slot in which collision with periodic signal

transmission/reception of other stations will not occur.

48. The wireless communication system according to Claim
43, wherein, at the time of performing a scanning operatiocn
for obtaining information relating to a network, a
communication staticn extracts a time slot in which
information necessary for obtaining said information is
transmitted, and attempts signal recepticn in said extracted

time slot.

49. The wireless communication system according to Claim
43, wherein, at the time of acquiring one or more periodic
signal transmission/reception sections, a communication
station monitors the signal reception state in periodic
signal transmission/reception sections, and releases
periodic signal transmission/reception sections regarding
which marked detericration in the signal reception state has

been detected.



format so as to execute, on a computer system, processing for
performing wireless communication operations under a communication
environment constructed by communication stations transmitting beacons
describing network-related information to each other at predetermined
time intervals, with no controlling-station/controlled-station relations, said
program comprising: a beacon s Tal generating step for generating

beggon sﬂa@a@9@@%@@@9&%&%@3&&%@%@%@&g}{eaéé@ggaggg Lo

beacon signal analyzing step for analyzing beacon signals received from
Cheatby stationsratifming eentralstepfor canteling dhe beaedins signal
transmission timing; and a collision avoiding step for avoiding beacon
t peilisiohssoceul ey ith otheostatichso 4 3a Adrifsless° comthuriicatiomvo Lving
tem f ting a network by communication stations performin
< ,s%s er11C or construc I[]%F % , g
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pAith 0o, gontralling:station/ %W@HSS}%@E’@}JQ@%}‘?Q@&WQSEH“’iiQ the

event of performing periodic signal transmission/reteption at each said

s predeterined-time pintervali 8 communication station attempts. Legention
of transmission signals from other stations at least at one of - 177 prior to
s esaid-pardodié siyral transmissionfreception and

51. The wireless communication system according te Claim
43, wherein a communication station attempts reception of a
transmission signal from another station prior to periodic
signal transmission/reception, and in response to detection
cf collision between said pericdic signal
transmission/reception and the signal transmission of the
cther station, delays its own signal transmission timing, so

as to avoid ceollision with the signals of the other station.

52. The wireless communication system according to Claim
51, wherein a communication station transmits signals with
description to the effect that the periodic signal

transmission timing has been changed to avoid collision.

53. The wireless communication system according to Claim
46, wherein the other station with which collision has
occurred receives signals with description to the effect

that the periodic signal transmission timing has been



following said periodic signal transmission/reception, so as to detect
whether or not there is collision between said periodic signal
transmission/reception and transmission signals of other stations. 44. The
wireless communication system according to Claim 43, wherein a
communication station detects collision of periodic signal
transmission/reception by receiving transmission signals of other stations
at a timing close to the periodic signal transmission/reception timing of
the local station. 45. The wireless communication system according to
Claim 43, wherein a communication $tagion detects collision of periodic
signal transmission/reception by receiving the periodic transmission
HGiels Bf bthet Statibraat bitiming closd té fieransmissiohireeaptiorsh the
timian,lof local statiorﬂT. 46. The wireless communication system according

|
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collision of said periodic signal transmission/reception, thereby attempting
confirmation of the state of cyclic signal transmission of other stations.

178 47. The wireless communication system according to Claim 43,

whereinld eoriigrieatior-Sralion exBacts ™ tirke tsint inawsich toflision Claim
with %eriodic signal , ‘ ,

43, wherein the communication stations each extract the
pericdic signal transmission/reception point-in-time of each
other, by notification with beacons with description of the

schedule of signals to be periodically transmitted/received.

55. The wireless communication system according te Claim
54, wherein a communicaticn station detects collision in a
pericdic signal transmissicn/reception section based on
inforgation described in a beacon received from a nearby
sﬁation, and changes the colliding signal

transmission/reception timing.

56. The wireless communication system according to Claim
54, wherein a communicatiocn staticn has a preferential order
set for signals periodically transmitted/received, and
wherein, upon detecting collision of signals periodically
transmitted/received by itself with signals periodically
transmitted/received by other stations, said communication
station changes the timing of the periodically

transmitted/received signals with lower preferential order.



transmission/reception of other stations will not occur by performing a
scanning operation prior to newly generating periodic signal
transmission/reception, and setting said new periodic signal
transmission/reception timing to the time slot in which collision with
periodic signal transmission/reception of other stations will not occur. 48.
The wireless communication system according to Claim 43, wherein, at
the time of performing a scanning opgegation for obtaining information
relating to a network, a communication station extracts a time slot in
vifiich infarmation necessatyrfon obtaining saiddintarmation isl fransmitteda im
and attempts signal reception in said extracted time slot. 49. The wireless
> forimBBR-aton SYSteh gcEsréiny to Clhiied 3, witarai: aptheltiwe gihe
acquiring one or. moreﬁeeriodic signal transrgifsion/,rgception sections, a
r

e municAtSA-StEtGh iShitors the SigRS réetfort statE R Perftic °2
st3lgnal fransmission/reception sections, and releases perodig signaf ;

transmission/reception sections regarding which marked deterioration in
+ the signat eereption state has been detected. 179 50. The wireless
communication system according to Claim 43, wherein a communication
station performs signal transmission/reception based on access
pr%cedure%involvinq , . ,

8. The wireless communication system according to
Claim 57, wherein, upon receiving signals periodically
transmitted/received by other staticons, a communication
station extracts the beacon transmission point-in-time of
the transmitting staticn of said signal, based on the
relative point-in-time information from the beacon
transmission peint-in-time described in said signals

periodically transmitted/received, and stops transmission of

other signals performed at said point-in-time.

59. The wireless communication system according to Claim
43, wherein a communication station describes, in a part of
signals periocdically transmitted/received, informaticn to
the effect that said signals are beihg periodically

scheduled and transmitted.

60. The wireless communication system according to Claim
59, wherein a communication station describes, in a part of
the signals pericdically transmitted/received, information

indicating the preferential order of said signals.



signal detection for a predetermined time on a transport path and standby
for a random back-off period, in a time slot other than periodic signal
transmission/reception sections of nearby stations. 51. The wireless
communication system according to Claim 43, wherein a communication
station attempts reception of a transmission signal from another station
prior to periodic signal transmiss’i%%/reception, and in response to
detection of collision between said periodic signal transmission/reception
and the signal transmission of the other station, delays its own signal
transmission timing, so as to avoid collision with the signals of the other
station. 52. The wireless communication system according to Claim 51,

© Wher&inea sommiuskcatiorrstaticr ransmits gignals with odesoription ta theim
effect that the periodic signal transmission timing has been changed to
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o HapsMmission timing. bas been 80 changedto-avoid colisionsand detects.
collision with the periodic signals which were to be transmitted following

s rams issiem by the fowal stationt54rithe wireless communication system
according to Claim

62. The wireless communication system according to Claim
43, wherein a communication station attaches a random offset

to the transmission point-~in-time for the periodic signal

transmission/reception.

©3. The wireless communication system according to Claim
62, wherein a communication station describes information
relating to the random offset of the transmission point-in~
time in part of the signals periodically

cransmitted/received.



43, wherein the communication stations each extract the periodic signal
transmission/reception point-in-time of each other, by notification with
beacons with description of the schedule of signals to be periodically
transmitted/received. 55. The wireless communication system according
to Claim 54, wherein a communication station detects collision in a
periodic signal transmission/receptiolnagt?ction based on information
described in a beacon received from a nearby station, and changes the
colliding signal transmission/reception timing. 56. The wireless
communication system according to Claim 54, wherein a communication
station has a preferential order set for signals periodically
tradsmitfedireceivedsandmwhereirs tupon detectrty dollisiomotEsignalsing a
periodically transmitted/received by itself with signals periodically
transmitted/received by other stations, said communication station
changes the timing of the periodically transmitted/received signals with
lower preferential order. 181 57. The wireless communication system
according to Claim 54, wherein relative point-in-time information from the
beacon transmission point-in-time of said communication station is
described in a part of signals periodically transmitted/received. 58. The
wireless communication system according to



Claim 57, wherein, upon receiving signals periodically
transmitted/received by other stations, a communication station extracts
the beacon transmission point-in-time of the transmitting station of said
signal, based on the relative point-in-time information from the beacon
transmission point-in-time described in said signals periodically
transmitted/received, and stops transmission of other signals performed
at said point-in-time. 59. The wireless communication system according to
Claim 43, wherein a communicatiohfstation describes, in a part of signals
periodically transmitted/received, information to the effect that said
signals are being periodically scheduled and transmitted. 60. The

ne RIS oo MATHIEARGT §5teft 8E&GHinG T6 Tt B9 dvkergeas
deSeMMUnicatian station deseribes; i a part of the signals ,%eﬂu%de%'%y

transmitted/received, information indicating the preferential order of said
prsigpats B 61 e wiretessacommenication systeabacgerging to Claim
t691 wherein a communication station changes the periodic signal
Sty anRRSSBRARLERHa tRTihG Wit IATerPidrity order, in response to
detggtion. of collisian of @%@9&'0O%QQQL%QMSPS!g@/ﬁ%%%égons-fg%a@e
wireless communication system according to Claim 43, wherein‘a
tr gommenicationestation attaches adtandoid offsetictermined time
interval, a communication station describes relative point-
in-time information from the beacon transmission peint-in-
time of said communication station, in a part of signals
periodically transmitted/received, and collision between
beaccons of nearby stations and signals transmitted from
other stations is detected based on relative point-in-time

information described in signals received from nearby

statiocns.

€5. The wireless communication system according to Claim
64, wherein a communication staticn extracts the
transmission point-in-time of beacons of nearby stations,
based on relative polint~in-time information described in the
signals received from said nearby staticns, and detects
collision with beacons of said nearby stations in the event
that a signal has been transmitted from the local station at

the same peint-in-time.

6. The wireless communication system according to Claim



to the transmission point-in-time for the periodic signal
transmission/reception. 63. The wireless communication system according
to Claim 62, wherein a communication station describes information
relating to the random offset of the transmission point-in- time in part of
the signals periodically transmitted/received. 182a 64. A wireless
communication system for constructing a - 183 network by
communication stations transmitting beacons describing network-related
information to each other at predetermired time intervals, with no
controlling- station/controlled-station relations; wherein, in the event of
performing periodic signal transmission/reception at each said

64 pretleternimed tiremimtereal L arcommunhication istatias deseribes relative
point- in-time information from the beacon transmission point-in- time of
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and signals transmitted from other stations is detected based on relative
s 1 poiitsinatime Livdorniation gesdribee rbgignats:reveived fromiaearnys

stations. 65, The wireless communication system according to Claim
collision with beacons of said nearby stations in the event
that signals cannot be received from ths other station at

the same point-in-time,

67. The wireless communication system according to (laim
64, wherelin a communication station avoids collision in

response to detection of collision of signals.

68. The wireless communication system according to Claim
67, wherein a communication station avoids collision by
stopping transmission of other signals.performed at the
beacon signal transmission point-in-time that has been

extracted.

69. A wireless communication device for performing
communication operations at each predetermined time interval
under a communicaticn envircnment with no controlling-
station/controlled-station relaticns, said device
comprising:

communication means for transmitting and receiving

wireless data;



64, wherein a communication station extracts the transmission
point-in-time of beacons of nearby stations, based on relative
point-in-time information described in the signals received from said
nearby stations, and detects collision with beacons of said nearby
stations in the event that a signal has been transmitted from the local
station at the same point-in-time. 66. The wireless communication system
according to Claim - 184 64, wherein a communication station extracts
the transmission point-in-time of-béa&cons of nearby stations, based on
relative point-in-time information described in the signals received from
said nearby stations, and detects collision with beacons of said nearby
statonsrinrthezavemt that sigrialsieansottioe recetved from theotherl of
station at the same point-in-time. 67. The wireless communication system

S14Barditg to Blim B V&R 8 bomRmtACRBA stafibn $tbids collision
colifSPQRSe 0 fdetaetion of callision of signajs. 68, The WIreless  caption

communication system according to Claim 67, wherein a communication
s 1gtation aveids zolisicreby rstopping tramsmisisiors ofotier signals
performed at the beacon signal transmission point-in-time that has been
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time interwval; and

cellision detecting means for attempiing reception of
transmission signals from other stations at least at one of
prior to said periodic signal transmission/reception and
following said periodic signal transmission/reception, so as
to detect whether or not there is collision between said
pericdic signal transmission/reception and transmission

signals of other stations.

70. The wireless communication device according to Claim
69, wherein said collision detecting means detect collision
cf pericdic signal transmission/reception by receiving
transmission signals of other stations at a timing close to
the periodic signal transmission/reception timing of the

local station.

71. The wireless communication device according to Claim
69, wherein said collision detecting means collision of
periodic signal transmissicon/reception by receiving the

pericdic signal transmission signals of other stations at a



communication operations at each predetermined time interval under a
communication environment with no controlling- station/controlled-station
relations, said device comprising: communication means for transmitting
and receiving wireless data; - 185 communication control means for
performing control of signal transmission/reception operations with said
communication means and progeé%ing of transmission/reception signals,

« ahd-ase £ontrolling perodic.sianal, tansmissionfeception gperations at - -
said each predetermined time interval; and colliSion detecting means for

stadtemapting reception of transmission signals from other stations at least at
one of prior to said periodic signal transmission/reception and following
said periodic signal transmission/reception, so as to detect whether or not
there is collision between said periodic signal transmission/reception and

tramsmisSion "sigials oF ot eI EtEHSIR 707 THE Wifde &SCSMMtMatidN- 1210
sgievispaseording g Slaim, £9, whalesali colision dejeating means

detect collision” of periodicsignal transfission/reception by receiving

pdransmissian sighadsof other stations at aAinaing tiosedoatherperiadieni ned
signal transmission/reception timing of the

period in response to detection cof collision of said

periodic signal transmission/reception, thereby attempting

confirmation of the state of cyclic signal transmission cof

other stations.

73. The wireless communication device according to Claim
6%, further comprising scanning operation means for
performing a scanning operation prior to newly generating
periodic signal transmission/reception;

wherein said communication contrcl means set a new
periodic signal transmission/reception timing to a time slot
in which collision with periodic signal
transmission/reception of other stations, extracted by the

scanning operation, will not occur.

74. The wireless communication device according to Claim
69, further comprising scanning operation means for
extracting a time slot in which information necessary for
obtaining said information 1s transmitted, and attempting

signal reception in said extractsd time slot.



local station. 71. The wireless communication device according to Claim
69, wherein said collision detecting means collision of periodic signal
transmission/reception by receiving the periodic signal transmission
signals of other stations at a 186 timing close to the
transmission/reception timing of;lggal station. 72. The wireless
communication device according to Claim 69, further comprising

scapningoeReration: meansder-perforRing-a searning precessdon at least

a predetermined period in response to detection of collision of said
ClpenodfcCsignaktransmission/reception, thereby attenipting  teafirmationfofrm

the state of cyclic signal transmission of other stations. 73. The wireless

S @fmuhicalioR tevice dceoTanG 10'CIART 89, RittHRF CofiiprishiyFedu=es
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newly generatmg periodic signal transmis reception; wherein sal

t XCompyRicatian coptal eansset akhews peHadisSianatk-off period, in
transmission/reception timing to a time slot in which collision with periodic

a dignal trArmsmissioafrecbptiomwof othel statibps,zéxtracted by the scanning

operation, will not occur. 74. The wireless communication device
t%ﬁ%@ﬁﬂﬁ&ﬁ?@ﬁ%ﬁpeptlon'SeCtlonS of nearby stations.

76. The wireless communication device according to Claim
6%, further comprising collision avoiding means which, in
response to said collision detecting means attempting
reception of a transmission signal from another station
prior to periodic signal transmission/reception and
detecting of collision between said periodic signal
transmission/reception and the signal transmission of the
other station, delay the signal transmission timing of the
local station, so as to avold collision with the signals of

the other station.

77. The wireless communication device according to Claim
76, wherein said communicatiocon control means transmit

signals with description to the effect that the periodic



69, further comprising scanning operation means for extracting a time slot
in which information necessary for obtaining said information is
transmitted, and attempting signal reception in said extracted time slot.
186a 75. The wireless communication device according to Claim 69,
wherein said communication control means perform signal '
transmission/reception based onlégcess procedures involving signal

s dgtedtion.for, a predetermingg.time on a peﬁgggﬁcngét%%bydfor a

random back-off period, in a time slot other than p signal
cdranspiigsion/reception sections of nearby stations. 76. The wireless
communication device according to Claim 69, further comprising collision
avoiding means which, in response to said collision detecting means
attempting reception of a transmission signal from another station prior to

 pEFiodic Lignai tsTiSsioRTPECEptoh Erd” defetting GFconisibi Beteentaim
7-$aid;periadic signal, transmissign/racention. msa%%n%'éaa#fwﬁiss?@nr?&s
i i i i ' he local stat

the other station, delay the signal transmission timing of t on,

w Serasitosavoig eallisionvithhthessigaals of rthe other statien il Thesnal
wireless communication device according to Claim 76, wherein said

t vonIngRisaton comiolgnéans irarsmithsignald with desdriptiontd tke on, and
effect that the periodic

detects collision with the periodic signals which were to be

transmitted following transmission by the local station.

79. The wireless communication device according to Claim
76, wherein, at the time of acquiring one or more periodic
signal transmission/reception sections and performing
communication with a desired communication station, said
collision detecting means monitor the signal reception state
in periodic signal transmission/reception sections;

and said collision avoiding means release periodic signal
transmission/reception sections regarding which marked
deterioration in the signal reception state has been

detected.

80. The wireless communication device according to
Claim 69, further comprising beacon generating means for
generating beacons with description of the schedule of
signals to be periodically transmitted/received;

wherein sald communication control means transmit



187 signal transmission timing has been changed to avoid collision. 78.
The wireless communication device according to Claim 77, wherein said
collision detecting means receive signals with description to the effect
that the periodic signal transmission timing has been changed to avoid
collision, and detects collision with the_periodic signals which were to be
transmitted following transmission bgr %ﬁ%local station. 79. The wireless

b SOTAMUDIGANEN dlevice, PsPEding [0l 70s phetelp atihe fime of
acquiring one or more periodic S|gnaILtransm|SS|on reception sections and
performing communication with a desired communication station, said
collision detecting means monitor the signal reception state in periodic
signal tldrsmissien/eece ptionsactions;iand st tolisncavoiding meantslaim
release periodic zii[%)nal transmission/recegtion sections regarding which

S Inatkedt” teterftfation i the SigHal Téteption’staEHrisheeh- Eetectéd:B0.
pel G S GOMMUDEALaN device Aecaiiia O TRILES. ek of
comprising béacon generating means tor eneratlr?g eaconswmrwﬂ

owdeseriptien obthe scheduleef signalsdtohg.peredicallyrion, and detect
transmitted/received; wherein said communication control means transmit
cdB7asion in a periodic signal transmission/reception

section;
wherein said collision avoiding means change the

colliding signal transmission/reception timing.



beacon signals each predetermined time interval. 81. The wireless
communication device according to Claim 80, wherein said collision
detecting means extract the periodic signal transmission/reception
point-in-time of other stations based on the beacon description, and
detect collision in a periodic signal transmission/reception section;
wherein said collision avoiding mééns change the colliding signal

tragsmission/ C:‘?QE%’%Q”E%Q&%%@EJQ(@ wirelass communieations , 1 5in

device according to Claim 80, wherein said communication control means
8 Betan preferendial ardes.sat:for signals. pededically iransmittad/received;

and wherein, in the event of collision of collision of collision of signals
pipefiodicatly aransiited/fedeivienby the 4dcal statibnanittesigmals

periodically transmitted/received by other stations, said collision

L RASEG-ieARS TRANGE the timing of the periodically
ranspitiedieselves siunals ML ignes Rigferenti) grdsr. 83- T1s MICIeS o
. . | i

communication device according to Claim 80, wherein sal
coommuBication sogtialimegas deserihathe relativapeintinimeeived by
information from the beacon transmission point-in-time of said
t menimunitatior stationvn ta partofsighats peroticallyl v
transmitted/received.
transmitted/received by other stations, said collision
detecting means change the timing of the periodically

transmitted/received signals with lower preferential order.

83. The wireless communication device according to Claim
80, wherein said communication control means describe the
relative point-in-time information from the beacon
transmission peint-in-time of said communication station in

a part of signals periodically transmitted/received.

84. The wireless communication device according to Claim
83, wherein, upon receiving signals periodically
transmitted/received by other stations, said ceollision
avoiding means extract the transmission peint-in-time of the
beacon of the transmitting station of sald signal, based on
the relative point-in-time from the beacon transmission

point-in-time described in said signals periodically



84. The wireless communication device according to Claim 83, wherein,
upon receiving signals periodically transmitted/received by other stations,
said collision avoiding means extract the transmission point-in-time of the
beacon of the transmitting station of said signal, based on the relative
point-in-time from the beacon tr ission point-in-time described in said
signals periodically 189 transmitted/received, and stops transmission of

t :oiher stanaly perdarmed at sald poindrin-time.. 85, Thewikeless o ner
communication device according to Claim 69, wherein said

s icpmarhenipation coattobmeans describe; i a- part®f signals periodically
transmitted/received, information to the effect that said signals are being
periodically scheduled and transmitted. 86. The wireless communication
3%/ice q,%ceorgiggétg CIairrg:O%E%,l vglhlecrg@.%ar%d <ggmmunication %qn'troléne S .

escribe, in a ‘part Sf the S|gna11ls perlo&lcally fransmittedireceived, = e

6 dnfomatian indicating-therpreferantial orderef.said (signals L Thee | in 2
wireless communication device according to Claim 86, wherein said

paootlisidn aveidingsmpans changd the pesdodicisignral / received,

_ transmission/reception timing with lower priority order, in response to

Lrftegin o colisichef pefivdic sigadl temsthissionréception. being

periodically scheduled and transmitted.

86. The wireless communication device according to Claim
85, wherein said communication control means describe, in a
part of the signals pericdically transmitted/received,.
information indicating the preferential order of said

signals.

87. The wireless communication device according to Claim
86, wherein said collision avoiding means change the
periodic signal transmission/reception timing with lower
priority order, in response to detection of collision of

periodic signal transmission/reception.

88. The wireless communication device according to Claim
£9, wherein said communication control means attach a random
offset to the transmission point-in-time for the periodic

signal transmission/reception.



88. The wireless communication device according to Claim 69, wherein
said communication control means attach a random offset to the
transmission point-in-time for the periodic signal transmission/reception.
190 89. The wireless communication device according to Claim 88,
wherein said communication contggl means describe information relating
to the random offset of the transmission point-in-time in part of the signals
periodically tiansmitted/received: 194+ 90-Aydreless comprmicaliops claim
. device for operating under a communication environment constructed by
8 comihanization atationsitransnuitting doeacons describing snetwok: idlated
information to each other at predetermined time intervals, with no

HEbREBting StafiGicbhisldd? stetonTeRiiohs Cs4id Gevice ddMfprising:
e Communicalion means.for, Upsmiting and recelving wireless data; - 192
eacon S|gnaIf g%neratlng means for ge%eratmg eacon Signals
pdessrbingiinfermationrelating fo-thedogaly station; beacon signal
analyzing means for analyzing beacon signals received from nearby
stations. by said communication



means; timing control means for controlling the beacon transmission
timing with said communication means; and collision detecting means for
detecting collisions occurring with signals of other stations; wherein, in the
event of performing periodic signal transmission/reception at each said
predetermined time interval, relative 1zg'nt-in-time information from the
beacon transmission point-in-time is described in a part of signals
periodically transmitted/received; and wherein said collision detecting
means detect collision between signals transmitted and received by
nearby stations and other stations, based on relative point-in-time
information described in signals received from nearby stations. 91. The
wirelé8s coniliniCath dSAEEREECSTEIRGID Gl B0, Whereipesad 1ng
e gigion detectinq means extract the trangmissior]cgoint-in-ti e of
"beacons 6 %g%ycftaﬁgﬁs,eﬁgsleraogﬁ“ eréeﬂativceof)l(%n -}ﬁgﬁr%% iffbrmation
cogseribed.in the 193 signals received fromsaid nearhy stations;;and,,
detect collision with beacons of said nearby stations in the event thata
nesignat hasdeendcansmited drohothetlocakstation Ak the sameedetermined
point-in-time. 92. The wireless communication device according to Claim

time intervals, with no controlling-station/controlled-
station relations, said device comprising:

communication means for transmitting and receiving

wireless data;



90, wherein said collision detecting means extract the transmission
point-in-time of beacons of nearby stations, based on relative
point-in-time information described in the signals received from said
nearby stations, and detect collision with beacons of said nearby stations
in the event that signals cannot be received from the other station at the
same point-in-time. 93. The wireless communication device according to
Claim 90, further comprising collision avoiding means for avoiding
collision in response to detection afecolksion of signals. 94. The wireless
communication device according to Claim 93, wherein said collision
avoiding means avoid collision by stopping transmission of other signals
petiermed at the zleaeor signal transanissionpaipt:k=timenthiab hasdreen
extracted. 95. A wireless communication method for performinf - 194
; under a

S BhmuTRCATor OPEradbi i AP&ach predeteimmetPtimeantsiva

Staqgrgmynication environment with no controlling- station/controlled-station
relations, said method comprising: a signal transmission/reception step
forlperformingopefiodicssignahtransmissidn/receptionzateath saith

. _predetermined time interval, and a collision detecting step for attempting
51gﬁﬁ%iﬂ6ﬁQﬁlved from nearby stations by sald communicatiocon
means;

timing control means for contreclling the beacon
transmission timing with said communication means; and

collision detecting means for detecting collisions
cccurring with signals of other stations:

wherein, in the event of performing periodic signal
transmission/reception at each said predetermined time
interval, relative point-in-time information from the beacon
transmission point-in-time is described in a part of signals
periodically transmitted/received;

and wherein said collision detecting means detect
collision between signals transmitted and received by nearby
stations and other stations, based on relative point-in-time

information described in signals received from nearby

stations.

91. The wireless communication device according to Claim
90, wherein said collision detecting means extract the
transmission point-in-time of beacons of nearby stations,

based on relative point-in-time information described in the



transmission signals from other stations at least at one of prior to said
periodic signal transmission/reception and following said periodic signal
transmission/reception, so as to detect whether or not there is collision
between said periodic signal transmission/reception and transmission
signals of other stations. 96. A wireless communication method for
operating under a communication environment constructed by
communication stations transmitting beacons describing network-related
information to each other at predetérfiined time intervals, with no
controlling-station/controlled-station relations, said method comprising: a
beacon signal generating step for generating beacon signals describing
s Jipfordmationcelatid) toradoealistatier;r asbesconisignal andlyzing:step for

nalyzing beacon signals received from nearby stations; - 195 a signal
ANaxzod. J £

CSranshisiohrreteption StapTor SRSEHBIRGIRY aSpart of Sigridls FRsfatie

crR@Inkinsime-nformation from the-beacon tiangmission point-instime.and
performing periodic signal transmission/reception at each said

theresrternsinéd tivie irftereal; and a collision detecting step for detecting
collision between a beacon from a nearby station and signals
transmitted/received by other stations, based on the point- .

92. The wireless communication device according to Claim
90, wherein said collision detecting means extract the
transmission point-in-time of beacons of nearby stations,
based on relative point-in-time information described in the
signals received from said nearby stations, and detect
collision with beacons of said nearby stations in the event
that signals cannot be received from the other station at

the same point-in-time.

93. The wireless communication device according to Claim
90, further comprising collision avoiding means for avoiding

collision in response to detection of collision of signals.

94. The wireless communication device according to Claim
93, wherein said collision avoiding means avoid collisicn by
stopping transmission of other signals performed at the
beacon signal transmission point-in-time that has been

extracted.

95. A wireless communication method for performing



in-time information described in the signals received from said nearby
station. 97. A computer program described in a computer-readable format
SO as to execute, on a computer system, processing for performing
communication operations at each predetermined time interval, under a
communication environment with no controlling-station/controlled-station
relations, said program comprising: a signal transmission/reception step
for performing periodic signal transmission/reception at each said
predetermined time interval;, and-at@flision detecting step for attempting
reception of transmission signals from other stations at least at one of
prior to said periodic signal transmission/reception and following said
coperpdicadignal tansmidsion/reception; Sorasidoedatectwhether ammetrval,
un%é%reaisggrggi%qge%ween sa‘i;rd - 196 ggriocjic signal [
fanSMiSSION/TeCEption And trARSISSIon "SigRalk of StREF SltighE: 98. A
st somputecpragram deserbed in a.compyter;readable, format so as to
execute, on a computer system, processing for performing wireless

compmirmbnigation operations under a communication environment
constructed by commupnication, stations, transmitting beacons describing

netivork-Fofated Titormation ts BEE Dther at el et@mifet ttha iftervals,

periodic signal transmission/reception at each said
predetermined time interval; and

a cellision detecting step for attempting reception of
transmission signals from other stations at least at one of
prior to said periodic signal transmission/reception and
following said pericdic signal transmission/reception, so as
to detect whether or not there is cellision betweén said
pericdic signal transmission/reception and transmission

signals of other stations.

6. A wireless communication method for operating under a
communicaticn environment constructed by communication
stations transmitting beacons describing network-related
information to each other at predetermined time intervals,
with ne controlling-station/controlled-station relations,
said method comprising:

a beacon signal generating step for generating beacon
signals describing information relating to a local station;
a beacon signal analyzing step for analyzing beacon

signals received from nearby stations;



with no controlling-station/controlled-station relations, said program
comprising: a beacon signal generating step for generating beacon
signals describing information relating to a local station; a beacon signal
analyzing step for analyzing beacon signals received from nearby
stations; a signal transmission/reception step for describing, in a part of
signals, relative point-in-time information from the beacon transmission
point-in-time, and performing periodic signal transmission/reception at
each said predetermined time intervak and a collision detecting step for
detecting collision between a beacon from a nearby station and signals
transmitted/received by other stations, based on the relative point-in-time
infoematiem déscribed:in she sighais:«pcaived drem said neashy station, in

a part of signals, relative point-in-time information from
the beacon transmission point—-in-time, aﬁd performing
pericdic signal transmission/recepticn at each said
predetermined time interval; and

a collisicn detecting step for detecting collision
between a beacon from a nearby station and signals
transmitted/received by other stations, based on the point-
in-time information described in the signals received from

said nearby station.

97. A computer program described in a computer-readable
format sc as to execute, on a computer system, processing
for performing communication operations at each
predetermined time interval, under a communication
environment with no controllingwstation/céntrolled~station
relations, said program comprising:

a signal transmission/reception step for performing
periodic signal transmission/reception at each said
predsetermined time interval; and

a collision detecting step for attempting reception of
transmission signals from other stations at least at one of
prior to said periodic signal transmission/reception and
following said periodic signal transmission/reception, so as

to detect whether or not there is collision between said
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periodic signal transmission/reception and transmission

signals of other stations.

8. A computer program described in a computer-readable
format so as to execute, on a computer system, processing
for performing wireless communication operations under a
communication envirconment éonstructed by communication
stations transmitting beacons describing network-related
information to each other at predetermined time intervals,
with no controlling-staticn/controlled-station relations,
said program comprising:

a beacon signal generating step for generating beacon
signals describing information relating to a local station;

a beacen signal analyzing step for analyzing beacon
signals received from nearby stations;

a signal transmission/reception step for describing, in
a part of signals, relative point-in-time information from
the beacon transmission point-in-time, and performing
periodic signal transmission/reception at each said
predetermined time interval; and

a collision detecting step for detecting collision
between a beacon from a nearby station and signals
transmitted/received by other stations, based on the
relative point-in-time information described in the signals

received from said nearby station.



