
- 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 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 autonomous
distributed manner without any  controlling-station/controlled-station
relations. [0002]  More specifically, the present invention 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 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,
and more particularly relates to a wireless  communication system, a
wireless communication device, a  wireless communication method, and a
computer program,  wherein the communication stations periodically
transmit and  receive signals each predetermined time interval while
avoiding collision with signals of other stations.  Background Art [0004]
The wireless LAN is 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, so
communication terminals  



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 communication 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.
[0005]  An example of a commonplace standard relating to  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  communication, and so forth. Under the IEEE 802.11
Standard,  various wireless communication methods exist according to
the communication method and frequency band used, such as  the IEEE
802.11a Standard, IEEE 802.11b Standard, and so on.  [0006] In order to
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 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 communication  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
collision with information transmission from other  communication devices.
That is to say, setting up the  access point allows synchronous wireless
communication  wherein communication devices within the wireless
network  are synchronized with each other. [0008]  However, there is the
problem with a wireless  communication system which has an access
point in that  asynchronous 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 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
configuring a home network made up of home electronic  appliances, for
example. Features of an ad-hoc network are  that the network does not
readily fail 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 relatively long distances while  maintaining a
high-speed data rate by hopping packets  multiple times between mobile
stations, and so forth.  Various development examples of ad-hoc systems
are known  



(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 Service Set). There are two types of
BSS; one  being a BSS defined by an infrastructure mode wherein a
master such as an AP (Access Point: control station) exists,  and an IBSS
(Independent BSS) defined by an ad-hoc mode  configured 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 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 established with 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
operate as MTs.  Now, as indicated in the chart to the right side of the
drawing, the communication station the STAG serving as the  AP
transmits beacons a predetermined time intervals. The  transmission
point-in-time of the next beacon is notified  within the beacon by a
parameter format known as Target  Beacon Transmit Time (TBTT). Upon
the time of the TBTT  coming, the AP operates beacon transmission
procedures.  [0017] Conversely, by receiving the beacon, MTs nearby the
AP  



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
directly involved, so the  infrastructure mode will be discussed no further.
[0019]  Ad-hoc Mode The operations of IEEE 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 autonomously  define the IBSS. Upon defining
the IBSS, at the end of the  negotiation the MT group determines the
TBTT every  predetermined interval. Upon recognizing 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  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
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 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 solving the hidden terminal problem. IEEE
802.11 also employs this methodology. [0026]  Now, CSMA (Carrier
Sense Multiple Access with Collision  Avoidance: Carrier Sense Multiple
Access) is a connection  method for performing multiple access based on
carrier  detection. Since receiving 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
confirming  that there is no information transmission from other
communication devices with the CSMA/CA (Collision 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 station which is the  data originator
transmitting a transmission request packet  RTS (Request 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  of an RTS or
CTS, a transmission stop period is set of the - 11  local station for a period
during which data transmission  based on 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
the drawing, an  example is illustrated of a case wherein information
(Data)  is transmitted from a communication station the STAO to a
communication station the STA1 which mutually perform  communication
operations in an autonomously dispersed manner.  [0029] First, prior to
actual information transmission, the  STAO confirms that the media is
clear for a predetermined  time, following which the RTS packet is
transmitted to the  STA1, 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.  [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
STA1 returns an ACK, whereby one packet of  RTS/CTS
transmission/reception transaction ends. - 12 - [0031] In the event that
another station has happened to have  transmitted some sort of signal at
the same time as the STAG  which is the information originator
transmitting the RTS,  the STAl which is the information recipient cannot
receive  the RTS due to the signals colliding. In this case, the  STA1 does
not return a CTS. As a result, the STAO can  recognize 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 STAO.
Basically, competition is carried out for wining  transmission rights while
bearing the risk of such collision,  [0032] Access Competition Method in
IEEE 802.11 



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  transmitting 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
no  signals transmitted during this period. [0035]  In the case of
transmitting normal packets following  the CSMA procedures (DCF (called
Distributed Coordination  Function), following some sort of packet
transmission ending,  first, the media state is monitored 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 no
transmission signals during this period as  



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., according - 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
CSMA, guaranteeing  and securing a certain band is impossible.
Accordingly,  IEEE 802.11 has PCF (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 mode. [0039]



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 of 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
transaction ending, the STAO polls the STAl again.  [0041] In the example
shown in Fig. 27, a case wherein this  poling has failed for some reason is
shown. At this time,  upon recognizing that information is not transmitted
from  the STAl following SIFS after poling the STAl again, the  STAG
deems the poling to have failed, and performs poling  again following a
PIFS interval. In the event that the  poling retry succeeds, data is
transmitted from the STA1,  and an ACK is returned from the STAG.
[0042]  



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
STA2, since this  would mean that the STAG or the STA1 would be
transmitting  at a 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 implementation of a technique called
Enhanced  DCF (EDCF) is planned (the QoS enhancement in IEEE
802.lle).EDCF is arranged such that the width for which a - 16  random
backoff value can be set is short for urgent traffic  needing band
guarantee, and the width for which the packet  intervals IFS and backoff
value shown in Fig. 26 can be set  is longer for other traffic. Consequently,
a mechanism is  realized which enables transmission of urgent traffic in a
statistical manner, though not as conclusive as with PCF.  [0044] Fig. 28
illustrates the manner in which preferential  transmission is provided to
traffic regarding which EDCF  operations guarantee band. In the example
shown in 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 STAl 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 STA1 is  short for
preferential traffic, and the backoff value of the - 17  STA2 is long for
non-preferential traffic. Fig. 28  illustrates the backoff values from
point-in-time Tl of each  of the communication stations with arrows. At
point-in-time  T2 where time of the backoff value of the STAl has elapsed,
the STAl starts transmission of the RTS. On the other hand,  the STA2
detects the RTS transmitted from the STA1, updates  the backoff value,
and prepares for the subsequent transmission.  [0047] 



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
STA1. [0048]  At point-in-time T6 where returning of the ACK by the
STAO ends, the media is clear again. The STAl and the STA2  both await
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 STA2 both
start to  confirm 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
preferential traffic, and RTS transmission  is performed before the backoff
value of the STA2 at point - 18 - in-time T8. [0049]  Due to the
above-described procedures, order of access  rights is provided to the
STAl and the STA2 competing for  the access right, according to the
degree of preference of  the traffic being handled. Also, though not shown
in the  drawing, the backoff value of the STA2 also gradually  becomes
shorter, so a situation wherein the STA2 never gets  



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  Networks (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
- 19 - (published by Prentice Hall PTR)  Disclosure of Invention Problems
to be Solved by the Invention  [0051] As described above, while the
transmission/reception  procedures according to IEEE 802.11 enable the
problems of  access competition and band guarantee to be solved, there  



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 network. [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
even without a Point Coordinator such as an AP. However, in  the event
that multiple stations simultaneously start  transmission with high
preference, collisions frequently - 20  occur since the backoff is set short,
leading to the problem  of lowered communication efficiency. Also, there
are cases  where traffic with low preference is set with long IFSs, and
under an environment wherein traffic with lower preference  is dominant,
the transmission right competition is performed  following 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 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. [0054]  (3) Problem of Beacon Collision 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 problem of beacon  collision
in such systems. For example, with IEEE 802.11,  this problems 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 - 21 - Ad-hoc mode. [0055]  In the Ad-hoc mode, the beacon
transmission stations  are defined with random backoff to begin with, so
beacon  collision is unavoidable from the beginning. Also, with the  



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. [0056]  Example embodiments may
provide a superior wireless  communication system, wireless
communication device,  wireless communication method, and computer
program, wherein  a wireless network is formed by communication
stations  operating in an autonomous 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 22
computer program, wherein an autonomous distributed network  with
guaranteed quality of communication can be constructed  without
involvement of a specified control station. [0058]  Example embodiments
may provide 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 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
network configured by  communication stations performing notification
with beacons.  [0060] 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 -
23 - another. [0061]  Example embodiments may provide a superior
wireless  communication system, wireless communication device,
wireless communication method, and computer program, wherein  the
communication stations each can autonomously perform  



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  interval, 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
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  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. 24 - [0064] 



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) communication stations, and  also 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 of a
neighboring  station, and also enables knowing the network configuration
by analyzing the information described in the beacon. [0066]  Also, each
communication station includes and transmits,  in beacon signals,
neighboring device information relating - 25  to beacon transmission
timing. In this case, the  communication station can obtain not only
network  information of the neighboring station from which beacons  can
be directly received, but also beacon information  



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 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 received 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. [0068)
Under conditions wherein the communication stations are  each stationary
and the airwave permeation range does not - 26  change, beacon collision
can be avoided by the above- described procedures. On the other hand,
in the event that  the airwave permeation range changes due to the  



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  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 beacons 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, - 27  collision of
beacons is avoided by autonomous actions of  each of the communication
stations, by changing the  



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 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, collision 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 beacon of another
station at a timing which may - 28  result in collision immediately prior to
transmission of a  



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 wherein, instead of one  communication
station autonomously 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  another station at a timing close to that of its own beacon
transmission timing. [0076]  Also, in a case 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 beacons
transmitted by each of the  communication stations, the
newly-participating station may  request one of the communication
stations with which beacons  are colliding to change the beacon
transmission timing. - 29  



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  stations 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
intervals. [0078]  For example, traffic priority is set in the auxiliary
beacons transmitted by the communication stations, and  notification is
made with the beacons describing priority- related information. In this
case, an arrangement may be  made wherein, in the event that beacon
collision occurs, 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] 



- 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 communication station 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
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 request to each of the  beacon-originating
communication stations. Due to such  remote operations, the
communication station can obtain the  desired beacon transmission timing
from hidden terminals, in  the same way as with neighboring stations
which can mutually  receive beacons. [0081]  In accordance with a second
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 - 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 perform 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 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 perform notification with  said beacons
describing information relating to an abnormal  status which should be
transmitted to nearby stations.  [0081b] In accordance with a fourth 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  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 priority 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
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 transmitting and receiving wireless data;
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
controlling the beacon transmission timing  with said communication
means; and collision avoiding means  



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 each other at predetermined time intervals,
with no 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; a  timing control step for controlling the beacon transmission
timing; and a collision avoiding step for avoiding beacon  collisions
occurring with other stations. [0081e]  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 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 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 collision avoiding 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
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 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 transmission
signals of other  



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]  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 32  signal transmission/reception or
following signal  transmission/reception, so as to detect whether or not
there  is collision between the periodic signal  transmission/reception and
the signal transmission 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  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 signals,  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
from another station prior to periodic  signal transmission/reception,
wherein, in response to detection of collision between the periodic signal -
33  transmission/reception and the signal transmission of the  other
station, the signal transmission timing of the local  station is delayed, so
as to avoid collision with the  signals of the other station, thereby avoiding
collision.  [0086] In such a case, the communication station may transmit  



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 signals 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
the  event of detecting collision in a periodic signal  transmission/reception
section based on information  described in a beacon received from a
nearby station, the  colliding signal transmission/reception timing can be
changed. 34 - [0088] Also, the communication station may set an order of
preference to signals periodically transmitted /received,  and make
notification with beacons describing has a  preferential order along with a
schedule of signals  



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,  upon 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 on the relative point-in-time information  from the beacon
transmission point-in-time described in the  signals periodically
transmitted, and detect collision.  Stopping transmission of other signals
performed at the  point-in-time allows collision to be avoided. [0090] 35
Also, an arrangement may be made wherein the  communication station
describes, in a part of signals  periodically transmitted, information to 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 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 describe 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
may extract a time span  in which collision with periodic signal
transmission/reception of other stations will not occur by  performing a
scanning operation prior to newly generating  periodic signal
transmission/reception, and set the new  periodic signal
transmission/reception timing to the time - 36  span in which collision with
periodic signal  transmission/reception of other stations will not occur.
[0093] 



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  signal transmission/reception sections and
performing  transmission/reception with a desired communication station,
the communication station may monitor the signal reception  state in
periodic 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]
Also, the communication station may performs signal
transmission/reception based on access procedures following  the CSMA
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 - 37  signal transmission/reception sections of nearby stations.
[0096] 



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 beacon transmission point-in- time of
said communication station, in a part of signals  periodically
transmitted/received, and collision between  beacons 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. [0097]  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 - 38 - 



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
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 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 signals
cannot be received from the other station at  the same point-in-time.
[0100]  Also, the communication station may avoid collision in 



- 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 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;
communication  control means for performing control of signal
transmission/reception operations with said communication  means and
processing of transmission/reception signals, and  also controlling periodic
signal transmission/reception  operations at said each predetermined time
interval; and  collision detecting means 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  periodic signal transmission/reception and transmission
signals of other stations. 



[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- station relations, said device comprising:
communication  means for transmitting and receiving wireless data;
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
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 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. [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 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 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. [OlOlc]  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  network-related information to each other at predetermined  



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-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 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 execute, on a
computer system, processing for performing wireless  communication
operations under an autonomously dispersed  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,  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  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 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
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 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 periodic signal  transmission/reception and
transmission signals of other  stations. 



- 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 information to each other at  predetermined
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 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. -
41 - 



[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 wireless  communication system
according to example embodiments.  Advantages [0105] - 42  According
to the present invention, a superior wireless  communication system,
wireless communication device,  wireless communication method, and
computer program, wherein  a network is formed by communication
stations operating in  an autonomous distributed manner without a device
serving as.  a control station being disposed, can be provided. [0106]
Also, according 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 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
autonomous dispersed wireless network can be suitably  formed while
avoiding collision of beacons which the  communication stations transmit
one to another, can be  provided. [0109]  Also, 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. [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
such as a control station exists.  Also, each of the communication stations
can autonomously  understand the network load even under a dispersed
control - 44  environment, so in the event that traffic exceeding the
capacity load of the network is requested, just traffic with  low preferential
order can be eliminated according to the  preferential order which the
upper layer of the  communication protocol requests. [0112]  Also,
according to the present invention, situations  wherein beacon 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, 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 to the drawings.  [0115] A. System
Configuration The communication transmission path serving as the - 45
basis for the present invention is wireless, with multiple  communication
stations configuring a network. The  communication serving as the basis
for the present invention  is storage exchange type traffic, with information
being  transferred in increments of packets. Also, while the  following
description assumes that each communication  station handles a single
channel, this can be expanded to an  arrangement wherein multiple
frequency channels are used,  



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  procedures based on CSMA. [0117]  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 - 46  its own existence, and also notifies the
network  configuration. A communication station transmits a beacon  at
the head of a transmission frame cycle, so the  transmission frame cycle
is defined by the beacon interval.  Also, each communication station
performs a scanning  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 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 example of communication  devices
configuring the wireless communication system  according to one
embodiment of the present invention. With  this wireless communication
system, no particular  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 47  communication device #6 are
distributed in the same space.  [0119] Also, the drawing illustrates the
communication range  of each of the communication devices with dotted
lines,  defining ranges wherein not only can a communication device
communicate with other communication devices in that range,  



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 is in 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
communication devices  #0, #1, and #5, the communication device #5 is in
a range  capable of communication with the neighboring communication
device #4, and the communication device #6 is in a range  capable of
communication with the neighboring communication  device #2. [0120]  In
the event of performing communication between 48  certain
communication devices, there are communication  device which can be
heard from one communication device  which is the other part of
communication, but cannot be  heard from the other communication
device, i.e., "hidden  terminals". 



[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 wireless communication  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
beacon  analyzing unit 112, and an information storage unit 113.  [0123]
The interface 101 exchanges various types of  information with external
equipment (e.g., a personal - 49  computer (not shown) or the like)
connected to the wireless  communication device 100. [01241  The data
buffer 102 is used to temporarily store data  



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 avoiding  collision include moving the
beacon transmission position of  the local station, stopping beacon
transmission from the  local station, requesting 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 - 50  communication
device 100 to operate a wireless network, the  beacon transmission
station of the local station and the  beacon reception position from nearby
stations and so forth  



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 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 communication methods  suitable for relatively close-distance
communication, that - 51  can be applied to a wireless LAN, for example,
can be  applied. Specifically, the UWB (Ultra Wide Band) method,  



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 performs 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
frame cycle, beacon  reception timing from other wireless communication
devices,  data transmission/reception timing with other communication
device, and scanning operation cycle, and so forth, are  controlled. [0131]
The beacon analyzing unit 112 analyzes beacon signals  received from
neighboring stations, and analyzes the  existence and so forth of the
neighboring wireless - 52  communication devices. For example,
information such as the  



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
predetermine channel, thereby notifying other  neighboring (i.e., within
communication range) communication  stations of own existence, and
notify the network  configuration. The beacon transmission cycle is
defined as  a super frame here, and is 80 milliseconds, for example.
[0134] A communication station newly participating detects  that it has
penetrated a communication range while listening  to beacon signals from
nearby station by performing scanning - 53  



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 as to not  collide with the beacon transmission timing of already-
existing communication stations. [0137]  In the event that there are no
communication stations  nearby, the communication station 01 can start
transmitting  beacons at an arbitrary timing. The beacon transmission
interval is 80 milliseconds (described above). In the  example shown at
the top tier in Fig. 3, B01 is a beacon  transmitted from the communication
station 01. [0138] 



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 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  station 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 of the communication station 01 as shown  in the second tier in
Fig. 3, and starts beacon transmission.  



[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.  [0141] 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
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 station 04.  [0142] 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 - 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]  Or, 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,
communication 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 is short. [0144]  However, in
order to prevent beacons from saturating  the band (transmission frame
cycle), a smallest beacon  interval Bm,;n is stipulated, and placement of
two or more  



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 frame 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 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 beacon  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 Bm,,, is stipulated to 5  milliseconds, only up to
16 beacons can be placed in a  



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]
Due to setting the TBTT offset, even in a case wherein  two
communication stations have placed the beacon  transmission 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
others beacons  (or a neighboring communication station listen to both
beacons) in another super frame cycle, so 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
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 predetermined period before and  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 transmission and beacon transmission. [0150]
Also, even in the case of not performing data  transmission/reception, the
communication stations are  required to perform scanning operations 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 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 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. [0152]  Shifting in TBTT can be confirmed by
receiving beacons  of other stations and so forth. With the present
embodiment,  that stipulating within -Bmjn/2 milliseconds from the TBTT
group recognized by the local station as TBTT is defined as  being "fast",
and that stipulating within +Bmin/2  milliseconds 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 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 reference point-in- time. [0153]  B.
Transmission Prioritized Period TPP Though the communication stations
transmit beacons 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 beacon. Fig. 5
illustrates the way in  which preferential rights are provided to a beacon
transmitting station. With the present specification, this  preferential
section is defined as a Transmission  Prioritized Period (TPP). Also, the
remaining section of  the super frame following the TPP is defined as a
Fairly  Access Period (FAP), and communication is performed by  normal
CSMA/CA between the communication stations during  



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 transmission for other packets.  That is to say,
each time a beacon 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 acquired  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". [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 can 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
the SIFS. The subsequently transmitted CTS, data, and ACK  packets are
also transmitted in SIFS frame intervals in the  same way, so the series of
communication procedures cannot  executed without interruption from
neighboring stations.  [0159] Conversely, with a FAP section, the beacon
transmission  station starts transmission after standing by for a LIES +
random backoff, the same as with other nearby stations. In  



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 of 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
without being interrupted by  neighboring stations. [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  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 band, consecutive arraying of
Transmission  Prioritized Periods TPPs is also permissible. In this case, -
65 TPPs can continue for a period exceeding the smallest beacon
interval. [0162]  Fig. 30 illustrates the way in which a communication
station 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 requested 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 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 device operating 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
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
transmission rights.  [0164] 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 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 going 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
illustrates another example of the state  transmission diagram of a
wireless communication device  operating as a communication station. In
the example of the  drawing, in addition to the "preferential transmission
mode",  equivalent to 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 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 and 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
transmission mode, transmission  rights can be acquired without
interruption from neighboring  stations, by transmitting with standby
periods of SIPS 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 layer. 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 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]  Upon the TPP of the other station ending and
making  transition to FAP, the mode returns to the normal transition
mode. - 69 - [0175] Note that while an example has been described above
wherein a communication station consecutively attempts  transmission in
DIFS frame intervals during TPP periods of  nearby stations as well, there
are cases wherein no  transmission is 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 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 auxiliary  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
acquisition of a TPP. [0177] - 70  Also, in an autonomously dispersed
communication system,  a framework for realizing Transmission Prioritized
Period  TPP acquisition by communication stations can be realized  even
without using auxiliary beacons. With a system wherein  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 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 randomly access 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
wherein the  beacon transmitting station starts the TPP immediately
following beacon transmission, there is no need to be  restricted to this,
and an arrangement may be made wherein a - 71  TPP starting
point-in-time is set at a relative position  (point-in-time) from the beacon
transmission point-in-time,  for example. [0179]  Also, while description
has been made in the above  description that preferential 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.
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 nothing 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
operations, relinquishes the  preferential transmission 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. - 72 - [0181] Taking into consideration the fact that
TPPs  immediately follow transmission of beacons as shown in Fig.  6, an
arrangement is more preferable wherein the beacon  transmission timings
of the communication stations are  scattered uniformly throughout the
transmission frame cycle  



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  placed in a concentrated manner and the
reception operations  are stopped in the remaining transmission frame
cycle, so as  to 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  collision avoidance operations with regard to collision of  normal
beacons one with another, collision of normal beacons  and auxiliary
beacons, and collision of auxiliary beacons  one with another. Moreover,
signals periodically - 73  transmitted each super frame (data frames and
so forth) by  acquiring Transmission Prioritized Periods TPPs can also be
handled in the same way as beacons with regard to collision  detection
and collision avoidance operations, due to the  nature of being transmitted
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 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 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 beacon includes a TA
(Transmitter Address) field, which is an address, uniquely  indicating the
originating station, a Type field indicating  the type of the beacon, a
NBOI/NBAI (Neighboring Beacon  Offset Information / Neighboring
Beacon Activity - 74  Information) field which is reception point-in-time
information of beacons receivable from nearby stations, a  TOIS (TBTT
Offset Indication Sequence) field which is  information indicating the TBTT
offset value (Described  



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 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 0 through 255 indicating
priority, as  information for identifying which the beacon is.  Specifically, in
the case of a normal beacon, which must be  transmitted once every
super frame, 255 indicating the  greatest priority is assigned, and for
auxiliary beacons,  one of the values of 0 through 254 which is equivalent
to - 75  the priority of the traffic, is assigned.  [0186] With a system
wherein auxiliary beacons are not used,  



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
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
station, 1 is written to bits corresponding to the normal  and auxiliary
beacon relative position (offset) and relative  position (offset) of receivable
beacons, and the bit - 76  positions corresponding to other relative
positions are left  at 0. 



[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 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 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 I is also marked at the position  matching the
point-in-time of the local station transmitting  auxiliary beacons as well.
[0189]  Also, while the description above has been made  assuming that
the NBOI field is transmitted and received in  a bitmap format
corresponding to the point-in-time in the  super frame, configuring the
NBOI field in a bitmap format  is not necessarily indispensable, and the
object of the  present invention can be achieved with an arrangement
wherein this is configured of an information group - 77  indicating which
time span in the super frame is used for  



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
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 NBOI  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 TBTT which the local station 78  



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 nearby 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
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 preferential  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 



- 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 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). [0195]  On
the other hand, the station which has received the  beacon obtains an OR
of the NBAI bits in the received beacon  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 - 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 transmitted. [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
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 neighboring communication station listen to both beacons)
in another super frame cycle, so the communication stations  can
recognize that their beacons have collided. [0198]  



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 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  TOIS field will be described later. [0200]  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
TBTT  to avoid beacon collision or the like, or in the event of  requesting
stopping of auxiliary beacon transmission to a  



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 secured 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
Serial field. An exclusive and unique number  is described for each of the
beacons transmitted within the  super frame, as serial Nos. of beacons.
With the present  embodiment, 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, is described in the Serial
field as the serial No.  [0203] 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. - 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 transmitted/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,
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 for  Transmission Prioritized Period TPP,
there is the need to  include the Type field in auxiliary beacons and
signals  transmitted periodically using the Transmission Prioritized  



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 stations are  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
to 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 Prioritized  Period as well. [0208]  D. TBTT Settings for
Normal Beacon After turning on the electric power, a communication
station first performs a scanning operation, 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 - 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 timing 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)
immediately following  transmission of beacon, so an arrangement is more
preferable wherein the beacon transmission timings of the communication
stations are scattered uniformly throughout the super frame  cycle, from
the perspective of transmission efficiency.  Accordingly, based on the
results of the OR of the NBOIs  obtained from the beacons received from
the nearby stations,  the center of the section where the run length of the
space  is the longest is determined as the beacon transmission  timing.
[0210]  



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 taking into consideration  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 station newly
participating is set based on  the NBOIs of the beacons received from
nearby stations. The  example 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
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 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 corresponding bit position on the time axis,
and the OR is obtained of the NBOI bits for each timing,  thereby
integrating the NBOIs for reference. [0214]  The sequence obtained as a
result of integrating and  referencing the NBOI files of the nearby stations
is  "1101,0001,0100,1000" 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
of 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 example 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 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 positions equivalent 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.
[0216] At the time of the communication station A obtaining  preferential
transmission 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"  obtained 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. 9, a case is  



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 station 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
setting  their own beacon transmission timing TBTTs with the above-
described processing procedures and transmitting beacons,  beacon
collision can be avoided under conditions that the  communication stations
are stationary and that the range of  reach of the airwaves does not
change. Also, QoS  communication can be provided wherein resources
are  preferentially allocated 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. 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
preferential traffic. (0218]  E. Beacon Collision Scenarios and Collision
Avoidance  Procedures 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, if the range of reach of the airwaves  changes due to the
communication stations moving or the like,  there will be cases wherein
the beacons transmitted from the  communication stations collide. [0219]  



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 STA1 exist in a
range where airwaves from  communication stations the STA2 and the
STA3 cannot reach,  with the STAG and the STA1 performing
communication. Also,  the STA2 and the STA3 perform communication
completely  independent from these. In this case, the beacon
transmission timings are set for each communication station - 91  in a
independent manner for each system, but as shown to the  right side of
the upper part in Fig. 10, beacon transmission  timings which
unfortunately match have been set between the  stations which do not
recognize each other. [0221]  Subsequently, upon (the range of reach of
the airwaves  of) the communication stations moving to where each of the
communication stations can transmit/receive, as shown in the  bottom tier
in Fig. 10, a situation occurs in which the  beacons of the stations collide.
[0222]  In such a case, there is the need for at lease one of  



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-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 the same, - 92  so the beacons
collide, and neither the STAG nor the STA2 is  capable of detecting that
the beacons are colliding. It  should be noted that the communication
stations are not  capable of activating transmission operations and
reception  operations simultaneously. [0224]  The next super frame
comes, and the TBTT for both the  STAO and the STA2 arrives at
point-in-time Tl, so beacon  transmission processing is activated again.
Now, let us say  that while the TBTT offset at the STA2 is zero, the TBTT
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 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 device 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.
Whether or not a beacon has  been received close to the TBTT of it self is
determined - 93  based on whether or not a beacon has been received
within  the range of the local beacon TBTT  Bm;r/2. [0226]  Now, the
STAO 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. 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 beacon, but the beacon was
received following transmission of its own beacon, so no  



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 beacon transmission  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
field is a field  for storing information to be transmitted to the nearby
stations in an abnormal situation). Further, the STAG  executes scanning
for at least one super frame, to collect  information for determining the
new TBTT. [0229)  With the example shown in Fig. 11, the STAG
recognizes  beacon collision near the point-in-time Ti, 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. [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 TBTTl 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  subsequently continues to transmit its
beacon at the timing  of TBTTO with a TBTT offset. With the example
shown in Fig.  11, the STA2 does not change TBTT, but there are cases -
95  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.  [0232] 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). [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 point-in-time changing  request to the other
station. [0234]  Upon the TBTT for both the STAO and the STA2 arriving
at point-in-time Tl, beacon transmission processing is  activated for both.
Now, let us say that while the TBTT  offset at the STA2 is zero, the TBTT
offset selected at the - 96  STAG is a relatively large value. In this case,
the STAG  operates the receiving device before and after signal
transmission such as beacons, 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 device before
and after beacon  transmission, and accordingly can recognize that the
STAO is  



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 your'TBTT". 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 transmitted. Further, the STAG executes
scanning for at least one super frame, to collect  information for
determining the new TBTT. [0237]  Upon the STAG finding an available
TBTT by the - 97  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 T4 but instead performs beacon  transmission at
point-in-time T5 instead, and subsequently  performs periodic beacon
transmission at the timing of TBTT1  with a TBTT offset. 



[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 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,  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 -
98 - transmission point-in-time. [0240]  Next, operations relating to a
communication station  detecting collision of signals in an autonomously
dispersed  wireless network according to the present embodiment will be  



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 point-in-time have collided between the
STAO and the STA2, while the STAO is continuing to transmit  data to the
STA1. [0242]  Upon the TBTT for both the STAG and the STA2 arriving  at
point-in-time TO, beacon transmission processing is  activated for both.
Now, let us say that the TBTT offset  selected at the STA2 is a relatively
larger value that the  TBTT offset of the STAG. [0243]  The STAG
transmits the beacon as planned (BO in the - 99  drawing). Since the
STA2 operates the receiving device  before and after beacon signal
transmission, it can  recognize that the STAO is transmitting beacons at a
TBTT  point-in-time close to that of itself. Further, the STA2  



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 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 T3 (B2 in the drawing). [0246]  Since
the STAO operates the receiving device before and  after signal
transmission, it can recognize that the STA2 is  transmitting beacons at a
TBTT point-in-time close to that - 100 - of itself. [0247]  The STA2
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. 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 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 other hand, the STAG continues beacon
transmission as if nothing had happened, but there are cases  wherein the
STAO performs scanning processing to know the  state of the network,
having recognized that the networks  have crossed from reception of the
beacon of the STA2.  [0250] Fig. 34 illustrates an example of a case
wherein - 101  collision has occurred between the transmitted signal of the
STAO and the beacon transmission point-in-time of the STA2.  



[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 Duration 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
a  beacon at point-in-time T2 is delayed. [0252]  At this point, the STA2
has already detected that  signals periodically transmitted are colliding.
Following  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. [0253] - 102  The STAG
operates the receiving device before and after  



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]  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 beacon, or  description
being made in a part of the transmitted signals  to the effect of a TPP),
there are cases wherein the STA2  may change the TBTT of itself. On the
other hand, in the  event that the STA2 does not change the TBTT due to
the  signals of the STAO not being received in a TPP or the like,  the
STAG recognizes that beacons of the STA2 are being  transmitted near
this TBTT, and accordingly the STAG forbids  transmission in order to not
obstruct beacon transmission of  the STA2 from now on. [0255] - 103  



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 STAl at point-in-time Tl. with point-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
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 STA2 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 originally 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 



- 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
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 of the STA2, thereby detecting  signal
collision. [02601  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 beacon),  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 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 STA1 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 STA2 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
communication  stations recognize the Duration field. Though recognition
of the Duration field is preferable processing, a description will be made of
collision detection regarding a  case wherein recognition of the Duration
field is not  performed. Fig. 36 illustrates an example of a case wherein
the signal transmission of the STAO and the beacon  transmission
point-in-time of the STA2 have collided. (0263]  The STAO transmits data,
and the TBTT of the STA2  



(point-in-time Ti in the drawing) arrives while performing  this data
transmission. The STA2 attempts beacon - 106  transmission at
point-in-time Tl, 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-time  Ti is delayed. [0264]  At this point, the
STA2 has already detected that  signals periodically transmitted are
colliding. Following  elapsing of DIFS + a random delay amount (e.g.,
TBTT 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 STA2 lists in the TOIS field that it  could not transmit a beacon at
the point-in-time intended by  the local station. [0265]  The STAO 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 obstructs reception of the ACK will not occur. The  



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 obstructed the 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
STAO are being received in a TPP  (such as being transmitted following
an auxiliary beacon, a  description being made in a part of the signals
transmitted  from the STAO to the effect that transmission is being made
in a TPP, etc.), 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 TBTT due to 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 transmission is forbidden for the STAO to  transmit in this time
span, in order to not obstruct beacon  



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,  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  transmission point-in-time.
[0269]  Example of Operation of Collision Avoiding Procedures  Next,
another example will be given to describe collision detection in a case
wherein Duration field  recognition is not 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 STAG and the beacon transmission  



point-in-time of the STA2 have collided. [0270]  The STAG receives data
from the STAl 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 not 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
from the STA1 due to the beacon signal transmission from the  STA2, and
cannot receive the data correctly. Following data  reception, the STAO
returns a message to the STA1 to the  effect that the data could not be
received, in the form of a  NACK. [0272]  The STA2 operates the receiving
device for a certain  while following signal transmission according to Listen
After Send, and accordingly can receive the NACK of the STAO.  The
STA2 judges that the STA1 has failed in data reception  due to its own
signal transmission, from receiving the NACK  



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 autonomously changes the TBTT. [0274]  The
STA2 (and the STAO) can recognize that networks  have crossed, by
detecting mutual collision, and may perform  scan processing to know the
state of the network. [0275]  While description has been made with
reference 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
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 transmission 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
exception in the  event that the STAO has just recently set a new TBTT.
The  phrase "just recently" as used here is equivalent to 1  through 3
super frames following setting the new TBTT, for  example. 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. [0278]  



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 changing in  the event of multiple
communication stations simultaneously  changing their TBTTs. [0280]
Also, 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 priority value indicated in
the TYPE  field of the received beacon is lower than the priority  value of
the beacon of the local station transmitted at the  TBTT. In 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). [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 due to change 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
point-in-time (TBTT change).  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. [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 S1). [0283]  



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] In the event 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
made regarding whether or not the priority of  the beacon received from
the other station is higher than  the priority of the transmitted beacon of
the local station  side (step S4). [0286]  In the event that the priority of the
beacon received  from the other station is higher than the priority of the
transmitted beacon of the local station side, determination  is made to
change the TBTT, i.e., the beacon transmission  



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  as to 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 -
beacon 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
the priority of the transmitted beacon of the local station  side, i.e., in the
event that the priority of both beacons  matches, a check is made
regarding whether or not the  reception point-in-time of the received
beacon is earlier  than the beacon transmission point-in-time of the local
station (step S5). [0288]  In the event that the timing of the beacon
received  from the other station is earlier, the local station  



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 as to 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
transmission - 116 - timing. [0289]  Collision Avoiding Procedures in Case
that Signal  Transmission Timings Completely Match: 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 TBTT. A classical case  enables
the 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
occur  



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]  In 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
time span alone. - 117  Accordingly, there are cases wherein, upon a
communication  station judging that the quality of signals transmitted from
the TPP in a particular time span have markedly deteriorated,  collision of
signals can be resolved by releasing the TPP at  this time span. [0291]
Examples of phenomenon used for judging marked  deterioration is signal
quality include a great number of  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 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 process, the above-described procedures
are  followed to analyze the information described in the beacon,  extract
the media occupation state of the neighboring  communication stations,
and effect collision avoidance. - 118 - [0293] Fig. 38 illustrates, in
flowchart form, the  communication procedures including collusion
avoiding  operations in the case in which even the random values in
addition to the TBTTs of colliding signals completely match.  [0294] The
communication station sets the signal transmission  timing TBTT of the
beacon or Transmission Prioritized Period  TPP in the super frame (step
S31), and performs signal transmission/reception based on the set
transmission timing  



(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 (step 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
communication  cut-off state, no ACKs being returned during only the
particular time span, communication being requested at a low 119  data
rate during only the particular time span, and so forth.  [0296] Upon
detecting such signal quality deterioration, the  communication station
searches the transmission/reception  timings for others which can be used
within the super frame  (step S34), if found releases the transmission
section with  deteriorated quality (step S35), and sets the deteriorated
periodic transmission signals to the new transmission timing  TBTT. 



[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 that the is collision  between auxiliary
beacons one with another, collision  between signals periodically
transmitted and received using  Transmission Prioritized Periods TPPs
and beacons, or - 120  collision between signals periodically
transmitted/received  one with another, media occupation information for
other  time spans cannot be detected. Also, cases can be conceived
wherein normal beacons cannot be received even by performing
scanning processing, due to transmitting other signals 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  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  auxiliary beacon transmitting station.
[0300]  Fig. 39 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 STAO and the STA1 are in - 121
communication with other unshown communication stations, and  have
been operating as mutually independent networks, but  the STAO and the
STA1 have come into the range of reach of  airwaves due to the
communication stations moving or an  obstacle shielding the networks one
from another being  removed. Also, 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 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 a reason such as the TBTT offset continuing to match. In  this
case, the STAl cannot receive the normal beacons of the  STAO, and
neither can the STAO receive the normal beacons of  the STA1. [0302]
Subsequently, the STAl can receive 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
case, upon  the STA1 receiving an auxiliary beacon transmitted from the
STAO at point-in-time T4 and point-in-time T6, the STAl  analyzes the
description in the Serial field, and extracts - 122  information regarding
how much of a relative time difference  the auxiliary beacon is being
transmitted at from the normal  beacon transmission point-in-time, thereby
recognizing that  the normal beacon of the STAO is being transmitted near
the  point-in-time T2. Further, the STA1 recognizes that it is  transmitting
signals near the point-in-time T2 itself, and  



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 STAl can tell the
resource usage  state of the STA2 by receiving the normal beacons of the
STA2. [0304]  The STAO 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 STA1 described above, can  receive the normal
beacons of the 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 Prioritized Periods or TPPs) such as
shown at the bottom tier in Fig. 39 is achieved. [0305] - 123  On the other
hand, in the event that the STAO does not  autonomously release the
TPP, such as the STAO not noticing  the auxiliary beacon of the STA1 at
point-in-time T5, a  message may be transmitted from the STA1 to the
STAO to the  effect that it should release the TPP, as show at the lower- 



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  STA1. [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
point- in-time where collision does not occur. [0307]  Other Scan Triggers
Description of scanning operations has been made so far  regarding
scanning performed periodically, and scanning  performed due to
detection of collision. With the present - 124  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 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 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. [0309]
F. Other Beacon Collision Scenarios and Collision Avoiding  Procedures
In the above section E, description has been made  regarding processing
procedures for avoiding beacon - 125  collision in a case wherein the
range of reach of airwaves  changes due to communication stations
moving and so forth.  Besides, this, a case can be conceived wherein the
electric  



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 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 of Fig. 14, communication stations  the STAO and the STA1
exist in a range where airwaves from  communication stations the STA2
and the STA3 cannot reach,  with the STAG and the STA1 performing
communication. Also,  the STA2 and the STA3 perform communication
completely  independent from these. In this case, the beacon - 126
transmission timings are set for each communication station  in a
independent manner for each system, but as shown to the  



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
change the beacon transmission timing TBTT,  otherwise, the beacons
cannot be heard correctly. In other  words, the STA4 cannot participate in
the network. [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 changing procedures in the event that beacon  collision 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 STAO and  the TBTT of the beacon transmitted by the
STA2 have - 127  approximately matched the TBTTO, but the TBTT of the
STAO is  



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  values, 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 STA4 can receive beacons transmitted from both
the  STAO and the STA2. Now, the STA4 has received beacons from
these two station within the TBTT incrementation of itself  (i.e., within the
range of Bmin/2), and accordingly can  detect that beacons are colliding.
Next, determination is  made on which communication station a message
should be  transmitted regarding requesting changing of the TBTT. With
the example shown in the drawing, the beacon of the STAO was  received
later, so the STA4 determines to have the STAG to - 128  



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
STA2 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 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 to the
TOIS fields of the beacons, 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 STAG activates 



129  the TBTT changing processing from point-in-time Tl. 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 TBTT 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
communication station. [0318]  Upon the STAO finding an available TBTT
by the  procedures described with reference to Fig. 9, the TBTT1 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  periodically performs beacon
transmission at the timing of  TBTT1 with a TBTT offset. [0319]  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 - 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 the  like, the following supplementary
items are further taken  into consideration in the event of performing
collision  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
described above. [0322]  In the above-described example, upon receiving
a TBTT  change request from the STA4, the STAO activates TBTT
changing processing immediately, but an arrangement is made  wherein
TBTT changing processing is not activated as an  exception in the event
that the STAO has just recently set a  



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. [0323]  Further, with the above
example, the STA4 transmits a  TBTT change request message to 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 changed, this  beacon is not counted
as a colliding beacon, so the TBTT  change request 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. [0324]
Taking into consideration these supplementary items  



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 one communication station collides with
an auxiliary beacon of another communication station, the  TBTT for the
auxiliary beacon should 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).  [0326] Fig. 16 illustrates, in the form of a flowchart, device
actions executed at each communication station, in a case of  beacon
collision being exposed due to participation of a new  communication
station or the like, wherein the newly participating station requests 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. 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 described 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
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 S11). In the event  that colliding
beacons are found to exist as a result of the  determination, the
later-described processing of step S12  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 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 TBTT change request message is
transmitted to the originator of the beacon B (step Sl5),  and this
processing routine ends. [0332]  Also, in the event that there is no
difference in the  priority of the received beacons, determination 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 to the  TOIS fields of the beacons, and subtracts the
pseudo-random  sequence used, thereby calculating the TBTT of the
beacons  themselves. [0333]  Now, in the event that beacon A has arrived
later, 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 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
beacons one with another,  collision between signals periodically
transmitted and  received using Transmission Prioritized Periods TPPs
and  beacons, or collision between signals periodically
transmitted/received one with another, media occupation  information for
other time spans cannot be detected. Also,  cases can be conceived
wherein normal beacons cannot be  received even by performing
scanning processing, 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  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  auxiliary beacon transmitting station.
[0336]  Fig. 40 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 STAO is in communication with
another  unshown communication station, the STA2 is also in
communication with another unshown communication station,  and both
have been operating as mutually independent  networks, but the STA1
has come into the range of reach of  airwaves of the STAO and the STA2
due to communication  stations moving or an obstacle shielding the
networks one  from another being removed. Also, 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 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 STA1
analyzes the description in the Serial field  thereof, and extracts
information regarding how much of a  relative time difference the auxiliary
beacon is being  transmitted at from the normal beacon transmission
point-in- time, thereby recognizing that the normal beacon of the STA2  is
being transmitted near the point-in-time TO. Further,  the STA1
recognizes that the STAO is transmitting signals  near the point-in-time
TO, and accordingly cannot receive  the normal beacons of the STA2.
[0338)  Subsequently, as shown in the middle tier in Fig. 40,  the STA1
transmits a message to the STAO to release the  Transmission Prioritized
Period TPP acquired by the STAO  



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 STA1 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  requesting normal beacon transmission
point-in-time change  to the STA2. In this case, upon receiving this
message, the  STA2 activates transmission changing procedures for the
normal beacon which had been transmitted at point-in-time TO,  and
following detection of an available slot by the already- described
procedures, normal beacon transmission is started  at a point-in-time
where collision does not occur.  Accordingly, the STA1 can receive the
normal beacons of the  STA2, and the STA1 can tell the resource usage
state of the  STA2. [0340]  Other Scan Triaaers: Description of scanning
operations has been made so far  regarding scanning performed
periodically, and scanning  



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 to such signal - 139
detection/reception processing, beacons of the communication  station are
searched for, and acquisition of media  occupation information of the
communication station is  attempted. [0341]  Also, the signal detector and
receiving device are  continuous operated 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. [0342]  G. Setting TBTT of Auxiliary 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 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 transmitting traffic with - 140  lower
order of preference, so as to transmit traffic if the  local station with high
order of preference. The wireless  network according to the present
embodiment takes the latter  method, and accordingly is permitted to
request another  communication station to stop transmitting auxiliary
beacons  with low order of preference. [0344]  Fig. 17 illustrates, in the
form of a flowchart, the  procedures for a communication station to set a
new TBTT  within a super frame cycle. 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. 



[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 the super 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),
and this entire processing  routine is ended. [0347]  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 S24).  [0348] 



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 ends. [0350]  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,
and setting a  TBTT for the beacon of the local station. Now, the TBTTs of
the beacons which the nearby stations set are recognized by  referencing
the NBOI field described in each beacon. Also,  the priority of the beacon
is described in the TYPE field of  the beacon. [0351]  The example shown
in Fig. 18, is described from the  perspective of a communication 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 station 0, 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
timing for reference. - 143 - [0353] The sequence obtained as a result of
integrating and  referencing the NBOI files of the nearby stations is
indicated by "OR of NBOIs" in Fig. 16. 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 of a timing regarding which a TBTT
not yet  been set. In the example shown in the drawing, the sequence  is
"1111,117.1,1111,1111", i.e., all timings in the super  frame have been
marked, indicating that there are no 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 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 that the  TYPE 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
corresponding to - 144  the beacon transmission timing for the low order
of  preference 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
beacon-0' is received in the "OR of NBOIs",  are cleared. Consequently,
the sequence indicated by "XOR  of Each" 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. Subsequently, 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 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 TBTT changing processing shown in Fig. 13
and Fig. 16 occur. Consequently, TBTT changing processing  is executed
for low-priority beacons, and low-priority  beacons are gradually eliminated
from the system. [0357]  Fig. 19 illustrates the way in which the
communication - 145  station eliminates beacons of other stations with low
order  of preference and sets a new TBTT, in a state wherein the  super
frame is already full of beacons for which TBTTs have  been set. In the
drawing, from point-in-time TO to point- in-time TO' represents one 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 STAO, the STA1, and  



the STA2 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
STA2 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  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, in the event that the
STAO  wants to additionally transmit two auxiliary beacons, the  STAO
first performs a scanning operation (not shown), and - 146  finds the
auxiliary beacons transmitted by the STA2 with the  order of preference
127, as beacons having lower order of  preference than the beacons
regarding which TBTTs are to be  set by the local station. Then, the
Exclusive OR XOR of the  "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 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
STA2 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
STA2 perform processing following TBTT 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
processing. [03617  The STA2 performs 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 - 147  (not
shown), but no available time is found (or no auxiliary  beacons with a
lower order of preference are found), so the  STA2 abandons transmitting
of the auxiliary beacons.  Accordingly, the situation settles down to that
shown in the  bottom tier in Fig. 19. [0362]  



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 preference, regardless 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
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. In such a  case as well, high-priority traffic
can be preferentially  utilized by applying procedures the same as those
described - 148 - above. [0364]  H. Bettina TBTT of Auxiliary Beacons
Based on Priority  (Remote Operations) According to the procedures
described in Section G  



above, in the event that a communication station which  transmits
low-priority traffic exists nearby the communication station A which desires
to set a 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. 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-priority 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 - 149
described with Fig. 18, the communication station which  desires setting of
a TBTT for a new beacon has a nearby  station to search for whether or
not there is a  communication station transmitting low-priority traffic, and  



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 communication environment is assumed here
wherein three communication stations, the STAO, the STA1,  and the
STA2 exist, with at least the STAO 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 STA2  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 STAO and the STA1 are - 150  each only
transmitting normal beacons (TYPE = 255) in the  super frame. Thus, the
TBTT timings within the super frame  are all occupied. 



[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
in the ALERT field is equivalent to a remote  beacon stopping request to
surrounding stations. Also,  following notification of the beacon stop
request with the  ALERT, the STAO goes into a scan state for a while, to
search for whether or not available slots can be created by  remote
operations with nearby stations. [0370]  Note that the ALERT field is a
field for storing  information to be transmitted to the nearby stations in an -
151  abnormal situation. In the above descriptions the ALERT  field is
used for describing information to be notified to  



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. Also, in the  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.
[0371] 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 STA1  performs a scanning 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 scan, the STA1  recognizes
that the STA2 is transmitting five auxiliary  beacons with a lower order of
preference of 2 in the super - 152 - frame. 



[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 three  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
transmitted. [0374]  Next, at the top tier in Fig. 21, the STA1 performs a
scanning operation for at least one frame, thereby detecting  that
point-in-time T3, point-in-time T5, and point-in-time  T7, are available. Or,
the fact that point-in-time T3,  point-in-time T5, and point-in-time T7, are
available, is  notified by the NBOI of a beacon transmitted by the STA2 or
other nearby stations. Note that during this while, the - 153  



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 TBTTs for the auxiliary beacons
each  having order of preference of 254 at these timings, and  starts
beacon transmission. [0376]  On the other 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
preference of 2 again. However, the STAO  is already occupying these
time spans with beacons having a  higher order of preference, so no
available points-in-time  can be found, and auxiliary beacon transmission
is abandoned.  [0377] Thus, performing remote operations for setting
TBTTs  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] 



- 154  Note that a communication station, which has received  information
to the effect that "I 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
the present specification, in an autonomously- dispersed wireless network,
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.
[0381]  For example, the present invention can be similarly  



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 disclosed  in 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
of the  present invention. Brief Description of the Drawings  [0383] Fig. 1 is
a diagram illustrating a placement example of  communication devices
configuring a wireless communication  system according to an
embodiment of the present invention. Fig. 2 is a diagram schematically
illustrating the  function configuration of a wireless communication device
operating as a communication station in a wireless network  according to
an embodiment 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 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 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 describing
procedures for a  newly-participating communication station to set TBTTs
for  itself based on the NBOIs of beacons obtained from beacons
received from nearby stations. Fig. 10 is a diagram illustrating the way in
which  beacons collide due to change in the range of reach of  airwaves.
Fig. 11 is a diagram illustrating an example of TBTT  



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  collision 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 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 avoid  beacon collision upon beacon collision occurring
due to  emergence of a newly-participating station, by requesting  one of
the communication stations of which the beacon has  collided to change
the beacon transmission point-in-time  



(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
transmission by remote operations via  nearby stations, and sets TBTTs
for itself. Fig. 21 is a diagram illustrating the manner in which a
communication station which desires to set a TBTT 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
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 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 interval IFS  defined in IEEE 802.11. Fig. 27
is a diagram for describing PCF (Point  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 transition of a



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 collision 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
and receiving data have collided. Fig. 38 is a flowchart illustrating
communication  procedures including collision avoiding operations in a
case  wherein, in addition to the TBTTs 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 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  106 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
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 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
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 to Claim 1,  wherein a
communication station determines to change the  beacon transmission
timing of itself in response to - 163  reception of a beacon from another
station immediately prior  to transmission of a beacon from itself. 4. The
wireless communication system according to Claim 1,  



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 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 priority-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. 164  7. 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 priority-related information;
and wherein a beacon stop request is transmitted toward  nearby stations,
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 request 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. 8. The
wireless communication system according to Claim  1, wherein, upon
detection of collision of beacons received  from nearby stations, a
communication station requests one  of the communication stations to
change the beacon transmission timing thereof. 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. - 165
10. 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 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 to each other at  predetermined time intervals, with no
controlling- station/controlled-station relations; wherein said
communication stations each perform  notification with said beacons
describing information  relating to an abnormal status which should be
transmitted  to nearby stations. 12. A wireless communication system
according to Claim 11,  wherein said communication stations each
describe, as a - 166  warning of an abnormal status, a request relating to
changing of the beacon transmission placement of the local  station, or
elimination of a beacon transmitted from another  station. 13. A wireless
communication system according to Claim 11,  wherein a 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 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
according to Claim 14,  wherein said communication stations each acquire
a  preferential usage period for traffic, due to having  transmitted the
regular beacon and auxiliary beacons. 16. A 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
notification thereof; and wherein, at the time of newly setting beacon
transmission timing, reception beacons with lower priority  than that set to
said beacon are searched out and eliminated  from said neighboring
device information. 18. A wireless communication device for operating
under a  communication environment constructed by communication - 168
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 transmitting and receiving  wireless data;
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
controlling the beacon  



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  immediately prior to transmission of a
beacon from the local  station. 20. The wireless communication device
according to Claim 169  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  immediately
following transmission of a beacon from the  local station. 21. The wireless
communication device according to Claim  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 period, 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
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 interval, 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 close to the timing of transmission of a beacon from  the local
station. 24. The wireless communication device according to Claim  18,
wherein said beacon signal generating means describe  traffic priority set
for a beacon in said beacon; and wherein said collision avoiding means
perform  collision avoiding operations according to comparison  results
with the priority of a beacon with which collision  has occurred. 171  25.
The wireless communication device according to Claim 



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 not change 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
timing thereof. 28. The wireless communication device according to Claim
18, wherein said timing control means shift the beacon  transmission
timing set to the local station at said 172  predetermined time intervals,
and perform beacon  transmission, based on values provided from a
pseudo-random  system; and wherein said beacon signal generating
means perform  notification with said beacons describing information  



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 transmission timing 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
the traffic set in  the beacons; and wherein said collision avoiding means
transmits a  beacon stop request toward nearby stations, specifying the
number of beacons which said collision avoiding means wants 172a  to
place within said predetermined time interval, and the  priorities thereof.
32. The wireless communication device according to Claim  31, wherein
said collision avoiding means perform a scanning  operation in response
to reception of a beacon stop request  



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 communication device 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 be transmitted to nearby  stations. 35. The wireless communication
device according to Claim  34, wherein said beacon signal generating
means describe, as  a warning of an abnormal status, a request relating to
changing of the beacon transmission placement of the local  station, or
elimination of a beacon transmitted from another  station. 36. The wireless
communication device according to Claim  35, wherein said 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. - 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 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. 39. 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  said predetermined time interval, and information uniquely
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  beacons, neighboring device information relating to beacon - 175  



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 eliminate from said neighboring device
information. 41. A wireless communication method 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  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; a timing control step for controlling the beacon  transmission
timing; and a collision avoiding step for avoiding beacon  collisions
occurring with other stations. - 176  42. 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  information to each other at predetermined
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
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. 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 reception
of  transmission signals from other stations at least at one of - 177  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. 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 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 Claim  43, wherein a communication station performs a scanning
process for at least a predetermined period in response to  detection of
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,
wherein a communication station extracts a time  slot in which collision
with periodic signal  



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 operation  for obtaining information
relating to a network, a  communication station extracts a time slot in
which  information necessary for obtaining said information is  transmitted,
and attempts signal reception 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 deterioration in
the signal reception 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
procedures involving  



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 transmission/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,
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 180  changed to avoid collision, and detects
collision with the periodic signals which were to be transmitted following
transmission by the local station. 54. The wireless communication system
according to Claim  



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/reception section 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
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. 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 communication station describes, in a part of  signals
periodically transmitted/received, information to  the effect that said
signals are being periodically  scheduled and transmitted. 60. The
wireless communication system according to Claim  59, wherein a
communication station describes, in a part of  the signals periodically
transmitted/received, information  indicating the preferential order of said
signals. 182  61. The wireless communication system according to Claim
60, wherein a communication station changes the periodic  signal
transmission/reception timing with lower priority  order, in response to
detection of collision of periodic  signal transmission/reception. 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. 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  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  beacons 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. 65. The wireless communication system according to Claim  



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 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 signals cannot be received from the other
station at  the same point-in-time. 67. The wireless communication system
according to Claim  64, wherein 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
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 processing of transmission/reception  signals,
and also controlling periodic signal  transmission/reception operations at
said each predetermined  time interval; and collision detecting means 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  periodic 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  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. 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 local  station. 72. The wireless
communication device according to Claim  69, further comprising
scanning operation means for  performing a scanning process for at least
a predetermined  period in response to detection of collision of said
periodic signal transmission/reception, thereby attempting  confirmation of
the state of cyclic signal transmission of  other stations. 73. The wireless
communication device according to Claim  69, further comprising
scanning operation means for  performing a scanning operation prior to
newly generating  periodic signal transmission/reception; wherein said
communication control 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 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 on access procedures  involving 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. 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
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 avoid collision with the signals of  the other station. 77. The
wireless communication device according to Claim  76, wherein said
communication control means transmit  signals with description to the
effect that the periodic 



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 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 said communication control means transmit
187a  



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 means change the  colliding signal
transmission/reception timing. 188  82. The wireless communication
device according to Claim 80, wherein said communication control means
set a  preferential order set for signals periodically  transmitted/received;
and wherein, in the event of collision of collision of  collision of signals
periodically transmitted/received by  the local station with signals
periodically  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 point-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 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 transmission  point-in-time described in said
signals periodically 189  transmitted/received, and stops transmission of
other  signals performed at said point-in-time. 85. The wireless
communication device according to Claim  69, wherein said
communication control means describe, in a  part of signals periodically
transmitted/received,  information to the effect that said signals are 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 periodically 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  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 control means describe  information relating
to the random offset of the  transmission point-in-time in part of the signals
periodically transmitted/received. 191  90. 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 transmitting and receiving  wireless data; - 192
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 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 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 - 193  signals received from said nearby stations, and
detect  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. 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 collision 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 - 194
communication operations at each predetermined time interval,  under a
communication environment with no controlling- station/controlled-station
relations, said method  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  



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 predetermined time intervals,  with no
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; - 195  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 point- 



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 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 - 196  periodic signal
transmission/reception and transmission  signals of other stations. 98. 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  information to each other at predetermined 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 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. 




