1 DESCRIPTION WIRELESS COMMUNICATION SYSTEM, WIRELESS
COMMUNICATION DEVICE AND WIRELESS COMMUNICATION
METHOD, AND COMPUTER PROGRAM Technical Field The present
invention relates to a wireless communication systemwherein a plurality
of wireless stations communicate with one another as in wireless LAN
(Local Area Network) or PAN (Personal Area Network), a wireless
communication device and B@@&?«’%@ ? munication method, and a
computer program. More par y, it relates to a wireless
communication system, a wireless communication device and a wireless
communication method, and a computer program wherein random
actes’HS AtleCOESBINON AN dEtection, by I SNEEA (CamMemNSense: ON
Multiple Access with Collision Avoidance). Further more particularly, the
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communication device and a wireless communication method, and a
computer program wherein access control is carried out based on CSMA
using the RTS/CTS methgd-tg haiain comymunication quality. Further
more particularly, it relatesS 0 a Wiréléss communication system, a
wirBlespeemmunicatiamddviceranid asvrelessweonunesisatioammethed: i on
and a computer program wherein a plurality of classes of frames, such as
SYstRIGhe TS 1p ATAL Rl AGK Odre hiiRtsexed tanel g slsyrflaxitiieate with
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(Personal Area Network), a wireless communication device and

_a.wireless communication method, and a computer program. More
particulariy, it relates to a wireless communication system,
a wireless communication device and a wireless communication
method, and a computer program wherein random access is made
based cn carrier detection by CSMA/CA (Carrier Sense Multiple
Access with Collision Avoidance).

Further more particularly, the present invention relates
to a wireless communication system, a wireless communication
device and a wireless communication method, and a computer
progrmnwhereinaccesscontroliscérriedoutbaseﬂonCSMAusing
the RTS/CTS method to maintain communication quality. Further
moreparticularly, itrelatestoawireless communicationsystem,
a wireless communication device and a wireless communication
method, and a computer program wherein a plurality of classes
of frames, such as RTS, CTS, DATA, and ACK, are nultiplexed and
thereby flexible transmitting and receiving preoccedures are

provided and overheads are reduced.



Background Art The wireless network has received widespread attention
as a communication system which relieves users of cable wiring between
wire communication devices. With the wireless network, the majority of
cables can be omitted in working spaces, such as offices;therefore,
communication terminals, such as personal computers (PCs), can be
relatively easily relocated. As wireless LAN systems become faster and

inexpensive, recently thege and for Hwaw'reless network has been
. . ackarou i3 : -
significantly increased. Inﬁa:#éﬁaf%hese—(iiays, the introduction of
persgaat.area nedwor-(RAN)has beep copsidered tohyid.a smalk-spale,
wireless network among a plurality of pieces of electronic equipment
as aexistingii pedplehs susroemdihgs-to ealry cotd infosmation CeaBLMIGAEGT o
For example, different wireless communication systems and wireless
be tWgiRmidheatiol eV ices Erenddtirnbe esing fregichey Wands, sasmagwork,
the %‘4’%E|than§fa@%]§1%E'chﬁqgéfor Whigh licenses from comgetent h
Aithdfifies afe GinecessaRy: Typicat stardards réftdtt RWRBREES, suc
as o FEMNRIK INGlGe. IR | (ERg nstitue:of Electical and Eleqanies o rsonal
Engineers) 802.11 (Refer toNon-Patent Document 1, for
compeXammple. ), HiperLAN/2r{Refer te Non:Ratent Reciiment 2eordiNen-Batent as
. Document 3, for example.), IEEE802.15.3, and Bluetooth communication.
wirehghTebpcttpthens EEsoRie] Stdridurdavatiousanipeiass vansirssiort 1y

tne JEROUS puch g Ihe IFERE0Z 110 slandard and 1e JEEE802 i cants
standard, are present dep g fferencedtin Wirefess ¢ Y
incﬂggggwnmafﬁnﬁQ%%E@d¥§¥veqﬂﬁﬂ§¥QQQQé§the introduction of
personal area network (PAN)} has been considered to build a
small-scale wireless network among a plurality of pieces of
electronic equipment existing in people’ s surroundings to carry
out informationcommunication. Forexample, differentwireless
communication systems and wireless communication devices are
defined using frequency bands, such as 2.4-GHz band and 5~GHz
band, for which licenses from competent authorities are
unnecessary.
Typical standards relatedtowireless network include IEEE
{The Institute of Electrical and Electronics Engineers) 802,11
(Refer toNon-Patent Document 1, forexample.), HiperLAN/2 {Refer
to Non-Patent Document 2 or Non-Patent Document 3, for example.),
IEEEB802.15.3, andBluetooth communication. With respect to the
IEEESOZ.ll standard, various wireless transmission'methods,
such as the IEEES802.11la standard and the IEEE802.11b standard,

are present depending on differences in wireless communication

method and frequency band used.



3 To build a local area network using radio engineering, the following
method is generally used: one device, designated as "access point" or
“"coordinator,” that functions as corgrol station is provided in the area.
Then the network is formed under the centralized control of the control
station. In wireless networks provided with an access point, an access
control method based on bandwidth reservation is in wide use. In this
me{tg}o%qu% Qfgggaat'onailg tgar‘rllsrrgnh‘;edlzrom some ¢ mmunication _,
device, a band required for the information “fransmis&ionTs FEEVES at iy
the 863835,RAUPtmEMDraBsHsion channeisareyilized,se thatcallision « eq
. with information transmission by other communication devices will be
as “prevestegoihdt Ts chyproviding. an aceess phint, synchtdnous avireleas rol
communication, wherein the communication devices within the wireless
statieiyolR syREeARS thentWithafeeanotheeistdurrieg bue Howesvdie ared

problem arises if.asynghronous communication is carried out between a
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deviges In-a WILRless emUNIcAtion; System piovided,with an aceess  an

point: wireless communication must be carried out through the access
accepaintovithonl exeehtonb anebthus e afficitncyrefdeansmissinnichannel de

utilization is reduced by half. To cope with this, "ad-hoc communication”
use.in Which B ARiale dsyrehrohddsiyEamminicats Hvesiy Withdasrotheme

has been devised as another method for building_a wireless network.
communsica%QGn éevgce, a E)ang" requ?rec!,l gfor the information

transmission 1is vreserved at the access point, Thus,
transmission channels are utilized so that collision with
information transmission by other communication devices will
beprevented. Thatis, byprovidinganaccesspoint, synchronous
wireless communication, wherein the communication devices
within the wireless network synchronize them with one another,
is carried out.

' However, a problem arises if asynchronous communication
is carried out between a transmitting communication device and
a receiving communication devices in a wireless communication
system provided with an access peint: wireless communication
must be carried cut through the access point without exception,
and thus the efficiency of transmission channel utilization is
reduced by half.

To cope with this, “ad-hoc communication” in which
terminals asynchronously communicate directly with each other
hasbeendevisedas anothermethod forbuildingawireless netwdrk .

In particular, in small-scale wireless networks consisting of



In particular, in small-scale wireless networks consisting of 4 a relatively
small number of clients located nearby, the ad-hoc communication is
believed to be appropriate. In the ad-hoc communication, any terminals
can carry out wireless communication directly, or randomly, with each
other without use of any specific access point. In ad-hoc wireless
communication systems, a central control station does not exist;

herefare, it is s 'tablgng)r constituting, for example, a home network
& refa%lvef% ?1I[l‘:‘iﬂh%]ll el hagh egtssl.%‘:élta%gh%ganr \A%r%ﬁ,&saiﬂéhoc

comprisi ouse ctric appliance e

conmi@HOWiNG deatutes, fariexampleeyen if gne ypit becames-aulty, orisy_ 1
turned off, routing is automatically changed, and thus the network is less

commproneatbifail;, packetg are: eausetatbshop@apluralityreftimes:hetweéieless
mobile stations, and thereby data can be transmitted a relatively long way

commijth Gakighttiala FaetmaintaiRed aVERIBLYE caéd § bf aaHoedystamvi thout

use g%vea!ggémgnégg\felgegré kgown. §Re er to Non-Patent Document 5, for
example.) EGr éexample, frhe e .T1 wireless LAN systems are

mqmﬁ%%WEgéd@QQQnggn&@Hﬂhﬁfﬁ%@?ﬁﬂa§§§9gﬁygy£n%entral

decentralizedly operates in a peer to peer manner without providing a
contcoitreltstatiom Abthaespecktoiwireless AN oetworks il theadhasie for

environment, it is generally known that a problem of hidden terminal
conspadirsi ATdER teRiEPs S cormfTiniBgtiorPstitionmahichican beteahd1d

one communication st%tlion as the counterpart of communication but
l —_ ()
e ecg%ﬁﬁx%%ﬁ%&%@?ﬁﬁhe() a’ﬁ% ocC nethgk has the following

features, for example: even if one unit becomes faulty or is

turned off, routing is automatically changed, and thus the

networkis lesspreoneto fail; packetsare causedtohopaplurality
of times between mobile stations, and thereby data can be

transmittedarelativelylongwaywithahighdataratemaintained.
Various cases of ad-hoc system development have been known.

(Refer to Non-Patent Document 5, for example.)

For example, the IEEEB0Z2.11 Wireless LAN systems are
provided with ad-hoc mode in which the system autonomously and
decentralizedly operates inxa peer to peer manner without
providing a control station.

With respect to wireless LAN networks in the ad-hoc
environment, it is generally known that a problem of hidden
terminal occurs. Hidden terminal is a communication station
whichcanbeheardbyohecommunicationstationasthecounterpart
of communication but cannot be heard by the other when
communication is carried out between the specific comrunication

stations. Hidden terminals cannot carry out negotiation



communication is carried out between the specific communication
stations. Hidden terminals cannot carry out negotiation 5 between them,
and thus transmit operation can colfide. As one of methodologies for
solving such a problem of hidden terminal, CSMA/CA according to the
RTS/CTS procedure is known. The CSMA/CA (Carrier Sense Multiple
Access with Collision Avoidance) is a connecting method wherein multiple

be tyASEESS IS Madg,hased e E@Eﬁéﬂ?@%@@r'é‘e’_\ii&leé%ﬁo@%ﬂ%?%?“’ it
is difficult for a communication device to receive signals by which the
devigediself frarsrhitslinformatiot ckhesefoie gtba chmmubisaten-daviceien
confirms that there is no information transmission from other

ternhaihuricdfidndediese by i CRMRIE R (EHHEDPAQGIHERES) Systenpwn .
not hy the. CSMA/ Collision Detection) system. Then, the o
commu méa&é*o};]éée%i?c (Ls%ﬁg it 3Rm Thtd #ﬁgjo%%ﬁgﬁﬁs“gi]oﬁl&ﬁjl lision

Avo fthgraby\callision is,avoided , The GEMA syaterais an.access mefhad o5 45

suitable for asynchronous data communication, such as file transter and
madeelpetsenric saait dr e RTHEESteinod, the gomsuwieatiomstatior-as 1he,
origin of data transmission transmits a request to send packet RTS
it iReGuest Tolded@)r. i rEapBhsd tothborcéplioref hresperse packenals
by wg[:Jl'S (Clear To Send).from tI%e communication station as the destination

Gt P SIRIESTOh, 1€ FhhshitG ddmntdhicatibn stafion statfGHtare
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CTS, they set their own transmission stop period. The transmission stop
trampefiogss caqivatens tha pesiogrduiingarhieh datrapsmissiomis csMa/ca
{Colelxipseicger?'}kvoidance) system, not by the CSMA/CD (Collision
Detection) system. Then, the communication device starts its
own information transmission, and thereby collision is avoided.
The CSMA system is an access method suitable for asynchronous
data communication, such as file transfer and electronic mail.

In the RTS/CTS method, the communication station as the
origin of data transmission transmits a request to send packet
RTS {Request To Send) . Inresponse tothereceptionofaresponse
packet CTS {(Clear To Send} from the communication station as
the destination of data transmission, the transmitting
communication station starts data transmission. When hidden
terminals réceive either or both of RTS and CTS, they set their
own transmission stop period. The transmission stop period is
equivalent toaperiodduringwhichdata transmission is expected
to be performed based on the RTS/CTS proceduﬁ:e . Thus, ceollision

can be avoided. Hidden terminals for the transmitter station

receive CTS and set a transmission stopperiod to avoidcollision



to be performed based on the RTS/CTS procedure. Thus, collision can be
avoided. Hidden terminals for the transmitter station receive CTS and set
a transmission stop period to avoid gollision 6 with data packets. Hidden
terminals for the receiver station receive RTS and stop a transmission
period to avoid collision with ACK. Here, the wireless network will be
described with IEEE802.11a, an expansion standard to IEEE802.11,

. taken as an example, FIG, 15 illustrates the frame format specified by
i e e GRS HprEaBiB drich ot sHhe S preseneb bf 1on

recPBgkekisadded to the head of each. 9%%63059%@6@563@9&63 KOOW < 1 on

symbol patterns are defined in the standard. Based on these known
witlpatierns, receivers can judge whether a receive signal corresponds to a

preamble or not. Following the preamble, SIGNAL field is defined. In the.

SIGMNALE field: Hisformiatiohgeguired foodécodihd thelirfordrtioniperdiorwdfth

the packet concerned is placed. The information required for decoding
rzenile :

12 1Ry RIBAAE PUOP IRNRT (PR SR E A)ér hnviRjtRens an

exa ﬁﬁ_)@pol header) . The PLOP header includes: RATE field which indicates
the transmission rate of an information portion (This includes Service field

as partof RECR header-hewevetHbis hetgalter sivplyand genercally by

referred to as "information portion" for the purpose of simplifying the
TEERSpHnktian.); LENGEH fieldwhkich dndicatesities |efgthlof infddwations  the
pre éﬁg%xé¥ugégﬁgla%gngggggp%%jthe head of each packet. For
the preamble, known symbol patterns are defined in the standard.
Based on these known patterns, receivers can Jjudge whether a
receive signal corresponds to a preamble or not.

Following the preamble, SIGNAL field is defined. 1In the
SIGNAL field, information required for decoding the information
portion of the packet concerned is blaced. The information
required for decoding packets is designated as PLCP header
(Physical Layer Convergence Protocol header). The PLCP header
includes: RATE field which indicates the transmission rate of
an information portion (This includes Service field as part of
PLCP header; however, it is hereafter simply and generically
referred to as ™“information porticn” for .the purpose of
simplifying the explanation.); LENGTH field which indicates the
length of information portion; parity bit; Tail bit‘of encoder;
and the like. Receivers decode the subsequent information
portions based on the resulit of decoding the RATE and LENGTH
fields in the PLCP header.

The SIGNAL portion where the PLCP header is placed is



and the like. Receivers decode the subsequent information portions
based on the result of decoding the RATE and LENGTH fields in the
PLCP header. The SIGNAL portion yvhere the PLCP header is placed is 7
subjected to encoding resistant to noise, and is transmitted at 6Mbps. In
case of normal packets, the information portion is transmitted in a
transmission rate mode in which the highest bit rate is provided to the
extend that the occurrence of errors is minimized according to the SNR or

sSub e o e TREBN AR IEEEBD L ERE d&fh XOdighY claBskd 6f fraAsmiskidied
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is H@%@h@@@t%aeﬁ?t@%faﬁ%mi%' %t@thBdBO§E'%?Pcfl§rt§Y¥zaMlghest
cannot decode this information sometimes. The information portion is

bit transteiredas PEDD (Bhydieak k agerdSenv tetihataoUnit) tosthesdatd dmk or s
layer as the higher level layer. FIG. 16 illustrates the constitution of the

is %@lﬁéﬁ%@ﬁé{ar@@@@ 19NGefifEs savdfarfrhiienples Mefeeceiver.,
des?l%%uhﬁ)ﬁ vglll ble g oney to fou {H[}/pgf of frame% R'Ir'g SCIJH‘I;SSS%CIl rate

and requwed (leescrlblngq epresent |nvent|on oreach frame,

mod&Eame Gonirol field and brirafion figld, are defingd ingorypan. sTheflrame; .

Control f ieldhoids information indicating the type and use of the frame
If acomeerserd tard mhose edpecificallpdtdedcrsived thedntopmaiing distaskin rate
Table 1. The Duration field holds information on the use of NAV (Network
Cransmission rate mode is selected. A communication station
_positioned far away cannot decode this information sometimes.

The information portion is transferred as PSDU {Physical
Layer Service Data Unit) to the data link layér as the higher
level layer. FIG. 16 illustrates the constitution of the PSDU
frame field. IEEE802.11 defines several frame types. Here,
description will be given only to four types of frames, RTS,
CTs, ACK, and DATA, required for describing the present
invention.

For each frame, Frame Control field and Duration field
aredefined incommon. TheFrameControl fieldholdsinformation
indicating the type and use of the frame concerned, and more
specifically, it describes the information listed in Table 1.
The Duration field holds information on the use of NAV {Network
Allccation Vector) (to be described.later), and describes the
time that elapses before the transaction of the packet concerned
is completed.

Tabhle 1

[ FieldName | Length[Bi] | ' Description

Ef:




Allocation Vector) (to be described later), and describes the time that
elapses before the transaction of the packet concerned is completed.
Table 1 Field Name Length [Bit] Description 8 Protocol Version 2 Version
information Ty e/Subtype 6 Identifier indicating the frame type ToDS,
FromDS 2 Identifier determining what each ADDR indicates More
Fragment 1 Flag |nd|cat|ng the last fragment Retry 1 Flag indicating

i er@‘” tnm]a,tn v' ||,m :n::,\;:*?\. bathor
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WEP O YOVt B R YL alW ST WS T <> (Framme

Other nce) yvnrcn 5 a checksumnT. i adartionto-the-foregoingthe
RTSframecontairnsRec

Eiver Adaress(RAywhith-meates-the—————
dedthatioA! TraRshftersudress ‘e‘pAmmchhﬁdﬂaaté theagpyirehtains:
transmission; and is a chec ddltlon to the foregoin
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comm@d ECSiWRIChdS Bions as the origin of transmission and the

destination and others; sequence field (SEQ}; Frame Body which
is the primary information to be provided to the upper level
layer; and FCS (Frame Check Sequence) which is a checksum.

in addition to the foregoing, the RTS frame contains:
Receiver Address (RA) which indicates the destination;
Transmitter Address (TA} which indicates the origin of
transmission; and FCS which is a checksumn.

In addition to the foregoing, the CTS frame and ACK frame
contain RA which indicates the destination and FCS which is a
checksum,

Here description will be given to the method for coping
with access contention defined in IEEES802.11.

IEEEB02.11 defines four types of inter frame spaces (IFS):
SIFS (Short IFS), PIFS {(PCF IFS), DIFS (DCF IFS), and EIFS
(extenéed IFS}) in ascending order.

IEEEB02.11 adopts CSMA as a basic media access procedure
{described above). Before a transmitter transmits something,

‘the state of the medium is monitored and further a backoff timer




checksum. Here description will be given to the method for coping with
access contention defined in IEEE802.11. IEEE8O2.1I defines four types
of inter frame spaces (IFS): SIFS @&hort IFS), PIFS (PCF IFS), DIFS
(DCF IFS), and EIFS (extended IFS) in ascending order. IEEE802.11
adopts CSMA as a basic media access procedure (described above) .
Before a transmitter transmits something, the state of the medium is

. onitored and further.a backoff timer 9 is actuated for a random. time.
5 A eI o, LB oHaaa

traﬂ@{ﬁ@ﬁgiﬂ&aﬂ&%i%ﬂgi%l@@ﬂ%@f@ 1@1{@95@gﬁrsﬁﬂnctﬁnft@& during
packets on the medium. When a normal packet is transmitted according
thidophe C8MAa plodadre rinesRCE{BistihutetGogndination Ftueciosh the
operate as follows: after the transmission of a packet of some kind is
medidgipleted, the state of the medium is monitored only for a DIFS. If there
is ng transmit signal during this period, random backoff is carried out. If
thefé 1§ nd r%%%%@ﬁaﬁglgctfuﬁﬁgttﬁ%rbséﬁ]oﬁf:%ﬂﬁeﬁc% Peh&Risdisn-SHA
prodiiitisproudad: Whendd pagkale SR A5Gk Y RASPASOLee Af WRNCY o
is exceptionally high is transmitted, it is permitted to transmit the packet

as faftérashortinter fraraetspacenSiESi dhusfpackeiskwhase degieexdind is
urgency is high can be transmitted before packets transmitted according
compdahehorhied M prdcebaracts sum sipland teasoh whidiffereatDIFS.

finter frame , | . . .
Iftﬁgﬁgf%ngﬁmghsmlt51gnaldurlngthlsperlod,randombackoff

iscarriedout. Ifthereisnotransmitsignal duringthisperiod,
either, then transmission right is provided.

When a packet, such as ACK; whose degree of urgency is
exceptionally high is transmitted, it is permitted to transmit
the packet after a short inter frame space SIFS. Thus, packets
whose degree of urgency is high can be transmitted before packets
transmitted according to the normal CSMA procedure.

To sum up, the reason why different types of inter frame
spaces IFS are defined is as follows: packets competing for
transmission right are given priorities according to whether
their IFS is SIFS, PIFS, or DIFS, that is, according to the length
of inter frame space.

Next, description will be given to the RTS3/CTS procedure
in IEEEB02.11, referring to FIG. 17 to FIG. 19. With respect
to wireless LAN networks in the ad~hoc environment, it is
generally known that a problem of hidden terminal occurs.
CSMA/CA according to the RTS/CTS procedure is known as one of

methodcleogies for alleviating most of this problem {described



spaces IFS are defined is as follows: packets competing for transmission
- right are given priorities according to whether their IFS is SIFS, PIFS, or
DIFS, that is, according to the lengih of inter frame space. Next,
description will be given to the RTS/CTS procedure in IEEE802.11,
referring to FIG. 17 to FIG. 19. With respect to wireless LAN networks in
the ad-hoc environment, it is generally known that a problem of hidden
terminal occurs. CSMA/CA according to the RTS/CTS procedure is

~ aboYRbwn AEBRE UF -rhétdtB AR ANERAfng g 8PtHRI¥roblem
(ogerbed 19 shove EEEROZ 11,als0 adopts s methostloqy. FIG. 17,

o o . an 2
schematically iiflstrates an exa ple of the "opération of frie

ope PAOGRALES: TiisHigyre shawysar example rn whichyinfarmation (Rata) Hlp1 e

some kind is transmitted from STAO to STAL. Prior to the actual
in whangmissibnmiaiformatidrs ISTAOftransmitk BndRTS (Reguestita &eéndyom
acket to STAI as the destination of information according to the CSMA
STA%rBé’e@l}%;m response to the reception of the RTS packet, STAI

transmits a, CTS,(Clear To Se d%acket t0.STAO,.feeding back.that STAI
B A e R o e B g0

a.C
has success?ully récéived the ucc

trad8reives the GhE pagkeh.thermediungds gonsidered o e claan and they

transmission of information (Data) packets is immediately started. When .
destShalt has sitdesSiuttyaeteived-theddfaimation KRatsMpacketseQEAE. In
returns an ACK packet. Thus, the transmission and reception
response to the reception of the RTS packet, S5TAl transmits a
CTS (Clear To Send) packet to STAO, feeding back that STAl has
successfully_received the RTS.

If the transmitting STAO successfully receives the CTS
packet, themediumis consideredtobeclear, and the transmission
of information (Data) packets is immediately started. When STAL
has successfully received the information (Data) packets, STAL
returns an ACK packet. Thus, the transmission and reception
transaction equivalent to one packet is completed.

FIG. 18 illustrates action which -can take place in
surrounding stations when the RTS/CTS procedure is carried out
between a transmitter station and a receiver station. In this
figure, the following communicationenvironment is assumed: four
communication stations, STAZ, STAO, STAl, and STA3, exist, and
communication stations adjoining to each other in the figure
are locatedwithin the range of radio waves. Here, it is assumed
that STAO desires to transmit information to STAl.

The transmitting STAC confirms that the medium is clear

for a certain period (from time TO to time T1) according to the



transaction equivalent to one packet is completed. FIG. 18 illustrates

action which can take place in surrounding stations when the RTS/CTS

procedure is carried out between a transmitter station and a receiver

station. In this figure, the following communication environment is

assumed: four communication stations, STA2, STAO, STA1, and STA3,

exist, and communication stations adjoining to each other in the figure
c SMFgre Iocatgq within the ran f radio waves, Here, it is assumed that
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Frariransmissianiof aheR TS @packaid¢o 8TAl asdimest]. Intheshee/Subtypich
field of the Frame Control field of the RTS packet, information which

indjigditates the packdt ebnesrneg i RI Slis de3¢ribed; ikctherbiaeation field; he
the time_that lapses before the transl(rr#ission and reception transaction for

Purafid O ckafestcerhisd fs'Cmplatdd (FRSHR thftd Bhfl thig Tgy3esmission

and desetibedsinthe RA field, the address of ﬂlaetdsim%tm%o@ﬂﬁg%&gﬂg@ed

station (STA1) is described; and in the TA field, the address o
(i . dransmeittef retation: (QTAO)#seH js desarbre: Hease, attentiom shaulde 14,
paid to the following point: for STAO to describe in the Duration field the
the gRdnkatapbdshbed@reihaatahshctioneiebodiigliontetRTSIOTESTAL) is
des(gégcedure is .completed, the time when the transaction is completed must
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station (STAQ) itself is described.

Here, attention should be paid to the following point:
for STAO to describe in the Duration field the time that lapses
before the transaction according to the RTS/CTS procedure is
completed, the time when the transaction is completed must be
determined when RTS is transmitted. More specific description
will be given. The transmitting STAO must determine all the
transmission rate mode, including CTS packet, Data packet, and
ACK packet to be subsequently transmitted and received in the
transaction 1in gquestion, when it transmits RTS. The
transmission rate mode determined here relates to the entire
transaction, and it is not permitted to set an individual
transmission rate mode with respect to each packet transmission
within a transaction.

FIG. 19 illustrates the procedure according to which the
transmitting STAC determines a transmission rate mode with
respect to the entire transaction concerned when it transmits

RTS. When RTS is transmitited, it must be determined where the



will be given. The transmitting STAO must determine all the transmission
rate mode, including CTS packet, Data packet, and ACK packet to be
subsequently transmitted and received in the transaction in question,
when it transmits RTS. The transmission rate mode determined here
relates to the entire transaction, and it is not permitted to set an individual
transmission rate mode with respect to each packet transmission within a
transaction, F|G. 19 illustrates.the procedure according to which the
A %% SRX 3| Eipit

ransmi t%r?ghs e tdtRiies S fransnmeaion T mb lr%sE%&’to“ ’

TherB¢ SPUTe FRBSRCUANGONCeIned When ihBarsmits RIS WNEORIZIS due
transmitted, it must be determined where the 12 time at which the

to itrAnsactioicis berhgleted iso(T8 am EIG t4) T harefotethe gansmissiamstate s
mode is determined only due to information held by the transmitter station

RTS \fhaf ftdramRniiae RICWHaked BrndhEanscurter deateshimnidatedintthse
entire .transa the transmission rate, and the like smission

jon, ). The tra
trangac %Tl Sakh o%%‘r?e SSRTASARY ACK fFame’ therk ﬁerﬁ[rb?ﬁ? ftted 1€
trariiiecenediis pasigalilnarcgiapse with thejgigapnlied nthe RSy
That is, it is not permitted to set an individual transmission rate mode with
therresfcettoeachs packetdransmission wdthin a trapsactiony Here,ccordance
description will be given, referring to FIG. 18 again. The RTS packet is
withrddeved Biscby STRD Whidh & PoSitionBlal the vitihifcohsTAG Whehed

STA2 receives the RTS signal, STA2 discovers the preamble and thus
to S%Faﬁg rjé%gﬁ/‘élo%%?’ iB]ﬁ_&iﬂ%lﬂlSSlon rate mode wfth respect to each

packet transmission within a transaction.

tim

Here, descriptionwillbegiven, referring to FIG. 18 again.
The RTS packet is received alsc by STA2 which is positioned in
the vicinity of STAO. When STAZ receives the RTS signal, STA2
discovers the preamble and thus starté receive operation.
Further, STAZ2 decodes PSDU based on the information obtained
by decoding the PLCP header. Then, STA2 recognizes from the
Frame Control field in the PSDU that the packet in question is
RTS packet, and knows that 3TAO desires to transmit information
of some kind. Further, STA2 recognizes from the RA field that
STAZ itself isnot thedestination communicationstation. Then,
STAZ dees not monitor the medium and recognizes that the medium
is cccupied until the transaction in question is completed, and
stops its own transmission so as not to hinder STAO’s desire
tosend. Torefertothisoperation, itissaidthatasurrounding
station “sets NAV (Network Allocation Vector).” The NAV is
effective during the pericd indicated in the Duration field,

and STAZ is kept in transmission prohibited state until time



Further, STA2 decodes PSDU based on the information obtained by
decoding the PLCP header. Then, STA2 recognizes from the Frame
Control field in the PSDU that the gacket in question is RTS packet, and
knows that STAO desires to transmit information of some kind. Further,
STAZ2 recognizes from the RA field that STAZ2 itself is not the destination
communication station. Then, STA2 does not monitor the medium and
recognizes that the medium is occupied until the transaction in question is
T8. completed, and stops its own transmission so as not to hinder STAO's

desite end. To refer to this operation, it is said that a surrqundin
St SRR N oE ARSAB VARG AR 1S Eifecieended
destAHNgiBR periggindicated inthe uatorield, -and 3142 1$ KRR sape
transmission prohibited state until time 13 T8. The RTS packet is
prodedeivedaalsodn-3TAEvhichie theinterided cstigstiration 5744 dreedesao
the PSDU according to the same procedure as described above, and

desihefelfiPrdcorpifesthas STAL dezifeBhd tidnspiifpackétsne STAL itdali.ts

Then, STA its, f IFS ibed above) and returns a CTS packet
For B SRESTA R TS AR, B P FELOS HIE Mode Of e CAE badhat e

r3 . must be identical with that of RTS. Further, in the Frame Control field of
the PSDU, it is described that the packet concerned is CTS packet; in the
Durttiam figld; ithe firoR dhetr elepses between tibentiansactionCconsenackist

completed (i.e. time until time T8) is described; and in the RA field, the
mustgelgredeniilf@l with that of RTS. Further, inthe Frame Control
field of the PSDU, it is described that the packet concerned
isCTSpacket; intheDuration field, thetime thatelapsesbetween
the transaction concerned is completed (i.e. ftime untill time
T8) 1is described; and in the RA field, the address of the
destination communication station (STAl) is described.

The CTS packet is receivedalso by STA3 which is positioned
inthevicinity of STAl as the destinationof transmission. STAL
deccdes the PSDU according to the same procedure as déscribed
above, and recognizes that “some nearby communication station
is expected té receive packets until time T8.” STA3 sets an
NAV and refrains from its own transmission until the transaction
concernediscompletedsoasnottohinder STAl' sdesiretoreceive.
The NAV is effective during the period indicated in the Duration
field, and STA3 is also kept in transmission prohibited state
until time T8.

The CTS packet is received also by STAO as the destination.

STAO decodes the PSDU according to the same procedure as described

above, and recognizes that STA1l has got ready to receive., Then,



destination communication station (STA1) is described. The CTS packet is
received also by STA3 which is positioned in the vicinity of STA1 as the
destination of transmission. STA1 degcodes the PSDU according to the
same procedure as described above, and recognizes that "some nearby
communication station is expected to receive packets until time T8."
STA3 sets an NAV and refrains from its own transmission until the

STA ransactioiE concerngd iSE%X,m leted Ei:ﬁ’eas not to hjinder STAL s desire to
edEivES TRE RAV IS efrRRVE tiing i perda ikt the B dtion<e t

at feld.and STAS is also kept in transmission prohibited state until time T8.
The CTS packet is received also by STAG as the destination. STAG
decades the PEitiacenrding tofthelsarme progedure 8s teserbed hoves t
and recognizes that STA1 has got ready to receive. Then, 14 STAO waits

tingprs SiES Hidlstpeahe rahanissicholbara paeker at thié Y5vafithe for
transmission of the Data packet is completed at time T6 and STAL

2 SHedotRs themhitolt-dhy briot "STAL waltS it a'$if S &G teftifd Ackhe
e T7 - e ' 7 nd recepti
B e R R e ST
is SIA21ant:8TAB whiglk arg nearby communication stations put down the
NAV, and return to ordinary transmitting and receiving state. In summary,
~in tHeCabéveMiéntiGidd RTSIGTS: probéduires tiee rfedowing sumoaridiag i on

stations are prohibited from carrying out , o
stations put down the NAV, and return to ordinary transmitting

and recelving staté.

In summary, in the above-mentioned RTS/CTS procedure, the
following surrounding stations are prohibited from carrying out
transmission: a “surrounding station for STAC as the transmitter
station,” or STA2, which could receive RTS, and a “surrounding
station for STAl as the receiver station,” or STA3, which could
receive CTS5. Thus, information transmission from STAGC to STAlL
and a return of ACK are carried out without being hindered by
asuddentransmitsignalfromsurroundingstations. Therefore,
the communication quality is maintained.

FIG. 20 illustrates an example of an operation sequence
followed when the above-mentioned packet transmission and
reception transaction based on the RTS/CTS procedure in

IEEEB802.11 1is implemented with traffic through TCP/IP
{(Transmission Control Protocol/Internet Protocol). The TCP/IP
is a typical communication_protocol for transmission control
and path control.

Even if communicationisofonewayintermsof application,



transmission: a"surrounding station for STAO as the transmitter station,"
or STA2, which could receive RTS, and a "surrounding station for STA1
as the receiver station," or STA3, witiich could receive CTS. Thus,
information transmission from STAO to STA1 and a return of ACK are
carried out without being hindered by a sudden transmit signal from
surrounding stations. Therefore, the communication quality is maintained.

FIG. 20 illustrates an ex le.of an operation sequence followed when
- BCR G a%%%lél:r%gaﬁt%xeahpeaiﬁ&% t}aar%‘ﬁﬁsgﬁ%la%l} c&ptioRt AHSaGfsfnents,

and based op the BISETS procedyre it IERERQ2. 11Jg implemented with .,
traffic through TCP/IP (Transmission Control Protocol/ Internet Protocol) .

confiveiEGRABisiantyical Ammeieation Pretorokfos ranamission cerptsal is
and path control. Even if communication is of one way in terms of

sma ppplieatiBAlIs ACK M- Feturied BytheRTSP Idferity picatiyevatyttope ther .
segment it js brought into the form of asymmetrical two-wa _
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The AFQHIEOf data, apdthus RTSICTS s not ysed together. However,
RTS/CTS is used together with respect to data traffic. The figure
illustrates suchzap Bxamples in-theexamphe dlustmatedHda G s 20, paskatsn t
equivalent to 24 times in total are transmitted and received in the MAC

Lo J4ydrimarmnsinit fite Segitrenis, dram0 o Oatah T hatds wkild ime the MAC

‘operatjon in the TCP layer is relatively simple, complicated operation is
lay%lg%, ”%Je‘al?ﬁ%t A&e]aifegments, %ataB to Datad. That is, while

the operation in the TCP layer is relatively simple, complicated
operation is performed in the MAC layer.

As described up te¢ this point, problems of access
contention andbandwidth assurance canbe solvedby implementing
the transmittir_zg and receiving procedures based on CSMA in
combinationwiththeRTS/CTSmethodinaccordancewith IEEEB02.11.
Meanwhile, several problems described below are left unsolved.

(1}. Imperfection of Transmission Rate

When data is transmitted aﬁd received according to the
RTS/CTS procedure, the transmission rate of data packets must
be determined before an RTS packet is transmitted.

This is because, for a transmitter station to describe
in the Duratiocn field the time that lapses before a transaction
based on the RTS/CTS procedure is completed, the time at which
the transaction iscompletedmust bedeterminedwhen it transmits
anRTS. Thismeansthatallthetransmissionratemnode, incl.uding
CT5 packet, Datapacket, and ACK packet subseguently transmitted

and received in that transaction must be determined when RTS



As described up to this point, problems of access contention and
bandwidth assurance can be solved by implementing the transmitting and
receiving procedures based on CSMA in combination with the RTS/CTS
method in accordance with IEEE802.11. Meanwhile, several problems
described below are left unsolved. (1) Imperfection of Transmission Rate
When data is transmitted and received according to the RTS/CTS
procedure, the transmission rate of data packets must be determined

is tpampndih ers patREt Hﬁ&ﬁ%ﬁ@ﬂsﬁrﬁ@ﬁ%gﬁs@@%?m%ﬁé‘?n RIS

0 t ri in h fleld th time_that la £6S befor
s e e e e R oI o g ot

perifiek dhe agsactign is sempletedmust:he.detewninedwhen & tiangMIity i th
an RTS . This means that all the transmission rate mode, including CTS

resyacket Datagudcketa ahe A Ckrpacket sabsequenthhtransmittetirasmlction.
received in that transaction must be determined when RTS 16 is

Therpfhfined P ARsRisSHRYALE fblie totdmiRed GMkn RTS is
tranEsmltct relaées to the ntlre trangactlon it is no% germltte tg sset an, s

individual frafsmission ra%e moge With” respecﬁ}) each pagke

recdRANSHASSION Within.adapsagtiop; Jherefere ,thg fransmission falgis rore,

imperfect. Further, transmitter stations cannot grasp the state of reception
detammeceiver statidmsinsreattrien Therefore t lnetemhinirgttheisasmisgionhen
rate of the entire transaction when RTS is transmitted results in a lower

RIS skebatiney tRatdad packetd drelfarsnitida at Biebpinhaltfandhhiasiofata

packe%s are transmitted §t the optimal transmission rate
correspondingtx>thestateofreceptionjjl?h@receiverstation.
An example will be taken. Patent Document 1 discloses
a method for packet transfer communication. The method is such
that, when the receiving end receives an RTS packet, it measures
the environment and state of communication at that point of time;
then, the receiving end adds thé result of the measurement to
the CTS packet and returns it to the transmititing end; thereby
the transmitting end optimizes the communication:rate and the
lik€. However, this case is also nothing but another case where
the transmitting end determines the transmiésion rate of the
entire transactionbefore it transmits anRTS packet. Therefore,
the imperfection of transmission rate is not eliminated.
The RTS transmitter station is required to: determine the
transmissionrateof theentiretransactionincliudingCTSpacket,
Data packet, and ACK packet transmitted and received as the
outcome of RTS transmission; determine a value to be written

as the transaction finish time, that is, Duration based on a



corresponding to the state of reception in the receiver station. An example
will be taken. Patent Document 1 discloses a method for packet transfer
communication. The method is sugh that, when the receiving end
receives an RTS packet, it measures the environment and state of
communication at that point of time; then, the receiving end adds the
result of the measurement to the CTS packet and returns it to the
transmitting end; thereby the transmitting end oigtimizes the

valugo b 1Kd THE JikeD B oRER thR fcdseas sisd-hewintpba by
the gﬁ@%@g%h%ecéheagﬁ §Iiting end deteymines the ransmission rate
i 5n be (E!tl'esrpa&ecg.% )

of the entire transaction before it transmits an erefore,
Patethe impearfestion pf fansmissian ralgds neteliminatednhe RIS station

transmitter station is required to: determine the transmission rate of the
deteantiredmsdction smclsdingICES packéty dath packet, canebACKrpackek TS ;

transmitted and received as the outcome of RTS transmission; determine

howeysnik f 6 Miktert Z&he RaMshRIntishitife] 3Haas. DUk aidh s éan
fie1d" c@e]gcfll%ueedog_t%i%g }f:)dw't ineq Fa rg%%rrlw:[ %trta{]g:rrn Y daggtglnb)i)JEQ%r
transmission rate; and describe the de ermined valie in RTS: Paten
rherbpgument 1 describes that the CTS transmitter station determines a
transmission rate through the reception of RTS; however it does not refer
to Adwtioeo bR thes nakoe in theyDuiraticrofield deseribeghintRESyitheion
RTS transmitter station prior thereto. If the CTS transmitting station sets a
ratepjghieindhrRRAC Ftelthé fransiutidh fetonipierd a%@ad:gbﬁth@uration

deteg%f%g@whenRTSistransmitted. Asaresult, the surrounding

stations which heard the RTS still keep a NAV set and refrain
from their own transmission after the transaction is completed,
andthis isawasteofbandwidth. IftheCTS transmittingstation
sets a low transmission rate, the transaction is not completed
even after the Duration determined when RTS ié transmitted has
passed. Nevertheless, surrounding stations which heard RTS put
down the NAV and start transmit operation, and this induces
collision.
(25 Difficulty of Data Unit Multiplexing with RTS/CTS Used
Together |
In the conventionally known RTS/CTS procedure, the data
transmitting end determines a data rate before it transmits an
RTS. It does not give consideration te the following: the data
receiving end determines a data rate and further transmits a
plurality of data units as one data packet. To enhance the
efficiency of the MAC layer (Refer to FIG. 20.), it is preferably

that the receiving end should be capable of determining a data



determined when RTS is transmitted. As a result, the surrounding

stations which heard the RTS still keep a NAV set and refrain from their
own transmission after the transadtion is completed, and this is a waste of
bandwidth. If the CTS transmitting station sets a low transmission rate,
the transaction is not completed even after the Duration determined when
RTS is transmitted has passed. Nevertheless, surrounding stations which

- heard RTS put, down the NAV and start transmit, operation, this
rate L A S 59 Bt of Dot ORE RO ER P i S ket -

HoweYeed TRgetherinthe conventionathsknownRTS(IGISPIegedurethe i s,

data transmitting end determines a data rate before it transmits an RTS.
(3} It does oot gise tonmderationte the fallowdagy kel datee neceinl &k /CTS
determines a data rate and further transmits a plurality of data units as
Procgdiggta packet. To enhance the efficiency of the MAC layer (Refer to
FIG, 20.) . itis preferably that the receiving.end should be capahle of
oA S S 1 57 S0 S D & Sy BP dATOR e dhee
wher8a@ RAckeLHoweyar dhe senventanal RTSICTSfosMALCannal as data
implement this. (3) Concomitant Use of Delay Acknowledgement and
is r&IS/€ES. Proceduriitlee i EE 80X LE sthndarmds premisessondled ay ACK
immediate ACK wherein an acknowledgement (ACK) is returned as soon
can Redageds received. To reduce the overhead of ACK packets, delay ACK

can_be used. ‘ )
However, some problems arise. For example, if delay ACK

is used together with the RTS/CTS procedure, there is a
possibility that an RTS 1s transmitted for the purpose of
retransmission kefore an ACK cannot be returned to the
transmitting end. Thus, with the existing format, the
concomitant use of delay acknowledgement and the RTS/CTS
procedure has its limit in the enhancement of efficiency.
(4) Methodology For Selective Acknowledgement

It is known that carrying out selective acknowledgement
enhances the efficiency of the MAC layver. The IEEEB8G2.11
standard does not give censideration to selective
acknowledgement itself. The selective acknowledgement
referred to here is a retransmission contrcl method. In this
method, ACK or NACK information is fed back to the transmitting
end with respect to an arbitrary packet which was or was not
successfully received. Thereby, retransmission is carriedout
only with respect to packets which the receiving end could not
receive.

Implementation of selective acknowledgement regquires



However, some problems arise. For example, if delay ACK is used
together with the RTS/CTS procedure, there is a possibility that an RTS is
transmitted for the purpose of retradsmission before an ACK cannot be
returned to the transmitting end. Thus, with the existing format, the
concomitant use of delay acknowledgement and the RTS/CTS procedure
has its limit in the enhancement of efficiency. (4) Methodology For
mass%elg%ive Alpkna?ﬁ/v eJ(_j em(-:irnc;[cljt IS kgown Ehat carr i'%%out %electiveb den;
ac noﬁfgaggmen enhances ﬁﬁsesefﬁgié)nceilcoeﬁhe %‘by%ﬁalrh% uraen;
therEE5802.11 sfandardidess nokgiva eonsigerafion 1A SEIRAINEG  However,
acknowledgement itself. The selective acknowledgement referred to here
neceis fleraitsmissibaciohtrel awthod: ladhisnmethed, IACK0mNAEK nd more
information is fed back to the transmitting end with respect to an arbitrary
incread@t which iasof Wekenot Bbbeddtiify keéhedtFRefdbypation, the
retransmission is carrie oClIJt onrlr%nwith re%pect to pagckets which the

Followin, %aesr‘?dlcso%f‘opﬁ&g%céﬁ/%. Rt aoR ot sefdtved the initial
staqackpowledoement regyites 19.massivememenana-its RIPcessINGed but

places a significant burden; therefore, it has not be actually applied so
conmuuthatibwevers tnecessity fodselettiyedcknowiedgementwill Be mareive

and more increased in the future. With this being the situation, the
acknideAtraesEisi@pbenan tethmuhiedifohStatsits inlthel itial Cstageaol e

ot have selective acknpwledgement implemented but. communication |
e Hevlo RN B AV SHGRIVE P LR e she S TSTRAE AR et

downward compatibility is maintained is desired.

Further, up to now consideration has not given to
concomitant use of selective acknowledgement, a technique for
the receiving end to determine a data rate, and the RTS/CTS
procedure. Therefore, this cannot be implemented by the
existing format.

{5) Influence of Overhead Produced in MAC Layer

TheIEEE802.11standardsindependentleefinesRTSframe,
CTS frame, ACK frame, and the like. (Refer to FIG, 16.) ¥For
this reason, if individual information is to be transmitted,
they must be respectively transmitted by separate frames.
However, each time a frame is transmitted, overheads, such as
preamble, areproduced. Inparticular,ifthetransmissioﬁrate
is high, the amount of overheads beccmes too large to neglect.

Needless to add, increase in overheads in the MAC layer
is undesirable because it contributes in such a direction as
to limit the bandwidth which can be provided for the upper level

layers, such as TCP/IP.



acknowledgement implemented. In this case, it is unfavorable that both
cannot communicate with each other, and a format wherein downward
compatibility is maintained is desired. Further, up to now consideration
has not given to concomitant use of Selective acknowledgement, a
teehnigue for thesggeiving endito deterpine.a data rate, .and:theq Patent
RTS/CTS procedure. Therefore, this cannot be implemented by the

Pub 1 igxisting-folmat. {5 IhflléAce’ 6f Overhead Produced in MAC Layer

ThelEEE802.11 standards independently defines RTS frame, CTS frame,
ACKRrarfie, And tHe I TREferto FIG! 187 Ror thig teasor i ndividdal”/ 1=¢

5502 dAfprMatinniso begapsmitied, dhey myst be respefively franspjttedbby . 1 .
separate frames. However, each time a frame is transmitted, overheads,
Wirelsteh as/Apredmbleyarerproduced ChrparticulariKthe transmidsian raté iSaver
high, the amount of overheads becomes too large to neglect. Needless to

“Jadd, increase in overheads in the MAC layer is undesirable because it
spe CONILUtes in such a direction as to limit the bandwidth which can be
~ provided for the upper level layers, such as TCP/IP. 20 [Patent
DocumentrrlapanesendnexaminedrBatent Ruplieatiop™a. 7s 101 761-1
2000-1.51639 [Non-Patent Document International Standard ISO/IEC
V1. 3.88021324099(E) ANSIAERE Std B0Y 4171999 EdBARNPart1! ARfrefdss Tvpe

Z: D::l‘? a|1\| [}_A:?gkun&égg%%icq%t{ﬂ)(Mf‘ag)eq:n,d %@@é(‘lal ng%riéplgg)ca Transport
Functions

iNon-Patent Document 3] ETST TS 101 T61-2  V1.3.1
Brcocadband Radio Access Networks (BRAN); HIPERLAN Type 2; Data
Link Control (DLC) - Laver; Part2: Radic Link Control (RLC)
sublaver

[Non-Patent Document 4] .C. K. Tho, "AdHoc Mobile Wireless

Network" (Prentice Hall PTR)

Disclosure of Invention

Embodiments of the present inventlon provide a wireless
communication  system, wireless communicatiocn device and
wireless communication method, and computer program wherein
the RTS/CTS method is used together and vet access contrel
based on CSMA can be favorably carried out.

Embodiments of the present inventilion provide a wireless

communication system, wireless



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 (DL C) Layer; Partl: Basic Data Transport

Functions [Non-Patent Document 3] ET S7 TS 101 761-2 V1.3.1
ComMiEh s Gatart RIS Actess Netwiorks (BRANY; TBERLAN-THpe 2 pdtad, and

ink C ADLC) r; Part2; Radio,Link C Qtrql(z)( C) .sublayer i

Comp%—N%%-P%%%ISL ggﬁrﬁgr%? i]%ééK.prlh%, %\Iélg%c ??/Ibbﬂ %?el&?s %?gﬁgﬁ(" such
as KPgenticeldall FTR)-Disclostire atinvention Embodinents: efithespresefbe reby

invention provide a wireless communication system, wireless
flexeomniuricdion-device and wirféssiéotimiicatiol Afethotianie provided
and S9mputer d%rogg%mbv%helrgg\u éh%RTS/CTS method is used_ together and

yet access control based on C3SMA can be favorably carried out.

Embadimentstof thepresentinveintion pravide a;wireless- sommupicationeq

~ system, wireless 21 communication device and wireless communication

wire méthod; G CoRTPUIEr prégraRtwhérein-d pluralispofltypesioffearness made

. such _as RTS, ITS, DATA, an A§1K§ are multiplexed and thereby flexile .
‘“Onc?r%lntéfinf%i% aﬁn%lr%gei'\“/%‘g p%é%é ures%%ﬁ}b%épr"&@i‘d:éalgn(f O\Teol}%%glaéca -Lon

stat L8R besedueed, Ina firstaspect of theinvention: therejis provided @ o quest
te  send packet RTS (Reguest To Send) and starts data
transmission in response to the reception of a response packet
CTS (Clear To Send) from a communication s=station as the
destination oI data transmission, wherein <tThe RTS receiving

communication station measurés the guality of receive signal,



~ wireless communication system in which random access is made
concomitantly using the RTS/CTS method wherein a communication
station as the origin of data transmiskion transmits a request to send
packet RTS (Request To Send) and starts data transmission in response
dete BRE Feceplioh df ATESpSHEETtackBt 1S [CIRE! To Gend) froffg Surement,
descCOfUMUNication station.asthe destination of data fransmigsipn, wherein e
the RTS receiving communication station measures the quality of receive
whersignal; 2da determinesiardata raterhased ontheressttof ther carries out
~ measurement, describes the data rate in a CTS, and transmits the CTS,
data WwhefdiATthe ETS retdivingteomiRitationtstdtith carffédédtdatal the CTS
P MiSSIio the qutcome. of the reception of the CTS informatio
e E‘%ﬁ%ﬁ th%%ftg ra%g]de?&ﬁbe in"the ggf%e Wé%rseﬁﬁ t%(-g3 TS™ the crs,
whe rdransmiingreommunication statign desefibes JatRTS information relatedr i hes
to one or more data units it tries to transmit, wherein the RTS receiving
in Regmmidriication. staticr detemnifiés iemediumaesedation timets it tries

informatpn in the duratiogl of %@ch the reception of all the dat

te trans wherel T ra 1 g COmMmUn. cagfg§k%%§%iop
comp eted based on the information réfated to the data units descfibed in :

detethe RIS anddhedetermineddata vate; and desgribesthe determined:  +the
medium reservation time information in CTS, and wherein the information

duratekitedad dataiunits iS1¢herdatandrigth ofcdach dataumit fotatkichpackets is

transmission is tried. The "system" described here refers to what is .
comp L Sed By JogicAlly dborediangrir ity o devices (6r fafGonare umits

described 1n the RTS and the determined data rate, and
describes the determined medium reservation time Iinformation
in CTS, and wherein the information related to data units is
the data length of each data unit for which transmission is
tried.

The “system" described here refers to what is obtained by
logically aggregating & plurality of devices {or functional
modulies which implement specific functionsg). It does not
matter whether the devices or functional modules are placed in
a single enclosure or not.

The RTS transmitting communication station describes in



modules which implement specific functions). It does not matter whether
the devices or functional modules are placed in a single enclosure or not.
The RTS transmitting communicatiét¥ station describes in 22 RTS the

time that lapses before the reception of a packet, includjing CT N
TS intsrmatibh, tangmitedshe BOCORe of e AEEpoNGIRTS 2 Packet.

inclRformatiopsis completed.; as medium, seservation,ime iforMaliofre of the
Duration. The CTS transmitting communication station describes in CTS

receghe dime thet lap8es beforédheaeception ofa datapatketitansmitted asecium
the outcome of the reception of CTS information is completed, as

IS e rHadiuntreseriation tifte Thformation’ Blifatior ! Other ‘communicafie ™t £ =109
commaUANS;hat regeive RIS ar L1356t a NAV Network Allggation yecton), . ..
and keep it in effect for the medium reservation time information Duration
befornd brag themsehiesin t@nsmissier: prokibited staterbrawiretess as  the
communication system according to the firs' aspect of the present _
outcqRfention, dffanshiission Yatetan be” seléctedbased 'on the Gaalty dFed, as
. _receive signal. Therefore, .the imperfection of transmissB)nrra:ge can be
medium reserval TOn rime 1NTQrmatrton . Jurat 1o,

wiped 6Th an emboglment, the RTS sending communication station

commdeserbes in RISfactordnfarmationreferred:to by the RTScreceivibg  a Nav
communication station when it determines a data rate. The RTS receiving

(Netwommunidationtstation tetdmdines & vatalvatewith-considérafies givéwio the

medi&gefagggim@gpgg%n dgiggpedf%gg%ﬁgggghaddgggggfggre%%%ff bring
Meastirement ~ =" o

themselves in Transmission prohibited state.

Other

In & wireless communication system according To the first
aspect o0f the present invention, a transmission rate can be

selected bpased on the guality of receive signal. Therefore,

h

t

the imperiection of transmission rate can be wiped off.

In an embodiment, the RTS sending communication station
describes 1in RTS factor information referred to by the RTS
receiving communication station when it determines & data
rate. The RTS recelving communication station determines a
data rate with consideration given tTo the factor information
described in the RTS, in additicn to the result of measurement

—~

0f the guslity of receive signal.

As  the factor information described here, information
related to whether a high data rate should be aggressively
determined or & low data rate should be passively defermined

1s described. In an embodiment, the RTS <transmitting

communication statlon measures



of the quality of receive signal. As the factor information described here,
information related to whether a high data rate should be aggressively
determined or a low data rate shouki*be passively determined is
described. In an embodiment, the RTS transmitting communication

the sk rfehsSired 23 the fahsmiddlof error Yate for fHe RTS réceivirg- st 7119

commGQURLRication station, Then,based an theyresult of the measurementy 1.
factor information (Rate Strategy) is determined. Or, factor information

measumaybe detetanined basethondhe cdiffereace irctransmisgionipowestermined.
between RTS packet and data packet, the causal relationship between

Or,  gagLrdté and trandtiission pdiver, ortfie IKE IR TRESE Easesatfata fite The
a1 seds datermined according to; the quality of RTS teceivesignal atthe _ .y gaes
receiving end. A transmission rate Is determined with consideration
packadditionally given:tesinformatien, isuckras-errassates sronitareeby thate  and
transmitting end. Therefore, the correspondence between reception
tranggueliftand BRGFFate Carisiig frorffluctuation in channel state or
fluctuaion in the_amoun; ofinterference can be gotrectedin two steps; In,
an embodiment, the RTS transmitting communicafion Station describes in
the RiSlnfoymation related {e-oneHr moge dataunits the stalion iesto =ng. »
transmit. The RTS receiving communication station determines medium
tranggséivation timé dinformatioh Durdfiés fiiwhich the reckeption ofcalisthe data 1on

additionally given to information, such as error rate

I

monitored by the transmitting end. Therefore, the
correspondence betwesen reception guality and error rate
arising from fluctuaticn in channel state or fluctuation in
the amount of interference can be corrected in two steps.

In an embodiment, the RTS tranesmitting communication
station describhes in RTS information related to one or more
data units the station tries to transmit. The RTS receiving
communication station determines medium reservation time
information Duration in which tThe reception of a2ll the daza
packets 1z completed. The medium reservation time information
Duration is determined based on the information related to the
data units, described in the RTS and the determined data rate.

Then, the station describes it in CTS. In this case +the data

(o4}

transmitting communication station which receives the CT
carries out data transmission as the outcome cof the reception

of CT3 information. The data



packets is completed. The medium reservation time information Duration
is determined based on the information related to the data units,
described in the RTS and the deteravned data rate. Then, the station
describes it in CTS. In this case the data transmitting communication

Lrandiadsi which feceiVes'the CTE cAREEout Dath tfansmissiohtasthgs scribed
in tQuiceme attheyeception of:GTS information; The data 24y ransmission. o 4

is carried out based on the data rate described in the CTS so that the
a tinatatransmissiorowillhe: completed i ssetime tspeifiedriy the imedismion.
reservation time information. Examples of the information related to data

Ut Tefefred6 here Snclude thedata Tengli? bfe&ch data urfiefor  writs,
refe MUCh ransmission is.ied; the sum of data lengths of gne 853\9@::19%? unit

units for which transmission is tried; the” length of time required for

for iransmitting:one0smose data witsfor whieh trangmissioniistiiedengths of
information on the number of data units for which transmission is tried (in

one  fHis Base, However databunite are’ Bf-fixed1ERGIAY - ehtithe likS I thezd: the

.cases, the RTS/CTS procedure can pe used.together and further data
ﬁr of %) %:

eng units'can Jémeeffecj,‘:tﬁ/%ﬁ:y* Jﬁgfu tip e%(red. fuar{hsenrl,l élﬁLPS/C?jI% pr%%e(jﬂ%: %ndd ata

uniz gelay ACKicannhbedmplementedoAs a kesult; thes amauntof-pyetheads,n  the

produced in the MAC layer can be reduced. In this case, when the RTS
nunbggcaivingcommunicationostation deteriinesrhedium reservationdimeln this
case Information afer, the reception of RS the stadon takes intg account e,

In these cases, the RTS/CTS procedure can be used
Together and further data units can be effectively
multiplexed. Further, the RIS/CTS procedure and delay ACK can
be implemented. As a result, the amount of overheads produced
in the MAC laver can be reduced.

in this-.case, when tThe RT3 receiving communication
station determines medium reservation time information after
the reception of RTS, the station takes into account the time
at which the station itself completes data reception. Or, when
the RTS receiving communication station determines medium
reservation tTime infcocrmaticn after the reception of RTS, it
gives consideration so that the period information described
in the RTS i1is not exceeded.

In an embodiment, the RTS <fransmitting communication
station assigns seguence numbers to transmit data units, and

cgescribes in RTS the first



at which the station itself completes data reception. Or, when the RTS
receiving communication station determines medium reservation time
information after the reception of RES, it gives consideration so that the
period information described_in the RTS is not exceeded. In an

SeqUESodiMERt Hhe RTS trafdiitting Gomithicatibn Statiéis asdigns Fransmit.
Tnerézgsguen&@éwglbﬂi&”%m'b%@ upits, apd describes in RT2.he first 1,

sequence number of data the station tries to transmit. Thereby, the
data statiohsnotifies of informatian selated:-to the =data Unis ittres Ttransmiti ving

Meanwhile, the RTS recelvmg communication station refers to the first
Com%qﬁéﬁé@ﬁurﬁiéérép]aat’é%ﬁtr Hes&ibedin the FTS, Spduskiattsatgoer of

dara gjl des %tgcumg tge st tloilh@asg@adyr ewg{dﬁfrgm dataaul%ltsei;gé Ludes
‘transmission is trie Then the Station determines medlum

data reae_’c\ta;tlommmesm;f@tm@ﬂorni:yrtaarfga&ﬁem\&:a@l«mleﬁgﬁme@&iﬁa units
applied, in an embodiment, she RTS transmitting communication station

for yeseribesietépticitacknowtedgehieht infofhationin RTS: e rekeptisnines
acknowledge{nent mformatloryncluqces the .first sequence number of

di
ECL Hatd Gnits for wiich data transmissior ie tried and bit map information

obtained by mappingtherreceptioneenfirmagendnformation opthes, in an

subsequent data units into bits corresponding to the relative positions to
erbodp@=fivst seqiérice nBber. Furhermife station gemenatescimformatiorstation

related to the data units with only data units for K
descripes receptlon acknowleagemen:t information in RTS. The

reception acknowledgement information includes the first
seguence number cof data units for which data transmission is
ried and bit map Iinformaticn obtained by mapping the
reception confirmation information on the subseguent data
units into bits corresponding to the relative positions to the
first seguence number, Further, the station generates
information related to the data units with only data units for
which reception confirmation has not been obtained taken as
obhijects to be transmitted. Meanwhile, the RTS receiving
ceommunication station refers tTo The kit map information
described 1in the RTS. The station exiracts data units the
station has already recelved from data units for which
transmission is tried, and excludes them from the oblects to
be transmitted. Then, the station determines mediumn
reservation time information.

In an embodiment, 1f data units the RTS receiving

communication station has already



which reception confirmation has not been obtained taken as objects to
be transmitted. Meanwhile, the RTS receiving communication station
refers to the bit map information deséribed in the RTS. The station
extracts data units the station has already received from data units for

receiffich tr%?ﬁ%mi%%dﬁi%q, and eﬁﬂd’“’es thérh™ffom e o@@éﬁ%sbe to  be
£ ran dRPSMitted. Then, the station determines medium, resenvationime: .. acx

information. in an embodiment, if data units the RTS receiving
infocoamunication stativh.has alreadyr26: received, are included s dataenits ving

as objects to be transmitted, described in RTS, the station describes ACK
COMMEFofRAtGH in TS URthi§ €ase 466 CTS TéceWird Tormhfunidationstatfori 11y

I§xgl QE d@tasgénig gle RT% recgivin% comm nicatciion tation Eas agea%y
comm rgcé?veg from ol%ectsv}[o e trgnsﬁi%eg bagé% on the CK'information be

tran@fdedda thesGES. Then; the station cariescut data teansmissian based cTs .
on the data rate described in the CTS. In an embodiment, the RTS

Then reddiEndf EGranfinicatisn statiofi Ustoresteneloransielsieéed ofdata fength the

data infgghgatégns of data_ units faken as objects to be transmitted, of data for
WHICH transmission is tried as the dutcome of the RTS. Then, the station
describes-in LTS HBe sequence:number-afithe Jast data unitstereds Insthis: | on

case, the CTS receiving communication station stores the sequence
storaumbet ofthertastadata enie desdribdeltia theeCTSH WhehcarmRTS0g of data

transmitted next time, , . . .
units taken as objects to be transmitted, of data for which
transmission 1s tried as the outcome of the RTS. Then, the
staticn describes in CTS the sequence number of the last data
unit stored. In this case, the CTS receiving communication
station stores the seguence number of the last data unit
described in the CT3. When an RIS is transmitted next time,
the station generates information related to data units for
which transmission is tried in such form that the data unit
indicated by the seguence number of the last data unit is not
included in objects to be transmitted.

In a second aspect ©of the i1nvention, there is provided a
wireless communication device which makes random access
concomitantly using the RTS/CTS method wherein a communication
station as the origin of data transmission transmitis a reguest
te send packet RTS and starts data transmission in response to
the reception cf a response packet CTS from a communication
station as the destination of data transmission, *the wireless
communication device comprising: a communication quality

measuring means which measures the gquality of receive signal



the station generates information related to data units for which
transmission is tried in such form that the data unit indicated by the
sequence number of the last data uifitzis not included in objects to be
transmitted. In a second aspect of the invention, there is provided a

when yirele§s comuhfcationh tevice which maReS raflfioftdcdesed means which
detefRRGaMItantly ysing the RTS/GTS method wherein g compunicaign ; ¢

station as the origin of data transmission transmits a request to send

rece packet RFS and starts flatarErassimigsionyinmesponseita cthe teceptionof +the
a response packet CTS from a communication station as the destination

data of ifHtd trarismission, IRe wirdless “CotrfftiniCation 8évicecoripifghgRas and

t:[:an&g%uné%%tm@}qg,am nm ?}[%ri %gyles%pﬂ,stv%lhlr?g m:ﬁeagHéesv}H§&9alg¥a%flsmits

receive signal 26a’ when an RTS is received; a’data rate determining

an RDeanshtwhicht Hetermines a datafatesbased opthecmeasuredquality of  data
receive signal; a CTS transmitting means which describes the data rate in

trangrg bs e BEROMSBIRE redehRIR TS ahdStratishiits thesC TS e RTSY 1in

. transmitting means which transmits an RTS when the device requests_

kne Hgt%l tr‘é\{t}r}gr%iséign; %@(icaet?avﬁgns[rg#t |nglfrrl1F%e%Jr:1Isn£v3/tfﬁ&% ‘baséd on ?%e daty “ete

t randatedeseribedin tthe CI S when it raceives CTSdnfermation; canies ot erein
data transmission as the outcome of the CTS information; wherein said

sald RTS fransmatiag meansideseribes in RIS infératatiolr: rel@isd tolodeomation
more data units it tries to transmit, wherejn said CTS transmitting means

relafaterminies tHe madiurfl re8ervation tird& information i Hé duratiorr bf 504
wherdhichihe 4 cTs transmitting means determines the medium
reservation time information in the duraticon of which the
reception of all the data packets i1s completed based on
information related to tThe data units described in RTS and the
determined data rate; and wherein the information related tco
data units 1is the data length of each data unit for which
transmission 1ls tried.

In a third aspect of the invention, there is provided a
wireless communication method for making random access
concomitantly using the RTS/CTS method wherein a communication
station as the orlgin of data transmission transmits & reguest
to send packet RTS and starts data Transmission in responss to
the reception of a response packet CIS from a communication
station as the destination c¢f data transmission, the method
comprising: a communication guality measuring step in which
the guality of receive signal 1s measured when an RTS is
racelved; a data rate determining step in which a data rate is
determined based on the measured guality of receive signal; a

CTS transmitting step in which the data rate 1s described in



reception of all the data packets is completed based on information
related to the data units described in RTS and the determined data rate;
and wherein the information related t& data units is the data length of
each data unit for which transmission is tried. In a third aspect of the

an CYnvétition herel i Erdvidet & WirelEsScotmithuhication Tethad F8HmAakiRg and
= dzkandem.access iconcomitantly using the RTS/GTS methed whereina. 5 14

communication station as the origin of data transmission transmits a
recefyeguest tosend packetRT Ssanthstads datatteansmissiomdn responsento  CTS
. the reception of a response packet CTS from a communication station as
LnLORRE Yestination G data transmissiort themethisd E®niprisfigs adescribed in
tne CPAMMuUNication quality measuring step in which the quality of receive

signal is measured when an RTS is received; a data rate determining

step in which ardata rateds dleterminechbasedien thecmeasured qualityiofed =

receive signal; a CTS transmitting step in which the data rate is described
COMPY PBb FAFPET S asIRE Blitctifle 6fthe*reéeNed FeFS Mg fransmitted Erid for
car & data transmitting step in which, when CTS information is _received, data .

‘{ransmission as the oltcome of the CTS nformation is carfied out based
cont oMthe-data rategdescribediinnthe GESria fourth agpect.of thejavention: + 1 on

there is provided a computer program described in a computer-readable
envifennatrfor Larryingedut oma eompates systen thedgrocessingiorantly using
fhe CRQInstrf’élf'znsg communicati%n oggrnatioan in a communication

method wher communication station as the
crigin of data transmission transmits a request to send packet
RTS and starts data transmission 1n response to the reception
cf a response packet CTS from a communicaticn station as the
destination of data fransmission, the computer program
comprising: a communication guality measuring step in which
the guality of receive signal 1s measured when an RT3 is
receivead; a data rate determining step in which a data rate 1is
determined based on the measured quality of receive signal; a
CTS transmitting step in which the data rate is described in a
CT3 as the outcome of the received RTS and transmitted: and a
data transmitting step in which, when CTS information is
received, datsa transmission as <the outcome of the CTS
infermation is carried cut based on the data rate described in

the CTS.



environment in which random access is made concomitantly using the
RTS/CTS method wherein a communication station as the origin of data
transmission transmits a request taz$end packet RTS and starts data
transmission in response to the reception of a response packet CTS from

a-communtcation Station qsf*_tﬁe aest?ﬁ]aﬁ%%fﬁlatact?gﬁgiﬁ%gi%?% system
whe r COMPULET PIQGIAM COMPrising: a.commupjcation quality Measuing step . ,q
in which the quality of receive signal is measured when an RTS is
rece teeeivedisgdatacate-detesmining stepdr whichia tata-rade isn deteimtinedinits

_based on the measured quality of receive signal; a CTS transmitting step |
Lo ipRRhich the'ddta Fité s ddstriBed iftfa EFS a83A& oltédihe of the selective

ac kré%%%'?ﬁ%%lﬁg &angstrag]ggwitgeeqi anq @e da}% i@&%&nﬁtg ngiséte%;y uVé/QiQCh o, take

when CTS information’is received, data transmission as theé outcome of
placdhe CTS information is carried out based on the data rate described in

the CTS. 26¢ Disclosed herein is a wireless communication system

whetein & plirality sf dat& UrisTare Frahsmitted bal ireteiveit Segilenge  Lhe

. humbers are assigped to transmit.data units _to.identify the dat its. At

oL e RO 4 BRI e ot 2

caused to take place: The receiving communication station describes the

following in reception acknowledgement information ACK: the 27

sequence numbers of data units completely received in the



order of sequence number and the bit map information represented by
mapping the state of reception of data of the subsequent sequence
numbers into relative bit positions fibm the sequence numbers. The
station transmits the reception acknowledgement information ACK. The

SCAUSheHs MY & reCeivint Comniiicatior SBiioRs add iffofiatig 17 the
ordedndicating a.caysal.data flowto transmit daga and acknowledgement, Iy 3 o,

an embodiment, information required for selective acknowledgement is
repramanaget anva datacfiowrbydatasftevudasis. Suckinformation includesof the

the sequence numbers of completely received data units, bit map
subs§ataRRaticPWHERRT thB AR ot refeptioh‘of #id EGbseytert thita uffts from

che dgdescribed, and e, likepfhus.a plurality of servige classeg cane .. 5

handled by different sequence numbers. Therefore, communication can
ackndel sajatadned regardiess obwhether selective acknowledgement is

implemented or not. Some receiver stations do not support selective

ackfowletigethent 1SGehrecei/et Slafibns transHilttheditpap stations add

- information Wgh zero set for all the Pits ogtheLbit map field. Thus,.the .
INTormat..on l{l ,Lcatll’lﬁ a Causa data ,i”z_%w G L,%al‘lsmjt.a, data and
receiver stations can ensure communication ‘with transmitter stations

acknowhicksuppert the selective acknowledgement function. Further, some
transmitter stations do not support selective acknowledgement. Such '
tlahsnditter Stakions P8\ disregdrds e bit tap information tradrsmittedLective

ackngggggg%ment is managed on a data flow-by-data flow basis.
Such information includes the seguence numbers of completely
received data units, bit map information wherein the state of
reception of the subseguent data units are described, and tThe
like. Thus, a pluralitv of service classes can be handled by
different sequence numbers. Therefore, communicaticn can be
maintained regardiess of whether selective acknowledgement 1is
implemented or not.

Some receiver stations do noet support selectlve
acknowledgement. Such receiver stations transmit the kit map
information with zero set for all the bits of the bit map
fieid. Thus, tThe receiver stations can ensure communication
with Transmitter stations which support the selective
acknowledgement function.

Further, some transmitter statlons do not  support

selective acknowledgement. Such tCransmitter stations



receiving end, and transmits the bit map information to be transmitted

- with zero set for all the bits of the bit map field. Thus, the transmitter
stations can ensure communicationZ with receiver stations which support
the selective acknowledgement function. Further, with respect to at least

A STohR e flow’ the ARQ S5temt Wwherdift Séfjilence iiifibérs dré not To  the

rece%§@@?%l§o§d08@&i' %Hggge%&%n '%E%taﬁl'a?‘é‘ediﬁ?&%?ation to be
transmitted and received through the data flow, and thereby the

transefuesce numberssofthedeansmitter stationtand the receiver stationbare map

» syn%bronized with each other. Diclosed herein is a wireless . ‘
Flelcommithiicatiotsystémsivheréin ratdom deessis camfed Sutiding thesation

with RTS.L[gJés‘i@&EhOd éq_%egggrérhe%'£§L%TS mseﬁkt]ﬁs%%:llgtsuc;hégaet t.heselectivé
communication station as the origin OT ata tran ISSIon transmits a ’ P

ackndeqeesicto=sendrpacket RTS. In response to the reception of a response
packet CTS from the communication station as the destination of data
transhilsion "thé tofmitfication stationtagithe origin dfdataf 1ow, the ARQ
sy di@nsmission starts data transmission. The transmission and reception of d
Y piackef}s wherein any two or more of request to’send RTS8 Eonfifmative”r == -
When advies:CTH Hata and-acknowdedgement ACK are multiplexed &€ - -cd  ana
permitted. The amount of overheads produced in the MAC layer can be

rece gigifificantlyorediced by indkiding pieces of iformatien;such asRTSesquence

CTS, DATA, and ACK, having different purposes in one packet. 29 ,
numbers oI the Transmittgr station and the recelver station
are synchronized with each other.

Diclesed herein 1is a wireless communication system
wherein random access 1s carried out using the RTS/CTS method
together. The RTS/CTS method 1s such that: the communication
gtation as the origin of data transmission transmits a reguest

to send packet RTS. In response to the reception of a response

packet CTS from the communication station as the destination

Hh

of date transmissicn, the communication station as the origin
of data transmission starts data transmission,

The transmission and recepiioa of packets wherein any two
or meore of reguest to send RTS, confirmative advice CTS, data,
and acknowledgement ACK are multiplexed are permitted.

The amount of overheads produced in the MAC layer can be
significantly reduced by including pieces of information, such
as RT5, CTS, DATA, and ACK, having different purposes in one

rpacket.



In this case, the communication station which receives a packet
containing RTS information transmits a packet containing CTS
information according to the contenfstof the RTS. The communication
station which receives a packet containing CTS information transmits a
patket contdifing datd acEortity tothe dontehtebf e CTS.AR akeceives a
on.can specify

packé%nboggﬁ¥gf@§n TStﬁ%@ﬂﬂﬂﬁg&%@gﬁ%{%%MOhti%? mins = 72 packet
whether the recelving communication station may a RTS information 1

cont LTS 0 narn this tasea in RIS sfrsbinfarmation whieh indicates,whetber tne
RTS information may be added to CTS transmitted as the outcome of the
RTS. RTS6r notagiBseised Then sthetlR TS recENing colfrfiGRitation statigmcket

judges w er.it may add. RTS _information to CTS based on the first N
con e T o A e SO Jobets (g dace

acco g RY S dransmittingcommunication stagion, it adds RTS information for

the purpose of transmitting the data to CTS, and transmits the CTS. In

this case, teRTSifraismitting'commlinication station: deterniinesithe fist 1on
«t 5+ INformation, for exa_n%ole, based on_ infqrrg[natiog elements contained in the

“athARkets Hoceivad mthe padt front the statfon to WiicH theeRTS & dirEcted™ +o

statriihe iformation glement described hereJeferstoMore pit whigh -3 5 case,

indicates the presence of subsequent transmit data in the packet, and the
in  KKE Altematively, it may:desjudged freimi other meansahan information: RTS
: elements that subsequent transmit_data is present in the station to which
lnfo?ﬁ@?ﬁ%?BWﬁ%cﬁﬁHﬁddeg to CTS transmitted as the outcome of
the RTS or not 1s described. Then, the RTS receiving
comnunication station Judges wnether it may add RT3
information to CTS based on the first information in the RTS.

If there 1s data the station desires to transmit to the RTS

transmitting communicaticon station, 1t adds RTS8 information

Fh
o}
4

the purpose of transmitting the data to CTS, and transmits

the CTS.
In this case, the RTS fransmitting communication station
determines the first information, for example, basad on

irformation elements contained in the packets recelived in the
past from the station to which the RTS 1s directed. The
infermation element described here refers to More bit which
indicates the presence of subseguent transmit data in the
packet, and the like. Alternatively, 1t may be Jjudged from
other means than information elements that subssguent transmit
data is present in the station to which the RTS is directed to
determine the first information. Examples - include The

folliowing case:



determine the first information. Examples include the following case: 30 a
station receives an RTS from a station to which RTS is directed.
However, the receiving station itselfzreéceived a packet from another
surrounding station and thus has set a NAV. Therefore, the station cannot

® SHehdifta CTS Saritfthe Bhta trahsmission Seqibfice &'stdpped Fiicie are =
a: rediSQcasegwhere. it cap be judged.pased on any QWerﬁ%rﬁf‘”%\?ﬁ,ﬁ%i ved a

history that subsequent transmit data IS present in the station to
packdRTSfisdirected.-inan embadiment, the RTSweeeiving.commusication set a
station recognizes from the information in the RTS that the RTS
NAV. trBRSHTitiAG Tomminicatioh staticriRRtRing ®trarsndit datd  thelteceivifigdate

N communication station itself hgg alre gy received. In this case, the RTS .
Lransmliasilon SedguellCe 138 ODB eFe alle g case w}pere
receiving comniunication™ station adds ACK information to CTS to notify o

it cdhe state ofi glata receptionrinanembadiment inthe data tlansmitting-y that
and receiving procedure, the data transmitting communication station
subsspesifies Whathertfie gatadeceivingrcoiamunicationstatiohashiould feturihich
prg AN %CKé'(I:'tgg ACK includes immediate ACK and delay ACK. In this case,
=7 the olll%wm“g constitution may be adopted: the data receiving

communication:station receives-daia eguesting ACKyflom the-dafd station

transmitting communication station. If the data receiving communication
recogtatiopsjudgesnthat itshasindtdramsmitied anmACKraf the data fibadds WGM RTS
transmitting communication station is trying to transmit data
the receilving communication station itself has already
received. In this case, the RTS receiving communication
station adds ACK information to CTS5 to notify of the state of
cata reception.

In an embodiment, in the data transmitting and receiving
procedurs, the data Transmitting communication staticn
specifies whether the data receiving communication station
should return an ACK. The ACK includes immediate ACK and delay
ACK. In this case, the fellowing constitution may be adopted:
the data recelving communication station receives data
reguesting ACK, from the data transmitting communication
station. If the data receliving communication staticn Jjudges
that it has not transmitted an ACK of the data, 1%t adds ACK
information when 1t transmits a packet of some kind to tThe
data transmitting communication station. In some cases, ACK
information mavybe added at the transmitter station’s request.

=

Et this time, if the transmitter staticon Judges tThat 1t has

not



information when. it transmits a packet of some kind to the data
transmitting communication station.-in some cases, ACK information
rece [WYbe 260 g e Hapsmjfter statians;request, ALIBISHME, U8, orns g
transmitter station judges that it has not 31 received AClk mYormatlon
data Jelatedderprevieusly dransmitied data,Atsends:a requestto. addASKer, with
information. However, with respect to packets in which RTS information is
respaplely Hransmitted: ACK inforniatiofilneed hot bé Addstbyway ofts solely
cranGpEeRlion. Further, data requesing anAGK may be fransmified asa .- -
packet difected to two or more communication stations. I an
exce®mbadiment, the RTS transmitting communication station requests the
'RTS receiving communication station to return an ACK of data which has
beenttfamsmitted-so faecne tHig tases; thePRES transmittingconsmuhicatior s &
s,taté)n multiplexes an ACK request for reguesting,a return of ACE into

p2ckel RTETorStarting thénXt dars fransSsion rarsaction: and-transmits

ity Even if the,RTS fransmitting.communication stagiop. requests,an AGE -« 1 on,

the ACK is not returned sometimes. Possible causes include that transmit
stat data wasinetyiroperheredeived ¢ ¢hatidata was propertyaeceived butthéon  to

reception of ACK failed, and the like. in these cases, the RTS transmitting

FetuEdmittnicatior? stafiert mubtvéiity whéthartd refrandiift data “inthese®™ - 17
this Ca%eSsMe RIS, Hansmiting compuipicalion ptation May. i cation  station

multiplexes an ACK reguest for reguesting a return of ACK into
an RTS for starting the next data transmission transaction,
and transmits it.

Even 1f the RTS transmitiing communication station
regquests an ACK, the ACK is not returned sometimes. Possible

causes include that transmit data was not properly recelved,

Q

that data was property received Dbut the reception of ACK
failed, and the Iike. In these casesg, thae RIS transmitting
communication station must verify whether t©o retransmit data.
In these cases, the RTS transmitting communication station may
multiplex an ACK reguest reguesting a return of ACK intc an
RTS for starting data retransmission transaction, and transmit
it.

The communication station which received an RTS with an
ACK request multiplexed returns arn ACK which indicates whether
it has properly completed the reception of data transmitted
from the RT3 transmitting communicaﬁion station. If the

station has failled to receive data transmitted from the RTS

transmitting



multiplex an ACK request requesting a return of ACK into an RTS for
starting data retransmission transaction, and transmit it. The
communication station which received an RTS with an ACK request
multiplexed returns an ACK which indicates whether it has properly

COMTEhBIEtEaIthE Tception of Ut trafitted! FomPthe RTS transmiting? tha®
i+ sgommunicatiop statian, If the. station has failed to recejve datafansmited. ,

from the RTS transmitting 32 communication station, it may multiplex an

CTS ACKdndicating-that dt-fadledto praperlyreceive the data. Then, it may
return a CTS requesting to retransmit the data. Disclosed herein is a
WiteledLEGRmuUnTcation sysfem dvhérethé Hata FaRSMtiNG -1°n  System

whex SEIMynicalion station acquites fansiyission.ight on the medlum and . ;.
carries out data communication tween It and the data recelving

< ran&pMpuRication gtationoAfterdata tiansmission:fiom the datatansmitingdata
communication station is stopped, the presence or absence of
commgybsaguent dast aethe data tatsnifting tohimuification statisiprigunication
. ,dggected. if the subsequent data is present, it is made easier for the data
“Jtrah'smitting communication station to acquire transmission right for

transmitting the,subseguent data,The stage in which, though the-ansmitting

subsequent data is present at the data transmitting communication
commgtation; data station is stopped, the presence or absence of
subseguent data at the data transmitting communication station
is detected. If the subseguent data 1s present, 1t 1s made
easier for the data transmitting communication station to
acquire transmission right for tTransmitting the subsequent
data.

The state in which, though the subseguent data 1s present
at the data Transmitiing communication station, data
transmission 1s stopped corresponds to the following cases,
for example: <cases where an RTS from the data transmitiing
communication station reaches the data receliving communication
station and The data receiving communication staticon returns a
CTS, but the date transmitting communication station does not
start data transmission; and cases where transmit data does
not reach the data receilving communicaticn station.

The data receiving communication station can detect the
presence/absence of the subseguent data at the data
Ttransmitting communication station based on the communication
history of transactions based on RTS/CTS. Or, the data

Transmitting



transmission is stopped corresponds to the following cases, for example:
cases where an RTS from the data transmitting communication station
reaches the data receiving commupication station and the data receiving
communication station returns a CTS, but the data transmitting
communication station does not start data transmission; and cases where
transmit data does not reach the data receiving communication station.
The data receiving communication station can detect the
commyypientd/absericeithe stiiseddenittita dltheé dRaCHsAsnfttispecific

Communlcat|0n Statlon a ed on the C mmunlcatlon
0oy B DUSH b B CA G 0, FIRSE St sgice of the
s oSIHIGEION S{E10D £A0 17, B BCKC! 3006 IMUTIAUGN o o

element indicating the presence/absence of the subsequent data and

recdi@nsiaithemnackes 1n dhis case. dhe-Hatak sechiving RommunisAtOenent ,
station checks the information element, and can thereby detect the

and praserter abseded ofthe bebsamicai Catalzt the datd tahenfitihgequent
communication station. According to CSMA, it is_confirmed only fora

dat %r%ﬁefé?ﬁlﬁéd:ape{?l’éﬁrlﬁ%hg%ﬂgd GRTTA 42 hhathert ﬁﬁl&Slmatlon
walts. oy (ol pneiial Pagkollime brloke Hayspyes) Ermined

acquire ommunlcatlon environment wherein medium access

perieRNtFelds caied a4t hasad op1e3aMA. 4he dﬂt@ﬁe@ejw@@@mwca&qrt 5
station tries to acquire transmission right on the medium, and transmits a

onlysifnal emtoathieimedinm fmatioidating othefcommunicativhstationg ight
transmission right. Thereby, it

is acquired. In the communication environment wherein medium
access control is carried out based on CSMA, the data receiving
communication station tries to acquire transmission right on
themedium, andtransmitsasignal ontothemedium foreliminating
other communication stations’ transmission right. Thereby, it
can be made easier for the data transmitting communication
station to acquire transmission right for transmitting the
subsegquent data.

In medium access control with the RTS/CTS method used
together, the communication station as the origin of data
transmission transmits arequest tosendpacketRTS. Inresponse
to the reception of.a response packet CTS from the communication
station as the destination of data transmission, it starts data
transmission. In case this medium access control is carried
out, the data receiving communication station transmits a dummy
RTS ontothemediumforeliminatingother communicaticnstations’

transmission right. Thereby, it can be made easier for the data

transmitting communication station to transmit an RTS for



can be made easier for the data transmitting communication station to
acquire transmission right for transmitting the subsequent data. In
medium access control with the RTS/CTS method used together, the

t xan%mgﬂ'ﬁat@eﬁ%t{%s%%hh&glg&xggd. at%ott;ang g‘é?r%ci% t,ra%{%'llls %he data
request to sendpacket RTS. In response to the reception of a response

tranpacketCyS tronmthe communication: station-as thedestinationref dataTs, it
transmission, it starts data transmission. In case this medium access

can  contsli8earriedout, the datdreceiving cofilinication S&tion traRdmits for

trangm%%@gnry% RtTﬁSe()_rS]t&otharr%%%lr%mdfO{ eliminating other communication

<IN .
stations' transmission fi ergby, it can be made easier for the data

transmitting commupication station te#ansmit anRESfoR 34, ransafiting, 5

the subsequent data. For example, when the data transmitting

- COMPEBRTMURieaion Staticriiateiveésa dupiiy RTIS1dt can ttansmiittart RTSsystem
with.a shorter frame gpacelfor transmitting,the subsequent data. . .

PrOCiSeib€ed herein &8 computEprogram Whitteh th's coriputer-reddante’  ©7e

commf@rmatifor, performing Qn.a computer system, prpcessingfor cantralling o g oy«
communicating operation in the communication environment wherein

with ramdon? 88¢€sEis natriedoutswith therRTSACTS method usad togetherslnhod,
the RTS/CTS method, the communication station as the origin of data

the GaHEIISSTSH- traihsmits & réfuést to-Sénd Packet RTS; iff tsponsa i thess 1o
£ ran dRGEAIIOR of & kesponse. packet G TS from.the gpmmunication, staflon as,, . .

the destination of data transmission, it starts
reception of a response packet CTS from the communication
station as the destination of data transmission, it starts
data transmissicn. The program comprises:

a communication gquality measuring step in which, when an
RTS is recelved, the gquality of receive signal is measured;

a data rate determining step in which a data rate 1s
determined based on the measured guality of receive signal;

a CTs transmitting step in which the data rate 1is
described in CT5 as the outcome of the received RTS, énd Lhe
CTS is transmitted; and

a data transmitting step in which, when CTS information
is received, data transmisslion as the coutcoms of the T8
informaticn 1s carried out based on the data rate described in
The CTE.

Disclosed herein 1s a computer program written 1in a

computer-readable format for carrying out



data transmission. The program comprises: a communication quality
measuring step in which, when an RTS is received, the quality of receive
signal is measured; a data rate determining step in which a data rate is

determined based on the measured quality of receive signal; a CTS
On ayraridfitlihg stepYif Vifich B (data rate is CHESERBed it ET5 aeithgation for

« ranSHIGOMe of the received RTS, and tj;@ CTSis trapsmitted; and a data_
et transmll't%ng sl:[lep #1 v%hicﬁ,l@ er?Cpr Lﬁl (Jlrjr"naafio%J"isgr]eceaﬁvé‘d,ldpa%a Qeq enee

numb&ransraission asithe eutcome of theskTS nfarmation isscatried-Qui based the
on the data rate described in the CTS. Disclosed herein is a computer
data prggran® writteh in 3¢ E6Mpliter-readablevforfaeforearrying o35l bace  the
., com ute@seyéstem control of, %orgmunicating operation for transmitting and

followirg st e oOvice )
recel\%ng a I?Jréalljfy of data’inits: Sequence numbers are assigned to

transmit data wnitgtq identify the ,data snits. If selectiveacknowdedgement ¢
is applied, the following steps are provided: a step in which, in response

sequee data regaption, the segquencetiuyberssofccompletelyt received datain  the
units.in the order of S?P%uence number, and bit map information

Orde T Stbsditdd “hy Mmappifigthe stite of recepfidh of Hata bf the Subseghierented
by mESAUence numbers.info relative bitpositions from the sequence, numbers, .\«

are described in reception acknowledgement information ACK and are
sequaransmutedicarnd. into relative bit positicons from the seguence
numbers, are described in reception acknowledoement
information ACK and are transmitted; and

a step in which information indicating a causal data flow
is added, and transmit data and an acknowledgement are
transmittad.

Disclosed herein is a computer program written in a
computer-readable format for performing on a computer system
processing for controlling communicating operation in  the
communication environment wherein random access ls carried out
with the RTS/CTS method used together. In the RTS/CTS method,
the communication station as the origin of data transmission
transmits a request to send packet RTS; in response to the
reception c¢f a response packet CTS from the communication
station as the destination of data transmission, it starts
data transmission. The program comprises:

an information generating step in wiich varied
information, including reguest to send RTS, confirmative

advice CTS, data,



a step in which information indicating a causal data flow is added, and
transmit data and an acknowledgement are transmitted. Disclosed herein
is a computer program written in a éémputer-readable format for
an PeHomiNg;onacomputer system, processing for, gontrolling |
communicating operation in the ‘communication environment wherein
randon:aeeess is:earfied oub-mitirihe RTSICTSqaethad usaditegetherplinc ket
the RTS/CTS method, the communication station as the origin of data
wher¢hnsmission” frarsmitd areqbe 36 Sed packEPRTSE irf fespanseaa e t
r tion.of a respanse packet CTS from the, communication  station as
o maion o Fath Fane e, Stafts G TanaH Bsigr pe e pemen
ACK Jregram compsises: aninformationgenerating stepdn which varied
information, including request to send RTS, confirmative advice CTS,
dats 36w acknowiddgement ACKCIS gensrated cartia packetransfekn  a
compSOMMmunication step in which 2’ packet wherein any two or more pieces of _
PHrformation of request s “send RTS, confifative advicé CTS dats andy = ="
procacknawledgement, ACK aremultiplexedis transmitted.andreceivedy, i, the
Disclosed herein is a computer program written in a computer-readable
folldermat forperforming ohcacormputer systent prodessingfor comtrollimg the: ion
communicating operation in the following communication environment: in

env L 4R ESmmunication SRVITGrment, the commuRicatn&tafiét acquireg™ s +on

righ@agﬁmﬁﬁﬁyhedium before it carries out data communication.

da

O

The program comprises:

a step in which the presence/absence of transmit data
from other communication stations is detected; and

& medium access control step in which, in response to the
detection of the presence of <transmit data from other
communicaticn stations, a signal for eliminating the other
communication stations’ transmission right is transmitted onto
the medium so0 as tTe make easier for the relevant communication
station te acguire transmission right for transmitting data.

The above disclosed computer programs are compuier
programs written in a computer-readable format for performing
predetermined processing on a computer system by definition.
In other words, when installed on a computer system, the
computer programs according to the £ifth to eighth aspects of
the present invention deliver synergistic action on  ths

computer system and operate



right on the medium before it carries out data communication. The
program comprises: a step in which the presence/absence of transmit
data from other communication statigns is detected; and a medium
access control step in which, in response to the detection of the presence
as woltrdnsmit datarfrom otherccomimunication statonsza signalfot ty of such
eliminating the other communication stations' transmission rightis
wire iemsnfittetlBRto” tHhe: ffedilii So%s tdiRake edsi&ffor the nt wireless

netw&QIMuUDication, station t0,acquirg trangrpissian right for ransmiffing data, | .
e above dlscfosed computer programs are computer programs written
commii accompiitersteadable formatforperformings predetermined processingpect s
on a computer system by definition. In other words, when installed on a
of ThenipliéesystémY e tompiRer progfamhs hestding to -the fifth to eighth

aggects dof the present,in\ée‘ntionJFdeIive; sy.n]%gistic actiononithe .
COI{ 1 e samr)o ltmE-Eé}?‘-S O o 'OJT‘EESEHTt. 1ave.ﬂ O, an
computer system and operate as wireless'‘communication devices.

exce When a plurality of syeh wirelesg.communication devices afe startedita-c1ess
build a wireless network, the same action and effect as with the wireless
commgonfalinicatiofsystemsardordingdo e firstorforilr aspects oEtHeod, and
resent invention c?r? be obtained. According to embodiments of the

Compitsdent Fivehtion, 4n- BxcdllehtWirlass commiRicaton Systehi cwirdigs ne=
ang €Qmmunicafion.device.and wireless communicationimethod, and ou: pased

computer program wherein the RTS/CTS method is used together
on CSMA can be provided.

Further, according to empbodiments of the present
invention, an excellent wireless communication system,
wireless communication device and wireless communication
method, and computer program wherein a plurality of types of
frames, such as RTS, CTS, DATA, and ACK, are multiplexed, and
thereby flexible ifransmitting and receiving procedures can be
provided and ovarheads canr be reduced can be providsd.

ccording to embodiments of the present invention, a
transmission rate can be selected based on the quality of
receive signals. Therefore, tThe imperfecticn of transmission
rate c¢an be eliminated. In addition, when a transmission rate
is determined, information, such &s the error rate monitored
by the transmitting end, is also taken 1nto account.
Therefore, the correspondence between reception guality and
error rate arising from fluctuation in channel state or
fluctuaticon in tbe amount of interference can be corrected in
two steps.

o

Further, according to empodiments of the present

invention, data units



and further access control can be favorably carried out based on CSMA
can be provided. Further, according to embodiments of the present
invention, an excellent wireless conitfiunication system, wireless
communication device and wireless communication_method, and _
can %Smﬁﬁfe?%%&Jr%%mﬂ&ﬂeﬁ&%lﬁﬁfr%ﬂty“b?Nﬁesfo?efraf’rﬁéé,%h%%%‘?é?r@ 8
usea CTS,DATA and-ACK are multiplexed, and thereby flexible fransmitting, ¢
and receiving procedures can be provided and overheads can be
can fheducedgcaarbenpravided. sAceordingstolembodimentsief.the presenbverheads

invention, a transmission rate can be selected based on the quality of

prodyegéive Bignafs. 'Fierers the ipefedisi6fifansmission rate can be
e%'H‘}@ﬁ%SQ, In a%glé@%dwtﬁ'?rn a ggnsng%%grd r?égng’sdeteég"pe%he pregsent
information, such as the error rate monitored™ by the transmitting end, is

inveralsa-taken dat@raceoynt: i theretare, thecorresperdencebetweglrdless  of
reception quality and error rate arising from fluctuation in channel state or

whetHREtuation di e amotn® of mteraieRce can barckrrectddin Ao BEps.

Further, according to embodiments of th]g SiE)éesent invention, d@.;lae units 38

: e eff i P i t R o ¢ i
canbe efféctlve&}y Cr:nouﬁtu:ﬂ&%[ed while thé RTSICTS procedure is” uSed &“%7%"

invededether. Fyether theRTOICTS procedure anddelay ACK, cambevac laver
implemented. As a result, the amount of overheads produced in the MAC

can |laper can berrefluced. tFurther; adeording togmbadimentsiofthe presests of
information, such as RTS8, CTS, DATA, and ACK, having different
purposes in one packet.

Other aspects, features, and advantages of the present
inventicn will be apparent ff@m the embodiments of the present

invention descrikbed later and the more detalled description

taken in ccennection with the accompanying drawings.

Brief Description of Drawings

FIG. 1 18 & drawing i1llustrating an example of the

0

dispeosition of communicetion devices constituting a wireless
communication system In an embodiment of the present
invention.

FIG. 2 is &a drawing schematically illustrating the
functional constitution of & wireless communication device
which operates as a communication station in a wireless
network in an embodiment of the present invention.

FIG. 2 is a drawing illustrating an example of a frame
format used in a wireless communication system according to

the present invention.



invention, communication can be maintained regardless of whether

selective acknowledgement is implemented or not. Further, according to

embodiments of the present invention, the amount of overheads

produced in the MAC layer can bé Significantly reduced by including

pieces of information, such as RTS, CTS, DATA, and ACK, having

different purposes in one packet. Other aspects, features, and

advantages of the present invention will be apparent from the

emBddimedtsiof the pdesent nipventibn deseatibedslatet apd #evinoresf the

detailed description taken in connection with the accompanying drawings.
con He<thipfion BF BYawings FIG. 1 is a drawing illustrating an example of

the_.dispasition of communication devices constituting a wireless
co rﬁ rgn!% hiqgajfi%nasé/lé?ewrﬁ" i z%rﬁr%ﬁga feﬁ#éLnrf%TS tﬁgeplfgseﬁf( FhVentior, );:?é ._Déls

whidB a-@rawing sehematically illustrating the functional constitution of a
wireless communication device which operates as a communication

stafidis in & idre-tesswietwerkdh @airembodiraent of thespfeseatinventionng
FIG. 3 is a drawing illustrating an example of a frame format used in a
a tryfadssSdsiiniahiedtion systerhare oy el grtpreraitiihicsagling
to tFIG. 4 igsaedrgwi'rﬁ%illu%trgting an example of the constitution of PSDU.
El%.%ris a (Illrawmg ﬁﬂst}aﬁlﬁg several examples of PSDUs

FIG. 7isadrawingilliustratinganexample of the operation
sequence of the RTS/CTS procedure according to the present
invention.

FIG. 8 is a drawing illustrating an example of the
applicationcxftransmittingeuxiredeivingproceduresaccording
to the present invention.

FIG. 9 is a drawing illustrating ancther example of the
application of transmitting and receiving procedures according
to the present invention.

FIG. 10 is a drawing illustrating a further example of
the application of transmitting and receiving procedures
according to the present invention.

FIG. 11 is a drawing illustrating the acknowledgement
procedure related to data other than data flow 0 assumed in the
present invention.

FIG. 12 is a drawing illustrating a concrete example of
the interactionof individual fields which occurs when selective
acknowledgement is carried out with RTS/CTS used together.

FIG. 13 is a drawing illustrating an example of data

Ltransmitting and.receiving'procedures taken when delay ACK and



which can be defined. FIG. 6 is a drawing explaining the process for
determining a transmission rate in a wireless communication system
according to the present inventiony ¢1G. 7 is a drawing illustrating an
example of the operation sequence of the RTS/CTS procedure according
to the present invention. FIG. 8 is a drawing illustrating an example of the
application of transmitting and receiving procedures according to the
present invention. FIG. 9 is a drawing illustrating another example of the

the RISicGticn BERSRSMIEGARd PEEIiIRE procedures according to the
ti j .10 is.a drawing lustrati furth le of

the application of transmlging and receivin es-accor

in wRieseniiavention: £16- 1ddm acdrawing dlusirating dheackpayledgament ;
procedure related to data other than data flow 0 assumed in the present
accopgention. FiGh12 Isca HReWipg dlustiating aconerdisgxaroplelof theesent
i interaction of individual fields which occurs when selective
invendgffiiedgement is carried out with RTS/CTS used together. FIG. 13 is a

D M SR I S S o
acco2ppled. FIG 14 iss drawigg illustrating an example of the sequence

FIG. 16isadrawing illustrating the constitution of frame
fields in PSDU.

FIG. 17 isadrawing schematically illustrating an example
of the operation of the RTS/CTS procedure.

FIG. 18 is a drawing explaining the action which can occur
at surrounding stations when the RTS/CTS procedure is carried
out between the transmitter station and the receiver station.

FIG. 19 is a drawing explaining the procedure for
determining the transmission ratemode of the entire transaction
when STAO as the origin of transmission transmits an RTS.

FIG. 20 is a drawing illustrating an example of the
operation sequence in which packet transmission and reception
transaction  based on the RTS/CTS procedure according to
IEEES802.11 is implemented with traffic through TCP/IP.

FIG. 21 is a drawing explaining an example of the
application of transmitting and receiving procedures according
to the present invention.

FIG. 22 is a drawing explaining another example of the
application of transmitting and receiving procedures according

to the present invention.



in which traffic is transmitted and received through TCP/IP in accordance

with the MAC procedure according to the present invention. FIG. 15is a

drawing illustrating the frame format; according to IEEE802.11a. FIG. 16

is a drawing illustrating the constitution of frame fields in PSDU. FIG. 17

is a drawing schematically illustrating an example of the operation of the

RTS/CTS procedure. FIG. 18 is a drawing explaining the action which can

occur at surrounding stations when the RTS/CTS procedure is carried

out bEfveer’ thetramsAtitet Satichrarid ielredeiveristaiidie miexaond g of

drawing.explaining the pracedure for determining the transmission rate
e T T Do PovEioren
invdfansgts an RTS. FIG. 20 is a drawing illustrating an example of the

operation sequence in which packet transmission and reception

trariSEetionZHased orethel RTSICTS pracedirel accotdirg tael=E802:1 148 -

implemented with traffic through TCP/IP. FIG. 21 is a drawing explaining
contypdldmped be thadapsitapdivbrrdimiting araabéoning picadinesthat

Eg)lcé:ordin to the present invention. FIG. 22 is a drawing explainjng
0 R notherexample % %ﬁzf%)ﬁ%ﬁcét%%ooﬁreﬁ%lnitti%qéoa%%cge%&vﬁ% or not.

propeduressageording: £ they PEaseny inventign AL F16, 23is a drpidnd s

explaining a further example of
controlling the judgment of whether “information indicatingthat
an RTS may be multiplexed into a CTS” should be set or not.
FIG. 26 is a further drawing explaining the mechanism for

controlling the judgment of whether “information indicating that

an RTS may be multiplexed intc a CTS” should be set or not.

Best Mecde for Carrying Qut the Invention

Referring to the drawings, the embodiments of the present
invention will be described in detail below.

A. System Configuration

The propagation path for communication the present
invention assumes is wireless, and a network is built among a
plurality of communication stations. The communication the
present invention assumes is store and forward traffic, inwhich
information is transferred on a packet-by-packet basis. With
respecttoeachcommunicationstation,thefoilowingdescription
assumes single-channel station; however, the present invention
can be expanded to cases where a transmission medium comprising
a plurality of frequency channels, that is, multiple channels

ig used.



transmitting and receiving procedures according to the present invention.
FIG. 24 is a drawing explaining the mechanism for controlling the
judgment of whether "information ipglicating that an RTS may be
multiplexed into a CTS" should be set or not. FIG. 25 is another drawing
explaining the mechanism for controlling the judgment of whether
“information indicating that an RTS may be multiplexed into a CTS"
should be set or not. FIG. 26 is a further drawing explaining the
mech&highT for SEoh GG e JGTGREATSE Whdther PResRTalGVenaiing
that_an RTS may be multiplexed into a CTS! should be set or not. Best |
e L R (AT e ansnit
infombediments of tha-prasent invantion wilkbe dascrbed in.detallhelow-Aua
System Configuration The propagation path for communication the
{Carpigsents mveaticfuddsunies idwiretess, and'anstworkés btihamong:a: ion
plurality of communication stations. The communication the present
statireaticrasiihés istorda&Rd RiWaFd HaficIRORRiERaibiciathtivhis less
twggﬂsferred on a packet-by-packet basis. With respect to each
communication station, the following description assumes single-channel
stagion; hovsvshdhe Rraseatinvgption candbe expanded to,cases where,
a transmission medium comprising a plurality of frequency channels, that
systisnp mditipte chainnélsvis usee. 42< Ima ivireless network atcosding tetheand

present invention,
controlled station. In such a wireless communication system,

ne

forexample,eachcommunicationstationsendsbeacdninformation.
The station thereby informs other communication station located
nearby (i.e. within the range of communication) of the presence
of itself, and informs them of the constitution of the network.
Acommunicationstationwhichnewlyemerges in some communication
station’s range of communication receives a beacon signal, and
thereby detects that it has entered the range of communication.
Further, the station decodes the information described in the
beacon, and can thereby recognize the network and participate
in the network.
Inthewirelessnetworkaccording tothepresent invention,
communication stations exchange beacon signals, and modestly
and temporally synchronize with each other. Thus, transmission
control is carried out wherein channel resources are effectively
utilized by transmission (MAC) frames having the time division
multiple access structure. Therefore, each communication
station can implement an access method based on temporal

synchronization, such as reserving a bandwidth and setting a



each communication station can directly (randomly) transmit information
in accordance with an access procedure based on CSMA (Carrier Sense
Multiple Access) Thus, the commugication stations can build an
autonomous and decentralized wireless network. The autonomous and
decentralized wireless communication system does not have the relation
of control station and controlled station. In such a wireless communication
system, for example, each communication station sends beacon

preffrsitiation. %ﬁgti&ﬁ.tﬂﬁsby informs other communication station
'Ocﬁhe% pq:eoaég%gi%c}[" ithindh }5398%9{189@&‘;1?%%3%%@ ©f Ine presence, .

of itself,"and informsthem of the constitution o network.

be 1 oACOMmMpaication slatien-which Bew!y energey it SAMeGHRMUBICaioNt jon
station's range of communication receives a beacon signal, and thereby

thatdetects thatittves énterkd the range of commonieatisne Furtiercther, the
station decodes the information described in the beacon, and can therebYl

ProcRipyRReifRaTemptk ARdParticiRas HPFRIEANSAY IHINE Witefssdy 2

network ac%%r%nrg tgttg P{r)%ssené énventl n comm%rgc%téqg\wségﬂons

the g)?c%%réé%eacon signals, and mo&gsttﬁ/ %F]él%gm}::)orally synchrohize with

eagh gther. Thustansinission rcopighisicartied out wherein.channeln o
resources are effectively utilized by transmission (MAC) frames having

commtieitiraé divisiondeuliipie acoeSs structuren¥herefare, eathe wireless
communication station can implement an access method based on

commizdsar bl SYrithidRFatibre SRR EReR g fa Ham RWiBE £ad Setni-4 93-

This wireless communication system does not have the relation
of control station and controliled station. In this
communicatidn system, each communication device autonomously
and decentralizedly operates, and an ad-hoc network is formed.
The figure shows how the communication device #0 to the
communication device #6 are distributed in the same space.
In the figure, each communication device’s range of
-communication.is indicated by broken line. Each communication
device can communicate with other communication devices located
within its range, and the range of communication is defined as
earange:ﬂnwhichaasignaltransmittedknfeachstationinterferes
with other communication devices. More specific description
will be given., The communicationdevice #0 is located in a range
in which it can communicate with the communication devices #1
and #4 located nearby; the communication device #1 is located
in a range in which it can communicate with the communication
devices #0, #2, and #4 located nearby; the communication device

#2 is located in a range in which it can communicate with the



preferential period of use. The processing at each communication station,
described below, is basically carried out at every communication station
that participates in the network. Insspme cases, however, the processing
described below is not necessarily performed by all the communication
stations constituting the network. FIG. 1 illustrates an example of the
disposition of communication devices which constitute the wireless
communicati?]%%%stem in gn empodiment of theregesent invention. This

CommRA a5 H3niinidativh sidtem does ABENVR tHPftdifoh BrRcomdl  the
comniRfion @ndrcontiplled siatiqn, In shis communjcation.systgm,each ; ¢ can

communication device autonomously and decentralizedly operates, an
comman adshae networklis famen.nihefigwe showsdwow the cemmunisation,y ;
device #0 to the communication device #6 are distributed in the same
the gpagainhded figireledtheoriminickeiontedice's pangegle 1in which it
communicatjon is.indicated by broken line. Each communijcation device

can GoRSHacatE With Gtfer Smmbhﬁ%&ibﬂrﬂé%ﬁc"ejs%éaﬂé%' vﬁﬂwin ﬁg‘d #5
loca@N98ang, the fanae of cammunication s fdefined ff‘% Arangednwhicha o

signal transimitted by each station interferes with other communication
in wHeviEestMose speeificdeseription will begiverihe Communication ce #4
device #0 is located in a range in which it can communicate with the
locatemmamiction devices et icanduitilosatedmetbythelicommunicationd in
device #1 s Jocated in a range, in which it can communicate with the

2 rangmbAiteton WEGRES I GRESY tolaldrneaiB fie-a tion device

#2 18%’5'{38%{“%%% _vice #2 is located in a range in which it can
"~ communicate with the

When communication 1is carried out between certain
communication devices, a “hidden terminal” exists. Hidden
terminal is defined as a communicatiocn device which can be heard
}_:Jy either of the communication devices communicating with each
other but cannot by the other.

The scope of the present invention is not limited to the
above ad-hoc environment. It can be widely applied to other
modes of communication wherein each communication station can
directly and asynchronously transmit information in accordance
with the accesspreocedurebasedonCSMAwith the RTS/CTS procedure
tised together.

FIG. 2 schematically illustrates the functional
constitution of a wireless communication device which operates
as a communication stationinawireless network in an embodiment
of the present invention. The wireless communication device
in the figure can carry out access control based on CSMA using

the RTS/CTS procedure together and form a network in the



44 communication devices #1, #3, and #6 located nearby; the
communication device #3 is located in a range in which it can
communicate with the communicatign device #2 located nearby; the
communication device #4 is located in a range in which it can
communicate with the communication devices #0, #1, and #5 located
nearby; the communication device #5 is located in a range in which it can
communicate with the communijcation device #4 located nearby; and the

AUt AR CRoN tevite 6 s AGCaTeF I A haRgd ATVimEh fiRent inwhich
a C&p&rgyniggg&\ﬁ/ggtq%c%@@%mQaggyice #7? located nearby. When
LT . :

communication Is carried out een certain communication devices, a

"hidden tarminala exists rHiddes teimiaal inhdefined as a-commumeationi on

device which can be heard by either of the communication devices
deviggnmiricatnglwigs eachnotief boedahhotbyeathe bthef eTHeOScope efithiea 1
reilent invention is not limited to the above ad-hoc environment. It can

ConYFORidER Appletito o’i“’heP?ﬁ&‘i’é’s o?%ﬁﬁﬁﬁﬁ%ﬁ@&ioﬁ%re%r?éqcha radio
trarfOMPELRicafion stalion can; direclly. and asynehrgnously S ppa 109,

information in accordance with the access procedure based on

a rawith the S/ Sipfacadure Hsed iegatheh HG: 2reghematically, and an
illustrates the functional constitution of a wireless communication device

infoyhieh bperatee ragrd cemiudidation station in a wireless network in an
embodiment of the present invention. The wireless communication device

in thEighd 854 TaRy Tl aeREE@RG DI TRt a drie SR asihgn between

it and external equipment (e.g. personal computer {not shown))
connected to this wireless communication device 100.

The data buffer 102 is used to temporarily store data
transmitted from connected equipment through the interface 101
or data receilved through a wireless transmission channel before
the data is sent out through the interface 101.

The central control unit 103 manages a series of
information transmission.wand. reception processing in the
wireless communication device 100 and controls accesses to the
transmission channel in a centralized manner. In the central
control unit 103, for example, access control is carried out
based on CSMA with the RTS/CTS procedure used together. In this
embodiment, transmitting and receiving procedures wherein a
plurality of types of frames, such as RTS,:CTS, DATA, and ACK,
are multiplexed are implemented. These procedures will be
described in detail below.

The beacon generating unit 104 generates beacon signals

pericdically exchanged between the wireless communication



the RTS/CTS procedure together and form a network in the 45
autonomous and decentralized communication environment in which a
control station is not provided. As illystrated in the figure, the wireless
communication device 100 comprises an interface 101, a data buffer 102,
a central control unit 103, a beacon generating unit 104, a radio
transmitter unit 106, a timing control unit 107, an antenna 109, a radio
receiver unit 110, a beacon analyzing unit 112, and an information storing

deviggt 1£9 ﬂ%din{é?ﬁa%yldiléﬁér%ﬁ@e§%€&ﬁﬁéﬁfﬁﬂbndﬁéf%@ﬁ -it and
external equipment (.9 Wé%oagk%owafﬁﬁé%gggﬁyfg conpected g . on

this wireless communication device 100. iS used to

nmodulBAROsari sine dategHansmited-Fanconnasted squpment through they ;
interface 101 or data received through a wireless transmission channel

a D-Beforerthe data ihsernt autitvrough the jntéddce t@hsTtie centgalcontrohto
unit 103 manages a series of information transmission and reception

ana lod Sdaify Mithe WirERRY SohfhIdAd HB&REY T60 Bt 8dmols ansmit

. aticesﬂsi sfo the transmission channel in a centralized manner. In the . .
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amp 19F ESMANVEtR he-RTSHCTS prrceddredsed fogather M this1s; and the

embodiment, transmitting and receiving procedures wherein a plurality of
liketypebtofiramés;lsack ds RTS iC TS &WAT & drickACK uate. multipitexed adé o

implemented. These procedures will be described in detail below.
transmitter unit 106 wirelessly transmits data temporarily
storedinthedatabuffer 102 andbeaconsignalsat apredetermined
‘transmission rate.

The radio receiver‘unit 110 comprises: a low noise
amplifier (LNA) which voltage amplifies signals received from
other stations through the antenna 109; a down converter which
down converts voltage amplified receive signals by frequency
conversion; anautomatic gain controller (AGC); anA-D converter
which converts analcg receive signals into digital signals; a
synchronization circuit for obtaining synchronism, a channel
estimation circuit, and a demodulator which carries out
demodulation by a predetermined demodulation method; and the
like. (None of these items is shown in the figure.} The radio
receiver unit 110 receives signals, such as information and
beacons, transmitied from other wireless communication devices
during predetermined periods.

As radio transmission and reception methods for the radio

transmitterunitl0éandtheradioreceiverunit 110, for example,

various transmission methods which are applicable to wireless



The beacon generating unit 104 generates beacon signals periodically
exchanged between the wireless communication 46 device 100 and
nearby wireless communication dévices. The radio transmitter unit 106
includes: a modulator which modulates transmit signals by a
predetermined modulation method; a D-A converter which converts digital
transmit signals into analog signals; an up converter which up converts

Lans2RRRANARSIY Signgls by Iieauency canvarsion: g pover Ampiier (PA) ;.
wnich amplifes the power of up converted transmi S|gnals, an e like.

can Hblane of hese itgras isrshown i the, figwie.)uihe adiog ransmiftel it g,
106 wirelessly transmits data temporarily stored in the data buffer 102
OFDMafebehogsghdls attagregeiaminaedrirdndmissibecsatey ;The tadid, CDMA
receiver unit 110 comprises: a low noise amplifier (LNA) which voltage

(Codgnipiifids dighaldibEendd s <sther &atidsthraugh tecantéisa T09; e

Qun converter which down converts voltage amplified receive signals by
adopfed. . . )
requency conversion; an automatic gain controller (AGC); an A-D

conyRIter MdNeh comyets,analag igeeive signalsint gigital signalsiiasg o

synchronization circuit for obtaining synchronism, a channel estimation
othectircuit, raricea sle nnodulater edhidlnarribsvautedemadulatiop byd@e termined
predetermined demodulation method; and the like. (None of these items

Lreqiegro s ipiesiyureXy ThEadm, Fesuirer Ul BRO-feeER eSisigedls, simt

fmm%scwéogm%%q and beacons, traEnsmltEt:Fd from other W|E%I$§s

commun|catlone3('esvcljccénslm‘é’lﬂﬁir(fgéfL rét ee?r%%h%%sﬁeri&&s. enbodiment,

the wireless comnunication device 100 is provided with a single
antenna and is incapable of carrying out transmission and
reception in parallel.

The timing control unit 107 controls timing with which
radio sighals are transmitted and received. For example, it
controls the following fiming: transmissiontimingand reception
timing for various packets of RTS, CTS, DATA, ACK, and the like
and packets in which these are multiplexed; timing with which
thewirelesscommunicationdeviceloOtransmitsbeacons;timing
with which beacons are received from other stations; and the
like.

Thebeaconanalyzingunit 112 analyzesbeaconsignalswhich
could be received from neighbor stations, and analyzes the
presence of nearby wireless communication devices and the like.
For example, suéh information as reception timing for beacons
of qeighbor stations and nearby beacon reception timing, is
stored as nearby device information in the information storing

unit 113.



As radio transmission and reception methods for the radio transmitter unit
106 and the radio receiver unit 110, for example, various transmission
methods which are applicable to wigeless 47 LANs and suitable for
relatively short distance communication can be applied. Specifically, the
UWB (Ultra Wide Band) method, OFDM (Orthogonal Frequency Division
Multiplexing) method, CDMA (Code Division Multiple Access) method,
and the like_can be  adopted. The antenna 109 wirelessly transmits

R .
sigh8f difectéd i btlleribitEibRE Bihnuricatisit 0EGiges Bf & 1 Lowing:
exechiegsiermined. drequency ghannel, O, the a(‘é%%?s,gaﬁ?ﬁé%@%ﬂa'sthe
sent from other wireless communication devices. Tn this embodiment, the
collwirelsssoammenicatippaeyinert0@ isiprovidad wilhaa single @ntens and -
is incapable of carrying out transmission and reception in parallel. The
a selin@iy ednielamitsl @R odmedsaipsing Withiwhich itHtko sighals aer formed
transmitted anpd received. For example, it controls the following timing:

In Ygn<nfREibAtinfing Aht redBbiion * iming 18P VAo USPACRELs Gt FoFg:a t Lon
obtacf‘ﬂ_gd %E’?ﬁ’ '%gg’laggutb _%F gl&?scgstso@ WQ'&Q{EG%%F fi‘éedcon ; and
multiplexed; timing with which the wireless communication device 1%0

the tramgmits beacons; timing with which beacons are received from other
stations; and the like. The beacon analyzing unit 112 analyzes beacon
signals which could be received from neighbor stations, and analyzes the

presence of nearbg/ wireless communication devices and the like.
B, Frame Format (Packet Format)

FIG. 3illustrates an example of the constitutiocn of frame
format used in a wireless commﬁnication systéntaccording‘to the
present invention. However, in this figure, the preamble, PLCP
header, and the like illustrated in FIG. 15 are omitted, and
only the portion represented as PSDU (PHY Service Data Unit)
is selected and shown.

As illustratedinthe figure, the PSDU comprises MAC header
portion and MSDU {(MAC Service Data Unit: one data unit passed
from the upper level layer) portion. In this embodiment, a
plurality of MSDUs can be placed in one PSDU. The MAC header
portion comprises common MAC header portion, sub MAC header
portion, and HCS (Header Check Sequence) portion. As sub MAC
header, a plurality of sub MAC headers can be placed.

FIG. 4 illustrates an example of the constitution;ﬂfPSDU
in this embodiment. These frame examples correspond to
conventional RTS frame, CTS frame, ACK frame, and data frame,
respectively. {Refer to FIG. 16.)

The header length (HLen), destination address (RA),



For example, such information as reception timing for beacons of
neighbor stations and nearby beacon reception timing, is stored as
nearby device information in the ifermation storing unit 113. 48 The
information storing unit 113 stores the following: execution procedure
instructions (programs wherein the collision avoidance procedure and the
like are described) for a series of access control operation and the like,
performed in the central control unit 103; nearby device information

A S et o tha rB<Tit OF RSIYSHS of RRGIAH BEdnsshtinf fikeeBCh
£ ranfe 2Re EQrmah (RAGKEL EQEnad G Bdllusiraies an-examnlg of tga% rtion.

constitution of frame format used in a wireless communication system

Tab laccoriling tosthe spresent invetdionn Howe vesnindhisdigunes thepresmiie on

_ PLCP header, and the like illustrated in FIG. 15 are omitted, and only the

in dsdrdién represented as PSDU (PHY Service Data Unit) is selected and
shown. As illustrated in the figure, the PSDU comprises MAC header
portion and MSDU (MAC Service Data Unit: one data unit passed from
the upper level layer) portion. In this embodiment, a plurality of MSDUs
can be placed in one PSDU. The MAC header portion comprises
common MAC header portion, sub MAC header portion, and HCS
(Header Check Sequence) portion. As sub MAC header, a plurality of sub
MAC headers can be placed. FIG. 4 illustrates an example of the
constitution of PSDU



in this embodiment. These frame examples correspond to conventional
RTS frame, CTS frame, ACK frame, and data frame, respectively. (Refer
to FIG. 16.) The header length (Hlggn), destination address (RA), 49
transmission origin address (TA), and Duration defined in each frame in
-common correspond to the common MAC header portion. Table 2
indicates the fields in the common MAC header portion in detail. 50
Table 2 Field Name Len th Bit Description MAC header length. Up to 255
bytes. H LENGTH 1 Refer to th&RAfiefto determine to what extent the -
Field®REfe ¢ ONBRR BN for HCS should be carrlggsgﬁ t,EI;ge destination address
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frame.{For example iﬁ%ﬂp&@kéﬂ%d@fé&b@i@ﬁ@dtofm frain@eommesmm is
(Sub MAC Header) |£ispgeted to last after the completion of transmission of the

Duration 2 relevant PHY burst.
I This is used for the receiver stafion to indicate a period for which
it can transmit and for surrounding other stations to set a NAV.

a a¥a lWa aaValll: nYaray

The sub MAC header portion is defined in different formats
depending on the purpose of each frame. For example, in a packet
corresponding to RTS frame, RTS SMH {Sub MAC Header) is placed
as sub MAC header; in a packet corresponding to CTS frame, CTS
SMH is placed as sub MAC header; in a packet corresponding to
ACK frame, ACK SMH is placed as sub MAC header; and in a packet
corresponding to data frame, DATA SMH is placed as sub MAC header.

With respect to the RTS, CTS, and ACK frames, PSDU is
constituted only of the MAC header portion, and the MSDU doss
not exiét. To the data frame, data specified by the DATA SMH
is added as frame body.

FIG. 5 illustrates several examples of PSDUs which can
be defined in the present invention. In the uppermost tier in
FIG. 5, a packet in which two MSDUs are multiplexed is shown.
In the second tier, a packet inwhich one MSDU and RTS information
are multiplexed is shown. In the third tier, a packet in which
CTS ihformation and ACK information are multipliexed is shown.

Inthe lowermost tier, apacket inwhichoneMSDU, RTS information,



as sub MAC header; in a packet corresponding to CTS frame, CTS SMH
is placed as sub MAC header; in a packet corresponding to ACK frame,
ACK SMH is placed as sub MAC hggader; and in a packet corresponding
to data frame, DATA SMH is placed as sub MAC header. With respect to
the RTS, CTS, and ACK frames, PSDU is constituted only of the MAC
header portion, and the MSDU does not exist. To the data frame, data
specified by the DATA SMH is added as frame body. FIG. 5 illustrates

CTS IR/SHaPSanBleLOPABUL e Be asfiniH it irelsre’ent s shown.
Inventia, 1f #ae YBPRUNBY USHIR K 0.8 PackeLipviigh tWo MBDGS o
In tr etin 6
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are multiplexed is shown. e second tier, a pac which orie

SMH andERT $ forrsatienpare: rudfilaxackis, showmdndihg thisdfieseq paskelsy;
in which CTS information and ACK information are multiplexed is shown.

1T an thefowermosttienid padketan WiGEh 88 MSDaRES adogmationbd if
CTS. information, and ACK information are multiplexed is shown. If an

dataqlikihE rantmittba s RIS EMPAT ARSI Rr SMAYRS T8 Rigber
he t i MH i ded SMH; .if ACK i itted,
e e 8 B R e S P s,

pied2BTAcSMits At added byia-Aumberrequivalentinthe HpbRERT dala, 1 ny

, units to be transmitted. Thus, pieces of information, such as RTS, CTS,

dif RAFAL and ACK dwmavirg: differentlpuimpbses danecmultiplexedliatb .one
packet. Next, the details of the components of each SMH will be

dedtibed reh& it te Fabl@ 8 thrrasiee TheNEsdmG fagofEEs i be
desds YRS fleldJpmhich an identfierngicaling, . ¢ 1he 1eading field
of each SMH is Type field, in which an identifier indicating
what information is contained in the relevant SMH is described.
The length of SMH differs depending on the type of SMH. Since
theSMHhasanintrinsiclengthwithrespecttoeachType,however,
the receiving end can learn the length of the relevant SMH by

referring to the Type field.

Fields in DATA SMH:

~Table 3 illustrates the details of the fields in DATA SMH
used when general-purpose data, other than RTS, CTS, and ACK,
is transmitted. As illustrated below, the DATA SMH comprises

Attribute, Segquence, and Length fields.



what information is contained in the relevant SMH is described. The
length of SMH differs depending on the type of SMH. Since the SMH has
an intrinsic length with respect to each Type, however, the receiving end
can learn the length of the relevant SMH by referring to the Type field.
Fields in DATA SMH: Table 3 illustrates the details of the fields in DATA
SMH used when general-purpose data, other than RTS, CTS, and ACK,
is transmitted. As illustrated below, the DATA SMH comprises Attribute,
Sequence, and Length fields. 52 Table 3 Field Name LLenqth [Big
Description Type 1 Identifier m@g@ﬁgg that this is an SMH for
general-purpose data fransmission, Identifier indicating the attribute of the

Field fkamesl cliigithBithe SMH. [2] Data Flow Besisotion2] ACK Type [1]

More Bit 3 Fragment e idicaing hatis % T HEI e Eofilite data
Type specified by the SM *ﬁrahérﬁ@stﬁﬂon of 0 to 255 is repeated. Length 2

IAICAtES e Tength b ke ég@%ﬁ%%?ﬁﬁé'{{%ﬁ%’b“c#éb‘giiwg CFMH

Attribute field, the identitier |n attribute of ta sp y
Attnbu{Qe relevant DATA §MH is dpgar, p the Data Flow portion, the data
flow ofjthe relevant [1] More Bit

[3] Fragment

The sequence number of the data specified by the SMH.
Sequence 1 Rotation of 0 to 255 is repeated.

Length 2 Indicates the length in byte of the data specified by the SMH.

In the Attribute field, the identifier indicating the
attribute of the data specified by the relevant DATA SMH is
described.

In the Data Flow portion, the data flow of the relevant
data is placed. Here, it is assumed that data flows having a
plurality of attributes on a link-by-link basis can be defined.
Data flows having different attributes are used to define
different ARQ {Automatic Repeat reQuest) methods on a data
flow-by~data flowbasis, tohandle trafficdifferent inpriority
from data flow toc data flow, and to attain the like intended
purposes.

In the ACK Type portion, information which indicates what
ACK the receiver that received the data should be requested to
return is placed. Specifically, three types of information,
immediate ﬁCK (Im~-ACK) request, delay ACK (Del-ACK) request,
and ACKnot required, arenotified. Ifthe immediate ACKrequest
is specified, the receiving end returns a packet containing ACK

information immediately after it receives data. If the delay




data is placed. Here, it is assumed that data flows having a plurality of
attributes on a link-by-link basis can be defined. Data flows having
different attributes are used to defipe different ARQ (Automatic Repeat
reQuest) methods on a data flow-by-data flow basis, to handle traffic
different in priority from data flow to data flow, and to attain the like
intended purposes. In the ACK Type portion, information which indicates
what ACK the receiver that received the data should be requested to

ALK PBRIRSS blace SRpetitafly, RIcP@pas bPforratidrt tirmidad At e re
maddIPRGH)request, delay éﬁ%é%ﬁ%%&%éko%g%éﬂé@%{%%‘é%dgut

are notified. If the immediate ACK request Is spec e receiving en
unt retung aglaskebeoriaing: ALK infornatiemimediately after i recgives, £

data. If the delay 53 ACK request is specified, preparations for returning
transOK sféomaele batithe trafBmissiorrefokek inforatationkismdt chhded dukn

until a packet of some kind is transmitted to the origin of transmission of

T8 ddta” (WHER ' ptket Of SBMERinG bthétthhh SR TSHS FrbRnfitted i he 21
ack BN URNRISElon ALARIA. A0 AGK, SHHIIS addsd g dhe packet andily

Is transmitted.) If ACK not required Is notified, an IS not returne
not theddaredit pertien: infewaatiomindicating whethere aftes dbg relevant

packet is transmitted, more data to be transmitted has been accumulated

or Act isisidéedeThetrgoenerostores fheraddress dfrtié packely whether,

transmitting station at which the More Bit portion has been most recently
aft%%tﬁﬁﬁLﬁF§ﬁﬂ@nt packet is transmitted, more data to "be
transmitted has been accumulated ornot is placed. The receiver
stores the address of the packet transmitting station at which
the More Bit portion has been most recently set, and, in some
cases, polls that station. The pollingprocedure isnot related
directly to the subiect matter of tﬁe present invention, and
thus further description will not be given.

If the relevant data is fragmented, the Fragment portion
iz used to indicate borders in the data.

In the Sequence field, the sequence number assigned to
the relevant data isplaced. Itisassumedthatsequencenumbers'
g, 1, 2, 3, .. are assigned to data units in ascending order as
is performed in ordinary data communication. The sequence
numbers of 0 to 255 are repeatedly used by rotatién. |

In the Length field, the length of the relevant data is

placed.

Fields in ACK SMH:

Table 4 illustrates the components of ACK SMH fields used



cases, polls that station. The polling procedure is not related directly to
the subject matter of the present invention, and thus further description
will not be given. If the relevant data;is fragmented, the Fragment portion
is used to indicate borders in the data. In the Sequence field, the
sequence number assigned to the relevant data is placed. It is assumed
that sequence numbers 0, 1, 2, 3, ... are assigned to data units in
ascending order as is performed in ordinary data communication. The

whens Aibrider AfibetS Bt b0 255 8t fepedted) BistBtRFropad R A e the
' t ev ais. placed. Fields_in ACK: SMH:
K : p
ek e S S R AT R i
MAP infasmadion is transmitted. As described below, the ACK SMH comprises
ACKAttribute, ACK Sequence/Type, and Received MAP fields. Table 4
Field Name Length [Bit] Descriptibd dype 1 Identifier indicating that this is
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Type ACK if DATA Eldw is 0} 'éaatifips/indicatingiiptisisipen 46K SMite number in

the other cases. Receiyédendfepimiicatiag thd aftribdestAGK. is not 0.

ACK Attribute 1 [2] Data Flow
: [6] Reserved
ACK o Transcribes DATA Type of the object of ACK if DATA Flow is 0.
Sequence/Type Describes sequence number in the other cases.
Received MAP 5 Used when Data Flow is not 0. '

ACK/NACK information for Selective ACK.

In the ACK Attribute field, the identifier indicating the
attribute of ACK is described. The Data Flew portion indicates
in which data flow the data as the object of ACK information
is transmitted. Here it is assumed that, if data flow 0 is
selected, immediate ACK (Im-ACK) is used, and if any other data
flow is selected, selective ACK (Sel~ACK! is used.

The ACK Sequence/Type field is a field for indicating up
to which sequence number of the relevant data flow has been
sequentially received if the data flow is not 0. For example,
the value of 6 is placed, that indicates data of up to sequence
number 6 has been all successfully received. If 0 is selected
for data flow, immediate ACK is used, and the data type of that
data is transcribed to indicate which data the ACK is for.

The Received MAP field is a field for indicating whether
any data that has been received after the data indicated by the
ACK Sequence exists or not. Relative to the seguence number

indicated by the ACK Sequence, the subsequent sequence numbers




ACK/NACK information for Selective ACK. In the ACKAttribute field, the
identifier indicating the attribute of ACK is described. The Data Flow
portion indicates in which data flowsthe data as the object of ACK
information is transmitted. Here it is assumed that, if data flow O is
selected, immediate ACK (Im-ACK) is used, and if any other data flow is
selected, selective ACK (Sel-ACK) is used. The ACK Sequence/Type field
is a field for indicating up to which sequence number of the relevant data

are &k waEHeen BEQuetiiy SERERESG T iRe dava fiBWSs MeEB! ForBRantpid: s
t f6,i d, indicat ta.of up t ber.6
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are inunediate AGKds used andribedata typeofthat datads frapseribed oy e
indicate which data the ACK is for. The Received MAP field is a field for

sequisdivatmgriskethbnddmeadatd tmatttas BEE Secpived after e glataxamnple,
indicated by the ACK Sequence exists or not. Relative to the sequence

It 1gumbRraRdichRtoy eABRRCSESsheF thd saBsbduertdrgidneded of

o1 rlUIbELS, 55, are broughtnto couespandence By b map, andbits, .
corresponding to data (sequence number) which has beenreceived are

23; snarkedk Rhe MSR gafrespends 1@ thraumber nextda ther §eaE8nsewing ;
number indicated by the ACK Sequence. As an example, it is assumed

datathaf the Receivéd MAR fibleds condtitutededfveight bits;sh&ksequereg MAP
number in the ACK Sequence field is 23; and the Received MAP is
reprEGEFICHG P RURESRS IRE foRAWINGS dBta BFaP 14 B3 hes bhehtapieces

of dd’ geoi\fe#jé{it%%g%%eeivfglwéﬁinq numbersbyblitmap) ; the reception
of data of #24 and #25 failed; data of #26 has been received;
and the subsequent data has not been received.

Themethodcf transmissiconandreception whereindataunits
received at intervals are héld at the receiving end is designated
as selective acknowledgement (Selective ACK). If the receiver
supports selective acknowledgement, a Received MAP is generated
in accordance with the above-mentioned rule. If the receiver
does not support selective acknowledgement, data which could
not sequentially received is discarded, and zerc is placed in

all the bits of the Received MAP field.

Fields in RTS SMH:

Table 5 illustrates the components of RTS SMH fields used
when RTS information is transmitted. As described below, the
RTS SMH comprises RTS Attribute, RTS Sequence, RTS Received MAP,

Max Duration, and Length (or Number Cf Data Unit) fields.



represents the success or failure in receiving the eight pieces of data of
#24 and the following numbers by bit map) ; the reception of data of #24
and #25 failed; data of #26 has begp received; and the subsequent data
has not been received. Themethodof transmission and reception wherein
data units received at intervals are held at the receiving end is designated
as selective acknowledgement (Selective ACK) . If the receiver supports
selective acknowledgement, a Received MAP is generated in accordance
with the above-mentioned rule. If the receiver does not support selective
acknowledgement, data Whichrf; ? npt sequentially received is
discarded, and zero js placed.in._al %e bits of the Received MAP field.

Fiefd dlatneiny RIGUSBK Table 5 illustrates the diesgripients of RTS SMH fields
TypbSed When RTS N s bl it A TG SEUEes BRI, (e R1S
SMHTOMpPriSeES RTS$ , EENCE, 5 Received MAP—Max
Duratior], and Length %&{%E i%d&: tanif ields. 56 Table 5 Fleld
Name Length [Bit Degscription t|f|er indicating that this is a
RTéRﬁFSE{éa 1) RTS SMH. Identifi e the attribute of RTS. [2] Data .
w |2]iRate Strategy RTS Hl gﬁ%MRate Set [1] RTS/CTS Mux [1]
ACK Refluest [1] ACK Request
. [1] Reserved
RTS 1 The sequence number of the leading MSDU to be transmitted.
Sequence ,
RTS With respect to MSDUs subsequent to RTS Sequence, the bit
Received 2 corresponding fo data recognized fo have been fransmitted is marked
MAP with “1.”
. The maximum data transmtssmn time which can be allowed by the
Max Duration 1 :
_ transmitting end.
Information related to data unit to be transmitted (value indicating the
Length 1xN . '
data length information).
{Number of i (For example, if the data units are of fixed length) the number of data
Data Unit) units to be fransmitted.
{Directed 8 {Only in case of Directed RTS) the MAC address of the node as the
Address) object of RTS.

In the RTS Attribute field, the identifier indicating the
attribute of the RTS information is described.

In the Data Flow portion, the data flow of data for which
transmission is about to be tried is placed.

In the Rate Strategy portion, auxiliiary information is
placed which is referred to when the transmission rate of data
is determined. This auxiliary information is used to bias
criteria for determining: whether to aggressively select a high
‘rate for transmission rate; whether to slightly aggressively
selectaslightlyhighrate;whethertéslightlypassivelyselect

a slightly low rate; or whether to passively select a low rate.



[1] Reserved RTS 1 The sequence number of the leading MSDU to be
transmitted. Sequence RTS With respect to MSDUs subsequent to RTS
Sequence, the bit Received 2 corggsponding to data recognized to have
been transmitted is marked MAP with "1. Max Duration 1 The maximum
data transmission time which can be allowed by the transmitting end.
Length 1 x N Information related to data unit to be transmitted (value
indicatin[lg5 the data length informatiopr#t.) Number of 1 (For example, if the

The Yaad B i e O d Iyt PRE AP sidatd DAEF Ohip it teiesa L

1 atfansmitted. (Directed 8 (Only in case of Directed RTS) the MAC address
of the node as the Address) object of RTS. In the RTS Attribute field, the
identifierrirdicating tise: mattrbuteiefithe Ri&iinformation is desgrbed. dhich
the Data Flow portion, the data flow of data for which transmission is

indiglsdindo weakibe s placéd ¥ntthe Rate Sirategiportioatawdliarghe value
information is pﬁaced which is referred to when the _transmission rate of

2PPIASR Kudidfinined. FHEAERHAR/ MforHatBR fs used & bRESEAERAIBr 15
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rate; whether to slightly aggressively select a slightly high rate; whetherto
Rateslightly pagsivelyrseles! a slighthrlewaradridr whether to passively select

a low rate. 57 The usage of the Rate Strategy portion will be described in

dethil the RTS/CTS Mux portion, information is placed which
indicateswh@thertopermitaddingRTSinformatidntoaCTSpacket
transmitted in response to the relevant RTS or not. If the
addition of RTS is permitted, the station which receives the
relevant RTS and returns a CTS operates as follows: if the station
holds data directed to the station as the origin of transmission
of the RTS, it is permitted to add RTS information to the CTS
and transmit it. Thus, two-way communication is carried out
by one transaction.

In the ACK Request portion, information is placed which
indicates whether to request to add ACK information to a CTS
packet transmitted in response to the relevant RTS or not. If
the addition of ACK information is requested, the station which
receives the RTS and returns a CTS operates as follow: the station
adds the ACK information of data which it has received from the
station of the origin of transmission of the RTS to the CTS and
transmits 1it.

The RTS Sequence field is a field in which the sequence
number of the leadingdata of pieces of data for which the station

as the origin of transmission tries to transmit is described.



later. In the Rate Set portion, indication is placed which indicates whether
to fix the transmission rate at the value applied in RTS for transmission or
not. If transmission is carried out with the transmission rate fixed, the
entry in the Rate Strategy portion is disregarded. In the RTS/CTS Mux
portion, information is placed which indicates whether to permit adding
RTS information to a CTS packet transmitted in response to the relevant

RTS.or not. If the addition.of RTS is permitted, the station which recejves
The G A BT eI TSR S LoTS Bbaliiss 26 TRERer T Ataone -

TheRAIYS data diregted fothe station amberuriginof tansmission, ebthe RIS,
it is permitted to add RTS information to the CTS and transmit it. Thus,

of theosvayscoimmunicatign isgcarsied antsiby orntransadtion.ils heldek cate
Request portion, information is placed which indicates whether to request
of HaedipAEKAAIGIATALION$6 AITES packe®transmitted in response to the

releyant of not. If th ition of ACK information is requested, the
sta :fc}ﬁ wglif:% receivas e g%% ag& ?eﬁgrngracé?geo%eﬁa?es fibw:then
se1c¥A0R Adsbe/AGk dafomaten ol dara whichikhas reaeivad fambe .
station of the origin of transmission of the RTS to the CTS and transmits
sequitnkhe RES Sequence dielsdisia fiskkirwhich the-seauence] aymieref ther
leading data of pieces of data for which the station as the origin of
datagghEmidsfontHes estieRdmicietEserbedi®8bers are brought into

correspondence by bit map. Then, thebits corresponding to data
(sequence numbers) the reception of which the receiver station

recognizes to have been completed are marked. The MSB
corresponds to the sequence number indicated by RTS Sequence.
As an example, 1t 1s assumed that: the RTS Received MAP field
is constituted of eight bits; the seguence number in the RTS
Sequence field is 23; and the Received MAP is 00100000. This
means the following: pieces of data of #23, #24, and #25 are
skipped, and for pieces of data of #26 and the following numbers,
transmission is continuously tried. The station as the

destination of RTS refers to this field, and .can thereby learn
whether the station asl the origin of transmission is trying to
~transmit data which is a duplicate of the data already received.
The Ma.x Duration field is used for the transmitting end

to set the maximum period of data transmissiocn in the present
data transmission transaction. As an example, it is assumed
that, with respect to the present transaction, data transmission

is to be completed within 200 microseconds on the grounds of

the transmitter station. 1In this case, a value indicating 200



The station as the destination of RTS refers to this field. Thereby, the
station can learn whether the station as the origin of transmission is trying
to transmit data which is a duplicates of the data already received or not.
The RTS Received MAP field produces an effect when selective
acknowledgement is used together. Relative to the sequence number
indicated in the RTS Sequence field, pieces of data of the subsequent

mictguence nu?bers are biought 'n{t:o _correi%ondence by bit map. Then,
1he bitd torrespondig 1o data (Saqlehce ?ﬁbgl’gitfﬁ@%erb‘ﬁor?g?wﬁiﬁﬁe

recuifie dgceiver stationr ge;@-ggizgﬁge Haye @efﬂo(i? @Blgt%@@orgg%gd J r'ei 5

MSB corresponds to the sequence number indicated by RTS Sequence.

 placAsianexamipe fit islassuriiad thatathbdRTSRegeiver MAR figldois of RTS
constituted of eight bits; the sequence number in the RTS Sequence field

has 15 985k #RLReBdiDedNIAP ©001D0B00: Thisehiehns theAslibvirgtime,

' f datg of #23, #24, and #25 kipped, and for pieces of data of
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whether the station as the origin of transmission is trying to transmit data
which istaduplisate-of the data,already reeaiyed. The MaxdRuration figld isn
used for the transmitting end to set the maximum period of data
tranggrsinission in el présenddatartiieshission transaction. Aisrat example
xample, it is assumed that, with respect to the present transaction, data

OF CHEREMEMIo T (b8 HBRTIE vithiR 208 icRsScEnEs brithe FrbadS™
{e.gqf ﬁ%ﬁlﬂ@?sg@tﬁri%@tigﬂdlQ}H}&%8§Sg’fa}¥§%%esipd!acraegnge%oned if it is
permittedtotransmitone ormoredataunits inonepacket. Here,
it is assumed that, for example, N pieces of Length information
aredefined. (Nistypicallya fixedvaluebutmaybe anon-fixed
value.) Data units the reception of which the receiving end
recognizes to have been completed are excluded from data for
which'transmission is tried. As an example, it is assumed that:
the sequence number in the RTS Sequence field is 23; and the
Received MAP 15 00100000. In this case, the length of data unit
of #23 is placed in Length0O, and the length of data unit of #24
is placed in Lengthl. In Length2, the length of data unit of
#26, not that of dataunit of #25which has been already received,
is placed.

As a second example of constitution, the sumof the lengths
of a plurality of data units for which transmission is tried
can be described as Length information. In this case, in the
RTS Sequence field, the sequence number of the leading data of

a plurality of data units is described.



59 microseconds (or a value obtained by subtracting the time required
for the RTS/CTS procedure from 200 microseconds) is placed in this
field. The station as the destinatiorsof RTS has right to determine a
period of data reception. At this time, the station determines a period of
data reception so that the period indicated in the Max Duration field will
not be exceeded. In the Length field, the length of data for which
transmission is tried is described. In case of a first example of

constitdtid AstuRHiRFEr Sietds 6PREdth b ARatidh gelf Mikibet brdata
for QiSiand pumber ofhytes) jakrse defined i itis boeerénxg%%% t?osfté%nslrplitgfﬂg?\lo fand
that, e,

more data units in one packet. Here, ‘it Is assumed that, Tor examp
desdyesesiofh ength.infgrmation1 are definagi MN-isdypically adixed yalie byt 4,

may be a non-fixed value.) Data units the reception of which the receiving
a plend lrietyghizés tohibve bedn venfpleteth arhekbladgefnom data forcupied

which transmission is tried. As an example, it is assumed that: the
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LengthO, an eng ata uni IS place

whe reeRgth?, theslengih shdatecunis of 26 Mot thatof data it ofif25.whigh ; 5
has been already received, is placed. As a second example of

as suomstitdtion, tHe suaxefiihbdentthsi of aploifalibenbdataimfitsrforwhioh are
transmission is tried can be described as Length information. In this case,
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at N different data rates, the length of time required for data
transmission is described.)

As a fourth example of constitution, the Number Of Data
Unit field can be defined in place of the Length field if the
length of a data unit mainly transmitted is a fixed value. In
this case, in the field, the number of data units for which
transm_ission ls tried is described.

In the RTS SMH, the Directed Address field can be defined
in addition to the foregoing. This is used in the following
case: broadcast ormulticast is set in the destination (RA) field
of the common MAC header but RTS information is to be transmitted
to some specific station. In the Directed Address field, the

address of the destination of RTS information is described.

Fields in CTS SMH:

Table 6 illustrates the components of CTS SME fields used
when CTS information is transmitted. As described below, the

CTS SMH comprises CTS Attribute, RATE, and Stored Sequence



a plurality of data units is described. 60 As a third example of constitution,

the length of data for which transmission is tried can be expressed in time

and described in the Length field. dn this case, in the Length field, a

plurality of lengths of time for which the channel is occupied when data or

a plurality of data groups for which transmission is tried are transmitted

are described with respect to cases where they are transmitted at several

data rates. Here, it is. assumed that, for example, N pieces of Length

£ }“ formation are defined. (On the assumption that transmission is carried
out at N different data rates, the lepgth,of time required for data
transmission is described.) As_a fourth example of constifution. the

| FielsiNanor| ok ength [Biflit field can be defined inQsisariptiéahe Length field if the
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attribute of the relevant CTS information is described.

In the Data Flow portion, the data flow of data for which
transmission is about to be tried is placed.

In the RATE field, a valuewhich indicates the transmission
rate of data transmitted in response to the transmission of CTS
is placed.

In the Stored Sequence field, the Sequence number is placed
which indicates up to what Sequence number the data receiving
end (CTS transmitting end) has held data length information.
If the relevant communication station is not provided with a
function of holding data length information, the number
immediately preceding the Sequence number indicated in the RTS
Sequence fieldisplaced. Or, avalue isplacedwhich represents
NULL indicating that the relevant communication station is not
provided,witﬁ a function of holding data length information.

In the example described above, CMH and SMH independently
exist in PSDU and a plurality of different types of SMHs are
independently added for convenience of explanation. An aspect

of the objects of the present invention is attained as long as



CTS SMH comprises CTS Attribute, RATE, and Stored Sequence 61

fields. Table 6 Field Name Length[Big Description Type | Identifier

indicatin that this is a CTS SMH. ldentifier indicating the attribute of CTS.

CTS Attribute 1 [2] Data Flow [61 Reserved RATE | Specifies the data

rate class of transmit data. Stored 1 Notifies that the Length information of

up to the relevant Sequence Se uence number has been stored. In the
TS Attribute f'ﬁld,‘ theé%([e)entifier indicating the attribute of the relevant

the Lpgat nribnas M semSed TRt Bats BRIBdrioh, e dRAHIRRGHon
thedata far whigh, transmission is,aboyt tq he tried is placed; In the RATE

field, a value which indicates the transmission rate of data transmitted in

abovespenss taibe transmzission of CTS is placed. In the Stored Sequence
field, the Sequence number is placed which indicates up to what
Seduencertiubstet 1dogata keseivingn endne T Sarembaiitting eadphas lent
held data Ie%g%h informatign. If the relevant commupnication station is not

€0 ClaPovided Wi e fahCuidh Bt Holtiing datdifertift formatiofi e humbar e
n <LAOSEAGY HECEHRO LN SIS NSk OIS g
behindicatingdbatthe wiavantcopynepication statiod is Mlcket sometimes.
In particular, the DATA SMH is disposed immediately before the
data unit to which the relevant SMH corresponds in some examples
of utilization.

In the examples described above, the RA, TA, and Duration
fields are disposed in CMH. However, these fields are disposed
in the PLCP portions in some examples of utilization. Duration
field contains the media reservation time information. But,
Duration field is not necessary to be structured as a field which
records length information in unit of [usec], in some examples
ofutiliazation, 1t canalsobe composedof the information which
canmake instructionof keeping in transmissionprohibited state
in the dufation of what the other communication stations except
destinations hope, or composed of information greoups. In order

to explain conveniently, examples conluding Duration fieldwill

be used to explain.

C. Transmission Rate Determination Process

Referring to FIG. 6, descriptionwill be given to a process
for determining a transmission rate in a wireless communication

system according to the present invention.



- provided with a function of holding data length information. In the example
described above, CMH and SMH independently exist in PSDU and a
plurality of different types of SMHs:are independently added for
convenience of explanation. An aspect of the objects of the present
invention is attained as long as 62 the format contains the similar
components of information; therefore, the present invention is not limited
to the above-mentioned format, An example will betaken. Information

elethertB e RRETET T to-hEMAEReadti i Hrefardiy didpdsed #nsSMA
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disposed behind or between data units constituting a packet sometimes.
suchln pasticy)actige DADARMH ds: dispased-ipimediately beferedhg sdataupite
to which the relevant SMH corresponds in some examples of utilization.
recepittheregdmpled désaribetiiaove e R TA tarmhButdtiond fieldseamponse
disposed in CMH. However, these fields are disposed in the PLCP
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trans@neexamples Of ailiazation, it can@isebe eamposed pb thadafarmatigng
which can make instruction of keeping in transmission prohibited state in

not itheeduration tof wiat the tilkedesnimanication SttiBns ekce pt Tiestinationsn
hope, or composed of information groups. In order to explain

as theriveflerty ésihples Conludiiy Bukatisli fiéid wil esponse to the CTS

information. At thistime, thestationappliesthe transmission
rate indicated in the RATE field in the CTS as the transmission
rate of this data. The process for determining the transmission

rate is as follows:

Step 1: the quality, such as reception SINR, is measured based
on RTS receive signal.

Step2: thequalityortransmissionrate classmeasuredaccording
tothevalue indicated in the Rate Strategy field inRTS isbiased,
and a transmission rate 1s determined. In case of IEEE802.11a,
for example, it 1is determined from among eight different
transmission rate modes prescribed: 6, 9, 12, 18, 24, 36, and:

54Mbps.

When themeasuredqualityisbiased, themeasuredreception

SINR value is biased at the level of * several dB in accordance
with the value indicated by Rate Strategy. Based on the bilased

reception SINR wvalue, a transmission rate class at which



be used to explain. C. Transmission Rate Determination Process
Referring to FIG. 6, description will be given to a process for determining
a transmission rate in a wireless cémmunication system according to the
present invention. 63 In the present invention, access control based on
CSMA is carried out with the RTS/CTS procedure used together. In such
a case, CTS information is transmitted in response to the reception of

RTS informatjon, and datal tr smlte in res to the receptiqn of
receplton & eiran?ml'?tlngs%t erml%s% Rty SPRTE l%agéijv% or

ol tneasired

the $§igaal, and thereby determines a transmission rate at WhICh reception can
be implemented and notifies the station as the destination of CTS of it.
Théistatioh easrthe stestration of CF SltanshiHdatada responsednibe i on
CTS information. At this time, the station applies the transmission rate

rateirféil@a’iéd%#tﬁ@h%ﬁ'&'ﬁ@l@ﬁﬁi@@@ﬁ@é@ﬁh@#@%ﬂﬁ@ﬁ@ﬁl rate ot tigcted

a. The ocessf m e transmission rate is as follows:
by LEEiR R Rty Lo SRR S ARG R PR PR R
valubeCeive,gignak Step 24the,quality; arransmission fqteclassmeasyiedy
according to the value indicated in the Rate Strategy field in RTS Is
accobidsade and ehtransmissidngatens detersaingd. IRcese of HaEEG92.114a,

for example, it is determined from among eight different transmission rate
modesraBéded s R I2ing, Pay3beantr3dps.for example, only

when a high-rate class is selected or only when a low-rate class
is selected depending on the characteristics of the physical
layer.

The data transmitting station (RTS transmitting station)
- which received CTS holds the transmission rate class, specified
in the RATE field, as a default transmission rate class directed
to the station as the origin of CTS transmission. Thus, the
station can refer to it when the station transmits an RTS or
data next time. When the station transmits an RTS, it refers
to this default transmission rate class, and applies this
ﬁransmissionrateclassorthenextlowertransmissionrateclass
{(higher by one level in tolerance to noise). When data is
transmitted without using RTS/CTS together, the default
transmission rate class is applied in place of the transmission:
rate class notified by CTS.

When the RTS transmitting station transmits data units,
it counts the following with respect to each destination: the
number of times when a data unit is transmitted for the first

time, and the number of times when a data unit is retransmitted.



When the measured quality is biased, the measured reception SINR
value is biased at the level of several dB in accordance with the value
indicated by Rate Strategy. Based&h the biased reception SINR value, a
transmission rate class at which 64 reception can be implemented is
determined by lookup table or the like. When the transmission rate class
Is biased, a transmission rate class at which reception can be

[ Iementedcgs %(]tracted li)(llogktﬁtab e or the like based on the

By r%eeagﬁﬁ“e%grecep IO%%-T N‘ﬁ value'. %eexﬁgﬁgal%r%%%ﬁﬁlsse?gr??gteragﬁ ?San

pe cstiftadinacsordanse yith-thenalug indicated by Rate,StrategyThisshift,
processing may be applied, for example, only when a high-rate class is

de s tdeledtedorlonhdwhén adoverate classmissselecteddepending sp thee Rate
characteristics of the physical layer. The data transmitting station (RTS

Straggssmiting Seatidh) Okl h reteived CrSHieT thiegsghsmikeion mrecific

class, specifi in the RATE field, as.a default transmissjon rate class
desc&i?&%& ntowﬂfglstgt?oﬁ ad the orilgﬁﬂeofL Cf8ra srrﬁlsg%i. T}ﬁﬂi,ut%eand the

uppetatign candeterfa itwhenrthesiation ransmits an R T qr.data.nexd fime. 4

When the station transmits an RTS, it refers to this default transmission
in arbtewxtass, and appliesthisstrapsmissien mie classcoethediakt lamer upper
transmission rate class (higher by one level in tolerance to noise) . When
threghald frassitdd RifadbasFoRESIC TS togbawy, iffe defaitmented in

ransmission r I i lied in pl of the transmissjon
the Iga?sglvsésggrggetgg?lsa%g%eig. pI%C%he tran_smission error rate

fallsbelowthe lower thresholdvalue, thevalue for Rate Strateqgy
is incremented in the aggressive direction and held. When an
RTS is transmitted, this held Rate Strategy is transcribed into
the Rate Strategy field in RTS. If the held value for Rate
‘Strategy is changed, it is important to reset the count values
for obtaining the transmission error rate.

According to the above-mentioned procedure, the
transmission rate is determined from the receive signal gquality
of RTS. Thus, control can be carried out by dual loop wherein
the applied transmission rate is biased in accordance with the
error rate (bit error rate (BER) or packet errcr rate (PER))
monitored by the transmitting end.

In addition, as a technique different from the foregoing,
the following constitution is possible: the transmission error
rate is measured by the receiving end, not by the data (RTS)
transmittingend. Inthis case, the above-mentionedmonitoring
of error rate is carried out at the receiving end, and similarly

dual loopcontrol is carriedout wherein the applied transmission



rate class notified by CTS. When the RTS transmitting station transmits
data units, it counts the following with respect to each destination: the
number of times when a data unit isdransmitted for the first time, and the
number of times when a data unit is retransmitted. 65 By referring to
these values, the transmission error rate can be extracted with respect to
each destination. Based on the destination-by-destination transmission
rat SHOWRIRS. e Rale Slaiedy o RIS lodnation cap be deetmingds /v
More specific description will be given. The lower threshold value ang{he
prodiper threshetdhvaduerof feansavssionisrok rate ag: defineds inadvance olf 1,
the transmission error rate exceeds the upper threshold value, the value
riskdsRateStratdgy iSHecrémbriediin ¢he passaevdirectinpandheld: fithers
transmission error rate falls below the lower threshold value, the value for

| fre%&fé@t&fé@?u?é'in%n‘éﬁ&jiﬁﬁltﬂg &gtesIRRAIECHRM ARG RERI WenERat
paciL 824 tR0RTlad. Iy heifl Ratesiiaieqy s tanserbed nlg th%gea;e

ate Strategy fie If the held va ategy’is chan
errdbisimporantiengsatdhesotnt valigs, for obtaipinadhe Lanspmissionrs 1 g

error rate. According to the above-mentioned procedure, the transmission
tranzite. istdetermiked from thresrgoeivelsignalqualityantRES. Thus, control
can be carried out by dual loop wherein the applied transmission rate is

biaB& in BELBIRTRR it the eftdtmteS(bakeN Yatd BBER) obpackde a

me th%rcﬁ%r}_rg E;%/(P%g ?: mgg%rgg ibélatgle I}Elansarrllllitit Il i(:?‘:aﬂrd vy information for

selecting and determining a rate on the grounds of the
transmitting end. | Where the receiving end measures the
transmission error rate, mentioned above, or in the like cases,
the transmitting end may set the value of Rate Strategy due to
othér factors than error rate. For example, the transmitting
end may set the value of Rate Strategy due. to the difference
in transmission power between RTS packet and data packet. Or,
itmaysetthevalueofRateStrategydue tothecausal relationship
between transmission rate and transmission power. (Refer to
Japanese Patent Application No. 2003-6973 specification,

already assigned to the present épplicant, for example.)

D. Basic CSMA Procedure

Inawirelesscommunicationsystemaccordingtothepresent
invention, access control based on CSMA is carried out with the
RTS/CTS procedure used together. FIG. 7 illustrates an example
of the operation sequence of the RTS/CTS procedure in the present

invention. In this figure, the following communication



In addition, as a technique different from the foregoing, the following
constitution is possible: the transmission error rate is measured by the
receiving end, not by the data (RT&Y transmitting end. In this case, the
above-mentioned monitoring of error rate is carried out at the receiving
end, and similarly dual loop control is carried out wherein the applied
transmission 66 rate is biased in accordance with the error rate. If the

e
certain risk Is involve ecause, In an environment Where efrors

sTalffeguentlyracsure heskeceiving @nfaNNeh BYSM reeoaniza thaleackets; to
are transmitted. Where RTS/CTS is used together, the error rate is

eachcompeated withtthefapkets seceived afterdCTRtis i trahbmittec takenfas dhd o
population parameter. The quintessence of Rate Strategy is to provide a

wavegethdddldyy fdicorim@hcairadimaly midthalies idregelbatingramremit

iﬁfoggtggyglrlln ? rate,on the grounds of th_e transmitting end._ Where the
receiving end measures the transmission error rate, mentioned above, or

in tedike-easesmibe HapsrAling end.may setthe yalue of Rats Sirategy,q

due to other factors than error rate. For example, the transmitting end
(fromayiset THetalnerod Rate Stategliduetto thiecdifferangd dn trarsouissiomn ry
power between RTS packet and data packet. Or, it may set the value of

CSMAPHE SRFHIEG) dugtE e a4t FetationShip beaneer fransmisdion paeket
cone YRR (e Bpaness Pl Apleton No.

example: Duration field in the packet containing the RTS
information, the time that lapsesbefore the receptionof apacket
containing CTS information, transmitted as the cutcome of the
reception of the RTS inforﬁation, is completed, is described.
(That is, the time from T2 to T4 is described.) At this time,
as the length of time described in the Duration field, the time
that lapses before time T4 may be given some margin and the time
until time T5 or so may be described. Or, the time until time
slightly before time T4 may be described.

STAO holds a list of information on the length of data
unit it tries to transmit to STAl1. This list is designated as
“transmit data unit éandidate list.” |

Incase the RTS SMHadopts the first example of constitution
men‘ﬁioned above, in the Length field in the RTS SMH, the lengths
. (e.g. number of bits and number of bytes} of data units in the
transmit data unit candidate list are described as data length
information by N pieces. And, in case the number N of the Length

‘fields is smaller than the number of data units desiring to send,



D. Basic CSMA Procedure Ina wireless communication system according
to the present invention, access control based on CSMA is carried out
with the RTS/CTS procedure useé&ogether. FIG. 7 illustrates an example
of the operation sequence of the RTS/CTS procedure in the present
invention. In this figure, the following communication 67 environment is
assumed: four communication stations, STA2, STAO, STA1, and STA3,

S C |cation station adjaining to_each other in the figure are
as t%)é Eé’i@g gné%é!ﬂ aion £r AN nex ié:ggs%%eea&%s G sSum

i
cated withinthe r nge or raailo waves. nere, | at s

of tilesiestoriransmitvinformation oS kAL §Eé@&%ﬁ@@%§%&@&dﬂ%%@d.

is clear for a certain period (from time TO to time Ti) according to, for
exampleahe ordiranyR TS MAProcedivpes. sTheheSTACr stadts theample of
transmission of a Eacket containing RTS information to STA1 at time Ti.

consili FGRtion field® theptcket d6dininy tHERFES infiinatidre tfam of
the fi eﬁ%@gl%&s%%gegoge tglger eé‘,aegtiolgnollf@ a%k%%gog%aér;}ig&gg a?ga unit
Info

ation, transmitted as the outcomé o tJhe reception

candié@rmatipnsis completedy is-desciibeds (1hatdsthe time-frem T2 L, T4 is

described.) At this time, as the length of time described in the Duration
fighl cthediiree (NAE |Spsestugfte ttineet T4 may begilencsbmenatdin ahen ,
the time until time T5 or so may be described. Or, the time until time

in thfighfip BERE it FnthPLR e stibedt BT AGBIdS afist brimfentaiaisd
for gg:s%leﬁ;ﬁggtgisggda{%eungétttéiE%}loi%%nSlmI{t t‘ghSeTA?tlfa-trr?ésmlisé Isdata unit
candidate list is described as data length information. The
length of time fluctuates depending on the data rate at which
transmission is carried out. Therefore, if transmission is
carried out at several data rates, a plurality of lengths of
time are described sometimes.

In case the RTS SMH adopts the fourth example of
constitution, in the Number Of Data Unit field (defined in place
of the Length field) in RTS SMH, the number of déta units in
the transmit dataunit candidate list is described as data iength
information.

This packet containing RTS informatioﬁ is received also
by STA2 which is positioned in the vicinity of STAO. STA2 checks
thedestinationof the commonMAC header basedon the transmission
rate information in the PSDUportion obtained from the RATE field
in the PLCP header. If STA2 cannot confirm that the packet is
directed to itself, it recognizes time T2 from the RATE field

and the LENGTH field in the PLCP header. Further, STA2 refers

tothebDurationfieldinthe commonMACheader, and thus' recognizes



“"transmit data unit candidate list." In case the RTS SMH adopts the first
example of constitution mentioned above, in the Length field in the RTS
SMH, the lengths (e.g. number of &éts and number of bytes) of data units
in the transmit data unit candidate list are described as data length
information by N pieces. And, in case the number N of the Length fields is
smaller than the number of data units desiring to send, 68 as the second

. e mpI mtrod in next , the sum o telen ths of several
timed) SR TIN gﬁé%] flePIl [ eRSSHE aadz)fﬂélﬁ%lon

data un S IS deSCI’I e as C . In Ca

prohsasond example of; constitutign, i the Length field in the RTS SMH, the
sum of the lengths of one or more data units in the transmit data unit

carithdatedist idescnbedias datRengim hfermation: In casedkd RIS also
SMH adopts the third example of constitution, in the Length field in the
by 38g 3MHC¥heJ4§n§%heofﬂtm*@ré%ﬁme@eﬁﬁ {anasmting tRE Yatachsitkia thbe

transmit dat t candidate | described as data length informatjon.
oot RGN o (8 MTISEL Ay BARHE LS oot gt WAL S520n
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several data rates, a plurality of lengths of time are described sometimes.

in thecaseha &l SMHrdaps thmibueh examplene! sopsution, dithected
Number Of Data Unit field (defined in place of the Length field) in RTS
to iswifthe Rumbeest dabeenSAd fecwarsiiindata datedadidate lisisMAC

r length. information.
he dggfﬁ.e%ggégg%zeélthat there is a request from STAC to send

data packets, directed to itself. Then, STAl determines a
transmissionratebasedoninformationobtained fromthe received
packet containing RTS information.

Further, STAl refers to the Length field (or the Number
Of Data Unit field) in RTS SMH, and thereby obtains the data
length information on the data to be received.

In case the RTS SMH adopts the above-mentioned first
example of constitution, STAl obtains a list of information on
the lengths of dataunits tobe received. Thislist isdesignated
as “receive data unit candidate list.” STAl refers to this list
in sequence. Thereby, it counts the number of data units which
can be received if recepticn is carried out at the determined
transmission rate and a reception period to the extent that the
period indicated in the Max Duration field in RTS SMH is not
exceeded. (This receptionperiod is the time period until time
T6 when the transmission of data packets is completed.)

In case the RTS SMH adopts the second example of

constitution, STAl obtains the total length of one or more data



This packet containing RTS information is received also by STA2 which is
positioned.in the vicinity of STAO. STA2 checks the destination of the
common MAC header based on thtransmission rate information in the
PSDU portion obtained from the RATE field in the PLOP header. If STA2
cannot confirm that the packet is directed to itself, it recognizes time T2
from the RATE field and the LENGTH field in the PLOP header. Further,

ons RS0 RS PUBIED G 0 0 ITBMAC el sl s

recognizes 69 time hen,’s n nd brings its

tha tIrBASNHSSION Prafubitesistate WntikiimeaT4 pThis packet-cantaining RIS svu
information is received also by STA1 which is the intended destination.

is n@Tdcettebkd theAdastinativimef theoemdwnaMAGrheaderhased omttehe r
transmission rate information in the PSDU portion obtained from the

dataRATE-iddORtRe PLOP heabed ahtitdcdgigddthartheisackesii ved 1if

irected. to itself. .Further, when STA uccessfu% ecodes,the .sub MAC
rece R e R R D RS e e

pagkels dirgeted todisel dthan STALdelemings a draRsmission ate; on,

based on information obtained from the received packet containing RTS
STAlinfotraation. thurthdre 53181 refersitddhe d enfjithifield (o dheNonbere Ofed .

Data Unit field) in RTS SMH, and thereby obtains the data length
STALipbhatss shithé Baerbisirecaied Ihtdare IR FBISHITagspenté ng

to tﬁ\bov e—pentlone% efl%St example.of consg[tutl%n, STAé 8Qb ains a_list of

information on 1 é:nagl%ﬁén bP datdumits 16 bereleil Bftfistield.

designalgde the RTS SMH adopts the fourth example of
constitution, STAl obtains information on the number of data
units received from the Number Of Data Unit field. Where the
length of data units is uniquely fixed, this information is
equivalent to the “receive data uﬁit candidate 1ist.” 8TAl
refers tothe length and number of dataunits. Thereby, it counts
the number of data units which can be received if reception is
carriedoutaﬂ:thedeterminedtransmissionrateenuithereception
periodteo the'extent that thepericd indicated in theMax Duration
field in RTS SMH is not exceeded.

If8TAl desires tolimit the receptionperiodon the grounds
of itself at this time, it sets this reception period as the
threshold value of reception period, together with the period
indicated by Max Duration, sometimes. Further, $TAl transmits
a packet containing CTS information. Thus, it transcribes the
value obtained by the reception period computed here into the
Duration field in that packet, and transcribes the transmission

rate class determined as mentioned above into the RATE field.



as "receive data unit candidate list." STAL refers to this list in sequence.
Thereby, it counts the number of data units which can be received if
reception is carried out at the detefrhined transmission rate and a
reception period to the extent that the period indicated in the Max
Duration field in RTS SMH is not exceeded. (This reception period is the
time period until time T6 when the transmission of data packets is

completed,) In.case the RTS SW@P&P}@W& secqad e%%g"gﬁn;aft ion is
gt ata

constitution, STA1 obtains the total length of one or more 0 units
trameeeiveddSEAL gounts:thaneeeption peried todke extept thatthe perigghi se
_ indicated in the Max Duration field in RTS SMH is not exceeded. At this
toleftaaceonsideratinnis given tdhethdrhdarp it rolips wfthe indicaiedket
length can be received if reception is carried out at the determined

contglsmigdidr rate” fif €ade e RS MAdsHS e thfd-Sdnsse grs much

as p%osrgsiii)t{[@p, STA1 obtains time Iength can_didat_es of data packets _
received. STAL extracts one reception period (time length) corresponding

tortheg deteryines transnisaion wie omdbe dengtihfieid:dn caserthetR 1Y,

SMH adopts the fourth example of constitution, STA1 obtains information
a pagheheaqurhbenofdatal Snits fecwivdd frorm shediu mber Of htayUditdigldme
Where the length of data units is uniquely fixed, this information is

T4 ofbfARI 16 the Tlehr-daa it candftilid st s ecksfers @ ife ning
res 180 ANG yMNes ol dala s, alehy. | SR e pupber ol dela o

units which can be recelve% If reception Is carrledn})u?at '[?16 dgt%rmlnedr
At tHapSMIgSIONsate Ndhereeention NAYV at time T4, and transitions
into normal state in which it can transmit. Thus, damage
resulting from that the packet containing CTS information is
not returned is minimized.

If STAl succeeds in decoding the packet containing RTS
information, a packet containing CTS information is returned
to STAO at time T4 as scheduled in accordance with the
above-mentioned procedure.

This packet containing CTS information is received also
by STA3whichispositionedinthevicinityof8TAl. STA3decodes
the Duration field and the like in the packet containing CTS
information,andreferstotheRAaddress. IfsTA3cannotconfirm
that the packet is directed to itself as the result, it sets
an NAV and stops transmission over the time indicated in the
Duration field or the like. As a result, STA3 is kept in
transmission prohibited state until time 76 which is the time
indicated in the Duration field.

This packet containing CTS information is received also



period to the extent that the period indicated in the Max Duration field in
RTS SMH is not exceeded. If STA1 desires to limit the reception period on
the grounds of itself at this time, if/sets this reception period as the
threshold value of reception period, together with the period indicated by
Max Duration, sometimes. Further, STA1 transmits a packet containing
CTS information. Thus, it transcribes the value obtained by the reception
lod computed here into the . Duration field in that p and

by Sﬁgntgcvﬁ%eg%hé ?ra%?slr%iéé} g i nr%?egc%tgg %%r]ilear%r?end' aﬁgrtﬂio%%%oﬁb%%ethe

pspDuUNta:te RALELie)d &L Jlie packet itself containing CTbrinformation isy +
transmitted at a transmission rate most superior in noise tolerance in

recangry easksi Thds stheqossibilitethat agpackett bentainings@ISsion rate
information cannot be decoded is reduced as much as possible. If STA1

indigad ffdddodels p&EKER coiitngR TS Tsfoirhatione 1 packbrdématifng by
S.information is not returned by, due time T4. Therefore, STAQ retries
A e R S R R e

a. 1c Cal
to transmi e packe con?alnmg n ormatlo% Ina

the @neomrhackaft-procedyre; At this ime, SiTA? pufs dauan-the NAVIAL timey
T4, and transitions into normal state in which it can transmit. Thus,
begidemagev id¢sulting fiomsthatrtbeipatket tentaming: CIES infotmatiemia i gett e
. returned is minimized. If STA1 succeeds in decoding the packet
11 stedmafiffy TS infdrifltion! b sHoket ebRtiming CrSmidration Racket,

returned .1;9 STAO at time T4 as scheduled in accordance with the
and tTransmits 1t.

The data packet transmission is completed at time T6, and
STA3 which is a neighbor station of STAl refrains from
transmissicon until T6. Therefore, the reception by STAl is not

hindered.

E. Applications of CSMA Procedure

FIG. 8 to FIG. 10 and FIG. 21 to FIG. 23 illustrate a number
of examples of the applications of transmitting and receiving
procedures according to the present invention. Here, examples
of the applications of the communication method according to
the present invention will be described in detail based on the

CSMA procedure described referring to FIG. 7.

E-1. First Example of Application

FIG. 8 illustrates the first example of application of
transmitting and receiving procedures in a wireless
communicaticn system according to the present invention. The

figure illustrates an example in which two data units are



above-mentioned procedure. This packet containing CTS information is
received also by STA3 which is positioned in the vicinity of STAL.
STA3decodes the Duration field ahd the like in the packet containing CTS
information, andrefers to theRAaddress. If STA3 cannot confirm that the
packet is directed to itself as the result, it sets an NAV and stops
transmission over the time indicated in the Duration field or the like. As a

, ' ' ission prohibited state until time T6 which is
e InaReaiod 2 he ofBle el TS pechel EaAE CrGTeE of

datdnfeimedionrs feceived BISo: 22 yn3 TAQWRIghds the intended s 1imiteq
destination. STAO decodes the PSDU, and thereby recognizes the

to ofiptewiryl STARIS ARGy (DereciVE)antrit Desices to-keckile gtitheACK) is
transmission rate indicated in the RATE field during the period indicated

sPeqif Fiftafion. SEAGSHsHRYa Bﬁits which can be transmitted at the
sestiiest Lensmissing tatedudng (he speglied. period, pegnning wih (g .
B candidate ‘1t €. T

first one in the transmit data unit candida in sequé en,i

timegengratesiadranspuit datapacketo@nd HaNSEs qkhe daja Packsle coma
transmission is completed at time T6, and STA3 which is a neighbor

procstdtiore fSTAG qefrainsdroma tramsmission tintihT6. Tharelose Ubhe £ count
, reception by STAL is not hindered. E. Applications of CSMA Procedure
s coppletefiat f amil G i fodoret bangstrartaHipBediun is clear

during this period. Therefore, STAO0 transmits a packet
containing RTS information.

After STAl receives the RTS directed to itself, it returns
a packet containing CTS information at time T2 based on the
information deséribed in the RTS 3SMH.

After STAd receives the CTS directed to itself, it
transmitseadatapacketattimeTB. At this time, STAO describes
intheACKTypeporthlofthedatapacketinformatioﬁindicating
it desires that BCK should be returned by delay ACK (Del-ACK).
At the same time, STAO describes in the More BRit portion
information indicating that more data unit is stored. This data
packet is received by STA1l without error.

To further transmit the stored data unit directed to STA1,
STAO waits for a random time, and then transmits a packet
containing RTS information at time T5. AL this point of time,
STAQ has.not received the ACK of the data unit it previously
transmitted. Therefbre, STAD generates a transmit data unit
céndidate list so that the previousiy transmitted data unit is

included, and constitutes an RTS SMH based on the list.



of examples of the applications of transmitting and receiving procedures
according to the present invention. Here, examples of the applications of
the communication method accordidg to the present invention will be
described in detail based on the CSMA procedure described referring to
FIG. 7. E-1. First Example of Application FIG. 8 illustrates the first
example of application of transmitting and receiving procedures in a

wireless ¢ unication system according to the present invention. The,
gttt TR ISUAES A CREETS il whikh bR RTA A S84 fraelidd 1no

crs AP TAL:9S TAL: Inthis exaauie; the nywmber, of, data ynits whichgan. 4

be transmitted in one packet is limited to one, and delay ACK (Del-ACK)
in taeimmediae ACKH(InkAEK)isesperifiad as the-sase may T STALQuence
starts the procedure for transmitting data units at time TO, and starts

and REEKBR coLHER MbEordahbe WP RMIESHIY Foesathe ferergnirigs that

{ issign right. The back t is completed at T, and.it i
STAQ, ifiindiP hat FETRBARIT is Chiar TR i periBa THEROf STAOET®

previ@RMiLs ARACKeL £OMAINING, RT S informationy Atey STAL LEGeVes (e, e

RTS directed to itself, it returns a packet containing CTS information at
ACK flimeokzZbasesh onritheh dnforaiadioncdescsibed:Heg the RTR SMHa Altenh STAR

receives the CTS directed to itself, it transmits a data packet at time T3.
STAIAGHIsIME PSTAOU ebeabEsidn MEACKITYpeatcrton betheldata packdt’ s
holdiggogrmgggr}g}ldsi?naiticn ed ACK directed to STA0. Further, STAl
deletes the already received packet from the receive data unit
candidate list to update the list, and then generatesgs CTS
information.

As a .result, STAL re%urns a packet {i.e. CTS with ACK
multiplexed) containing the CTS5 information and the ACK
informationattimeT6. ForACKinformation, theACKinformation
corresponding to the data flow specified by the received RTS
information is described.

After receiving the packet containing the CTS information
and.ACK information, STAC operates as follows: based on the ACK
information, STAO deletes the data unit already received by STA1
from the transmit data unit candidate list it holds; STAO
generates anewtransmitdataunit candidate 1ist, and détermines
a transmit data unit based on the new list. STAO transmits the
thus generated data packet at T7. At this time, it describes
in the ACK Type portion of the datapacket information indicating

it desires that ACK should be returned by immediate ACK. AL .

the same time, it describes in the More Bit portion information



it desires that ACK should be returned by delay ACK (Del-ACK) . At the
same time, STAO describes in the More Bit portion information indicating
that more data unit is stored. Thisdata packet is received by STA1
without error. To further transmit the stored data unit directed to STAL,
STAO waits for a random time, and then transmits a packet containing
RTS information at time T5. At this point of time, STAO has not received
. ,.the, ACK qf.the data,unit it previously, trapnsmitted. Therefore, STAO
i R L TS e I chRaTiate TESE TS S By = ooent
any tharemitted data unitis included, and constitutes an RTS SMH based on
the list. 74 After STAL receives it, its returns a packet containing CTS
‘infeimeatiodldtltime déibase dtbre thix infomeatiomtgescribedcimgthe RES that
SMH. At this time, STA1 refers to the RTS Sequence and RTS Received
it igdpshirs ErSiomer bnbeherdBrieeByhizss tHat STRONHE_HECK Type
recognized the_reception confirmatio he previousl receive%(da a
port&rcﬁ?. fﬁeﬁ%ﬁﬁ%ﬁécg esto i?l%fﬁaé % in]?(e)g)rtrﬁlé:trﬁosn %nthlemf)naec :é‘?%e ACK
( Irn-BRRRINRG S IBIPFEHOR. QR o STAL KleteEnines e IAgHderAGK at time
information because of it's holding untransmitted ACK directed to STAO.
78. Further, STAL1 deletes the already received packet from the receive data
unit candidate list to update the list, and then generates CTS information.

Asfanr_égjlﬁ svsmﬁé_mﬁ% mkéﬁﬁ.@@TS%tﬁm@&imltf@@ké’d}n each’
pack%%}?l I?r]] ;gs%ng%o%r?hgg ' ?;?é:?ﬁg%%hg SA%KG ”E(:)Lgnrre‘sa%%nr?totgn SI;I;? i f O{he

time indicated by arcuate arrow in FIG. 8.

E-2. Second Example of Application

FIG. 21 iilustrates the second example of application of
transmitting and receiving procedures in a wireless
communication system according to the present invention. The
figure illustrates an example in which two data units are
transmitted from STAO to STAL. Thisexample izsonthe assumption
that the number of data units which can be transmitted in one
packet is limited to one and immediate ACK (Im~-ACK) is constantly
applied. |

STAO starts the procedure for transmitting data units at
time TO0, and starts backoff count in accerdance with the CSMA
procedure for acquiring transmission right. The backoff count
is completed at Tl, and it is confirmed that the medium is clear
during this period. Therefore, STAO0 transmits a packet
containing RTS information.

AfterSTAlxeceivestheRTScﬁxectedtoitself,itreturns



corresponding to the data flow specified by the received RTS information
is described. After receiving the packet containing the CTS information
and ACK information, STAO operates as follows: based on the ACK
information, STAO deletes the data unit already received by STA1 from
the transmit data unit candidate list it holds; STAG generates a new
transmit data unit candidate list, and determines a transmit data unit

a paﬁg(sed on the new list. STAO, transmits the thus generated data packet at

Pt thiRnfe A Cribas T TRETRER Typ8 hohidhof the s Patkett e
inrdpfprmation indicating, if degires thal-ACKshould be returned by

immediate ACK. At the same time, it describes in the More Bit portion
infarmadiensen ndieatinpvibat ardata 1witde bedtansmited tsB0EPERSENt ne
any more. When STAL1 receives the data packet, it recognizes that itis
T2, ddsitethtosinimedmately trmsmikan ACKS frven THe ACK Tyipés pbiticry irS TAO
the DATA SMH. Then, STAL returns an immediate ACK_(Im-ACK) packet
des IR IMIG TG FeiBFRPBAL bR al Tifs!ars? MARKSxambRFBR t1on

1 na RRlEROR. the.Bytation field insach, fackebis setse thanitindicates ih
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ACK Seepnddzxample of Application FIG. 21 illustrates the second example of
application of transmitting and receiving procedures in a wireless

cofipwmitationSsisle medcrotdingtetheqpreseatinventione Thies the data

packet and cannot accurately extract the data. Though STAl
should return an ACK, therefore, it does not transmit an ACK
at time T4. (The ACK in the figure is not transmitted.)
‘Since STAO cannot receive ACK at due time, it judges that
some errorhasoccurredinthepreviousdata. Thus, toretransmit
the still stored data unit directed to,STAi, STAO waits for a
random time, and then transmits a packet containing the RTS
informationattimeT5. Asmentionedabove, STAOhasnot received
the ACK of the data it previously ﬁransmitted. At this time,
therefore, STAO describes in.the.ACKIRéquest.portion.in the RTS
SMchatitrequeststhatACKinformationshouldbeadded. (That
is, STAO0 transmits an RTS with an ACK request multiplexed.)
After receiving this, STAl returns a packet containing
CTS information at time T6 based on the information described
in the RTS SMH. At this time, STAl refers to the ACK Request
portion in the RTS SMH, and thereby recognizes that STAO is
requesting that ACK information should be transmitted. Then,
S5TAl decides to include ACK information in the packet containing

CTS information. Further, STAl deletes the already received



figure illustrates an example in which two data units are transmitted
fromSTAO to STAL. This example is on the assumption that the number
of data units which can be transmitted in one packet is limited to one and
immediate ACK (Im-ACK) is constantly applied. STAO starts the
procedure for transmitting data units at time TO, and starts backoff count
in accordance with the CSMA procedure for acquiring transmission right.
e backoff count is completed at Tl, and it is confirmed that the medium

Th }
PackelebaP UG s Sensd Fhéreibre” SPRS AHsRils § backeiPdate the
11stCONAIAING B Sqnformatian. After STAL rgeaives,the RTS directed to

itself, it returns 76 a packet containing CTS information at time T2 based"
onAlze dnfoswatian deswibeddniife RTS SMtHkAfter iSTAOreseives thenck
CTS directed to itself at time T2, it transmits a data packet at time T3. At
mul tihpsl gmed S TAD eséhibewin tHe ACK Typenfortina of e datalpacket ACK
information indicating\it desires that ACK should be returned by

£ ed R RER - ACK). HONdyeF SPAE Hifbts GIFeHfoh heieation
cor rIESERTNE dA1R AAkst and peopoL spauralely eiyag he data, Thovghy

STA1 should return an ACK, therefore, it does not fransmit an

infotimetidbThe AGS thedigure is not transmitted.) Since STAO cannot
receive ACK at due time, it judges that some error has occurred in the

prévidies detes SFHUS) © Fharsalie theostitlsstoredalateeunitHiredtetdta tion

STAL, STAO waits for a
and the ACK information, STAGC operates as follows: based on the

ACK information, STAO deletes the data unit already received
by STAl from the transmit data unit candidate list it holds;
STAO generates a new fransmit data unit candidate list, and
determines a transmit data unit based on the new li.st. (In this
example, STAC retransmits the data unit it transmitted at time
T3.) STAO transmits the thus generated data packet at time T7.
At this time, it describes in the ACK Type portion of the data
packet information indicating it desires that ACK should be
returned by immediate ACK.

When STAl receives the data packet, it recognizes that
it is desired to immediately transmit an ACK, from the ACK Type
portion in the DATA SMH. Then, STAl returns an immediate ACK
(Im-ACK) packet corresponding to the relevant data flow at time
T8.

In this example of application, the Duration field in each
packet is set so that it indicates the time period until the

time indicated by arcuate arrow in FIG. 8.



random time, and then transmits a packet containing the RTS information
at time T5. As mentioned above, STAO has not received the ACK of the
data it previously transmitted. At thistime, therefore, STAO describes in
the ACK Request portion in the RTS SMH that it requests that ACK
information should be added. (That is, STAO transmits an RTS with an
ACK request multiplexed.) After receiving this, STAL returns a packet

£-3 Co'fll%inicri]gEgTS i?ormgtignp:g tim; Igrki)ased on the information
; . . STAL refers to the ACK Request
portignsin the RIS, gMH,and thereby, recognizeshat 57 %?153 Te9Yeslng, ¢
that ACK information should be transmitted. Then, STAL decides to
trarisclidée HCK inforatior tetheipacketoontaidinge€TS imformationireless
Further, STA1 deletes the already received 77 packet from the receive

CommgEd Gl AR dfOAtE B8t frepdaté iNe st ARdakes gehetatBS WS .  The
. __information. As a result, STA1 returns a packet (i,e. CTS with ACK | _
g 0 oA iAing the SRS G the S oo e 15
trariing T6FAGK Fiermatian, fheAK @fg%%we quTEsRNd QQSIQI&B% ion
data flow specified by the received RTS information is described. After
thatrethvingitiiecpacketContainnygtbeWG I olinteamatientaath e ACK] in one
information, STAG operates as follows: based on the ACK information,
PacksIAG ddiidsafid a0a amnd ficuaydeadiod By STAAGIOM the vrapsatit Ly

appﬂat unit candidate list it holds; STAG generates a new transmit data unit

candidate list, and determines a transmit data unit based on the new list.
(Inéhiiﬁo starts the procedure for transmitting data units at

time TO, and starts backoff count in accordance with the CSMA
procedure for acquiring transmission right. The backoff count
is completed at T1, and it is confirmed that the medium is clear
during ’this period. Therefore, STACG transmits a packet
containing RTS informaticn.

After STAl receives the RTS directed to itself, it returns
a packet containing CTS information at time T2 based on the
informatiron described in the RTS SMH. |

After STAO receives the CTS directed to itself at time
T2, it transmits a data packet at time T3. At this time, STAO
describes in the ACK Type portion of the data packet information
indicating it desires that ACK should be returned by immediate
ACK (Im-ACK). At the same time, STAO describes in the More Bit
porti.on information indicating that a transmit data unit is not
stored any more. This data packet is received by STAl without
error.

STAl returns the ACK of the received data. However, STAQ



example, STAG retransmits the data unit it transmitted at time T3.) STAO
transmits the thus generated data packet at time T7. At this time, it
describes in the ACK Type portiori/éf the data packet information
indicating it desires that ACK should be returned by immediate ACK.
When STA1 receives the data packet, it recognizes that it is desired to
immediately transmit an ACK, from the ACK Type portion in the DATA
SMH. Then, STA1 returns an immediate A (Im-ACK) packet
et oA O IS TR RS o B (an THA D SR B EeLy
ext rapplicationsthe,Duration-field#a eachnpagkstds set 3o that ibindicates the. .
time period until the time indicated by arcuate arrow in FIG. 8. 78 E-3.
it jTHiye £xemple ofipplication B 2»-iffustratés the thied pxampleief data.
application of transmitting and receiving procedures in a wireless
ThuseohtmitmidatiohsyStERragEdrbing t6 BrdpiadentinbbrdibreThedigare TAL,

illustrates %n exam I‘aenia Whi(i:h. e data unjt.is transmitted from STAO to

STAOSYRT Shid @kampledE 5rthe 5?2?Umﬁt% HATthe S ARGE &t data RS ST

contWhich-camba tiansmified in,ane packatls imitedita,oneand.immegiate »
ACK (Im-ACK) is constantly applied. STAO starts the procedure for

menttraneniittibg data SRS ah dined O, renckstadd hackoffaount i Becdigeacet
with the CSMA procedure for acquiring transmission right. The backoff
previsulis cmpried AEed -and it codfirmedthacthe feelilif ¢ elearSTAO

describes inthe ACKRequestportionintheRTSSMHthat it requests
that ACK information should be added. That is, STAO transmits
an RTS with an ACK request multiplexed.

After receiving this, STALI returns a packet containing
CTS information at time T6 based on the information described
in the RTS SME. At this time, STAl refers to the ACK Request
portion in the RTS SMH, and thereby recognizes that STAO is
requesting that ACK information should be transmitted. Then,
STAl decides to include ACK information in the packet containing
CTS information. Further, STAl recognizes that, as the result
of the already received packet being deleted from the receive
data unit candidate list, all the data STAO desires to transmit
has been already received. Thus, STALl returns only an ACK, and
does not return CTS information.

As a result, STAl returns a packet céntaining only ACK
informationat time T6. ForACKinformation, theACKinformation
corresponding to the data flow specified by the received RTS
_information is described,

After receiving the packet containing the ACK information,



during this period. Therefore, STAO transmits a packet containing RTS
information. After STA1 receives the RTS directed to itself, it returns a
packet containing CTS informationgat time T2 based on the information
described in the RTS SMH. After STAO receives the CTS directed to itself
at time T2, it transmits a data packet at time T3. At this time, STAO
describes in the ACK Type portion of the data packet information
indicating it desires that ACK should be returned by immediate AC

K

STAQMYRERY . Afthe Sdmethife "STREHESCRBES il tMDie Bt “Fottibn STAL
-+ Woformatignyindicating, that i itis not_stor .
s packes o by CTAL Alhodt-onbr STAL Fge the
trardGlkiof the received data. However, STAO 79 detects an error when it

receives the ACK and cannot accurately extract the data. Since STAO

cankottieteivs AGK. at efienimbi dejudges thhesbmmérionhfisobdumedaah

the previous data. Thus, to retransmit the still stored data unit directed to

Packefa 1S 0 St BF araniBirfifé Sind en s iR ApackaE 11 the
+ 1 meCNYARINgG RTS,informatian for te ISSi0 at T5. As mentioned
lmeabove, ST%?C-)El hgg n%t r%%:%il’v%dat e%A&C?:I?gfsﬁe&Zat% It previously
transmitted. At this time, therefore, STAO describes in the ACKRequest
portion in the RTS SMH that it requests that ACK information should be
E-4 .adisdr ThaEka8TNO trindmitd iaeRTSwith an ACK request multiplexed.

After receiving this, STA1 returns a packet containing
FIG. 23 I1llustrates the fourth example of application of

transmitlting and receiving procedures in a wireless
communication system according to the present invention. The
figure illustrates an example in which two data units are
transmitted from STAO to STAl. This example isonthe assumption
that the number of data units which can be transmitted in one
packet is limited to one and it is permitted to continuously
_ transmit a plurality of data packets.

STAO starts the procedure for transmitting data units at
time. T0, and starts backoff count in accordance with the C3SMA
procedure for a.cquiring transmission right. The backoff count
is completed at T1l, and it is confirmed that the medium is ciear
during this period. Therefore, STAO transmits a packet
containing RTS information.

After STAl receives the RTS directed to itself, it returns
a packet containing CTS information at time T2 based on the
information described in the RTS SMH.

After BSTAO receives the CTS directed to itself, it

transmits a data packet at time T3. At this time, STAO describes



'CTS information at time T6 based on the information described in the
RTS SMH. At this time, STAL refers to the ACK Request portion in the
RTS SMH, and thereby recognizegthat STAO is requesting that ACK
information should be transmitted. Then, STA1 decides to include ACK
information in the packet containing CTS information. Further, STA1
recognizes that, as the result of the already received packet being
deleted from the receive data unit candidate list, all the data STAQ

In the SaS I RARSHIt 145 De&h SIFEH Paceivdu  PAOE TSEA P edtifis Sl Y
it a@8ACK and [daesnot return CTS information, Ag aqre ujif\glﬁéerfl%@ﬁ) .

a packet containing only ACK information at time T6. For
At thleormation, thardCK drfammation: eorespondingiie thedata How speeifiedn
by the received RTS information is described. After receiving the packet
infoggmainmy e ACKtihfariaEoh 80 S A tigésdhdalithe trapshiic datd.
unjt directed to STA1 it has held has been already transmitted, and

This OmimtBe e frahSa&fsit Y Bifs R¥ampie of dgpiictior thE Buration
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indicated by arcuate arrow in FIG. 8. E-4. Fourth Example o on

tranbii. <23 dusiratasithetiourthexanapie:afiapplication ehiransmittingadd e 14
receiving procedures in a wireless communication system according to
in thise(Esehrimventdrt.ckhb vigTdelilkistidine di2exampligan which iwoaatd v

units are ) .
transmits data packets, starting at time T4. In the example

illustrated in the figure, STAO judges that, if it transmits
the next data packet, it can complete data transmission within
the period indicated in the Duration field in the CTS. Then,
STAO further transmits a stored data unit directed to STAl ét
time T4. At this time, STAO describes in the ACK Type . portion
of the data packet information indicating it desires that ACK
should be returned by immediate ACK (Im-ACK) . At the same time,
STAO describes in the More Bit portion information indicating
a transmit data unit is not stored any more. This data packet
is received by STAl without error.

When STAl receives the data packet, it recognizes that
it is desired to immediately transmit an ACK, from the ACK Type
porticn in the DATA SMH. Then, STAl returns an immediate ACK
(Im—-ACK) packet corresponding to the relevant data flow at time
T5.

In this exampie of application, the Duration field in each
packet is set so that it indicates the time period until the

time indicated by arcuate arrow in FIG. 8.



transmitted from STAO to STA1. This example is on the assumption that
the number of data units which can be transmitted in one packet is limited
to one and it is permitted to continggusly transmit a plurality of data
packets. STAO starts the procedure for transmitting data units at time TO,
and starts backoff count in accordance with the CSMA procedure for
acquiring transmission right. The backoff count is completed at Tl, and it
is confirmed that the medium is clear during this period. Therefore, STAO
transmits a packet containing RTS information. After STAL receives the

g-5 RES disgcted.to dtself ik rgg#%si @-hagcket containing CTS information at
ime asedon the info ' bed in the RTS SMH. After STAG
receives the QTS direeteddotitselffit ftransmiteng Uata packat B M E3. of
At this time, STAO describes 81 in the ACK Type portion of the data

transaeket iHfermadivd indicating Vit wesirasthaeATKeshoultirbe raturnddipyess

delay ACK (Del-ACK) . At the same time, STAO describes in the More Bit
commH6R i SR ORGERG WAoo PG GERE D &SR Tnithe

£1gudalanacket is tpcevedhy STAL wihout epf %’E‘Hﬁé‘%c’?‘ﬁ%@é“ggﬁ% . are

whether STAO can complete transmission within the period indicated in
tranth@iRuraton fistd dnAbetGTSrransmitied HySTALA ime TRIm@r of

continuously transmits data packets, starting at time T4. In the example
dataj|lustidtedyh i figame, ISTAG judgestthat] ifintransmits cthetheixs dafanited

gacket it can complete data transmission within _ _ .
e. With respect to both the data units, immediate ACK is

to o
specified, and the transmitter station is permitted to
contihuously transmit packets.

STAO starts the procedure for transmitting data units at
time 70, and starts backoff count in accordance with the CSMA
procedure for acquiring transmission right. The backoff count
is completed at T1l, and it is confirmed that the medium is clear
during this period. Therefore, STA0 transmits a packet
containing RTS information.

After STAL receives the RTS directed to itself, it returns
a packet containing CTS information at time T2 based on the
information described in the RTS SMH.

After STAO0 receives the CTS directed to itself, it
transmits a data packet at time T3. At this time, STAO describes
in the ACK Type portionof the data packet information indicating
it desires that ACK should be returned by immediate ACK. At
the same .time, STAC describes in theMore Bit portion information
that more transmit data unit is stored. Further, STAC adds RTS

information for transmitting another data unit. That is, STAO



the period indicated in the Duration field in the CTS. Then, STAO further
transmits a stored data unit directed to STA1 at time T4. At this time,
STAO describes in the ACK Typegmprtion of the data packet information
indicating it desires that ACK should be returned by immediate ACK
(Im-ACK) . At the same time, STAO describes in the More Bit portion
information indicating a transmit data unit is not stored any more. This

dat ket i ived by STA1 without . When STA1 recejves the
Eran g kLA oCBRNES (AL 16 BBShad (HhLBIAEEs franahitt anca ta

packBEK; from thes ACK Types pertion;inhg DATA SMH. Then, STA1 returns

an immediate ACK (Im-ACK) packet corresponding to the relevant data
flogmattimeetognthisexample ot application, tha HisationdietthinreacrTs
packet is set so that it indicates the time period until the time indicated by

infogriai@amcnih HGNSt 82eE-SoFifREsample slaapicationtRiGrong CTS
illustrates the fifth example of ?ﬁ)lication of transmittir;g and.receivin
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are transmitted from STAO to STAL. In this example, the number o

the adlitsonhiel gan hertansmitad iR ong paoketisdinitedrta-ene:aith Then,
respect to both the data units, immediate ACK is specified, and the
STALtemshaaer Stalion Is1gerdvtiednd comrrinlionsiytidnemi pheketsntaining

CTS information. Further, STAl generates a receive data unit
candidate list based on the information described in the RTS
SMH. At this time, STAl deletes the already received packet
from the receive data unit candidate list to update the list,
and then generates CTS information. Further, asACKinformation,
STAl describes the ACK information corresponding to the data
flow specified by the received RTS information. Thus, STAl
returns a packet containing ACK information and CTS information
(i.e. a CTS packet with an ACK multiplexed) at time T4.
After STAO receives the packet containing ACK information
and CTS information, it tries tb transmit a data unit based on
the CTS information. Basedon the ACK information, STAO deletes
the data unit already received by STAl from the transmit data
unitcandidatelistitholds. Then, STAOgeneratesanewtransmit
data unit candidate list, and determines a transmit data unit
based on this new list. At this time, STAO describes in the
ACK Type poftion of the data packet information indicating it
desires that ACK should be returned by immediate ACK. AL the

" same time, STAO describes in the More Bit portion information



STAQO starts the procedure for transmitting data units at time TO, and
starts backoff count in accordance with the CSMA procedure for acquiring
transmission right. The backoff cogat is completed at Ti, and it is
confirmed that the medium is clear during this period. Therefore, STAO
transmits a packet containing RTS information. After STA1 receives the
RTS directed to itself, it returns a packet containing CTS information at
. ..time T2 based on ;[Jl%e% information described in the RTS SMH. After STAO
indli (R RS (ATTE dTRbRPTosdi it FahSmits & 'dats PatRet @ tirm& 931
any RIS lime, §1AQ feserlieenn dhe.AGK Jype odian Of e dala PACKS
information indicating it desires that ACK should be returned by
T5. immediate ACK. At the same time, STAO describes in the More Bit
portion information that more transmit data unit is stored. Further, STAO
addB |\ S Tidforptationvestransndging avothertdata Unif dRat i STwO B

transmits a data packet with the RTS multiplexed. This data packet is
Tult e et by é%ﬁ%ﬁﬁ&dt%%ﬁor‘%ﬁ\frecban%é WadnEyatapadietely

ins R informati then tri all et containi

B atin A tae, STAL Toers b HTG B S BipEdon

packBecaivedMAP, Bnd thereby recognizes that STAO has not recognized the
acknowledgement of the data unit previously received. Then, STAl
deéidddositotadw AC K inferpatioatinthe pgdokdhecoataining BNS! in each
information. Further, STA1 generates a receive data unit candidate list

packghsdd ofithe Tiforation Helbibcdinthei@stime period until the

time indicated by arcuate arrow in FIG. 8. As the Duration value
of the packet transmitted at time T6, zero indicating NULL is

placed.

E-6. Sixth Example of Application

FIG. 10 illustrates the sixth example of application of
transmitting and receiving procedures 1in a wireless
communication system according to the present invention. This
figure illustrates an example of two-way communication wherein
two data units are transmitted from STAO0 to STAL and
simultaneously two data units are transmitted from STAL to STAO.
In this example, the number of data units which canbe transmitted
in one packet is limited to one, and it is permitted tomultiplex
RTS into CTS.

'STAO starts the procedure for transmitting data units at
time TO0, and starts backoff count in accordance with the CSMA
.procedure for acquiring‘transmissian.right. The backcff count

is completed at Tl, and it is confirmed that the medium is clear



SMH. At this time, STA1 deletes the already received packet from the
receive data unit candidate list to update the list, and then generates CTS
information. Further, as ACKinformsgtion, STA1 describes the ACK
information corresponding to the data flow specified by the received RTS
information. Thus, STA1 returns a packet containing ACK information and
CTS information (i.e. a CTS packet with an ACK multiplexed) at time T4.
After STAO receives the packet containing ACK information and CTS

dur ifh?onjﬁsgfign, REfe< b trandmit Bdta Tnit %g@e% oh* HEEFEInférmBAGT St
: cont§§ﬁ§%8@$§ AGK infarmatign, SIAQ}Q@@%/@?&%@UB%%%?(%VJT% the

received by STAL from the transmit data unit candidate list s. Then,
RTS SHAQO gaferatesrdeew rans@il datadiiteandidate dist aad determings Be

transmit data unit based on this new list. At this time, STAO describes in
mu 1 T iel &GKI TYp& poftith-of the data packet information indicating it desires

that ACK should be returned by immediate ACK. At the same time, STAO

debdrisds mthe MG EBIVSSHIOR hidrhatdh 84 MAdic g thiat A& Bhit2
packiPeUARSMIited js potpregent, anymare. SaQ‘LT Agigﬁ%r_]sgy'tsbtgg aéf&’s

generated data packet at time T5. When STAL receives the data p%%ke%he
infowtthtAGK inferratione multiplexed, iknecognizes thet itimdesiredde, sTai

immediately transmit an ACK, and returns a corresponding ACK
recogfémeatidn qiadihet [THEE TS, hithisexthmpie of Aipticaliv o DuratiBis

field in.each packet is set so that it indicates_the time period until the
may be multiplexed into CTS, and it holds data units directed

to STAO. Therefore, STAl generates RTS information for
transmitting these data units to STRO. As a result, a packet
containing CTS information andRTS information (i.e. a CTS packet
with an RTS multiplexed} is transmitted.

After STAO receives the packet containing CTS information
and RTS information, it tries to transmit a data unit at time
T3 based on the CTS information. At this time, STAO describes
in the ACK Type portion of the data packet information indicating
it desires that ACK should be returned by immediate ACK. At
the same time, STAO describes in theMore Bit portion information
indicating that more transmit data unit is stored. Further,
STAO adds RTS information for transmitting another data unit.
Since RTS information is also contained in the receive packet,
STAD generates CTS information in response thereto, and adds
the CTS information.

As a result, a packet in which data, the RTS information,
and the CTS information aremultiplexed is transmitted from STAD

at time T3. (That is, a data packet in which CTS in response



time indicated by arcuate arrow in FIG. 9. As the Duration value of the
packet transmitted at time T6, zero indicating NULL is placed. E-6. Sixth
Example of Application FIG. 10 illustrates the sixth example of application
of transmitting and receiving procedures in a wireless communication
system according to the present invention. This figure illustrates an
example of two-way communication wherein two data units are

itted STAQ 1o STA1 and simultan ly two data units are
to P#%ﬂ?%{ﬁé%%@ &rR1RS SRS, %%ﬁ%%i&%ﬁ?f S Rufitbes SragRruArd 2

uniWhich cam be fransmitied; in ene pagketis imited jo.one. andiitis, cyor s
permitted to multiplex RTS into CTS. STAO starts the procedure for

recdiansinitingTiEta uaits abiime: O, and starts backoff count in accordance
with the CSMA procedure for acquiring transmission right. The backoff
count?is emnpletRpat IFe amrk teoifirméd ehalethe mBdRINI< clear 85on,

ring this periad. Therefore, STAG transmits a packet containing RTS
and (?r#gr?'%hﬁ%ﬁgﬁltﬁ% ErRI0K oA HERRIRTE SV Ahfofhamiket
contSERMERINiGAIER hat S3TS maAhe Sulinlexed g CT, Altef IToker
receives the RTS information, it returns a packet containing CT
contafiinedon™ tineg d 2rhasedron the: infoimationdesgnibad intherRT& rTS
SMH. At this time, STAL1 recognizes from the RTS/CTS Mux portion in the
SeqURTSSKMHHRICRTS: enaebdhEliipiordk 8 isto @S and grhbtdssdialtea OiEA 0

directed
has not recognized the acknowledgement of the data unit

previously received. Thus, S8TAl decides to include ACK
information in t_he packet containing CTS information. Further,
STAl generates a receive data unit candidate 1ist based on the
information described in the RTS SMH. At Ithis time, STAl deletes
the already received packet from the receive data unit candidate
list to update the list, and then generates CTS information.
Further, as ACK information, STAI describes the ACK information
Corresponding to the data flow specified by the received RS
information. Further, STAl recognizes that the packet contains
CTS information, and transmits a data unit as well based on the
CTS information. STAl describes in the ACK Type portion in the
DATA SMH information indicating it desires that ACK should be
returned by immediate ACK. At the same time, STAl describes
intheMoreBit portioninformationindicatingthatmore transmit
data unit is stored. Further, STAl adds RTS information for

transmitting another data unit.
Thus, STAl returns a packet containing ACK information,

CTS information, a data unit, and RTS information at time T4.



to STAG. Therefore, STAL generates RTS information for transmitting
these data units to STAG. As a result, a packet containing CTS
information andRTS information (igs; a CTS packet with an RTS
multiplexed) is transmitted. After STAG receives the packet containing
CTS information and RTS information, it tries to transmit a data unit at
time T3 based on the CTS information. At this time, STAG describes in
the ACK Type portion of the data packet information indicating it desires

Thatti-ACK sholitd bé PaftiTet B TmhTetiatb ACK AR the shE e, SFRG2
packdesetibes.indhe More,Bitporfign infermatian: indicating thatmere ransmit
data unit is stored. Further, STAG adds RTS information for transmitting
respaneerdatamnitT SintedrT $ iformation i alsa eentaineddn the fecgivehe
packet, STAG generates CTS information in response thereto, and adds
subsggIeTs drmuncrt /Asacresuil Epackarianpdiich datdaheghRTS:ception
in%%[mation, and the CTS |nformation are multiplexed is transmitted from
of agqA@ Attide T3FHhAf sV a data packet in which CTS in response 86 to

Risltgm ST and RIS far-kansmifing fhe supsequ ?(?%%ﬁéﬁalﬁ%ﬁ{ﬁe CTS

multiplexed is transmitted.) This data packet is Teceive TAL1 without
infoefakipkAl reeives the packehaitrthe datacRhStntormation, apddsTSo

information multiplexed, and recognizes that this packet contains RTS
tranpfdrimatiohs Thenn ST A ared toranbmitGr padkef ccormdihing.CT¥ased on

information. At this time, STAL refers to RTS Sequence and RTS
the MdteletWRR! ARH thereb)GeE6GfidSthdtasis STAO deletes the

data unit already received by STAl from the transmit data unit
candidate list it holds. Then, STAO generates a new transmit
data unit candidate list, and determines a transmit data unit
based on this new list. Af this time, STAO describes in the
ACK Type portion of the data packet information indicating it
desires that ACK should be returned by immediate ACK. At the
same time, STAO describes in the More Bit portion information
indicating that a data unit to be transmitted is not present
any more. Further, since STAC extracted the new data unit from
the received packet without error, it decides to return ACK
information. Further, since the received packet contains RTS
information as well, STAC generates CTS information
corresponding thereto, and also decides to transmit the CTS
information. The generating procedure for CTS information is
the same as described above; therefore, its description will
be omitted here.

Thus, STAO returns the packet containing a data unit, ACK

information, and CTS information at time T5. That is, STAO



has not recognized the acknowledgement of the data unit previously
received. Thus, STA1 decides to include ACK information in the packet
containing CTS information. Furtheg STA1 generates a receive data unit
candidate list based on the information described in the RTS SMH. At this
time, STA1 deletes the already received packet from the receive data unit
candidate list to update the list, and then generates CTS information.

I CY T T Sae—

esponding {ortha data fiow specifie

to aFtHber, 31AIFRe00nIZesdhatthepackes copaing, GTS ipfarmalion; andy g

transmits a data unit as well based on the CTS information. STA1

an AdescribesdnthmACKITYRe podianan thel DAEAXSMHE ifasmatiGral .
indicating it desires that ACK should be returned by immediate ACK. At
thé'SafeStihe, STrer gescibes Hadhe MernBip podion midahationit, ACK

. indicating that more transmit data.unit is stored, Further, STA1 adds RTS
i £ N BF S AP BetaE TGS S FAL TeniG o
and PEEKBILEONBIRINGAGK infermation, r%%i'%fﬂrg@;@@sg&l@zﬁﬂgttﬁeﬁeto.
RTS information at time T4. 87 That is, STA1 multiplexes and fransmits
Furtherfpllowiag: @vata packefrin zespobosea to tedepaption-of(ShS 4rony CTS
STAO; a CTS in response to an RTS from STAO; an RTS for transmitting
infogea bilbse giehtddiaiunie and BhoRC Kidoweshobeih g feethe reepiiéndeft a

.. adat it f STAO. STAO ives th ket containing ACK
TN, O S NI GOtk N AT S PHb AR SR 1

decilfes totransmit adataunitaswellbasedontheCTSinformation.
Thus, STAl returns a packet containing ACK information and a
dataunit (i. e. adata pa.cket with the ACKof thedataunit received
from STAO multiplexed) at time T6.

After STAO receives the packet containing ACK information
and a data unit, it refers to the ACK Type portion in the DATA
SMH, and thereby recognizes that it is desired to immediately
fransmit an ACK. Then, .STAO returns a corresponding ACK
information packet at time T7.

In the above example, the Duration field in each packet
issetsothatit indicatesthetimeperioduntil thetime indicated
by arcuate arrow in FIG. 10. Since the data length is determined
beforehandwhenCTS informationisgenerated, each Durationvalue
can be set.

Whether RTS information or ACK information ismultiplexed
in a returned packet is unknown; therefore, Duration cannot be
exactly specified sometimes. In preparation for such a case,

aslightly larger value allowing amargin is set for the Duration



transmit a data unit based on the CTS information. Based on the ACK
information in the received packet, STAO deletes the data unit already
received by STA1 from the transmitadata unit candidate list it holds. Then,
STAO generates a new transmit data unit candidate list, and determines
a transmit data unit based on this new list. At this time, STAO describes
in the ACK Type portion of the data packet information indicating it
val desires t gat ACK should be returned by immediate ACK. At the same
Yme 8T A G8scribes in the More Bit portion information indicating that a

data Wit be trapsmitted.is not present .any, mage-fyrther, singg STAQ.

extracted the new data unit from the received packet without error, it
on tHecidestampetitmASHKs infRImatiof Fruither osinee the receivec-packedn is
contains RTS information as well, STAO generates CTS information
not wgpkiekpbaging Beietd, R EIodetiids 16 tramsnmniHec €T S vinformatiohod
g eratln oced e for CTS jnformatjon is the same as described
50 TS R R 6 R 0 GRTERY nerb it 5% AGTEIe
t | K. on farmatio
e Tt 2. STAD B8 TaLidbiena o et e PoWAgE et
resudlata unis inliespapse itora @GS EeT ShALAcGES indespanse tjamRISme
from STAL; and an ACK corresponding to a data unit received form
T8, sIpd. IWKErSTARFebEilés e pdcketdontaining a data unit, ACK
inform rﬁaﬁlon and CTS informatjon, it extracts the data unit, and decides to

trah8rit ACRORorARRbA BRASIRHYFRRGS 1 to B-6, 1t is judged

whether to set “information indicating RTS may be multiplexed
intoCTS” inthe RTS/CTSMuxportioninthe RTSSMH. This judgment
can alsc be made based on the history of communication between
RTS transmitting station and station as its destination, or the
packets received from the station as the destination cof the
relevant RTS in the past. Referring to the relevant drawings,
descriptionwill be givenbelow to some examples in which control
is carried out in accordance with whefher the station as the
destination of RTS holds data it desires to transmit to the RTS
transmitting station or not.

In the example illustrated in FIG. 24, STAl transmits RTS
(PO), STAO returns CTS (Pl), STAl transmits DATA (P2), and STAD
returns ACK (P3).

Here, it is assumed that, in the More Bit portion in the
DATA SMH of the packet P2 containing DATA, it is described that
STAl still holds data directed to STAO.

STAO holds the information in the More Bit portion of data

most recently received from STAL, and can thereby recognize that



Further, when STA1 recognizes that the packet contains CTS information

and ACK information, it updates the transmit data unit candidate list

based on the ACK information. Then, STA1 decides to transmit a data

unit as well based on the CTS information. Thus, STA1 returns a packet

containing ACK information and a dataunit (i.e. adatapacket with the

ACKof the dataunit received from STAO multiplexed) at time T6. After

STAO receives t cket containi CK information and a data unit, it
STAlre}éé}rg(% thgea ﬁ%l%?ﬁgge E%ﬁi%ﬁ%ﬁ tfgeg D ﬁn%, gﬁ)d t%%%%y recognizes

that it is flesired g mmediately. transmit A AGK, Thens STAQ e{uras drz o

corresponding ACK information packet at time T7. In the above example,
whertheTROrationfield tirseaahpeeked isBel $0 thakié ingidatesibeRinge pegordux

until the time indicated by arcuate arrow in FIG. 10. Since the data length
portiertéimited Befordfand Whea TS ifoimisticrpis igendrhret, RBeHray be

Duration value cagf set. Whether RTS information or ACK information
muj“tlép it é/xé&t.ﬂ a e%etjjrned packet is unknown; therefore, Duration cannot

be pexactly specifipd-sarpgtimes. 1n preparatiopfor sysh a case., a slightly. 5

larger value allowing a margin is set for the Duration 89 value sometimes.

as PRurthen thempareseasgswbere, aDiration valteds sebaorktie assiaptitmg
that RTS information or ACK information is not multiplexed and an actual
CTS packetlis trsnitted eropétied orliyiytiengaathan the Duratich w4l ues /

a pagkné:t?t Peg?nxgkhe%]cein a CTS is multiplexed into an RTS. Then,

STAQ transmits a packet containing data in response to the
received CTS SMH and a CTS SMH corresponding to the received
RTS SMH, that is, apacket (P6) whereindataandCTSaremultiplexed.
Subsequently, STAl transmits a packet containing ACK SMH
corresponding to the received data and data cdrresponding to
the received CTS SMH, that is, a packet (P7) wherein data and
ACK are multiplexed. Further, STAO transmits a.packet {P8)

containing ACK SMHE corresponding to the received data.

In the example illustrated in FIG. 25, as in the example
illustrated in FIG. 24, STAl transmits RTS (Pb) ,. STAQD returns
CTS (P1), STAl Ttransmits DATA (P2}, and STAO returns ACK (P3).

Here, it is assumed that, in the More Bit portion in the
DATA SMH of the packet P2 containing DATA, it is described that
STAl still holds data directed to STAGC.

STAO holds the information in the More Bit portion of data
most recently received from STAL, and can thereby recognize that
STAl holds daté STAl desires to transmit to STAO.

In this case, the following can occur even if data directed



this information is not so large, however, great loss will not result. As the
Duration value of the packet transmitted at time T8, zero indicating NULL
is placed. In the above-mentionedembodiments E-1 to E-6, it is judged
whether to set "information indicating RTS may be multiplexed into CTS"
in the RTS/CTS Mux portion in the RTSSMH. Thisjudgment can also be
made based on the history of communication between RTS transmitting
station and station as its destination, or the packets received from the

to Sdifion 2dRE deSRf&RN dPthel flevERGRTS fn T dadtoRefAY ‘f‘o' e
des ifelevant drawings, ; descriptign will '%%ﬂ'tye'elb%ggﬁé%%ogﬁeﬁ%plsﬁe‘ ein

which control is carried out in accordance wit er the station as the
*infdestineiion of T heldslatpdtdesirestotrpasmiite the BI&I into cTs”
transmitting station or not. In the example illustrated in FIG. 24, STA1
is selAgmitb RRISED)S, BTAQetuins GTSHPE)R BT Alfranshiits DT Aime,
(P2),.and STAG returns ACK (P3). Here, it is assumed that, in the More
STAOBITHORH inThe-T5A PARKH b fdfackt PR oRtaing B AT fygation

ind lge?stq ibedshat, STALStlLholds, dr%%%irq%e% an%-ls_ﬁg.)tl STAO holds the

information in the More Bit portio ata” most recently received from

STAdi andeanitheseby:recpguize that 90 STAL kalds data BF4r desiresrs
to transmit to STAO. If STAO recognizes that STAL holds data directed to

prop8TAG: whenr ST trandatis dr RTSitosSTAD, it Sethin thesRISAATSn of
data rden b aion | Sother SaTraundIng 2ations Thdn sTAL
receive this dummy RTS, and thereby set an NAV and refrain from
transmission only for the Duration described in the RTS. Since
the other surrounding stations refrain from transmission, it
iseasierforSTAltotfansmitRTSfortransmittingthesubsequent
data unit. That is, STAO transmits a dummy RTS, and can thereby
make it easier for STAl to acgquire RTS transmission right. As
a result, STAC can efficiently receive the subsequent data unit
from STAlL.

FIG. 25 1illustrates a case where this dummy RTS is
transmitted as P4. In response thereto, S$TAl performs the
operationof transmitting the subsequent dataunit in accordance
with the ordinary RTS/CTS procedure. Specifically, STAl
returns a packet {P5) containing RTS SMH related to its own data
transmission, and STAC transmits a packet (P6) containing CTS
SMH corresponding to the received RTS SMH. STAl transmits a
packet (P7) containing data corresponding to the received CTS

SMHE, and STAO transmits a packet (P8) containing ACK SMHE

corresponding to the received data.



multiplexed into CTS." FIG. 24 illustrates a case where this RTS is
transmitted as P4. In response thereto, STAL returns a packet containing
CTS and RTS SMH related to its awgn data transmission, that is, a packet
(PS) wherein a CTS is multiplexed into an RTS. Then, STAO transmits a
packet containing data in response to the received CTS SMH and a CTS
SMH corresponding to the received RTSSMH, that is, apacket (P6)
whereip data and CTS %r&multiplexed, Subsequently, STA1 transmits a
pa

S !
(ARG AT R R-E8ESpofding o therretbived BaRCHNG 8Rd S
(po)csespanding t theireceiyed CTS SMH thatis, & packet (P7) wherein

data and ACK are multiplexed. Further, STAG transmits a packet

a propitainngiAGK SMiheatigspanding:toithe teceaivaddatadn thewapnlecd
illustrated in FIG. 25, as in the example illustrated in FIG. 24, STA1

‘the BFapsmiteRTS9PO)STAG ¢&ritns raf (Pl STAtdrapsmitd DA TA{P2)n

) d STAO returns ACK (P3). Here, it is assumed that, in the More Bit
(1 AGSRohIAHE DA TACENRE B He HREKSEP2 Eonf‘éﬁn%ﬂ?m’itr}és set an

nav . desgried-hat S%%ﬁ“ﬂ%}gc?td?t@?%lﬁg%d & §.TA%'F}/%BA9‘9%%9%@€ the

information in the More Bit portion of data most recently received from

RTS BiAkeandean tharehydesegnize thal S ddwles datasbiAlidesiiesdat s
transmit to STAO. In this case, the following can occur even if data

STAldipsstéd 93 tooSTAZNSMOLtPEEBRALIN STAO: because STAL holds data
STA1 desires to transmit to STAO, STAO transmits an RTS wherein

infR R TRRBA G HAFEFS HRk) be FtpieRed RbICaRgs More bit,

and thereby STAC recognizes that STAl has the subsequent data
unit. The example illustrated in FIG. 26 is different in that:
STAO receives an RTS from STAl and thereby recognizes that STAL
has the subsequent data unit. In the latter, STAC sets an NAV
and thus cannot return a CTS. Therefore, though $TAl has the
subsequentdataunit, itsdata transmission operationis stopped.

In this case, the following can occur even if data directed
to STAl is not present in STAO: because STAl holds data STA1
desires to transmit to STAO, STAO transmits an RTS wherein
“information indicating that RTS may be multiplexed into CTS”
is set in the RTS/CTS Mux portion in the RTS SMH. At this time,
- 8TAO writes in the other fields in the RTS SMH information
indicating that STAO has no data to transmit. (If data directed
to STAl is present in STAO, the same operation takes place though
this is not shown in the figure. That is, STAO transmits an
RTS wherein “information indicating that RTS may be multiplexed
into CTS” is set in the RTS/CTS Mux por.tion in the RTS SMH.)

This RTS is a dummy RTS which is different from the RTS



is set in the RTS/CTS Mux portion in the RTS SMH. At this time, STAO
writes in the other fields in the RTS SMH information indicating that
STAO has no data to transmit. ThZRTS is a dummy RTS which is
different from the RTS proper which requests data transmission of the
destination of data transmission. Other surrounding stations than STA1
receive this dummy RTS, and thereby set an NAV and refrain from

trans S|on o for the Duratjon de cribed in the RTS. Since the other

PLOP&irtounding stta iohs Tefram from téd r?tfsjs?orhs iFhe BT or ST B Lhis
dunr2ReAt B, ferransmiiing,the subsearent data-upit That is, STAQ: 1

transmits a dummy RTS, and can thereby make it easier for STAL to
the attaireRIESdansinssion ZightrAg oF resiult, SSTACGametficientlyreceivei s
the subsequent data unit from STAL. FIG. 25 illustrates a case where this
easiggmiray RT8Ist erdnsaiiaed RS, firreéponvanthbiets,oSTra pukiermeient

th 1 th b t data unit d ith
a2 ety A STS HOCLATI She ey T AL veiA bEEa =5y

make(R®) 63atAININg BTSSR [elated fo/its qwa data, Uansmission. apd.
STAO transmits a packet (P6) containing CTS SMH corresponding to the

a resedelyedRISCENHE FSTAL dransmits:acpacke (P Suantainwgdaata unit
corresponding to the received CTS SMH, and STAO transmits a packet

fromBEgjAcbnt&ining ASKEBMMetorresponding to the received data. 92 In the
exa Io;;)Ie illé:strated in FIG. 26, STA1 transmlts RTS xSPO) to STAO, and

STAG teh bR ARG BrfcR Hollever, Chis RTS 16 transmi tted

as P4. 1In response thereto, STAl performs the operation of
transmitting the subsequent data unit in accordance with the
ordinary RTS/CTS procedure. Specifically, STAl returns a
packet (P5) containing RTS SMH related to its own data
transmigsion, and STAD tfansmits a packet (P6) containing CTS
SMH corresponding to the received RTS SMH. STAl transmits a
paeket (P7) containing data corresponding to the received C’t‘S
SMH, and STA0 transmits a packet (P8) containing ACK SMH
corresponding to the received data.

As an exampleofutilizationdifferent fromthe foregoing,
“information indicating that RTS may be multiplexed into CTS”

may be always set in the RTS/CTS Mux portion in the RTS SMH.

F. Procedure for Acknowledgement of Sequence Number

FIG. 11 illustrates the acknowledgement procedure related
to data other than data flow 0 assumed in the present invention.
The figure shows a concrete example of the interaction of

individual fields which occurs when selective acknowledgement



a problem arises. During this period of time, STAO interpreted the
Duration field in a packet transmitted from another station (hidden
terminal (not shown) for STA1), anghthereby has set an NAV. Therefore,
STAO cannot return a CTS. STAG receives the RTS packet (PO), and
thereby recognizes that STAL holds data STAL desires to transmit STAO.
In the example illustrated in FIG. 25, STA1 sets More bit, and thereby
) STAO recognizes that STAL has the subsequent data unit. The example
15 GRdSitREd HAEIG. SR FRffEMBREM that OSTADedeivesat RIS fidit the

STA thereby recognizes that, STA1 _has the subsequent data unit. In
R
ecetﬁgﬁét%@%s %Eée sSar% ﬁi&\ la%%tt%gichar%olﬁe ujirg sa %('Iué %I%Porr ?Se

of siharSTAL haztheaubseduentdata b its dala FaRIMISEIaN vention

operation is stopped. In this case, the following can occur even if data
is nditected: itoeSTAD ishdtspresenttin iISTAG@nbecause STAL holds data STA1
desires to transmit to STAO, STAO transmits an RTS wherein

"infEoRadrRindiR Ay fHal Ior shddyrhe sifiiekebants ETse fssugnce

the RTS/CTIS . Mux portign in the RTS SMH. At this time, STAO writes in |
el I oo e SR iarehiBh Mol 47T A4 Hag bt

the other’fields in the'RT
candd¥fade transmit. gf data-diagted; 10,3TALS Aesentin $TAG: thesame, o g

operation takes place though this is not shown in the figure. That is,
withSTACGetransmithaneRAS wherein "information indicating that RTS may be

multiplexed into CTS" is set in the RTS/CTS Mux portion in the RTS

SMit) TR RFE isg duniirg RTSadHichis diferentirorithedvegigat ACK

' retu@rﬁ)gg rb\{fvhﬁ{]eo'( aet‘raS urrréoggflipﬂi%[agggf tb%r] §Tvéilircelr(1:eilvr?dt{]<i:sates that
thedataunitsofupto#l couldbecompletely received, isplaced.
With the data unit #2 which is the data unit subsequent to #1
taken as the basis (as MSB), “0100” is placed in the Received
MAP field. ™“0100” indicates the following: the reception of
the data unit #2 failed {(0}; that of the data unit #3 succeeded
(1); that of the data unit #4 failed (0); and that of the data
unit #5 also failed (0).

Whenthedatatransmittingendreceivesthis,itreéognizes
that the data units of up to #1 were received and the data unit
#3 was also received. In the next data transmission, the data
transmitting end deletes them from the transmit data unit
-candidate list, and transmits the data units of sequence numbers
w2, 4,7 ™5, and “6.” It is assumed that the data units #4
and #5 are received with an error therein.

In the ACK Sequence field in the acknowledgement ACK
returned by the data receiving end, “3,” which indicates that

thedataunitsofup to #3 couldbe completely received, isplaced.



dummy RTS, they set an NAV and refrain from transmission. Since the
other surrounding station refrain from transmission, it is easier for STA1
to transmit RTS for transmitting thg subsequent data unit. That is, STAO
transmits a dummy RTS, and can thereby make it easier for STAL to
acquire RTS transmission right. As a result, STAG can efficiently receive
the subsequent data unit from STA1 (same as above). FIG. 26 illustrates
a case where this RTS is transmitted as P4. In response thereto, STAL

Withydisrrais e Bpdratith dfhﬁrﬁhsﬁfﬁtiﬁéQhé%GBse@Jé?ntsdﬁra@ﬁl@fﬁdﬂt to #3
accordance Wlth the ord| RTS Jrocedure. Specifically, STAL
‘ té\‘kereturns%::gl]l pacﬁ*(%%fPé)a@on ing @%Mﬁ?e%ﬁ@ff’o&tﬂ%mﬂl&at}aecelved
Map HaRSIpission @fdfs’iﬁgl%%%eﬂ%a@a%%@@ﬁgntaawagI%E%p%%h of
corresponding to the received RTS SMH. STAL1 transmits a packet (P

the dantainingtdata £atresgonding tothe seceivedictS BNIH mdﬁ&d\@aued
transmits a packet (P8) containing ACK SMH.. corresponding to the

0); re%@ﬁ/%deatﬁhRs%’fé(a%ﬁél‘é ot utifizawsedigidrent from ik foedoing, the

"informa dicating that RTS may be multiplexed into CTS" may be
data Mz% %%ﬂ EtI /CTS Mux portion in the RTS SMH. F. Procedure

for Agknowledoement.of Sequenrqe Nympar %%&W&% are used

acknowledgement procedure related to data an data
togedssiimedria theweaenmamwmmﬁﬂ&gmé@ﬁm@@e@mﬂq §>@éﬂﬁ|@ ed
of the interaction of individual fields which occurs when selective
out . gchiowld gdatentiohnsvafiebroite THed@mple s snhe assambdonive

that th _
acknow ec?gement, the following procedure is taken: when it

receives an ACK and updates the transmit data unit Candidate
list, it disregards Received MAP. If the data receiving end
does not support selective acknowledgement, the following
procedure is taken: it does not try to decode the data unit with
an error therein and the subsequent pieces of data for linkage
with the ACK Sequence field, and places zero in all the bits
of theReceivedMAP field. Thus, evenifcommunicationiscarried
out between a communication station which supports selective
acknowledgement and a communication station which does not, the

communication can be maintained without failiure.

G. Procedure for Acknowledgement of Sequence Number with RTS/CTS

Procedure Used Together

FIG. 12 illustrates another concrete example of the
interaction of individual fields which occurs when selective
acknowledgement is carriedout withRTS/CTS used together. Here,

to give description with attention focused only on the portions



Received MAP field is constituted of four bits for the purpose of
simplifying the explanation; however, the present invention is not limited
to this constitution. The data transmutting end transmits data units of
sequence numbers "0," "1," "2," and "3" from the transmit data unit
candidate list. It is assumed that the data unit #2 is received with an error
therein. In the ACK Sequence field in the acknowledgement ACK

returned by the data receivi{{%%?end, "1," which indicates that the data units

relafiqip 16 H EoifeBE BoR PEIER? FetBdd! SfiRated st theaa Tt g2 ds
. ich is th it sub tto #1 tak the basi MSB), . .
w1lfNHg@|Bé ﬁéﬁ@igﬂgéy SﬁS&%?{f Pﬁﬁjﬁ%%ﬁﬁﬁ%%né%g?%ﬁﬁres sing

"0100" Is placed in the Recelve A atesthe

othdellewim #e veceptionef de datarwnt #2Jailpd(Q) ; thatotthedataunite 4
#3 succeeded (1); that of the data unit #4 failed (0) ; and that of the data

out.unit s atswifailéd (0F Whehlthe dataitiphsmittiithend téceifes-thisyéid MAP
recognizes that the data units of up to #1 were received and the data unit

fielohigas st receivad af HReRE dated BANSHRSRIOND BREdatas flRdh gy
the 51%9 ;&#&%&&%M&%&%%frac%é“e{éf%tﬁagﬂ%'ﬁi%ﬁf%%%ng}tgé{'.?ﬁ%szﬂg {rgnsmits, 4

ata units of sequence num assume

to tihakthedateiunis #ish andits Are rageivad with eicersarithergin.dndlignp 1
ACK Sequence field in the acknowledgement ACK returned by the data

is geceiVing esdUisphibich indidateshthatf thesdata onifbofgh todiSequldbes £

cons PRt ton &% habpeea o0 %2

ThedatafransmittingendtransmitseanTSwhichindicates
that the data units of sequence numbers “3," “4,” “5,7 “§,” _,
are entered in the transmit data unit candidate list. At this
_time, in the RTS Sequence field in the RTS SMH, “3” is placed
which indicates the leading data unit, and in the RTS Recelved
MAP field, “0000“ is placed which indicates that all the data
units #4 to #7 are transmit candidates.

Since all the data units indicated by the RTS have not
| received yet, the data receiving end does not return an ACK but
returns a CTS and waits for incoming data units.

It is assumed that the data units #4 and #5 are received
with an error therein. Further, it is assumed that delay ACK
is specified for thesedata. BecauseofdelayACK, the receiving
end does not immediately return an ACK.

To further transmit data, the data transmitting end
tfansmits an RTS again which indicates that the data units #3,

#4} #5, #6, .. are entered in the transmit data unit candidate

list. Similarly with the foregoing, in the RTS Sequence field



With the data unit #4 which is the data unit subsequent to #3 taken as the
basis (as MSB) , "0010" is placed in the Received MAP field. "0010"
indicates the following: the reception of the data unit #4 failed (0) ; that of
the data unit #5 also failed (0); that of the data unit #6 succeeded (1); and
that of the data unit #7 failed (0). Thus, the ACK Sequence field and the
Received MAP are used together, and thereby ARQ (Automatic Repeat
reQuest) is carried out. If the data transmitting end does not support

in tBegidthiveSeknowledbBhdmtc ftk Hbwing OGRS is bkerf athiter data
unitgeig%'g%%%é%saﬂdg ﬁ%ﬁ%ﬁﬂﬁ traﬂ%@&fd%apﬂngc%%'ﬂ%@%t% E%takt?aﬁe s

sregards Receive the data receivingen €S not suppor

thatseledtivenackngwiedgenent; thecfollgwing- pracegiite istakendt daes. 8ot
try to decode the data unit with an error therein and the subsequent

pietés of datadfor difikage with the:tACKsSéquencetieldband pcRS zenave
in all the bits of the ReceivedMAP field. Thus, even if communication is

beencapldee 3¥ hehi&si Xedmnithfcatibit tatibRGHivh B8ppehd s@iddive ACK

inscdgioniedgement.and.a communigation siationwhich does pptythe
communication can be maintained without failtire” G."Procedurefor

in tAeknewledgementof Seduence NumberyvithB T S{GES-Rracegure Msed o

Together FIG. 12 illustrates another concrete example of the interaction
dataofindihsdodl figldsavliithcoeclnislvwehemsplietivel wokaowdedgementish the
carried out with RTS/CTS used together. Here, to give description with

datagpBptioff forliskeory ditthelpbrictiside subsequent to “3” taken as

the basis (as MSB), “0010” is placed in the Received MAP field.
“0010” indicates the following: the reception of the data unit
#4 failed (0); that of the data unit #5 alsb.faiied {0); that
of the data unit #6 succeeded (1); and that of the data unit
#7 is failed (0).

When thedatatransmittingendreceivesthis, it recognizes
that the data units of up to #3 were received and the data unit
#6 was also received. In the next data transmission, the data
transmitting end deletes them from the transmit data unit
candidate list, and further transmits the data units of sequence
numbers “4,7 “5,7 27,7 and “8” based on the CTS information.

Thus, the RTS Sequence field and the RTS Received MAP field
are used, and further multiplexing of the CTS SMH and the ACK
EMH is used together. Thereby, data can be transmitted and
received without failure.

If the data transmitting end does not support selective
acknowledgement, the following procedure can be taken: the

transmitting end always places zero in all the bits of the RTS



related to the sequence number and the ReceivedMAP, other fields will
not be mentioned. However, in reality, procedures using other fields,
which are described elsewhere, arggalso carried out. The example is on
the assumption that the Received MAP field is constituted of four bits for
the purpose of simplifying the explanation; however, the present invention
is not limited to this constitution. With respect to RTS SMH, this example
is on the assumption that the first or fourth example of constitution is

Receidopted? the tattrafifinting 6Rd tarkATR PR TR WA iABRateskaS
Nt "3, "4, "h, e, " ., are entered in
e e et AAia s can e Tek A s sk e S S Ve
MAP field in theR T2 SMH eS8 is/plaged nahigh indigates thedpadipg aiabiifve
and in the RTS Received MAP field, "0000" is placed which indicates that
ackrgivthesacuiits #4 oY die ragsmit thrdiEE S Sindy atl tHaklata Tinits ,
indicated by the RTS have not received yet, the data receiving end does

© Vgt e R AER B R retintSd TS anll WAR TR R omiRgTHatE bARS. Ien
stat! E%S“m?f' Jpat %q%g%@t%ltjs#ﬁ a ggj#‘?ef\'gég BER %:%ilé%@gﬁ}]égoeradé @

therein. Further, assumed that delay is'spec r
comnBedauseiofdelay A, theiecaiving £8€ daashebimmediataly seiurn @e
ACK. To further transmit data, the data transmitting end transmits an RTS
ma indgeingvhieh indicates thiat thre data units #3, #4, #5; #6, ... are entered in
the transmit data unit candidate list. Similarly with the foregoing, in the

RTS Sequence field
H. Utilization of CTS Stored Sequence and Uses of Fields with

RTS/CTS Procedure Used Together

FIG. 13 illustrates an example of data transmitting and
receiviﬁgprocedureswhereindeiayACKandtheRTS/CTSprocedure
are applied. This section gives descripticn with attention
focused on the handling of each sequence number and the use of
the Stored Sequence field in the CTS SMH.

The example is on the assumption that the RTS Received
MAP and Received MAP fields are both constituted of four bits
for the purpose of simplifying ﬁhe explanation; however, the
subject matter of the present inventién is not limited to this
constitution. Further, it is assumed that the number of the
Length fields in the RTS SMH is four, but the subject matter
of the present invention is not limited to this. Some value
is indicated in the Duration field; however, no notice will be
taken of the correctness of the value by Duration here.
With respect to RTS SMH, this example is also on the assumption

that the first or fourth example of constitution is adopted.



"97 inthe RTS SMH, "3" is placed which indicates the leading data unit,
and in the RTS ReceivedMAP, "0000" is placed which indicates that all
the data units #4 to #7 are transmiggandidates. Since some of the data
units indicated by the RTS have been already received, the data
receiving end adds ACK information when it returns a CTS. At this time,
"3"is placed in the ACK SEQUENCE field in the ACK SMH, indicating
that the data u%}ci%% of up to #3 could be completely received. With the

dataiuriit#d RHRAGE thd AREUNPLOBequafit (P2 dketF sl ihd bagisend
tran@R¥3BIps 0010" isplaged.in the Regeivedi MAR @3"(365‘"-% J0 INERIED ce

the following: the reception of the data unit #4 faile at of ata
numb#it#53/90 failed @), that of the data unit #6sucoeedes (Harandithai of 2
the data unit #7 is failed (0). When the data transmitting end receives this,
uni tit gegshiizds thatthesdatdubitsiofnup-to #3vete receiVad anel thbadztd in
unit #6 was also_received. In the next data transmission, the data

the RrhnsHittiy el et fgfh HoR? the iRt Bekd birih 2 dHdiRReRs v ed
wrp RTINS NAJAGHUS A ILANERES IR Sade i Pred that

and "8" based on the CTS information. equencefie
it dtheiRES Rreeived MARHfield raignusets angrfughenmyltiplexingofdheq in
CTS SMH and the ACK SMH is used together. Thereby, data can be
255-wandniitted and: heceivedwithofitifakude. Hh the datantransmigtemgcend (Dbst

) nat support selective acknowledgement, the follqwing procedure can be
is, t&%@ﬁ:ﬂﬁ? placed in the MaX Duration field.) Further, the

data transmittingendnotifies that the lengths of the dataunits
it is about to transmit are 200, 20, 100, and 80 unit bytes,
respectively. (That is, “200” is placed in LengthO; “207 is
placed in Lengthl; “100” is placed in Length2; and 280" is placed
in Length3.) The time that lapses before the transmission of
a CTS transmitted in response to this RTS is completed is set
to 40-unit time, and “40” is written in the Duration field.

Afterreceivingthis, thedatareceivingendreturnsCTs(1l}.
At this time, it determines rate class 1 as the transmission
rate for data reception in accordance with the above-mentioned
procedure, and notifies of this. (That is, “1” is placed in
.RATE). Further, the data receiving end determines that it
receives the data units #3, #4, #5, and #6 in accordance with
the above-mentionedprocedure, andnotifies that the time period
required for completing the reception of them is 240-unit time.
(That is, “240” is placed in Duration.) Further, the data
receiving end holds the lengths of the data units of up to #6

which it determined to receive in this transaction. Then, it



transmitting end always places zero in all the bits of the RTS 98 Received
MAP field, and, when it receives an ACK and updates the transmit data
unit candidate list, it disregards thecReceived MAP. If the data receiving
end does not support selective acknowledgement, it can disregard the
RTS Received MAP. Thus, even if communication is carried out between
a communication station which supports selective acknowledgement and

.a. communication station which does not, the communication can he
ot IR TS AT AR bA EP e B A T data
uni 44583 QfFigldg gvith B§/§I§,Pr%eqtg%y§ggg ogether FIG. é‘équence )
illustrates an example of data transmitting and receiving procedures
whargir detay AGK aadtthe R TG TS proceduremare-applietd Hissestions

gives description with attention focused on the handling of each
Dataseguencetntithber ahahellse of e SteredcSeduéitice field inpmherg TSt he

SMH. Th le | t tion that the RTS R ived MAP
data it .siﬁ%i%%?e?d?glﬁ%%so%‘ﬁméiwﬁ%aé%?ﬁerﬁgeﬁ%ﬁﬁ@e,aewsaete
c1asy simplifying the.gxplapation; howsver. the. subject matter of fhe bresent.

invention is not limited to this constitution. Further, it IS assumed that the

it thumbab ekthehdensgimffeldsminttherRES SMkhisidous buhthessubjedtass 1.
matter of the present invention is not limited to this. Some value is
Sindpdiedter ifthé DarmiohTietdt hdR/éver pi@ asticemilhbeDtalehiomtifd e 1d.
orrectness of the value by Duration here, With respect to RTS SMH, this
Furt plg ] aga%ah tﬁg%%g%Bﬁéﬁg end holds sequence number 6

reported by the Stored Séquence in the CTS so that it can refer
to the number when it transmits an RTS next time.

It is assumed that the data receiving end can extract only
the data units of sequence numbers “3” and “6.” However, the
data transmitting end cannot confirm whether data reception
succeeded or not, at this point of time.

To further transmit data units, the data transmitting end
transmits RTS(2). At this time, the data units of sequence
numbers “3,” 24,7 25,7 “§,” .. are entered in the transmit data
unit candidate list. When CTS(1l} was received before, it was
reported by Stored Sequence that “the lengths o_f the .data units
of up to sequence number 6 are held.” Therefore, information
isdescribedwhich is related to thedata units of higher sequence
numbers than 6 in the transmit data unit candidate list. More
specifically, the data transmitting end notifies that the data
unitscf sequencenumbers “7” and“8” areenteredandalsonotifies
of their lengths. (That is, “7” is placed in the RTS Sequence

field; “0000” is placed in RTS Received MAP; “160” is placed



that the first or fourth example of constitution is adopted. 99 Prior to data
transmission, the data transmitting end transmits RTS(1) It indicates that
the data units of sequence numbears1"3, " "4, " "5, " and "6" are entered in
the transmit data unit candidate list at this time. (That is, "3" is placed in
the RTS Sequence field, and "0000" is placed in the RTS Received MAP
field. Further, the data transmitting end notifies that it desires that this

. data transqission.should be completed jn 255-ynit time on the grounds of

i 1 e g B AP (LT85 14 pidied TN ARSI CURRTOACT

ang field:) Further, the datartiansmiting end notifies that the lendths ofthe o
data units it is about to transmit are 200, 20, 100; and 80 unit bytes,

0 notdspeetivelya {That is; 12004 istplaceddn dengh @ 6261 isy placeddRa units
Lengthl; "100" is placed in Length2; and "80" is placed in Length3.) The

withimkemgdtiapses béOremk FdAsmidsisiroea Clsaralsmitteddn resgonsey
to this.RTS js completed is set tq 40-unit time, and "40" is written in the

N e A e g Iish Ho ERi e i R PO T gty

be Ahifsding itdeteraunespte flags 1 a3 the,Lanspyssian rate fardata . .
reception in accordance with the above-mentioned procedure, and

t ranzatifies of thimmdThat iBhak" issplacessn RAFE) dedther: thediaiareesaivingn
end determines that it receives the data units #3, #4, #5, and #6 in

fielgbcordBHed Witk  tifd abevasrehtinbdgseseliaks aadhetifiesthatims ion

tim riod required for completing the receptjon of them is 240-unit time.
Of 2t 14 "SH TN hsGec I BUFRIGH I Fithdr i i 15 completed is

set to 40-unit ftime, and “40” is written in the Duration field.

Afterreceivingthis, thedatareceivingendreturnsCTs(2).
At this time, it notifies that it determined rate class 2 as
the transmission rate for data reception, in accordance with
the above~mentioned procedure. (That is, “2” is placed in RATE
in CTS SMH.) Further, the data receiving end determines that
it receives the data units of sequence numbers “4,” “5,7 and
“77 in accordance with the above-mentioned procedure, and
notifies that the time period required for completing the
reception of them is 200~unit time. (That is, “200” is placed
in Duration.) Further, the data receiving end hélds the lengths
of the data units of up to #7 which it determined to receive
in this transaction. Then, it notifies that it has held
information on the lengths of the data units of up to #7. (That
ig, V77 is placed in Stored.Sequence in CTs SMH.} Further, the
data receiving end determines to return ACK information as well,
in accordance with the abovemmen.tioned procedure, and notifies

that it could completely receive the data units of up to #3 and



receiving end holds the lengths of the data units of up to #6 which it
determined to receive in this transaction. Then, it 100 notifies that it has
held information on the lengths ofltAé data units of up to #6. (That is, "6"
is placed in Stored Sequence.) After receiving this, the data transmitting
end transmits Data (1). At this time, it recognizes that it can transmit the
data units #3, #4, #5, and #6 at the specified transmission rate classl, in

coul@Feudance witlithe, ahovg-meptioned prageduge. Then, Jt JFANSTS; thege,
information at transmission rate class 1. Since delayACK iS specified, "0"
SequisrplecetrinAbe Danatjors field: durttver ithesipta ransmitirg:end &Oldsgp . )
sequence number 6 reported by the Stored Sequence in the CTS so that
it il kefer fs fievAdvder Wwhehlitrdnsmits am RIS héxdigkd [Esansnits

sumed that the data receiving end ¢an extract only the data units of
Datadd) mnca T RbRRC 3 i 4Bt ever e | A amidiig ehdme - 1t

- upda%ANeLcoptinm whethgr data reception, ;sicceeded ot pot, at this point of . 1,

time. To further transmit data units, the data transmitting end transmits

the REB@)Atthistiveetie data vaiisobsequencpemdmbetsy’3 " "dhed "d8ta
... are entered in the transmit data unit candidate list. When CTS(1) was
tranggpef/biiibefons it sweordFerted by SioreteSeuancantiatt ifederigthsndft s
to sequence number 6 are held." Therefore,

s eo?r%tﬁffﬁﬂg'%sagtfegﬁﬁaemﬁPcﬁ%gﬁieﬂa@alﬁd%am&m&%ﬂﬁ@ﬁ& 2, and

tranSRAUENGE, QUMDes,1PRR b e denaiyi date il eandldate ligh Moge: ;o
specifically, the data transmitting end notifies that the data

placed in the Duration field. Further, the data transmitting

end holds segquence number “7" reported by the Stored Sequence

in the CTS so that it can refer tc the number when it transmits

an RTS next time.

To furthez‘transmit:data units, the data transmitting end
transmits RTS(3). At this time, it describes information
related to the data units of higher sequence numbers than 7,
which is the Stored Sequence held when CTS{(2) was received, in
‘the transmit data unit candidate list. More specifically, the
data transmitting end notifies that the data unit of sequence
number “8” is entered and also notifies of its length. . (That
is, “8” isplaced inRTS Sequence; “0000” isplaced in RTS Received
MAP; “1207 is placed in Léngthof “0” is placed in Lengthl; “0”
is placed in Length2; and “0” is placed in Length3.) Further,
the data transmitting end notifies that it desires that this
data transmission should be completed in 255-unit time on the
grounds of the data transmitting end. tThatis,“255”isp&aced

in Max Duration.) Further, the time that lapses before the



units of sequence numbers "7" and" 8" are entered and also notifies of
their lengths. (That is, "7" is placed in the RTS Sequence field; "0000" is
placed in RTS Received MAP; "18®3is placed 101 in LengthO; "120" is
placed in Lengthl; "0" is placed in Length2; and "0" is placed in Length3.)
That Length2 and Length3 are 0 notifies that transmit data candidates are
only two data units with lengths of 160 and 120. Further, the data

tranBRNNRILNG gadnotifesthatibdesites thal this data, tansmission.shauld;
be completed in 255-unit time on the grounds of the data transmitting

set end.{Thatis;t"25bmis planed mthe Maxkuratiem field. pEueherthe time
that lapses before the transmission of a CTS transmitted in response to
thif RFS-istdumpletesial s6eto aodiibwmecand vag" fowritten iAtRdds in

jeld. Aft eiving this, the data receiving end returns CTS (2) . .

Duration f rr
the 1T RS Ghie, & RBTES RRC ABBTRES A1 ST 4D fHefandnedion =
and [9ig fordatareception. ipaccardance with the 8@8%%’&;99%0%%% gutcome
procedure. (That is, "2" is placed in RATE 'in CTS SMH:) Further, the data
of receiving end-tetesninessthat rtregevesdhe datarunitsiohsequenee used
numbers "4," "5," and "7" in accordance with the above-mentioned
toueiprsdulerand: Aatifiesmiadtithe tmopeainhicediforreimglettglthesly
reception of them is 200-unit time. (That is, "200" is placed _in Duration.)
Specﬁ—’é&ﬁéﬁ: tHe feta re@RTing Y AA8s T EnbBTEC Br the RRAREDT up to
#7 which it determined to receive in this transaction. Then, it notifies that
it has held information on the lengths of the data units of up to V. (That

I. Transmitting and Receiving Procedures for Traffic through

TCP

FIG. 14 illustrates an example of the sequence in which
trafficis transmittedand received through TCP/IP in accordance
with the MAC procedure according to the present invention. Even
if communication is of one way in terms of application, ACK is
returned by the TCP layer typically every two segments, and it
is brought into the form of asymmetrical two-way communication
in the MAC layer. The figure illustrates an example in which
delay ACK is applied; multiplexing of such packets as RTS, CTS,
DATA, and ACK is permitted; and these are used together.

In conventionalltransmitting and receiving procedures
through TCP, packets equivalent to 24 times in total are
transmitted and received in the MAC layer to transmit five
segments Datal to Datad, as illustrated in FIG. 20. Thus, the
processing is complicated and redundant.

In the transmitting and receiving procedures according

to the present invention, packets equivalent to 15 times in total



is, "7" is placed in Stored Sequence in CTS SMH.) Further, the data
receiving end determines to return ACKinformation as well, in accordance
with the above-mentioned procedt#é, and notifies that it could completely
receive the data units of up to #3 and 102 could receive the data unit #6.
(That is, "3" is placed in ACK Sequence in ACK SMH, and "0010" is
placed in Received MAP.) After receiving this, the data transmitting end

are H20SEHS+Pale 42k Siee ALLGIRIRMAtionis Nelided, atthis ime its e ven
updates the transmit data unit candidate list in accordance with the
segmalpd\ve- TenéOneéc piacesltye. dkkheréaftert thetdata i tiamgraitting:end
recognizes that it can transmit the data units #4, #5, and #7 at the
spécifiectrarshisEivn Farcl &2, TaHe #ahamits thers IRurthidy, sihdd be
delay ACK,is specified, "0" is_placed in the Duration field, Further, th
undeGE oA SR ‘ehet NOId BORIohEE HiBER P oA Byt SStoper
acco284enes mibp I3 50 that it candaferiodhe aumber when it fapsmits.
an RTS next time. To further transmit data units, the data transmitting end
is sirepsinftsdRT] SE3)a Atitbistimaen i a@scabashnforingtion i telatettortbedasa .
units of higher sequence numbers than 7, which is the Stored Sequence

helPwheH ETSHe L ivhs fdteivegsanthd Manshkeataambeandigaeniseed

, M ifically,.the data t ittj d notifies that the dat it of
in AR RIS FEA GBS GG B St 1o STORRES BERE RngtioHE s, 1t
is ob91lsudacrd iNRLS Sequence,; 0000k is placed. i ﬁg&%&&w@ﬂcyﬁ%ﬁs :

"120" is placed in LengthO; "0" is placed in Lengthl; "0"
Lo or substitutions for the embodiments without departing from

the scope of the present invention.

In this specification, description has been given to the
embodiments made by Iapplying the present invention to a system
wherein the RTS/CTS procedure and the access method based on
CSMA are used together in a wireless network in accordance with
-the IEEE802.11 standard. . However, the subject matter of the
present invention is not limited to this. For example, the
_present invention can be similarly applied to the following
systems: a systemwherein the RTS/CTS procedure is used together
with a random access method other than CSMA; and a random access
systemin accordance with other requirements than in IEEES02.11.

In short, this specification discloses the present
invention in the form of exemplification, and the contents of
this specification should not be interpreted in a restrictive
manner. The scope of the present invention, therefore, is to

be determined soclely by the following claims.



is placed in Length2; and "0" is placed in Length3.) Further, the data
transmitting end notifies that it desires that this data transmission should
be completed in 255-unit time on tRgsgrounds of the data transmitting
end. (That is, "255" is placed in Max Duration.) Further, the time that
criapses before the 103 transmission of a CTS transmitted in response to
this RTS is set to 40-unit time, and "40" is written in Duration. Thus, the
transmitter and the receiver set the fields in the respective packet
headerspang refarde £ach athersheaders ana therehyrdetgrmine thendom
details of processing as the qutcome of receive packets. As a result, even
aCHfiay KK USed” BYstRer- EBAGH inforiioniaSreverited frombaing <
whaselessly spegifiechindR TS canddhus ihenefficieney.is eshancad. lof data
¢ Transmitting an Receivi,r]é; Procedures for Traffic througclgr TCP FIG. 14
* ffusthates an ex %%ﬁesg’flt 5se%]ueﬁ%gli’r?ﬁ/%ichtﬂaffﬁcei an%ﬁﬁt]feed: o
(Reegeived thTaughSEGEAP ilmaccordancet svithdbhe MAG: procedliieesion in
according to t resent invention..Even if communication |'s of ane
=BT R Sranp At R B relirod B TP T eF il ol
Totviesdgmémtsnanrd it dsubroughd intorthe fornmafrasymmetkcall dpa-iveyc 1 on
0 nguaic%tljlon i Ehleol\r{lAC layer. The figure illustrates an example in
IC dLe}fay ACKSiS applied; multiplexing of such packets as RTS, CTS,
DATAsard ACKtS perriifted; ard thicserare usedtogether, ien station
me§8B¥%%t'°%étr§%%@E ng and teceiving procedures fuough, TCF, packets,
equivalent to 24 times In total are
rate bpased on the result of the measurement, describes

ofC
w

the data rate in a CTS, and transmits the CTS,

wherein the CTS receiving communication station
carries out data transmission as the outcome of the
reception ¢f the CT3 information based on the data rate
described in the CTS,

wherein the RTS transmitiing communication station
describes in RTS informaticn related to one or more data
units it tries to transmit,

wherein the RTS8 receiving communication station
determines the medium reservation time information in
the duration of which the reception of all the data
packets is completed based on the information related to
the data units described in the RTS and the determined
data rate, and describes the determined medium
reservation time infeormation in CTS, and

wherein the information related to data units is the
data length c¢f each data unit for which transmission is

tried.



transmitted and received in the MAC layer to transmit five segments
DataO to Data4, as illustrated in FIG. 20. Thus, the processing is
complicated and redundant. In thejtiggpsmitting and receiving procedures
according to the present invention, packets equivalent to 15 times in total
104 are transmitted and received in the MAC layer to transmit seven
segments DataO to Data6, as illustrated in FIG. 14. As is obvious from the
foregoing 38 wéif- i te TG RdCTh e f it aha e =°
c1seeeiving procedures according to the present invention, the process in
the MAC layer is simplified, and its overheads can be significantly .
red JEEH Bigto 1§ p%?t?thé%?@?é?ﬁ%f‘éﬁ?ioncﬁ%@ d&scHbed GRT-"
de detailsaeferring torlre specific embedimertis Howevesdt is bevdous thathe
those,skilled in the art can make modifications tp or titutions for the
e R Rmihor 13 wiftoR e BSting OnT the Bdond B tnd bresert TR on™
trimthis specification, descriptionchas:beert givehdo the @phddiments RTS
;- J1ade b applving the present lnvention (0.2 system. ubereln e
‘RYSie procedure And the access method based on COMA are Used
togethenriaiawirsiess Gigfvork inaocorddnce withmthenlEER80211station
aeSiANdA]. Hawever-ihe sphject maljer ofdhe preseiientipnis ot cye
fimited 1o this, For example, the present invention can be similarly applieg
retethietfotlowihga sytémspa system WhersmitetRISICTS procedurelis of
=nYSed logeiher, with araadom aceess method ofherfhan GeMAANd A ; o
random access sSystem in accordance with other requirements than in
tigEEgd2zaation, and



In short, this specification discloses the present invention in the form of
exemplification, and the contents of this specification should not be
interpreted in a restrictive manner %e scope of the present invention,
therefore, is to be determined soleﬁy y the following claims. 105

CLAINS. L4 Wiigless cormiupicalion sysfer i vilandompaceessive
made concomitantly using the RTS/CTS method wherein a
RTBommuriifation statién adihe oHgiRvsT Hata”transission rapsivms e and

keé%ques_,ILP Se%df@ggﬂ‘%TSal(ﬁeqU%§Eﬂ'g§eggm%§@£t§iq§{a atations

transmission in response to the reception of a response packet CTS
theSkat VRS Sehd) frofPa eBimsiftatictr sthfibd 58 the 8EsfifatiorV 8F data®

aulrapsmission, wherginghe RT3 gecepdng commuypication-statien orn, .

measures the quality of receive signal, determines a data rate based on
the result of the measurement, describes the data rate in a CTS, and

transmits;the CJ Sy whetain the-mT fecaiving comupicationsiatiohy <o
carries out data transmission as the outcome of the reception of the CTS
Cl@fBrnation based on the data rate described in the CTS, wherein the
RTS,fransmitting icommpmication station idescringsin MRS infernagention
related to one or more data units it tries to, transmit, wherein the RTS

deﬁﬁ%ﬁﬁﬁfc&ﬂnﬁﬁ&a§&$gﬁﬁoﬁnfoxmatlon which 18 referred to

by the RTS receiving communication station when it
determines a data rate, and

wherein the RTS8 vreceiving communication station
takes into account the factor information described in
the RTS in addition t¢ the result of the measurement of

receive signal gquality when it determines a data rate.

4. The wireless communication system according to
Claim 3,

wherein as said factor information, information
related to whether to aggressively determine a high data
rate or passively determine a low data rate is described,
and

.wherein the RTS transmitting communication station
determines factor information based on at least one of
the transmission error rate for the RTS receliving
communication station, +the difference in transmission
power between RTS packet and data packet, and the causal

relationship between data rate and transmission power.



determines the medium reservation time information in the duration of
which the reception of all the data packets is completed based on the
information related to the data unitgydescribed in the RTS and the
determined data rate, and describes the determined medium reservation
time information in CTS, and wherein the information related to data units
is the data length of each data unit for which transmission is tried. 105a
2. The wiRBesSEGTRRRMTCatiITE)stdrAaiceBrling Y6 tCRInEE SRRErElFthd ©
c1 RIS tfgnsmitting communication station describes in RTS the time that
lapses before the reception of a packet containing the CTS information,
transmRtel-8s tHe§utctme of AREREEPTiEn o RTBYinfGitdtidh, a§tation

ca ium reservation-time infognatian, yyhergin therCTSHANMRIEING £ the
communication station describes in CTS the time that lapses before the

refeaiptioh of dafel Backet LRARShitel ahEhtcGie o the E&2ERtion dFE

de &JS ipfermatign, asmediyng resgrvation stime fermatioanand 466on  is
wherein other communication stations which receive RTS or CTS set a

A

CORA\E NFStwolk Alfdcation Vectar); Bhd Ke¥it efiétiveahd ot ot
re SeMMmUNieation: stations dhemselves in transmission prohibited state over

the
6. The wireless communication system according to
Claim 1,
wherein the information related to data units is the
sum of the data lengths of one or more data units for

which transmission is tried.



duration of the medium reservation time information. 3. The wireless
communication system according to Claim 1, wherein the RTS
transmitting communication station1 djgescribes in RTS factor information
which is referred to by the RTS recelving communication station when it

detomings @ data ple.and digreln (e Rl reqgidog comauiioalion «o
station takes into account the factor information described in the RTS in
Clagditibn to the result of the measurement of receive signal quality when it

determines a dafa rate 4, The wireless eammunicatign.system accarding, .

to Claim 3, wherein as said factor mformapon,_ information related to
timpghethentd hggressivelg detérrhing adigmdatal Pate 6Ppassiveljicre data

un HELETEURe alow;data rate s described, andwherein the RTS transmitting

communication station determines factor information based on at least
one of the transmission error rate for the RTS receiving communication

statign, the differenge in ranspission fRoawerbetweenRTS.packetand o
data packet, and the causal relationship between data rate and

CLardRsrhission power. 107 5. The wireless communication system
accqrgingto, Claima 1, wheseinthe TS Feceiving carmmunieation station i s

information on the number of data units for which
transmission is tried.

9. The wireless communication system according to
Claim 1,

whereiln, when the RTS receiving communication
station determines medium reservation time information
after the reception of RTS, the station takes 1into
account the time at which the staticn itself completes-
data reception.

10. The wireless communication system according to
Claim 1,

wherein the RTS transmitting communication station
describes in RTS information on the period until the time
until which the station itself can transmit, and

wherein the RTS8 receiving communication station
gives consideration so that said information on the
period described in the RTS 1s not exceeded when 1t
determines medium reservation time information after the
reception of RTS.

11. The wireless communication system according to
Claim 1,

wherein the RTS transmitting communication station



carries out data transmission as the outcome of the reception of CTS
information based on the data rate described in the CTS so that the
transmission is completed within tlpggtime specified by the medium
reservation time information. 6. The wireless communication system

as%%%@””gé% Glaim d, whepein. the infpmatiqn. telated.to dafa.units ighe o
sum of the data lengths of one or more data units for which transmission
defs-tridele 2081 17. RiSwitdless Tormhunfcaiionsystemuadedrdinglto delamm L.t

« rydiereip the infarmationtelated 19 dataunits is the, fime leggth-eouired o
for transmitting one or more data units for which transmission is tried. 8.
thah@aiireless esmuturiicEton $yBtémaeebiding 881 €laim 1, wherein the

information related o datacunitsds cinformation gpihe numbes,of datgs ¢ 1 on

units for which transmission is tried. 9. The wireless communication
reggsem accordifg to ICHARA 1, AHERSACHheR FRPRTS réceivifg-a  units

deSOMRUN|cation statian detesmines;medjumsresepyation timedrformatiady
after the reception of RTS, the station takes into account the time at
re?ﬁﬁﬂ?ﬁm@ﬁ&ﬁnﬂﬁﬁﬂf&ﬂﬁﬁ%m%@r which transmission is tried,

excludes them from objects to be received, and then
determines medium reservation time information.

12. The wireless communication system accerding to
Claim 11,

wherein, 1if selective acknowledgement is applied,
the RTS +transmitting communication station describes in
RTS reception acknowledgement information containing the
first sequence number of data units for which data
transmission is tried and bit map information obtained by
mapping the reception confirmation information on the
subsequent data units into bits corresponding to the
relative positions te the first seguence number, and
further generates information related to said data units
with only data units for which reception confirmation has
not been obtained taken as objects to be transmitted, and

wherein, 1f selective acknowledgement 1s applied,
the RTS8 receiving communication station refers to said
bit map information described in the RTS, extracts data
units it has already received from data units for which
transmission is tried, excludes them from the okjects to
be received, and then determines medium reservation time

information.



data reception. 10. The wireless communication system according to

Claim 1, wherein the RTS transmitting communication station describes

in RTS information on the period upiijthe time until which the station itself
can transmit, and wherein the RTS receiving communication station gives -

congideration sq,that saidkinfornation en the, perigddescrined NHhe-RTS o
is not exceeded when it determines medium reservation time information
Clad@r the reception of RTS. 11. The wireless communication system

accondingto, Claim 1, whergin,the-RES fransrpitting sQREUNGAIOAC 1 uded
station 109 assigns sequence numbers to transmit data units, describes

injRY sthedirstsetfiente Aimber bPBATalE tricSRFarsiit, dhd Ttfifiss S -
£ hof infermatian selatedto thedatas unitsi it Hiesstodransmit anchwheeain the
. RTS receiving communication station refers to the first sequence number
NP HEREUMEs destrided in the RTS, extracts data units already received
from data units for which transmission is tried, excludes them from
objects to be recejved, and then determines medium reservation time

information! £2. TheSwiréldss COMIRTncation Systerm actorang o Citim “°

cldim 1,

wherein the CTS receiving communication station
excludes the data units already received by the RTS
receiving comnmunication station from the ocbiects to be
transmitted based on the ACK information added to the
CT5, and carries out data transmission baséd on the data

rate described in the CTS.

15. The wireless communication system according to
Claim 173,

wherein the RTS receiving communicaticon staticn
stores one or more pieces of data length information of
data units tc be received, of data for which transmission
is tried as the outcome of the RTS, and describes in CTS

the seguence number of the last data unit stored.

16. The wireless communication system according to
Claim 15,

wherein the (7% receiving communication station
stores the sequence number of said last data unit
described in the CTS, and generates information related
to data units for which <transmission is tried in such
form that the data unit indicated by the sequence number

of said last dataz unit is not included



wherein, if selective acknowledgement is applied, the RTS transmitting
communication station describes in RTS reception acknowledgement

information containing the first sequence number of data units for which
data transmission is tried and bit map information obtained by mapping

in thereception-eonfigmation-isformatign pRdhe subserwientdataypismite ed
bits corresponding to the relative positions to the first sequence number,

nexhdtidither generates information related to said data units with only data
units for which reception confirmation has not been obtained taken as
objects to be transmitted, and wherein, if selective acknowle g,erlgbent is

apphed, the RTSTetERing CSHtMCaRbh Satidhretérs to Sard bit MapsS
rafermation-describeshindhe RES; lextragtsidata whits ithas alreadymethod
recejved from data units for which transmission is tried, excludes them.
hEo the DhjESETH B feckRied, SAritrtheh dErmings madidn reservatisn >
t réimeninfetmationr 10mi3 sThe wiretessseontmunication systeatacededirg:d
1, wherein, if.a data unit alrea%aréacseiv dis ir}lcéudgd in Lche data £
ption O

sttoémag%g % aﬂgml SiC n.re 4} §: SCe
BhitS tdhe TrandRited deschibed ih the RS, “fhe receiving
a ecemmurieatiomncstationt diésciibes ACK dnformatienn inCTStd44.iThe as the

degvérfrlleastsi%onmmuréi%ationdsa}/égem a%%oarldlisprgitgs(i:loari*m L The wireless
communication device comprising:

a communication quality measuring means which
measures the gquality of receive signal when an RTS is
received;

a2 data rate determining means which determines a
data rate based on the measured guality of receive
signal;

a CTS transmitting means which describes the data
rate 1in CT8 as the outcome of the received RTS and
transmits the CTS,

an RTS transmitting' means which transmits an RTS
when the device requests data transmission;

a data transmitting means which, based on the data
rate described in the CT8 when it receives (TS
information, carries out data transmission as the cutcome
of the CTS information;

wherein said RTS transmitting means describes in RTS
information related to one or more data units it tries to
transmit,

wherein said CTS transmitting means determines the
medium reservation time information in the duration of
which the reception of all the data packets is completed
based on information related to the data units described

in ETS and the determined data rate; and



wherein the CTS receiving communication station excludes the data units
already received by the RTS receiving communication station from the
objects to be transmitted based onjthe ACK information added to the
CTS, and carries out data transmission based on the data rate described
in the CTS. 15. The wireless communication system according to Claim
11, wherein the RTS receiving communijcation station_stores one or mor
pie@é?&@dﬁa?&?gtﬁﬂﬁfﬁﬁﬂgf&ho& GEELUMES 15 heTReaivad JoFdats for -

dawhichtignsmisgior ds riedkzastheolitcoferofthe 8T St and sleseriieminis

CTS the sequence number of the last data unit stored. 16. The wireless

L i @Rimunication system according to Claim 15, wherein the CTS receiving
communication station stores the sequence number of said last data unit
described jn the CTS, and generates.information related t its for,
Whicr%!transrreliss"f(%ﬁT %%‘?i%é in"Such- form t %?%e%%@%%it %g%gré%l gfgthgo

Clseguerice number of said last data unit is not included 111 in objects to
be yransmitted when %%Tif%ﬁgﬁ%@‘&%% nextime Ls AWIeless, grrs
communication device which makes randem access concomitantly using

t hehetRTS/CTiSarnetheg s#tseréin Boaomntiisication SkitibAras e crigihdofket

coﬁ@gining CTS information, transmitted as the outcome of
the recepticn of RTS information, as medium reservation

+ime information .,



transmission transmits a request to send packet RTS and starts data
transmission in response to the reception of a response packet CTS from
a communication station as the desfination of data transmission, the
wireless communication device comprising: a communication quality
andneasuingimeanaiBas measiures the quality of receive signal when an

RTS s received; ad ate determining means which determines a.d
ratewgggeedlgn fife e ?L%e%rqau%ﬁE*gfjcr:égf:l Ve eséllé}r?al;d gd%:%glr?rgr%sn%%tin%tﬁs
thaneansahich desciibes the dataf vate intCES assthewuicomedf the data

received, RTS and, transmits the CTS TS transmittin ich
2 RS SR TS Wt (e dOiCe BB e g P ot
CTdrahshitting means whichebdsed oretherdats Lete déssribeniniie TS,
n hen it receives CTS information, carries out data transmission as the
outcome of the CTS information; wherein said RTS transmitting means

desefibesiTRTS ifformation rdlated PrOrdnEorédaEunits it theg iger
pré@é%t’ "\‘«’JR‘?JSW, Sal%%}ﬁs frapsmjtting means determines-the,Megum; ce

reservation time information in the duration of which the reception of all
retied am packBESs eompletdd baged BhisfoERgtidreldtss o the’§ta -

NA@ngﬁge§ggE? it effective and the wireless communication
device itself in transmission prohibited state over the

duration of medium reservation time information.

19. The wireless communication device according to
Claim 17,

wherein said RTS transmitting means describes in RTS
factor information which 1s referred +to by the RTS
receiving communication station when it determines a data
rate, and

wherein said data rate. determining means takes intc
account the factor information described in the RTS in
addition to the result of <the measurement of receive

signal quality when it determines a data rate.

20. The wireless communication device according to
Claim 19,

wherein said factor information 1s information
related to whether to aggressively determine a high data
rate or passively determine a low data rate, and

wherein said RTS transmitting means determines
factor information based on at least one o©of the

transmission error rate



in RTS and the determined data rate; and 111a wherein the information
related to data units is the data length of each data unit for which
transmission is tried. 18. The wireljegs communication device according to
Claim 17, wherein said RTS transmitting means describes in RTS the
fodimedhat lapses befera-thereegption afapacket coptaingge€Isn,  the
- Information, transmitted as the outcome of the reception of RTS
AL fARARANGN, B8 nidtitteSENahorP THRFNBRMARGT 112 and BaREmite S
dadhe RESkand whetain said CEISdraismiting:meansidescribes i€lS dhea
time that lapses before the reception of a data packet, transmitted as the
rat5utédifie of HETECRPHOR of TS Information, as medium reservation time
information and wherein a transmission stopping means is further
progéi%ed which, Wbﬂeryhe wireless co.mmgnicati\%w device g%c&i)ve an
RTS or a not BfreGed 1o et ‘S&tan NaVand ﬁgeps it ffective
Clahd the wireless communication device itself in transmission prohibited
state over the duration of mediym reservation timg Information, 19, The, ;.
wireless communication device accorcﬂlng to Claim 17,
data transmission as the outcome of the reception of CTS

information based on the data rate described in the CTS
so that the transmission is completed within the time

specified by the medium reservation time information.

22. The wireless communication device according to
Claim 17,
wherein the information related to data units is the

SUm



wherein said RTS transmitting means describes in RTS factor information
which is referred to by the RTS receiving communication station when it
determines a data rate, and wherei said data rate. determining means
takes into account the factor information described in the RTS in addition
of t@the resuli of theghrasurementof secetver signatqualiyiwherfiir which
determines a data rate. 20. The wireless communication device according
ErapSELARIAS witereit$4id factor information is information related to

whether to aggressively determine a high data rate or passively
determine a low data.rate, and wherein said RTS,tramsmittinEgcmegrjls
r

detérmines Factbr i Rmation DA Orrat 1odst Ofe of the ranamiss

ansmissron
clerrorrate 113 for the RTS receiving communication station, the

difference in transmission power between RTS packet and . data packe

and'the %%h%altr%?ati%rﬁ gﬁi%)nbae ween ﬁgﬁaa %tg ;En%l t(r%';‘l—:ln%;arlnilsl(é.iillg‘)r%l %0\%% r.tt ne
cirzd. Thewirelese gamneuhichtion devicesadddrding terGlaimrl 7rahereffie ta
said (%%ta tr nis&ittjcng mean% ghesiogtt%%tg ér.ansmission as the

it T - :
S 5ttcome of the recepﬁg‘rsf of information based on the data rate

qlescribed in the CTS so that the transmission is completed within the
mn%4_ The wireless communication device according to
Claim 17,
wherein the information related to data units is
information on the number of data units for which

transmission is tried.

25. The wireless communication device according to
Claim 17,

wherein, when said CTS transmitting means determines
medium reservation time dinformation after the reception
of RTS, the transmitting means takes into account the
time at which the communication device itself completes

data reception.

26, The wireless communication device according to
Claim 17,

wherein said RTS transmitting means describes in RTS
information on the period until the time until which the
communication device itself can transmit, and

wherein said CTS transmitting means gives
consideration so that said information on the period
described in the RTS is not exceeded when it determines
medium reservation time information after the reception

of RTS.



specified by the medium reservation time information. 22. The wireless
communication device according to Claim 17, wherein the information
related to data units is the sum 1145of the data lengths of one or more
data units for which transmission is tried. 23. The wireless communication
device acopeding;itee Claimn liowherneindhe sformeationselateddodatey to
o units is the time_ler_lgth required for transmitting one or more data units
2f5F which transmission is tried. 24. The wireless communication device
acoprdingte Claimily, wherein the indoranationiretatednie glata unids isi gns
information an the number of dat ugié%gor Wh.i%hs transmission is tried.

SePE e \_W@B@g TomiURiEAEon device acordinig’to Claim 17, wherein,
wheih saish G TS dransmiting meansidetémanes anedidasesehvagiontiniel

information itti i
endnormation afier the fecoption oL BTS, Ibe Uansmiing means falesdata,,
ac t. thg me at'which the communication device itself completes
is da@i@@eptmndz&niﬁbéﬁ\ij@essﬁorﬁmﬁnﬁoaﬁ@ﬁ@l@vid@é@@eﬁéin@iﬁ) data

unfggwgég’which transmission is tried, and

wherein said CTS transmitting means refers to the
first sequence number of data units described in the RT3,
extracts data units already received from data units for
which transmission is tried, éxcludes them from objects

to be received, and then determines medium reservation

time information.

.28. The wireless communication device aCﬁoxding to
Claim 28,

wherein, if selective acknowledgement 1s applied,
said RTS transmitting means describes in RTS receptien
acknowledgement information containing the first sequence
number of data units for which data transmission is tried
and bit map information obtained by mapping the reception
confirmation information on the subseguent data units
into bits corresponding to the relative positions to the
first sequence number, and further generates information
related to said data units with only data units for which
reception confirmation has not Dbeen obtained taken as
objects to be transmitted, and

wherein, i1f selective acknowledgement is applied,
said TS transmitting means refers to said Dit map

information



wherein said RTS transmitting means describes in RTS information on
the period until the time until which the communication device itself can
transmit, and wherein said CTS transmitting means gives consideration
~ so that said information on the period described in the RTS is not
exceeded when it determines mediyyg reservation time information after
the reception of RTS. 115 27. The wireless communication device
de acco}gdlng to Claim 17, wherein said data transmlttlng means assigns
sequdhte AunBersto” trafRmitdata GHits, wherein SaicPRAS frafshil fiihg™ rom
dameans. descdiibesydniRT St the: fitstsequence number otdata.ferwhich, from
cniransmission |s tried and notlfles 0 mformatlon related to data units for
which transmission is tried” and wherein Said CTE franSmiftiny figange 4t
reyefersitocthet first sedvemes mumber of data units described in the RTS,
extracts data units already received from data units for which
transmission is tried, excludes them from objects to be, received, and
therf deterfiifes AistiGiF reseriation atireinférmationz 28> Thewiretess 12 im
17 communication device according to Claim 28, wherein, if selective
acknowledgement IS apglled said RTS transmitting means describes in
RT@?%@&@pﬁen a data unit already received is included in the
data units to be transmitted described in *the RTS, sald 78

transmitting means describes ACK information in CTS.

30. The wireless communication device according to Claim
17,

wherein said data transmitting means excludes the data
units already received by the RTS receiving communication station
from the objects te be transmitted based on the ACE information
added to the CTS, and carries out data transmission based on the

data rate descrikbed in the CTS.

31. The wireless communication device according to Claim
28,

wherein said CTS transmitting means stores one or more
pleces of date length information of data units to be received,

cf data for which transmission is tried as the outcome of the
RT3, and describes in CTS the sequence number of +the last data

unit stored.

32. The wireless communication device according to Claim
31,

wherein said RTS <transmitting means stores the sequence

number of said last data unit described in the CTS, and generates



acknowledgement information containing the first sequence number of
data units for which data transmission is tried and bit map information
obtained by mapping the receptiorl 1¢onfirmation information on the
subsequent data units into bits corresponding to the relative positions to
infthenfirst sequente newnber, anstfartherigenerates wmfdraiatiom aretated 6. 0n
. said data units with qnly data units for which reception confirmation ha
18 ot besn dhtdined ta(l%koe%maS]L'a}é%j“e(:SFSfI1 0 bclpea('fcrg‘nsunr%i%f(réd,léllrti%’d1 W '%iraé}?l?)i the
se@glentive raokhewledfeswint islazplieda saida@ s trapsmiting ntgans=d in

onEEr3 19 said bitrmap farmalion 116 descrhed InNe RIS, exiags noye
A Tnits afféa y received from data units for which transmission is tried,

timexcludes them from the objects to be received, and then determines
medium reservation time information. 29. The wireless communication
device according to Claim 17, wherein, if a data unit already received is
included in the data units to be transmitted described in the RTS, said
CTS transmitting means describes ACK information in CTS. 30. The
wireless communication device according to Claim 17, wherein said data
transmitting means excludes the data units already received by the RTS
receiving communication station from the objects to be transmitted based

on the ACK information



added to the CTS, and carries out data transmission based on the data
rate described in the CTS. 31. The wireless communication device
according to Claim 28, wherein sgiggCTS transmitting means stores one
or more pieces of data length information of data units to be received, of
data fqr which frapsmission isdriechas ¢ee dotcomesafithe RTSrandaking
describes in CTS the sequence number of the last data_upi ed, 3
T angom ird st BommoHics 8%88\%@%’ acesrdirg to- ain?R BEV\%ﬁ{?e&%in gﬂaeéhOd
whd¥ES transmitting meanststoeres theaseigqrrences nurhber of saitrlastdataiata
unit described |n the CT%, and generates 1 70 insfogn?atiog [ IgLed#&)gagan 4
Cr NS ISP whith Tanamission TS ted msiich Torm that the data uni
stdndisatedty the asequesse qumber oksgidiast data uritis netimpluded it

oblects Lo b tapsmiewnen.an RS jg ransmilied next fime, 118,33,

& ICwhreless dShimunication method for ma ing random access

de cohcemitantly fisigithe RES/OTSmethod Whersiata:comanrmicatiohng :
statlor asfg:arald et data. Lansiisyion fansiils a/eguest lo,end: che
packet and starts data transmission in response to the reception of

gualrbsponsé packet OTS frohvacbmiinibaticistatonvdssthe #estifafionts

regég@gadtfransmission, the method comprising:

2 data rate determining step in which a data rate is
determined based on the measured quality of receive

signal;



a communication quality measuring step in which the quality of receive
signal is measured when an RTS is received; a data rate determining
step in which a data rate is determimed based on the measured quality of
receive signal; 119 a CTS transmitting step in which the data rate is
desgribedsin apGER asithe ouigesie of thewrreeived:RES danetk  rate is
transmitted; and a data transmitting step in which, when CTS informati Mg
desgrd&sived: Hatdtrahismis&idn 58 The SUttome o‘ﬁhe%?s ﬁw‘?gﬁﬁgt%ﬁ ig‘
ancCarnied, eyt based: on the data rate described in the CTS. 120 34. A
computer program described in a computer readable format for carryin
out dn arputér &Rt the Hoc ‘Eﬁ% forjtfbntrgl}ﬂﬁ&%bmm"ﬂ?ﬁlecrgtin%:rrs
i n Operatlionn a corwnynication erviepnmen émvhichorandem@dceessitscome
made concomitantly using the RTS/CTS rgetho% Wgereir&[aon the data
of Ghtndnicatibh StHtbh as the bigin "o data transmission transmits a
rateqdeside sead packethRTSTd starts data transmission in response to
the reception of a response packet CTS from a communication station as
the destination of data transmission, the computer program comprising:
a.. communication quality measuring step in which the



quality of receive signal is measured when an RTS is received; a data
raze determining step in which adata rate is determined based on the
measured quality of receive signai;pa CTS transmitting step in which the
data rate is described in a CTS as the outcome of the received RTS and
transmjtted; andadaia transnitingrsteg #swhichewheirCTS  infomaticrr -
is receiV(lengi, data tr%nsrmission as the outcome of the CTS information is
T SRR ot HasBY orPthe hita Yritd dEstribed iff the Cr s, 121 -7 > - ©¢
prABSERAGT fAccess sontsdllhased oniEMAds favoyabiypeamiedout with a
the RTS/CTS method used together. Ifﬁh% ﬁT?é%E% roccegéjées is%ussed de
Coq%lé}ﬁgﬁ CTE information i transmitted in response to the recepfion of
colRkSinfarmdtion, aadmdata is transniified th@spanseltothe receptioitof a
cong i LOS L5 Lanamiling. tatign megsyes the Auglly.of 15 Legeled on
gnar, and thereby determinés a transmission rate at which'it can receive
trandmbtifiesa statiore as thecdestnationof CTS. HHe statibn ssghés data

T
pa@&EﬁEﬁeﬁfﬁlCTE;@mappﬁed_communication station as the
destination of data transmission, the computer program
comprising:

,‘a,communication quality measuring step in which the
‘~Qua;ity of 'receive signal 1s measured when an RTS is.
jﬂrégéi?ed}; . B -.. | | o :
| 1éf&éta5rétérdetefﬁiﬁiﬁg'sﬁéé in:whichfa‘datalrété'is
‘detetmined' based- on the .measured Quality of receive
signal;

a CTS transmitting step in which the data rate is
described in a CTS as the outcome of the received RTE and
transmitted; and

a data transmitting step in which, when CTS
information is received, data transmissicon as the outcome
of the CT8 information 1is carried out based on the data

rate described in the CTS3.
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ABSTRACT

Access control based on C8MA is favorably carried out with
the RTS/CTS method used together.

If the RTS/CTS procedure is used together, CTS information
is transmitted in response to the reception of RTS information,
and data is transmifted in response to the reception of CTS.
The CTS transmitting station measures the quality of RTS receive
signal, and thereby determines a transmission rate at which it
can receive and notifies a station as the destination of CTS.
The stationas thedestinationof CTS transmitsdata in response
to CTS information. As the transmission rate for this data,
the transmission rate indicated in the RATE field in CTS is

applied.



