I DESCRI PTI ON W RELESS COVMUNI CATI ON SYSTEM W RELESS
COVMUNI CATI ON DEVI CE AND W RELESS COVMUNI CATI ON
METHOD, AND COWPUTER PROGRAM Technical Field The
present invention relates tb a wireless comrmunication
system wherein a plurality of wireless stations
communicate wwth one another as in wreless LAN
(Local Area Network) or PAN (Personal Area Network),
a wirel ess conmuni cati on device and a wreless
conmmuni cati on net hod, RRICRTIEBRPHt er program More
particularly, it relates to a wreless comuni cati on
system a wireless comunication device and a
wi rel ess communi cati on _nethod, and a cogguter rogr.am
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the present invention relates to a wreless
communi cation system a w reless comuni cation device

and a wirel ess connupéggﬁigglnggggg, and a conputer

program wherei n acc arried out based on

CSWh%S}!ég?seﬁE%nmtqr&}:%ﬁ.ﬁ%%st @O %ﬂ@lé‘ss communication

conmuni ron quality urthe nore particularly, it
syS&lRSrbOnd Y & BL BEEy CAMIYPE E8EE A Y omAunicate with

MAreIess communi cati on device and a wirel ess . _
ond& MBI AL L O MRE hed.esand.zan COoNdet BT A pEQONaWaaNEeidY PAN
" a plurality of classes of frames, such as ‘RTS, CTS,
( PdATh a BN ACKe talca- WU td Rl ieeaics N dortnfiat ekt £ dexddb Bce and

-transmitting and receiving procedures are provided
a wahelewer beadanacetieduterdhod, HatkgerompdtArtprogram. More
particularly, 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 on 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 comuni‘cétion method, and a Computer

programwherein access control is carried out based on CSMA using

the RTS/CTS method to maintain communication guality. Further

moreparticularly, it relatestoawireless ComunicatiOH systemn,
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 mu.ltiple'xed and
thereby flexible transmitting and receiving procedurés are

provided and overheads are reduced.



The wirel ess network has received wi despread attention
as a conmmuni cati on system which relieves users of
cable wiring between wire comunication devices. Wth
the wireless network, the majority of cables can be
omtted in working spaces, such as off ices;
therefore, comunication termnals, such as personal
conmputers (PCs), can be relatively easily rel ocated.
As wreless LAN systens becone faster and

i nexpensive, recently the demand for the wireless

net wor k has been si gni f| cant ly increased. In

particul ar, these days® tion of personal
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surroundi ngs to car out 1 nformation conmuni cati on.
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and w rel ess comuni cati on devices are defined using

fﬁ‘k&ﬂmﬂoylbﬁl’m{ﬁ calels asnZod-deHt tean din antk IS-rgHBpaband, such
for which licenses fromconpetent authorities are :
et ebaer ythaypiams, commdnrehs ioal e nad swi fudhexspersonal
net wor K ncI ude | EEE (The Institute of EI ectrical and
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communi cation. Wth respect to the |EEE802

simndalishd . varnhows rvical 88s thapsntsgs pncRet hatsedusiicth of
as the IEEEB02.1la standard and the | EEEB02.11 Db

sparmtared, araee rptesent (Fépendrngbenndicbfieidaced to build a
i nw rel ess comuni cation nethod and frequency band
u@wll@carrt@ wdirrdeas| Beavo Rk edigEt ol Wisildd yr adi Bieces of

i neeri.ng,
e ectronic equlpment existing in people’ s surroundings to carry

out informationcommunication. Forexample, differentwireless
communication systems énd wireless communication devices are
- defined using frequency bands, such as 2.4-GHz band and 5-GHz
band, for which 1licenses from competent authofities are
unnecessary.
TypicalstandardsrelatedtowirelessnetwOrkincludeiEEE
(The Instifut&aof’Electtical and Electronics Engineers) 802.11
{(Refer toNon—-Patent Document 1, forexample. )}, HiperLAN/2 (Refer
to Noen-Patent Document 2 or Non-Patent Document 3, for example.},
IEEE802.15.3,andBluetooﬁhcommunication.7Withrespecttothe
- IEEE802.11 standard, wvarious wireless transmission methods,
such as the IEEES802.11la standard and the IEEES802.11b standard,
are present depending on differences in wireless communication

method and frequency band used.



the following nethod is generally used: one device,

desi gnated as "access point" or "coordinator," that
functions as control station is provided in the area.
Then the network is fornmed under the centralized

control of the control station. In wreless networks
provided with an access pointy an access contro

net hod based on bandwi dth reservation is in wide use.

In this nmethod, when information is transmtted from

some conmuni cati on device, a band required for the
information transm ssion is .reserved at the access

poi nt . TPhhyildt 3 g ls sirer ohhvaek sty yeidiczedgseeering,
that collision with _information transn1SS|on by ot her
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prouldln an, access p0|nt nchr,p us re]ess

olnt’T or FCo dln tor thl’lS as control
comTunl ca I% wher ei n ?ﬁe contini Catal on ces

wid iRt he ﬁ%&%h@éé Dﬁtﬂﬁéwéf%énCththﬁhé'H@Pd@rkh 9NEormed
another, is carried out. However, a problen1ar|ses I f

ARG RGRO WS NEANEREEALLRProl SoEalHd edbritbibetweesn a
transmtting conmunication device and a receivVving
comunilpavioaldeyi nelsvdrksa provédedswtomamiacaiissnpoint, an
system provided with an access point: wreless
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termnal s async ronousl y conmmuni cat e di rect

. aacthtihesi onhag sbegas dayi e thas tHaot hekegBt rwllrf@r Thus,
building a wireless network. In particular, in

s sreica ienM dredress sned o rkisi cioiksl séé nghot dolhision with
relatively small nunber of clients |ocated nearby, the
advfigenation 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 communiication device ‘and
'a:receiving communicatién devices in a wireless communication
system provided with an access point: wireless communication
must be ‘carrie_d out through the access point without exception,
and thus the efficiency of tr’ansmissio_n channel utilization is

" reduced by half.

To cope with this, “ad-hoc communication” in which

te'.rmihals asynchronously cormnunicate directly with each other

hasbeendevisedasanothermethod forbuildingawirelessnetwork.

In particular, in small-scale wireless networks consisting of



conmuni cation is believed to be appropriate. In the

ad- hoc communication, any termnals can carry out

wirel ess comunication directly, or randomy, wth

each other wi thout wuse of any specific access point.

In ad-hoc wirel ess communi cation systens, a centra

control station does not exist; therefore, it is

suitable for <constituting, for exanple, a hone

networ k conprising household electric appliances. The
ad=noc network has the followng features, for

exanpl e: even if_ one unit beconmes faulty or is turned

of frelpdutviedy sBabunomher ol Fiienbhdedatadd aaipy t Hee ad-hoc
networkis | essprone to fajl; B@Ckets are caused to hop
aCB‘F“ﬂ‘r‘%W"f‘JE/mrbfl?i PECWEEn “roBPPECRE AR FOns, Mrakge ad-hoc
t . an t ] d el atively ng :
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agdoign s¥st £54 deMRlepReNbr NAVEIRERN KN@WNeack RIS kA thout
Non- Pat ent Docunent 5, for exanple.) For exanple, the

| E6E802. ddy Whpet £85I ladNesyshenatare provided with

ad- hoc node in which the system autononously and

decent r&t i 28dhgcopéral essi poampeerat bopeeysheider a central
wi thout providing a control station., Wth respect to
wPPRFESS FHAaN ittt ABRR N9t s tadt hekeffri Adnigntuitable for

[ ly k t hat bl f hidden_ .termnal
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counterpart = of conmuni cation but cannot be hear
t Bgapthes, Wheh o:GRTENI 88k O ichLahfikeBebYhe DEEINERNY, or is

the specific conmunication stations. H dden term nals
ctanoédcaffy oottivegois atwtormad: idzdiineeridnyen), and thus the
transmt operation can collide.
networkislesspronetofail; packetsarecaused tohopaplurality
of times between mobile stations, and thereby data can be
- transmitted arelativelylongwaywithahighdataratemaintained.
\_/‘arious cases of ad~hoc system development have been known.
{Refer to Non-Patent Document 5, for example.)

For example, the TEEEB802.11 wireless LAN systems are
provided with ad-hoc mode in which thé system autonomously and
‘decentralizedly operates in a péer 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 Conununication station
which canbeheard by one communication stationas the counterpart
of communication but cannot be heard by the other when

communication is carried out between the specific communication

stations. Hidden terminals cannot carry out negotiation



As one of nethodol ogies for solving such a probl em of
hi dden term nal, CSMA CA according to the RTS/ CTS
procedure is known. The CSMA CA (Carrier Sense
Multiple Access with Collision Avoidance) is a
connecting nethod wherein nultiple access is nade
based on carrier detection. |5 wireless conmunicati on,
it is difficult for a comunication device to receive
~signals by which the device itself transmts
information. Therefore, the communication device
confirms that there is rio information transm ssion
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access 1kt ketngunt %@z%lfe@sﬁé@ﬁﬁiﬁﬂﬁyéixcéékﬁ with Collision
conmmuni cation, such as file transfer and el ectronic

mavkidbncehei RES/Ohaeretihgdne t hed cammtmirc allil@Apitabconss is
as the origin of data transmi ssion transmts a

r dgdesbased sandqpadiest deRESt{ Raquelt wigelend) comppgnication,
response to the reception of a response packet CTS
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S, they set their own transm ssion stop period

trca_a&esmisl_sgansw@n RS chimufgHhyY 8be NMetited POT tﬂs CSMA/CA
during which data transm ssion is expected to be

pdchdiiedobadedidandtdie RES/ETS mrtodgdithe. CFHRECD (Collision
collision can be avoided. Hdden termnals for the .
t PaireREPe) SYHon Thevei e Gpgmalﬁacg‘éf-oa device starts its

transm ssion stop period to avoid col]isi
4503 T SO0 BTG R 09 GREREY FEddEgapt 12 avoided.
SUAL! A8ya system is an. access method suitable for asynchronous
data communiéation, 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 tothe receptionofa résponse
packet CTS {Clear To Send) from the communicationr station as
the destinétion - 0of data transmission, thé transmitting
‘ communication station starts data transmission. When hidden
lterminals receive either or both of RTS and CTS, -they set their
own transmission stop period. The transmission stop periodis
_ equivalent toaperiodduringwhichdata transmiésion is expected
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 toavoidcollision



recei ve RTS and stop a transm ssion period to avoid
collision with ACK Here, the wireless network w ||

be described with |EEE802.11a, an expansi on standard

to | EEE802.11, taken as an exanple. FIG 15

illustrates the frame format specified by

| EEE802. 11a. In the figure, agpreanble which indicates

the presence of packet is added to the head of each
packet. For the preanble, known synbol patterns are
defined in the standard. Based on these known

patterns, receivers can judge whether a receive
sviplaldader peshehels 4 daepr barbimalosr fwet theoldasiivieg shetion
preanble, SIGNAL field is defined. In _the SIGNAL L.
fFPefve AfISr ARE VPR eqbF PRI DT LI OGHLRE Fhevolid collision
i nf otré&?é on portion of the packet concerned is

pY]a% . e information required for decodi ng packets
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- Conver gence Protocol . The PLCP header

| nekkeles. 1 RATENf éghsh i cRthRdeeates MtangsbpansmssidiNas an
rate of an information portion (This includes Service
feedob®as. part of PLCP header; however, it is

hereafter sinply and generically referred to as

"i nf or f&G -onlportilggtrpsest Hhpufpese dormatnpinggiifigd by

th ion.);,LENGTH field whi i ndi. h
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sequent ormati on portions base esult

of hdecedhBiet K& RATEARA bENTH s hEelds ihBgtihecid GPandard.
headér. The S GNAL portion where the PLCP header is

phased ¢15 thessURhoehesht e odicrgikessstantjddyeneheeher a

and is transmtted A _

receive signal corresponds to a preamble or not.
Following the preamble, SIGNAL field is defined. In the

.  SIGNAL field, information required for decoding the information

' portion of the packet concerned is placed. 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 portion” for therpurpose of
' simplifyingtheéxplanation.);LENGTHfieldwhichindicatesthe
length of information portion; parity bit; Tail bit of encoder;
~and the 1like. Receivers decode the subsequent information
portions based on the result of decoding the RATE and LENGTH
fields in the PLCP header.

The SIGNAL portion where the PLCP header is placed is



at 6Mops. In case of normal packets, the information
portion is transmtted in a transmssion rate node in

whi ch the highest bit rate is provided to the extend

that the occurrence of errors is mnimzed according

to the SNR or the like of the receiver. |EEE802.11a
defines eight classes of transm ssion rate nodes: 6,

9, 12, 18, 24, 36, and54Mops, and any of themis

selected. If a transmtter/receiver is positioned.

nearby, a high-bit rate transttiission rate node is

sel ected. A communi cation station positioned far away
cSHRGEC R dde SPAPEINAT 7 Pt G BT §8n%?%ﬁ%sé”¢%és transmitted
info tion portion_ds tr sferr
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described later), and describes the tine that elapses
bpbei eidhed tfaansesy icahnof déeo@ackets DONOAIdEhn. s8metimes.
conpleted. Table 1 Field Name Length.Bit Description 8
Pr ot ocdthe Vefeimat Lon/prstonniiy bramsforred as PSDU (Physical

Layer.Sérvice-Data Unit) to the data link layer as the higher

ievel 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 Contrel field and Duration field
aredefinedincommon. The FrameControl field holds information
indicating the type and use of the frame concerned, and more
specifically, it describes the information listed in Table 1.

o The Duration field holds information on the use of NAV (Network
Allocatioﬁ Vector) (to bg described later), and describes the
timethafelapsesbeforethetransactionofthepmcketconcerned

~is completed.

Table 1

Field Name | Length [Bif] | - Description




Type/ Subtype 6 Identifier indicating the frame type
ToDS, FronDS 2 ldentifier determ ning what each ADDR
indicates More Fragnent 1 Flag indicating the |ast
fragment Retry 1 Flag indicating whether this is
retransm ssion or not Power Managenment 1 Fl ag

i ndi cati ng power managenent rgpde More Data 1 Fla

i ndi cati n whether nore data has been accunul ated or
not WEP 1 Flag indicating the utilization of WEP
Oher 1 In addition to the foregoing, the Data frane
e—addrass-fial dg.Addel +o Addr 4 for
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{Other origin off transm gsion;: and FCS which is a

checks i 0 f or egal.ng,. the CIS franme
and A f?%(gr&e@ldog{oﬁtt allarr]l% gm%?cﬁn?ngzhc%t])éaéc % ﬁra e’ t8itains:
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-description will be given to the nmethod for copin

wioihuad ces $ot ot Ltdron adefrhvedrigin BEQAnkhission and the
| EEE802. 11 defines four types of inter frame spaces

. (@eRS)jinat SpRSu(dshbhers FYequRines {REM I(BSP) ; DiFsnd BGHY which

IFS% and EIFS (extended IFS) in ascendi ng order.
HEE éezpﬁam%%mrsfcssm&% fopheirrogidied dccéss upper level

BLgeedutey (deserhed ahone)s Belore, a L anst el e qun,

in addltlon to the foreg01ng, the RTS frame contains:
hRecelver Address (RA) whlch 1nd1cates the destination;
'Transmitter Address (TA) whiCh indicates the origin of
transmission; and FCS which is a checksum.

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

Here description will be given to the method for coping
:with eccess contention defined in IEEE802'11

IEEE802 11def1nesfourtypesoflnterframespaces(IFS)
SIFS (Short IFS), PIFS5 (PCF IFS), DIFS (DCF IFS), and EIFS
(extended IFS) in ascending order. | 7

IEEE8B02.11 adopts CSMA as a basic media access procedure
(described.ebove). Before a transmitter transmits something,

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



the state of the nediumis nonitored and further a

backoff timer 9 1is actuated for a randomtine. The

transmitter is provided with transm ssion right only

when there is no a transmt signal during this

period, and the transmtter can transmt packets on

the nmedium Wen a normal pagcket is transmtted

according to the CSMA procedure, the DCF (Distributed

Coordi nati on Function) operate as follows: after the

transm ssion of a packet of sonme kind is conpleted,

the state of the nediumis nonitored only for a DI FS.

s prereted fny 4 randem tiskegnalhatrangnt bier perdmod,ided with

randonmbackoff is carried out. If there is no transmt
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ht |s R0V packet

(F% uf gen@%qemrﬁlggﬁ?%ﬁa‘???%ﬁ mit pacwgts on the

§&§ﬂ§ﬁltted it is permtted to transmt the packet

after a short inter frane space SIFS. Thus, packets

whose degheenBkmil gRRGEL 8s hirghspabLhbe 4&@1@%@&9 the CSMA

bef ore packets transmitted according to the nornal
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types of inter frame spaces |FS are defined is as

- 381 Fehdovpaciddrer ébﬁp@f@ﬁﬁjﬂlfs(ﬂlom pars weskesnof isgime hied is

t whet h th ILFS
el Birie s SErBE e flt gweglugag%mghawgé trol‘FéYI SReIPIES
e L K A, Dy GSEEEELTL A M I e
- RlGaddiddPoldtt G 1¥knd s ﬁ@%ﬁ}gﬁgmlE%l%'éQlcﬁﬁ%nb’@ﬂls eriod,

networks in the ad-hoc environnent, it is genéral |
ledanert, hahea prahbenzofohisiden tier mraahdaacurs

CSMW/ CA according.to the RTS/ CTS procedure is known as
one of When a packet, such as ACK, whose degree of urgency is

ei{ceptionally high is transmitted, it is p-ermi'tt_‘_ed_to ﬁransmit -
-the packet after a short inter frame space SIFS. Thus, packets:
whose dégree of urgency is high canbe transmitted before packets
transmitted accordi‘ng‘to the normal CSMA procedure.

To sum up, the reason why different types of J,nter frame
spaces IFS are deflned 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 framé space.

Next, description will be given to the RTS/CTS procedure
iﬁ IEEE802.11, referring to FIG. 17 to FIG. 19. With respect

. to wireless ILAN 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

methodologies for alleviating most of this problem (described



|

met hodol ogi es for alleviating nost of this problem
(described 10 above). |EEE802.11 also adopts this
nmet hodol ogy. FIG 17 schematically illustrates an
exanpl e of the operation of the RTS/ CTS procedure.
This figure shows an exanple in which information
(Data) of some kind is transgptted from STAO to STAL.
Prior to the actual transm ssion of information, STAO
transmts an RTS (Request To Send) packet to STAlL as
the destination of information according to the CSVA
procedure. In response to the reception of the RTS
pdoivet),. STREE§Gansinialsoa ado@TS tOlieameTooSehay packet
to STAO,_ feeding back that STA1 has successfully
recei vEdGt hé7R‘Is§heF“fatﬂﬁéliWaﬁé1%“t9ttlrﬁ§eSTR® example of the

successfully re S pacgket,_the
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(datp)paeikets, STA1 returns an ACK packet. Thus, the
transm ssion and reception transaction equivalent to
one paCkeébri soconpl etehl AIXanskli ddilarstofatiesoanttbon, STAO
whi ch can take place in surrounding stations when the

.. RrSrETe tgr cvedRit®e (Bequgst efo ofendpepackatato STAl as the

transmtter station and a receiver station. In this
f e&tﬁlé‘attlﬁ’é‘ ?%FPSW@t%ﬁEﬁPEQFPSrFOeW Féﬂﬁﬁﬁoqeémre in
assuned:

§'F onsSe tzgﬁ%e eXI ril-ll%%t %P%l‘fc’é %Il ons I onAzﬁT %.Ttr’ansmlts a

,and COfTTTLInI a 1 ons

Qﬁiso'(ﬁiggrtfb %%%E)%Meﬂ Rt Beabl gflée‘?dl BabRCAIHd STAL has

hi'n the range of  radi o waves. It 1's assuned

-t&ﬁceﬁmld@ﬁhcé@gl{r@dttmsmrg |nfor rratl on to STAL. The

transmtting STAO confirns that the nediumis clear ‘
If the transmitting STAO successfully receives the CTS

packet, the mediumis consideredtobe clear, and the transmission
of information (Data) packets is immediately started. WhenSTAL

has successfully received the information (Data_) packets, STAl

" returns an ACK packet. Thus, ‘the transmission and recép}tion-_

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 fc_)llowihg communicationenvironment is assumed: four
communication stations, STA2, STAO, STAl, and STA3, exist, and
'coﬁununicat'ion stations adjoining to each éther in_ the figure
are located within the range of radio wavés. Here, it is assumed-’
that STAO desires to transmit information to STAL.

The transmitting STAQ confirms that the medium is clear '

for a certain period (from time T0 to ti.me_Tl) according to the



for a certain period (fromtime TOto tinme Tl)

according to the 11 CSMA procedure. Then, STAO starts
the transm ssion of an RTS packet to STAL at tine TL1.

In the Type/ Subtype field of the Franme Control field

of the RTS packet, information which indicates the

packet concerned is RIS is dgggribed; in the Duration
field, the tine that | apses ore the transm ssion

and reception transaction for the packet concerned is
conpleted (i.e. the tinme until tinme T8) is described

; in the RAfield, the address of the destination

COITR ireRklioReSt afHQ) 6BAA 3td Sts deCELRRgni a80thd it B RTS
TA field, the address of the transmitter station

(At ides a1l st deses itled. Thetke Bypefmitatypehdikddbef the
paid to the followng point: for STAOto describe in
tFream®ur Genoro¥ i ieldhett ivhe tRES Papkes, beformatimn which
transaction according to the RTS/ CTS procedure. is

c’d?ﬁ)’r(‘éft_fos e RATHE WS EREF aﬁsﬁé"?. o P@SEBﬁB?‘ét el the
rBJEra 101'1 &d g Hgdta\_/l\@eer\]:l abs LS tr qle t.]’:FPSIT[lSSlOﬂ

speC| r|p I'on e ng f ransm
SJ&PrgEébtgs;l UrThgcRh bnld ch @ﬁ%m%&wﬁ@ f@ésmpleted
i ncludi ng CTS packet, Data packet, and ACK packet to

bei Sélb&eﬁuemhbyuﬁﬁﬁn&ﬁmtet ¢d) angd d&iﬁll\b%@ Fnit hthe RA field,
~transaction in question, when it transmts RTS. The

trlan swidseise e f ahe dwge rddtiemtosduhibrat Y@l atetioo (ITR1) is:
entire transaction, and it is not permtted to set an

T idrRes Hhed’ aﬂF‘aifSrﬁ*’@sT%rﬁ% Fbeeddnassr efgdra trgnsmitter

each acket transn1g§|on transaction. FlI G

- ¥R tV%W%Q tr&e o&édﬁ?ﬁcﬁ%%% ding to which the
tr ansm}{ Q\Q}:ggttx & Jh?dc‘ o haﬂis% Stc'tllgrforlai d.ﬂ%hgoa_nt.

wth resp éC e en |retra action concerne
'fof rs%%m:é. Qiescrlbe in the Duration field the time that lapses
.Abefore the transaction accordlng to the RTS/CTS procedure is
completed, the time when the transaction is completed must be
determined when RTS is transmitted.r More specific description
'will be given. The transmitting STAO must determine all the-
transmission rate mode, including CTS packet, DataA packét, and
.- ACK packet to be subsequgntly transmitted and received in the
transaction in 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 STAO0 determines a transmission rate mode with
respect to the entire transaction concerned when it transﬁits

RTS. When RTS is transmitted, it must béde_termined where the



RTS. When RTS is transmtted, it nust be determ ned

where the 12 time at which the transaction is

conpleted is (T8 in FIG 4). Therefore, the

transm ssion rate node is determned only due to
information held by the transmtter station when it
transmts RTS (based on the_anount of data

conmuni cated in the entire %?ansacti on, the

transm ssion rate, and the like) The transm ssion

rate of each of the CTS, DATA, and ACK franes

thereafter transmtted and received is basically in

acGR dangrichitdHe thankateidnpid e@rbhethe IS reThatris, 4).
it is not permtted to set an individual transm ssion
ri{erafocte, Wwehd tespecisdieorcaehe padkels idearsmisstiosnly due
within a transaction. Here, description will be given,

ried enferrp HoFELd DY Hiral nansihiet RTSE pabkevhes it transmits
received al so by STA2 which is positioned in  the

ik ﬁ e °BTA %)e IR ISTRD JdGicrERuphEa RS &7 g‘?‘fréel" entire

T d| SGQVer,s th reanbl e and thus st arts re e
o%plgﬁgi R ™ P @ Q ecodeskf’SDﬁnﬁlas & off Fﬁg

'E!r.faq{émts's%no%%nsﬂ eQ%hd%O‘éthc&@e bafL, Neafelek frames
Then, STA2 recognizes fromthe Frane Conttol fieldin

. tﬁreﬂ%%wetrhaﬁartslmumW@ﬁd irkc@iesti ONbhS§ickRIE; packetordance.
and knows that STAO desires to transmt information

‘ofidobekiait: apptibddrin SAdRTRcofhatess,f ioms hetRfermitted

field that * STA2 itself is not the destination

;d‘d—“rrﬁaﬁia@a%mfb\rwéft@th brangwets tonsTabe gods wHith revpe et To each
dium and recognj zes that the nmedium is occupied

: lRﬁcf]T & SPPRRSALET offt HH Ry e stiBIT S 8Bl et ed, and
StOpS gts QL. EEBQ '19%e58 ﬁéré,n%fé {Hoc_ﬂgc?%ggrﬁg e?‘galn

deS|re tb sen er tO oera
SEiIRTRAba @S &%Oie@géﬂged shiabl B s1eet ehNAY (NBbWetKoned in

Al'l ocation Vector)." The NAV.is. effective during the -
petd edcindtgaifedTRAO. t Mhddusahboreddigle®, the RTS signal, STA2
discovers the preamble and thus starts-receive operation.
Fﬁrther, STAZ2 decodes_ PSDU based on the information obtained-_
’2by decoding the PLCP header. -Then,'STAZ recognizes from the
Frame Control field in the PSDU that theé packet in question is
‘RTS'packet, and knows that-STAD desires to transmit information
-of some kind. Furthexr, STA2 recognizés from the RA field that
STAZ itself isnot the destination comunieation etation. Then,
STA2 does not monitor tﬁe medium and recognizes that the medium
is occupied until the transaction in question is completed, and
. stops its own transmission so as not to hinder STA0’s desire
tosend. Torefertothisoperation, itissaidthatasurrounding
" station “sets NAV (Network Allocation Vector).” The NAVris.
effective during the period indicated in the Duratien field,

and STAZ is kept in transmission prohibited state until time



and STA2 is kept in transm ssion prohibited state

until time 13 T8. The RTS packet is received al so by

STAl which is the intended destination. STAl decodes

the PSDU according to the sane procedure as descri bed
above, and thereby recogni zes that STAO desires to
transmt packets to STAL its %f. Then, STAl1 waits for

a SIFS (descri bed above) and returns a CTS packet at

time T3. At this tinme, the transm ssion rate node of

the CTS packet nust be identical with that of RTS. -
Further, in the Frame Control field of the PSDU, it

is descri bed that.the packet concerned is CTS packet;

in the Durationfield, the time that el apses between

t he tr ahedths warksontereedived ebapbgtsdd 1 (Whish itg piee intended
~until time T8) is described; and in the RA field, the
ARFESR GO he STddsdardesn GEmMRITL AGHFAing itgh the same

sl e e ot R e RS 230 smao
.a%e[i}rkeesd%%“c@ﬁé&ﬂ-[ﬁ%éﬂeﬂs%sﬁ 1Ak g@?«%}gegTﬁEewalts

according t same proce ure as de

oV e, saRd [SEQAN RS Jatk )" SATE d1eATRY aCOMMPHG@Ld 88 time
station is expected to receive packets until tine

T8&.) STA3 sets an NAV and refrains fromits own

transmi ssion until the transaction concerned is.

| conpleﬁ%@t%bsﬁémﬁoﬁﬂﬁbtﬁam@m¢8§ﬂmmra§eGeﬁﬁﬂ@ftbeCTSPaCket
receive. NAV i s effectlve durlng t he period

. iTRATCRE éﬁ‘ePElFﬁewBﬁPﬂﬁa&P RTet d FuzhhiesTAs the o Control

RS SERPRE PR B et dheR, Bl K gt dfcernea

dfeéwggbgat, 1R HAQ Hecades, H}g&% eﬁ&@ma@alggswsetween |

sanme procedure as descri bed
. the transaction concerned is completed (:L e. time until tJ.me

| f TB} is descrlbed, and 1n the RA fleld the address of the
l'destination communication station (STAl) is described.

The CTS packet is received also by STA3 which is positioned
inthe vicinitvof STA.l as the destination of transmission. STAl
decodes the PSDU accorciing to the eame p:ocednre 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 transaction
‘concernedis completed soasnot to hinder STAI’ sdesiretoreceive.
'.I"he.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 STAQ as the destination.

| STAO decodes the PSDU ac.cording te the same procedure as described

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



above, and recogni zes that STA1 has got ready to

receive. Then, 14 STAO waits for a SIFS, and starts

the transm ssion of Data packet at time T5. If the
transm ssion of the Data packet is conpleted at tine

T6 and STAl decodes them w thout any error, STAl waits
for a SIFS and returns ACK gf time T7. \Wen STAO
receives it, the transm ssion and reception

transaction equivalent to one packet is conpleted at
time T8. At time T8, STA2 and STA3 whi ch are near by
communi cation stations put-down the NAV, and return
BTAORH NG Fort EHTIW, tdndgtadns theageinsigsibatef DAt packet
summary, in the above-nentioned RTS/ CTS procedure, the
6l EemenBSsurrounding stations are prohibited from
carrying out transm ssion: a "surrounding stati on for
STAO a5 ttﬁl? tﬁré%mlﬁﬁéﬁm of dthoPataopagipb igyfowpleted at

| d t at
EHe ot PRSPl areot o ERETY ik Stk < RiRadiag oo Tor
f t O
E‘eggﬁe‘i“@§8’°§9#ﬂ§tﬁ‘%ﬂﬂ G PR ST R B i ot o

RelRgmiEBEsK 88 dDEceptSidenidsans BhlefligBalentt@dne packet
surroundi ng. stations. Therefore, the conmunication

duakbiplésedmtnttained8 .FI G .20 il ]l ustrates an exanpl e

-of an operation sequence followed when the

“above- herfiinenBe, flfeandrEishbitomrgngcarey qermypication
transaction_based on_the RTS/ CTS procedure in

FEEERGD5 FIT GOPRGIIAY ARG ERERFAM BERRBRY I EREsRE ing

-%Tr ansm ssion C;Conct rol Protocol/Internet Protocol). The.
s

Irﬁce%‘srl%gtypl ¢al comuni cati on pr ot ocol for.

trans ”tﬁ SLRRa YN0 he BEYVRALEL CAMIPRTS /CTS procedure, the

follow1ng surroundlng stations are prohlblted from carrying out -
transm1551on a “surrounding statlon for STAD as the transmltter
station,” or STAZ2, which could receive RTS, and a “surrounding
é-tation' for STAl as th_e.receiver 'stat':iori,' “ or STAB, which could
receive CTS. Thu.s', information transmi'ss_-i'on from STAQ to STAl
and a rétﬁrn of ACK.are carried out without being' hindered by
- .a sudden transmit signal from surrounding stations. Therefore,
the communication gquality i1s maintained.

| FIG. 20 iliustrates an example of an operation segquence
followed when the above-mentioned packet transmission and
reception ._transaction based on the R‘i‘S/CTS procedure in
- IEEE802.11 is implemented with traffic througﬁ TCP/IP
(Transiﬁis-sion Control Protocol/Intern.et Protocol). The TCP/IP
is a typical communication protocol for transmission control
Vand'path control.

Even if communication is of oneway intermsof application,



Even if comunication is of one way in terns of
application, 15 ACK is returned by the TCP | ayer
typically every two segnents, and it is brought into

the formof asymetrical two-way comunication in the
MAC | ayer. The ACK of the TCP layer is small in

anount of data, and thus RT S is not used together.
However, RTS/CTS is used together with respect to data
traffic. The figure illustrates such an exanple. In

the exanple illustrated in FIG 20, packets equival ent

to 24 times in total are transmtted and received in

nbhe MACethayed B theahSHilta vieirveysegaENY Svelgt e tsegment s,
Data4. That is, while the operation in the TCP |ayer
pydr ditatisebyosdhpl dnteoomple cired ofpersatinetrisal two-way
“performed in the MAC | ayer. As described up to this .
BEPRED L FR i &F‘ea@égséay%’ént T BF¥aRE BandiTieyer is

BN ErR0huaT PRLET et bR BT Badiel wre esimmaicher-
ﬁel;ﬂ%QEt IR% /irkhy; 4 ngeﬁl%g%ﬁe@%m? fe%ﬁg.egq&sﬂ a&gg &eMatffflc.

= Meanwhi | e, several proble escr |

' Eﬁbom@ﬁﬁe |'ef 1y dtnsalaee Guchl 4h bameplection of

Transm ssion Rate Wen data is'transmtted and

r ecei vbuthecxaipig 1DluderatRESLEEIQr e e packettreuivalent
transm ssion rate of data packets nust be deterni ned

bef &f L ies APStphakerre stranmmititade@ndThpseiedebnide, MAC
3 %F‘r atransmtter station to descrl be in the Duration

EPH SO AN & AhYS SEFREE T BefBri@0at? Patg4ct i DIRT bisddile

t /

e ol A R S o AR St v i e iR dggted
WB@Eatioﬁ F B0 S8 A % ol %StheTnAé TEGOS. that all the
transm ssion rate node, including S packet; Data

-paCketAs aﬂdséﬁiﬁb@ﬂdﬁ@t &ubsagserﬁdmﬁ rapﬁd%lérﬁsd of access

‘ content ion'and bandw:Ldth assurance can be solved by 1mplement1ng

-the transmitting and recelv:Lng procedures based on CSMA in

comblnatlon with the RTS/CTS methodin accordance w1th IEEEB 02.11..

'Meanwhlle several problems described below are- 1eft unsolved.
(1) Imperfectlon of Transm1351on Rate o

‘When data is’ transmltted and recelved 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 sﬁation to describe
in -the Duration field the time that lapses before a transaction
based on the RTS/CTS procedure is comple.ted, the time at which
the transaction is completed must be de'tleriﬁ'ihed when it transmits
an RTS . Thismeansthatall the transmis sion ratemode, _inc_luding

" CTS packet, Data p.a-cket, al_ld ACK packet sub::‘segﬁerﬁ;:iy'tr'ansmitted

-.and received in that transaction must be determined when RTS




and received in that transaction nust be determ ned

when RTS 16 is transmtted. The transmi ssion rate

node determ ned when RTS is transmitted relates to

the entire transaction; it is not permtted to set an

i ndi vidual transm ssion rate node with respect to

each packet transm ssion witfyin a transaction.

Therefore, the transm ssion rate is inperfect.

Further, transmtter stations cannot grasp the state

of receptlon in receiver stations in real tinme.
Therefore, determning the transm ssion rate of the

a@Rrti randetianesact | Die whensmI S on S at etraiBnNié t exhiresihen RTS
in a |ower.probability that data packets are
tisatisansnatited réeatopt itealthier gnsarsstoansagkion: it is not
corresponding to the state of_reception in the
P@E@P§gPdSF3tF65 a%nléﬂéﬁb@%ahﬁF¥a¥ﬁ9¥%ﬂ&ﬂ? Iedeefode with

Docune nt 1 discl ose a nethod far packet. transfer.
FRRREC 0t G R TG e o) AT T saction.

TReek¥LR, eEﬂerf?f@dé{ﬁsss%%nR-ﬁtEa%eim é£f@@@sur es the

environnent and state of comnmunication at fhat poi nt ‘
of tineparthdeN . trhenkeeek vty ik addsot heragsithe ofate of
the neasurenent to the CTS packet and returns it to
treeeptanamitt | reraindr therteinns t e treahsiiiei.ng Bekefore,
opti m zes the conmuni cation rate and the |Iike.
ainipgithedaansmd sgien nadrnPhhp entdgsttiensggddon when

- where the transm tti end determ nes t
: W&néﬁl ETpBAM GEed o‘Fe%"ﬁ‘&S et F‘r OﬁﬁﬁnESES?“Bhlb‘@f ot data

gfa%r]g@st Sar%n B:_l_ % % t?e'(’:ﬁfaor E)‘tt g%ﬁeﬁq%%%%%aogn rate

T ansm ssi on rate 1's no
Uo%&%@bbh@&nétt%t st Sté %‘i%é@é}aﬂl%n Hetaeide itlke station.
- transm ssion rate of. theentire transaction including
- CTS pasketxambdd asipacket raned. ﬁ(ﬁéﬁﬁm&kabchmaﬂsnltdfﬁhloses
and received as the -outcone of RTS transmission;
derethvd oy nadiet tgalmaefw cpmmpnication. The method is such

that, when the receiving end receives aﬁ RTS packet, it measures
Ithe environment and state of communication at that point of time;
then, the receiving end adds the result of the me;asure'm'éht to
the CTS packet and returns it to the transmitting end; theréby
the transmitting end optimizes the communication rate and the
1ike. However, this case is also nothing but another casé n_ahere'
the transmitting end determines the transmission rate of the
entire transactionbefore it traﬁsmits an RTS packet. Therefore,
the imperfection of transmission rate is not eliminated.
The RTS transmitter station is required to: determine the
_ transmissionrateof theentire transaction including CTS packét,
Data packet, and ACK packet transmitted and received &as the
~outcome of RTS transmission; determiné a value to be Written

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



as the transaction finish tinme, that is, Duration

based on a 17 val ue obtai ned by dividing the anount

of transmtted data by the transm ssion rate; and
descri be the determ ned value in RTS. Patent Docunent

1 describes that the CTS transmtter station

determ nes a transmnission raj¢ through the reception

of RTS; however it does not refer to how to obtain

the value in the Duration field described in RTS by

the RTS transmitter station prior thereto. If the CTS
transmtting station sets a high transm ssion. rate,
ad uer absatiéd by slivddphet eite aheathtobft bealknpttan data by
deternlned when RTS is transmtted. Asa result, the,

| r‘bﬁﬂﬁtﬁf%@ﬂ@ﬁdﬁt@ﬁsa% derchébe ¢ hetde tRES igtid ‘ralk@pn RTS.

EAX refrain fromtheir own transm ssion after

PEaReAm T 1 SaEroReE that R CRPS P A et on
f t t

e0dhDe 4 e bRTS bEoDIOL 400 LD 2820 d 0,

| eveBvaktieraddie M &td 0o ﬁ%&%%tﬂ%ﬁem&r& I8 the Duration

transmtted has passed. Nevert surroundi ng

Stiaf Hodssahlisdd higaRTSRES pHe RUSWAr&REm NG AN St prior
transmt operation, and this induces collision. (2)

- bhetegalty of Data Unit Miltiplexing with RTS/ CTS Used
- Together In the conventionally known RTS/ CTS
“-pr ocedbf &het hES daxpasmithisaittatigrepdt e biah fagngmission

B it 81 gﬁerﬁag{sg‘&?ﬁ?ter?%?%?ﬁ%%g ligad g9 gthe  Duration
HSE@H&!‘LH@d@HgnP\%E% mr%%%#ﬁggt@,a ur g -and, fug égesrurroundlng

transmts a urality o s as oné

‘B8skebns Rf-hi&ﬂlhﬁ@ﬁ@dtttl@e_ rafdf 's@b.@ﬁlcﬁleé}]g d Rﬁv'\@@t | Aen refrain .
(Refer to FIG 20.) , it is preferab _

from their own transmission after the transactlon is completed,
. . and thisisawasteofbandwidth. If the C‘I‘S transmlttlng statlon B
" sets a low transmission rate, the transaction is not completed
-even after the Duration determined when RTS is transmitted has -
- passed. Neverthel-esé; sufrdunding stations which heard RTS put :
down the NAV and start trahsmit operation, and this indﬁces
collision.
(2) Difficulty of Data Unit Mﬁltipleging with RTS/CTS Used
Together
In the conventionally rknown RTS/CTS procedure, the data
'transmitting end determines a data rate before it transmits én
RTS. It does not give consideration to the following: the data
receiving end determines a daté 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



that the receiving end should be capabl e of

determning a data 18 rate and transmtting a

plurality of data units as one data packet. However,

t he conventional RTS/ CTS format cannot inplenment this.
(3) Concomitant Use of Delay Acknow edgenent and

RTS/ CTS Procedure The | EEE8DZ. 11 standard is prem sed
~on the imedi ate ACK wherein an acknow edgenent (ACK)

is returned as soon as data is received. To reduce

the overhead of ACK packets, delay ACK can be used:
However, sone problens arise. For exanple, if del ay

AGke argl tusedntiage hbarp Wit ittyes RIS GIS 1 9§ edur@ta packet.
there is a possibility that an RTSis transmtted for
tRu<BaE pdde @nvandtionss RSG5 Pefrmtecann@iCKkmpaanent this.
bipgeturned‘to the transm tting end. Thus, with the

e

{ FRECPBITRRT PAe Oformsdmit ditngyd egpeggniy and RTS/CTS

@%gg%gggenent and the RTS/CTS procedure has its
I'rmt n"the enhancenent of efficiency. (4)

Met hOdﬂh@%EE@bz.Sﬂ%Cédn%ﬁrﬁckg%@egaqgsgﬁeé‘ﬁ thl LRnKSOML nck

that carrying out selective ackno genment ~ enhances

ttherelfi oh etn ol elaembAE [ ayey .isThe tLERE8OZs 1doon as data
standard does not give consideration to selective
Askrovdietybnelit 1edrld thThevediest bl ACK baokkedgedeity ACK
-referred to here is a retransm ssion control nethod.

FARt REsUS@Rt hod, ACK or NACK information is fed back

:' to the . transmttin d wth, respect to an arhitrary
packesﬂ%‘?‘ﬁ%’mﬁgmﬁ%ﬁﬁ}g% Ar LR e dOFUTFY R et fedplay ACK

- Taeigl Eslana I s SARE MO0 A 5o
’ pOE8iNLlity that an RTS is transmitted for the purpose of
-_ﬁ:etra_nsmiési.on "before an ACK cannct . be feturned .to “the
'ﬁranemitting end.  Thus, with the existing format, the
g:onco.mitant use of delay acknowledgement and the RTS/CTS
‘procedure has its limit in the enhancement of efficiency.
" (4) Methodology For Selective-Aeknowledgement

It is known that carrying out selective acknowledgement
. -enhances the efficiency ef the MAC layer. The I1EEE802.11
‘ stendard does not give consideration to selective

acknowledgement itself, The selective acknowledgement

referred to here is a retransmission control meth.od. In this

"method, ACK or NACK information is fed back to the transmitting |

| end with respect to an arbitfary packet which was or was not
) su’ccessfuliy received. ;I'h'ereby,. retransmission is carried out
.only with respect to packets which the receiving end could not
receive. | |

Implementation of selective acknowledgement requires



I mpl enent ati on of sel ective acknow edgenent requires

19 nmassive nenory and its processing places a
significant burden; therefore, it has not be actually
appl i ed so much. However, necessity for selective
acknowl edgenment will be nore and nore increased in

the future. Wth this being {fie situation, the

foll owi ng case is expected: connunlcatlon stations in
the initial stage do not have sel ective

acknow edgenent i nplenented but communi cation

stations devel oped | ater have sel ective

acksdwk edgergnand Nplsepeatess il ptlBbss casegni fidant burden;
unfavorabl e that both cannot communicate with each
shiseefoand Bt fremmartwher eftua Howaserdd edoapanudih | | Hpweser,
mai ntained is desired. Further, up to now

86r8°d éF&tﬁcafn SR&SChATE AVEIPHGIIERRRb T} ahbeygergand more
sel ectiv enent

IBeEEoER BN e %l%l i56a b’ hey qifation, the
' IBE%&QJ;&?EgQggg@X%ECIQQr% 1&&%&3&%@?@{ 1?%1nthe initial

| rrp enen y the existi ng orrra uence O

Seagbead Rsoduced siélé\ﬂ%@xﬂea)é@knghﬁe&w Jsrcﬂ%emented but
standards i ndependently defines RTS frane S frane

AGKmfindoetiand shetidke. ddiefimipado Rl@Gerl6 hpvieor seflbosive
reason, if individual information is to be

- BFERSH-pE@ement H@Plﬁ@@fltﬁé r d8pEbis vase t Ainbmivndegopgble
?F‘gﬁi’eﬁlﬁt frarres vyever e ch tine a frame is

. m Cfm%l %nd zalfgrmat wherein
R e ﬁfﬁté’velrsh‘e“séﬂ%é%%ﬁe? e o

: neg' eCi‘urtN?éﬂ' eﬁﬁ 1R aQlly - cblSi8@SE:idh. ogggheﬁ,t;:s {‘ven to
the MAC Iayer iI's undesirabl e because it contribu L

x conedmit an€livsech F ade Bsctitve bbm&wléct@nbsaﬂﬂmd&ébmm for
can be prOV|ded f.or the: upper |evel
: the receiving end to determine a data rate, and the RTS/CTS
7procedure. Therefore, this cannot be implemented by the
existing format. |
(5) Influence of Overhead P‘rodu_ced.i-n MAC Layer
_TheIEEE802.11standardsindependentlydefinesRTSframe,
CTS frame, ACK frame, and the like. (Refer to FIG. 16.) For
this reason, if individual infermation is to be transmitted,.
they must be respectively.trahSmitted by separate frames.
‘However, each time a frame is transmitted, overheads, such as
‘preamble,areproducedd Inbarticular,ifthetransmissionrate
_ is high, the amount of overheads becomes too large to neglect.
Needless to add,.increese in overheads in the.MAC layer
is undesirable because it contributes in such a'direcﬁion as
: te limit the bandwidth which can be provided for the upper level

layers, such as TCP/IP.



| ayers, such as TCP/IP. 20 [Patent Docunent 1]
Japanese Unexam ned Patent Publication No.

2000- 151639 [ Non- Pat ent Docunent 1] Internationa
Standard 1SO' | EC 8802-11: 1999(E) ANSI/IEEE Std
802.11, 1999 Edition, Partll: Wreless LAN Medi um
Access Control (MAC) and Phﬁgical Layer (PHY)

Speci fications [ Non-Pat ent curment 2] ETSI Standard
ETSI TS 101 761-1 V1.3.1 Broadband Radi o Access

Net wor ks (BRAN); HI PERLAN Type 2; Data Link. Contro
(DLC) Layer; Partl: Basic Data Transport Functions

[ Non- Pat ent Docunent 3] ETSI TS 101 761-2 V1.3.1

Br oadband Radi o Access Networ ks (BRAN); HI PERLAN Type
2; DatiPatienik Comtuweht( DLT) Layapandz t AncRadiigpedi nkatent
Control (RLC) subl ayer %hbn-Patent Docunent 4] C. K
Fablicatiq qWﬂ%qqgg&ﬁﬁé gss Network" (Prentice Hal

"PTR) Discl | ti bj ect of
e T b YR 1" el o b L 9 88b e
§OHBL £aldoyY xS ShETY 18kE & €8 0209TTUDE 63 AL ARV $8rt11:

. and wreless.” communi cation nethod, "and ~conput er
RE 9L &4R VAR MR uki@ RS/ ke vt hod) sndisBPsi Oget.BgEr (PHY)

and yet access control based on CSMA can be favorably
specificatoitins Anot her obj ect of the present invention
to provide an excellent wreless comuni cation _
~syst eniNagPaltesd Pecument 2] ETSI Standaxrd ETSI TS 101 761-1
V1.3.1 Broadband Radio Access Networks (BRAN); HIPERLAN Type
"'2; Data Link Control (DLC) Layer; Partl: Basic Data Transport
Functions E _
[Non-Patent Document 3] ETSI TS 101 '761-2 Vv1.3.1
. Broadband Radio Access Networks (BRAN); HIPERLAN Type 2; Data
. Link Control (DLC) Layer; PartZ: Radio Tink Control (RLC)
sublayer
'[Non—PateﬁtDOCUmenté] -C.K.TﬁéfﬁﬁdﬁocﬁmbileWireless

.Network“ (Prentice Hall PTR)

‘Disclosure of Invention

Aﬁ object.of the present invention is to providé an
eéxcellent wireléss communication system, wireless
icommunication device and wireless_COmmunicétidn method, and
- computer program wherein the RTS/CTS methqd is used together
'and'yet access control based on CS&A'Céﬁibeﬂfaﬁbrabiy carried
out.

. Anétﬁef-object of the pfeééﬁfﬂiﬁvéhtibﬁhtoﬁprovide an

excellent wireless communicatidhi;:system,zt.wireless
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communi cation device and wi rel ess conmuni cati on
nmet hod, and conputer programwherein a plurality of
types of frames, such as RTS, CTS, DATA, and ACK, are
mul ti pl exed and thereby flexile transmtting and
recei ving procedures can be provided and overheads
can be reduced. The present éfvention has been nade
with the above problens taken into account. A first
aspect of the present invention is a wreless
comuni cation system wherein random access is carried
out using together the RTS/CTS nethod in which a
coffuni €at1ion G&Bldoomms wike1ekisgbbmfhnddi®ion method, and
transm ssion transmts a request to send packet RTS,
gndpstar tsratatzar wheansni s siloxali tyespongest oft fisames, such
reception of a response packet CTS froma '

rﬁrﬁzﬁm E&Br Bt at PGl fhe myediidgredmist thareby flexile
%%ansnission. The RTS,receivihg?connunication station

JEEFLET IR 2HUarPELBIPA PEEEFTRIST gRal, PRePEriifige and
gvgggg &Qt§%QQ%§@égha&ﬁe result of the measuremnent,
e es a

SCri e tarate’in CTS, and transnmits the

CTS. Thee £FSsEREShYERD SR RRYNLR ML #§ &l LB 488LE RSB ens
out data transm ssion as the outcone of the reception

- obkthei S adadwrtnat Aofi bas etsprd bE dRkapf@dent invention

described in the CTS. The "systeni described here

- ief ersireledmtcomnwbicaitiod syyptengivbatréin agppdmatEorgss is

plurality of devices (or functional nodul es which

FRPFERRNPUSp&EiNGe Yagstthiesndhe | RTHHES ogthpd tdp which: a

AL LG FoHLEEST LUNGL o0l o TROMEeS 80 PLACEl coson

In a Si

?E'Qgﬂylﬂiﬁgt iaon.rectil.@étontheégﬁﬁb%%ék%tzzRTS, 'anc_i starts data

- transmission in response to the reception‘of a response packet

‘.CTS from a communication station as'.the. deétinétion of data
transmission. |

The RTS recéiving cdmmunit:ation station"meaSures the
quality of a receive sigﬁal, deterzﬁinels a data rate based on
the result of the'méasurement, describéé #he data rate in CTS,
and transmits the CTS.

The CTS receiving communication station carries out data

transmission as the outcome of the reception of the CTS

information based on the data rate described in the CTS.

The “system” described here refers to what is obtained

by logically aggregating a plurality of devices (or functional

" miodules which impleﬁiént s'péci-fic functions). Itdoesnotmatter

whether the devices or functional modules are placed in a single
enclosure or not.

The RTS transmitting communication station describes in



RTS the tinme that | apses before the reception of a
packet, including CIS information, transmtted as the
out cone of the. reception of RTS information is

conpl eted, as nediumreservation tine information
Duration. The CTS transmtting comruni cation station
describes in CTS the tine thay |apses before the
reception of a data packet transnmitted as the outcone

of the reception of CTS information is conpleted, as

medi um reservation tinme information Duration. O her
communi cation stations that receive RTS or CTS set a
AV (thet womle Ahbtcatpsas \ieeforg, tlhmdrekaepidl dh a packet,
effect for the nmediumreservation tine information
BicdriddRIafBS binfrgmatdrbel teanfhitiehsd $dieonutcone of the.
prohi bi.t ed In a W rel ess comruni cati gn system

sEcsehin ‘{fgft‘ﬁé“??’f’%i‘tl%b%&f’maﬁeiiﬁé prasshn teaciacion
Ynt%h:[ﬂ%!r aq:tlonaﬁé 1So|non 'E‘ﬁ(g %‘I‘%atp nesm %‘?: GGt ect)lﬁrm?ﬁc’lcatlon

e quali recerve signal. Erefored
'%%rlﬁ%ﬁéﬁlggstlmﬁtﬂﬂe £ake l@@@eg%e\@oﬁ}%%h%ffeceptlon
Here, the follow ng constitution may be-adopted:

RESa sendi pgcleamataneat t ead siatien Arsomebes tie Ff@eptlon
factor information referred to by the RTS receiving

- cdmETRi dafpomat semtinrrorpdretied, desennailes seskatwtion time
rate.. The RTS receiving comunication station
dofarmehésna paekics: o ﬁ%hﬁ%ﬁ@%@%@@*@wngﬁ@éﬁlpes that

| -tr%§85%CEQ*§' N prantion. fgse E’é%ﬁ‘g%‘ﬁéﬁ%&emﬂa Yagrery, and
- eé:eE‘é' 0L esflf%@' fo htehﬁgé afqé Em% f&f adClon
er a ata rate

ormation relate

| 'smlaltqoheﬂﬁg@fﬁsgsw&hyew@s Eﬁ@&%@n&%s@oh%o@ﬁb@té@tsﬁcate

~shoul d be. passively determ ned is described. Further,

‘t he foEhamwngehmnsbbmmumbmamnmnbgstaﬂankﬁddlhbafoﬁe:flrst

transm tting conmunication station neasures 23:
-aspect of the present invention, a transmission rate can be

selected based on the quality of receive signal. Therefore,
the 1mperfectlon of transmission rate can be - w1ped off.

Here, the follow1ng constltutlonlnay'be adopted the RTS'
sehding qommunlcatlon statlon- describes in‘jRTS factor
information referred to by the RTS-receiving communication
station when it determines a data rate. The RTS rece1v1ng
communlcatlonstatlondetermlneszadataratethhcon31derat10n
glventothefactor1nformatlondescrlbed;ntheRTS,1nadd1tlon
to the result of measurement of the.quality of receive éignal.

As the factor 1nformat10n descrlbed here, 1nformat10n
‘related to whether a hlgh data rate should be aggre551ve1y ”
determlned or a low data rate should be pa351ve1y determined

is described. Further, the £0110w1ng constltuthn may be .

. adopted: the RTS transmitting communication station-ﬁéasures oo



the transm ssion error rate for the RTS receiving

communi cation station. Then, based on the result of

t he neasurenent, factor information (Rate Strategy)

is determned. O, factor information may be

determ ned based on the difference in transm ssion

power between RTS packet anq%gata packet, the causa

rel ati onship between data rate and transm ssion power,

or the like. In these cases, a data rate is

determ ned according to the quality 08 RTS receive
signal at the receiving end. A transmssion rate is
dateryanad swibh exons getatrbencadddrs ireralihyngPorinti@ation
i nformati on, such as error rate nonitored by the
‘ﬁtahéﬂﬁttiﬂhynenUaSGmexetbeexnnﬁe:eﬁﬁﬂespeas@wmmﬁnt factor
between reception quality and error rate arising from
fphermation i at@ha heRtRdR) e i5r PAPLRYTEERGDN i PEhe factor

f b d
27 hup LohohEL] BoariE Safloett sFia s ‘ohe bBeEbeRes wn
then oRTSe 6ABSULE biPAe SRR LAl F5 AL QRCAESCELBRS s

in RTS i1nfornmation re to one or a units
rBeasiahtRip Wdt@Sent at & ANHH hind Thea S J-8081 ¥o8r, or the
comuni cation station determ nes nediumreservation
fike.informati on Duration in which the reception. of

all the data packets is conpleted. The medi um
reservER i 6iPa9 RBSEAF o7 ndatoEANe diSi dAteETHetdaRgRRdling to
on, the_ information re|lated to the data units,

Eg§cﬂPB HEY nCF BT RTECCHHY { FLoRReh & i TR KPS Flge end. A
Iggﬂam%gg%gﬁ %Ic‘l{:g R %%:%r:l:&nq_%%d Wi hltpons Sc{ rartlzltopll de%%lonally

ransm conmmuni catl on s

.. Gecehves hﬂ%o§5§t§@ﬁrl§§c9ugsd@&§okr§a§g1&éh@ﬂoﬁédtﬁ9 the
‘outcone of the reception of CTS information. The dat

ﬂéa_nsmlttlng ‘end. Therefore, the correspondence between

-receptio;i quality and error rate arising from fluctuation in.

channel state or fluctuation in the amount of interference can
"be corrected in two steps.

- Further, the fellowing constitution may be adopted: the
RTS- transmitfing communication station describes in RTS
~information related to one or ﬁore data units the station tries
- to transmit. The RTS receiving communication staﬁion
determinesmediumreservationtime informa_tion Duration in wh:i__ch
the reception of all the data packets is eompleted. | 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
inCTS. Inthiscasethe date transmittingcommunicationstation
'.--ﬁhi'ch receives the CTS carries ro'ut’data transmission as the

outcome of the reception of CTS information. - The data



transm ssion is carried out based on the data rate
described in the CTS so that the data transm ssion

will be conpleted in a tine specified by the nedi um
reservation tinme information. Exanples of the

information related to data units, referred to here,

i nclude: the data | ength of: ch data unit for which
transmssion is tried; the sumof data | engths of one

or nore data units for which transmssion is tried;

“the length of tinme required for transmtting one or

nore data units for which transmssion is tried;

- itrbasiit s O6n Ok e ravabest Waat @anuBhé SdadfHrramdl eBscribed
transmssion is tried (in this case, however, data

ani the I ob thxedHeedgth) tramauidreidn kélllwe tduegdeted in
cases, the RIS/ CIS procedure can be used together and
fuFtRerseatid iag Py Elaﬁ preEifuy regervetjomfiimepliafegmation.

Furt he the CTS_procedure and del ay. ACK can b
i mpl enBRERLeS & ghe FBCGFRAC19r SR CofE by BRAEGdgeterred
ofduged . . I be:r c .0 thi .
R el U 1ERBe o N e il g3e whicn
dehakRk BeSorTBd UM B efvald@NoFi b d NLaGRRL 08 Hd 8% more
the reception of RTS, the station takes into account

tiheatumitsaforwhiicth threnshassdin iilssetfedonpleel €sgtiatcE time
reception. O, when the RTS receiving comuni cation

- geanisad déerr wiangniiddingmonee 9er watreodatenenits for .which

information after_ the reception of RTS., it gives

S
- EORBRPREF DA SSEr et inferpaEi oy antbe maEbsy gkdatpeaits

ir . RIS i ot . d. . I h : i:
81 96 oSt P e el JappfRiT St Rpgever, data

“hh3PSMhEL | 58 £AERINILAELD éﬁatéggdggéggns sequence
an es

nunbers to transmt. data units, cribes in-RTS

~ the firstndbe cases, the RTS/CTS procedure can be used together

and furtherdata units canbe effectively multiplexed; Further, .

- the RTS/CTS procedure and delay ACK can be implemented. As'a
‘result, the amount of overheads produced in the MAC lavyer 'ca{n

be reduced.

Inthis case, when the RTS 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

reservationtime informationafter the reception of RTS, it gives

consideration so that the period information described in the

‘RTS'is not .exceeded.

For example, the following constitution may be adopted:

the RTS transmitting communication station assigns séqu}_a'rl_ce'

numbers to transmit data units, and describes in RTS the first




sequence nunber of data the station tries to transmt.
Thereby, the station notifies of information related

to the data units it tries to transmt. Meanwhile,

the RTS receiving comunication station refers to the
first sequence nunber of data unit, described in the
RTS, and extracts and excl ud data wunits the station
has al ready received fromdata units for which

transm ssion is tried. Then, the station determn nes

medi um reservation tinme information. Further, if

sel ective acknow edgenent is:-applied, the follow ng
censkhtutnuaerayft Hetadopt edititdret RIS toanamishiicng Thereby,
conmuni cation station describes reception

&blenobik eikere meritl £ ieisnpér mfdowm tiiprRTS) aThd treddpt doba units
acknow edgenent information includes the first o
§§qu€ﬁ&§5nuﬁﬁert69nﬁ%%5 unlﬁgﬁpﬂPl&ﬁrchtH%taRTs receiving

ransm. ssion |sttr1ed a % ngﬁ% fornatlon obtau&ﬁd £

COmWﬂpﬁ TR HE e Bp it Eonfi PR g i FEGHTRET BT ©
t [ Le

B SUERERUBSL 048 ! SR SRR 0 o

huftBethe Eb8t S6RMAGN DN RLESeived Oh-BRIdON 68l 84 ¢drivhich
the data units with only data units for which

teeepiieniconisrmatedn. Tas, nahebeeat bbhadatdrmiaken agiium
objects to be transmtted. Meanwhile, the RTS
- FEServyrhgon cemani BRI iamati on refers to the bit map

i nfor i on desc |bed in the RTS., The station
extr ag%é TRy %ejt?%tls‘feaﬁ%ﬁof'{&?dg%“?%dys r At igsdy the

ffrogii]ogﬂla glllg 1{191{%%12 té%(’: agj %%don hé &{'%tegjaan%‘q:tlng

exc es t rom be transm

- E&ﬁﬁunlbﬁgléﬁ atdyQR get e&éﬁéﬁ%e@dtéﬁ%@ﬁﬁ{ VaLkQBwiddFement
information. Further, -the follow ng constitution may

hefadaptedn iirf RTEAt &Hmté&ﬁﬁﬁ&ﬁ&:ﬁ@ﬁﬁid@dﬁggnt 1nformat16n

conmuni cation station has already 26 : -
“includes the first sequence number of data units for whlch data-
_transmiss ionistriedandbit map information obtained by mapping
' 'rhe recéptionrconfirmation information on the subsequent data
units into bits corresponding to the rélétive positions to the
- first sequence number . Fu‘rth'er.,: the st'ation generates :
information related to the data units with only data units for
'which:reception confirmation has not been obtained taken ;s.
- objects to be transmitted. Meénwhile, the RTS receiving
:conu_nunicatiOn stationreferstothe bit map information described

in the RTS. The station extracts data units the station has

alreadyreceived fromdataunits forwhichtransmissionis tried,

~and excludes them from the objects to be transmitted. Then,

the statlon determlnes medium reservation time information.
Further, the followa.ng constitution may be adopted: if

data units the RTS receiv:Lng communication station has already



received are included in data units as objects to be

transmtted, described in RTS, the station describes

ACK information in CTS. In this case, the CTIS

recei ving comunication station excludes data units

the RTS receiving comunication station has al ready

recei ved fromobjects to be:hgansnitted based on the

ACK information added to the CTS. Then, the station

carries out data transm ssion based on the data rate

described in the CTS. Further, the follow ng

constitution nmay be adopted: the RTS receiving

Cenntited atriedin Slhatddoih 8404 081086 s05b J8YEs B BE@Sansfhtted,

data |l ength information of data units taken as objects

descbebed dmsRT St ¢dbe sfatdainadéeerithe < ACKriamrnasion irsCTS.

tried as the outconme of the RTS. Then, the station

dasthiheasen EysCrRereasdyisaceomutteratdgion peatben edaludes
ni.t stare In.this case, the CTS receivin

At Pon L PrBns Bt comriniCaktenas <t tnawe slready

conmmunt cat |

theckash ¢2ba %ig%cqtg.s%i %t%gee' g r}a%?rlﬁt%% pen an RER ack

I's transmtted next on generates

iREOERRtion ad®lBtedihe @B a vRkhs £RE WHEIHL carries out

transmssion is tried in such formthat the data unit

- Batlacatasbrhiys stibe saspepoetheirfzgn ohté Rsdradkeddit ahe CTS.

‘unit is not included in objects to be transmtted. A

secondFaspEt. shet frellrdgenconavent bon mayabeiadeipgsd: the
ni cation systemwherein a plurality of data units

| 'gr%gﬂyﬁﬁ%'ﬁfs‘m% F@émaﬂacwcoé} PEATIQB RIS RORDRT FoxEepieces

. A%S| t tr, rﬁ% data¢n1ts to.%deti%% t he datﬁ
ERERT ! AR i R0 % YR bR Tk o abenehe ©
bs @R drfdcddieot Ut QVeBE wHiHC RSN Qs'fcﬁJggsptglﬁf&:i as the
.The‘recelvlng connunlcatlon station esprl es t.e
- bottemé ngf i the exENt | PRear ko SdgemNtadHrabaBt EANCTS the
ACK: the 27 . . . : :
sequence number of the last data unit stored. In this case,
the CTS receiving communication station stores the sequence
7 number of the last data unit described in the CTS. When an RTS
is transm'ittedrnext time, 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 unit is not included in objects to be transmitted.
A second aspect of the present invention is'a wireless
'commlunication system wherein a plurality of data units are
transmitted and recei‘Aved‘. Sequence numbers- are assigned to
transmit data units to identify the data units. At the same
time,‘i'f selective acknowledgement is applied, the following
is caused to take place:

The receiving communication station describes the

following in reception acknowledgement information ACK: the




sequence nunbers of data units conpletely received in

the order of sequence nunber and the bit map

i nformati on represented by mapping the state of

recepti on of data . of the subsequent sequence nunbers
into relative bit positions fromthe sequence nunbers.

The station transmts the regeption acknow edgenent
information ACK. The transmtting and receiving

conmuni cation stations add information indicating a
causal data flowto transmt data and

acknow edgenent. In a wreless comuni cati on system
segordcrgindbedrtieo § @zanadun BisPedhpdbtbhe HfceSeBH in the order
invention, information required for selective
@efkﬁeqne@@ermmbarsandrtage@wnmapdmaommrdmesémw by
basis. Such information includes the sequence nunbers

GEPPLBEHING %Wter gteereptdan e itata ot e Wequent sequence

Loty e of ece tion of the
S%Beggen‘%ot dat aagﬁ‘lr ;b %Oﬁ’eét?’?% ft SERESPFRgumbers.
AUt 1R A dh +Qf 1ReE Y &&C&?ﬁéﬁé &féhgbané}wrleodmamn
by different sequence nunbers TG
.~ @@Enuni cati on can be maintai ned regardless of whet her
‘sel ective acknow edgenment. is inplenented or not.

Sone r%betvensmiatimmandaeneﬁvﬁugpmmhmaebecibuetationsaddg

- acknowl edgenent. Such receiver stations transmit the

BP?Oﬁ’aﬁtl?ﬁthéﬁgv@ gquselodair flow b Itrerembitt datof and
Thus, the receiver stations can

' f | d
'-Sﬁgﬂf"gi‘é‘ga ‘!f“gatu on W|th transnitter stations . .
- whi ch fﬁ'g elte%% c‘?‘o c\éet:l.o%C k}{nﬁ emea(tzI Z‘flfcg&ﬁ%q ta%tHStsecond

function. . sone ransmAter s

sdppett ofS QJI"%C t@ﬂ@e"i‘ﬁk q%e@&g_%%e ntlnf%lﬁ!atﬁloﬁn S.c@q‘iffn.?%d for

"statlons 28

selective: acknowledgement is managed ona data £ low-—by data flow

._bas:Ls. Such 1nformatlon lncludes the sequence numbers of |
completely recelved data units, bit map 1nformat10n wherein the
state of receptlon of the subsequent data units are descr::..bed
and the like. : Thus, aplurallty of servlce-classes ca_n be handled

.-by different Set{uence nunbers. Therefore, communication can
be maintained regardless of whether selective acknowledgement‘
is implemented or not. '

Some receiver stations do not _snpport 'selective
acknowledgement. Such re_ceiver stations transmit. the bit map
,information with zero set for all the bits of the bit map field.
'I’hue, the recej?ver stations can ensure communication with
transmitter = stations . which support B .t"he: selective
: acknowledgement function..

'Further, . some transmlttel“ statlona do ~not support ,

selective acknowledgement. Such - transmltter stations




di sregards the bit map information transmtted fronthe
receiving end, and transmts the bit map i nformation

to be transmtted wth zero set for all the bits of

the bit map field. Thus, the transmtter stations can
ensure conmuni cation with receiver stations which
support the selective acknowhedgenment function.

Further, with respect to at |east one data flow, the

ARQ system wherei n sequence nunbers are not assigned

I's adopted. When Link session is established, data is
transmtted and received through the data flow, and
hherebyrddenseguras enfiupiet son ofahhel trehEndn the receiving
station .and the receiver station are synchronized .
whith &ach mideed tsAChaibit avredniotuphion e dif transmitted

invention is a wirel ess conmmunicati,on system,wh '
wattomux sessfor addrehepiss obShfy 1?@%%?@?5 ?rfeﬂ%dthe
together. The RTS/ CTS nethod is , <o L i
ESIRRLELET ChE et oohs epnars, roiflal o Wit receiver

transmi ssian ) FeGUest darsenddpaskat MEStion.
FharASREAYE 6£¥ egﬂ%%%%gfﬁo%%of a responsg packet CTS

from t Bg. COMTUR: ¢at i pSitaticoat lamstthendesttian&flbwn dfe ARQ
data transm ssion, the comunication station as the

QyisGieh Ghedaim decmesies simhe 6 arts rdt assigaad Msagapted.
The trqnsnissiqn and reception of packets mhereLnt%gé‘and
fWken arimores sofone e 15U 1EREIRTSA Mol (i1 TE

G ieeatr B iR R EE ST A BORE b BT A SRgS Pmbere
PR sy BT B e L Oabbbgsel pacien are
m%ch%%.z@éT%tﬁnga%tﬂ@’j ng different purposes in

ohe C packet . -

A third aspebt'of the present invention is a wireless
éommunication sjéstém wheréin_ random access is carri‘..e'd 'dut using
the RTS/CTSinethod.tbgether. The RTS/CTS mefhod.is such that:
the communication station as the origin of data trénsmission
transmits a request to send packet RTS. In_reépbnée to the-
receptionofaresponsepaéketCTSfromtheCommunicétionstation

- as the destination 6f déta transmission, the communication
station as the origin of data transmission sﬁarts data
transmission. | |

The transm_iésion and reception of packets wherein any two
or more of reqﬁest to send RTS, confirmative advice CTS, data,
and acknowledgement ACK are multiplexed are pefmitted.
| The amount of'oﬁerhéads produéed.in the MAC layer can be
significantly r.educed by including pieces of informatiop, such.

as RTS, CTS, DATA, and ACK, having different purposes in one

packet.




In this case, the communication station which receives

a packet containing RTS information transmts apacket
containing CTS information according to the contents

of the RTS. The comrunication station which receives

a packet containing CTS information transmts a

packet containing data accokdi ng to the contents of

the CTS. Here, the followi ng constitution may be

adopted: the RTS transmtting comuni cation station

can specify whether the receiving communication

station may add RTS information to CTS or not. In

this casehikn8dSe, fihstcamfioination s¥aichon ndiicht esceives
whet her RTS informati on may be added to CTS L.
epansat crata dringBTS dnfesmet &0 E hen RS H7 PRGkeF gontalning
descri bed. Then, the RTS rece|V|n% connunlca%%g%msro The

CTSt FBRCTIRIgERR ARATSHE N HoayPEd FORFENE AT GF mk

CTS based .on the, first.infor i ' R
ERapdTPEt Gl s Rirabhrhn 0 URRER p Pl intpg oS
- RESohAORIH ELERSM COAMRHUICAL Lo S1BiHPAat h la RGSiIBES 0 the
Information for the purpose of transmtting the data“
ten€dis: s agxd dHeamyE.t s the CTS. In this case, the RTS
transm tting conmunication station ‘determ nes the

. first Hefeor taeifondldwing esasipl et ivmsway dre adapbedatihgnRTS

el ements contained in the packets received in the - :
BE3RSRE b Rt S FHIHGIR tHEPWHTER 1PRe CRTS SPECd Ve Whggher the
. The .information el enent described e refers re.

 BPECRRTA CoTRU ERE bLoR 1 CehRL S0P Sibdadasnpeiol tors
kﬁ:%stm t Ig% %s'&ééﬁeiﬁﬁ%ﬁgtfdir%n?nfcg‘ﬁnél%ﬁ which indicates
‘ j udge rom ot her

ternatively, 1t rmay be means than

- WAEERERIHATON: RESFRAE Soi haly SukerREDs dTRRSENbnIatadids the

present.in the station to which the RTSis directed to.

- dateont e thhBTEI g1shot nNfsodamtt Bred Ex Zhphe BT Sdedeiging

~following case: 30 : , R
communication station judges whether it may add RTS information

- .to CTS based on the first information in the RTS. If there j_.s

data the station desires to transmit to the RTS transmitti‘ng'

communication station, it adds RTS information for: the:purpo'sé -

of transmitting the data to CTS, and transmits the-CTS..

In this case, the RTS transmitting communication station
determines the first information, for example, - based on
information elements contaiﬁed in the packets received in the
past from the station to which the RTS is directed. The
inférmation element described here refers to More bit which
indicates the presence of subsequent tr,ansmit.déta inthe .packet,

and the like. Alternatively,_ it may be judged from other means

than information elements that subsequent transmit data is

present in the station to which the RTS isrdirectéd to 'det-érmine o

the first information. Examples include the following case:




- RFAndfedimgd cCOMHEERY G s

a station receives an RTS froma station to which RTS

is directed. However, the receiving station itself

recei ved a packet from another surrounding station

and thus has set a NAV. Therefore, the station cannot
return a CIS, and the data transm ssion sequence is
stopped. There are also caseg where it can be judged
based on any other comrunication history that

subsequent transmt data is present in the station to
which RTS is directed. Further, the follow ng
constitution nmay be adopted: the RTS receiving

£8HHEUDOLE akicen vekain RMS Feongnszasi dr bowhtike RTS is directed.
information in the RTS that the RTS transmtting
Boweney c dhicomecsiuinorstatiqyiifgeld reapsvd 2 gacket herom
recei ving communi cation station itself has alreﬁg¥efore

- FRRINISFAUTTAVRAT I SEEE TOPRIRTRUS MaSeP Ot AgYAY T |
AT TGP oror et B, e ribn Fanthor - LRe ooion

t'a Teception. Further,

%{?éﬁ%epgs %Q%%)tpi Bt | e Y D Q 124 R whdre § PR M A udged ;

nsmtting and recelving procedure, the data

b4 88$6h hhiybg heewBhtugathenof haktopy spacishibesqubet beansmit
the data receiving communication station should

- detaris gneakEiat Time th€Ksthhibndes wininghdiRtSe iACKiandted.

del ay ACK. Inthis case, the follow ng constitution

- may b&uaddstedthe Holdavd ndeenot AUt beminsivchE iasdppted: the.

station recgeives data requesti ACK, fromthe data .
sEr iR EORbLgap o From “the

PSR QTG F f, SHELAE RO Ll yppitScasion
L DL 01 JRYLI0Pr WNEH tidt £ FLRARTE bacd NACkebedlif§MmkuRgcation

to the data transmtting conmmunication station. In

- 5pABicASESsel AGK S nfluammlyl @eceiyelie afldechiat chlse, the RTS
- transmitter station's request. At this time, if the
- rea@sving eomguaticehipudyed iomaadds Ae¥simbermggtion to CTS to

notify of the state of data reception.

Further, the following constitution may be adopted: in

the data transmitting: and receiving procedure, the data’

transmitting communication station specifies whether the data
receiving communication station should return an ACK. The ACK
includes immediate ACKanddelayACK. In thiscase, the following

constitution may be adopted: the data receiving communication

station receives data requesting ACK, fromthe data transmitting

communication station. If the data receiving communication

station judges that it has not transmitted an ACK of the data,

it adds ACK information when it transmits a packet of some kind
to the data transmitting communication station. In some cases,
ACK informationmay be added at the transmitter station’s request.

At this time, if the transmittér station judges that it has not




received ACK information related to previously
transmtted data, it sends a request to addACK

i nformati on. However, with respect to packets in

which RTS information is solely transmtted, ACK

i nformati on need not be added by way of exception.
Further, data requesting an3%CK may be transmtted as

a packet directed to two or ‘nore contmuni cation

stations. Further, the follow ng constitution nmay be
adopted: the RTS transmtting comruni cation station
requests the RTS receiving communi cation station to
Fete e @RCACK FOkmAal &n VBl 8hed B3P rREEBUEL aRSHhEREE SDdata,
far. In this case, the RIS transmtting comunication

$t akends aodqhes eke sddmCACKh fequedsitorf.or Hoeguest whgh raspect
return of ACK into an RTS for starting the next data
teamsHisdst én wftircahg?.ﬁ%tiirvfr?rmﬁéow LR tra@@ﬁ—qeﬂf ACK
th RTS fransm t|ng nlcatlon stftlon uests

B9 IRIE MOBE PEEGRNEY LOhetT MeRsISl bl e
Cause%ddgﬁl% ghgtfé&ﬁm‘ o, 68 Aokt 8 BEORGHtted as

recei ve a was proper recei ve

F8ERBL T O O ALK S Ahdlr mBRE EBBmbihK&atidh t1@%80ons.

cases, the RTS transmitting comuni cation station

- nmust vmmﬁnewmhhefonmmtg apagtitdaien nay bhesdpted: the
.cases, the RTS transmtting comrunication station my
RISt itplamemdt tACK ceyuasicatdquesstagien r eeguasts Al RTS
into an RTS for starting data retransm ssion

rPansutey mm“‘alﬁdcﬁ“ﬁéﬁ% atjon ¥R LIHAN AHE 8R data which

B R TR TSGR RCK W EBho et 56 R du B A0
E%@ﬁf@ﬂia? %QQPE.S{I] ﬁﬂl%sﬁléﬁgg %tn'ﬂﬁ{ Qéggéé@for requestlng

transmtted transmtting ¢comruni cation
Strafth@h o ff Ack DAt S LAlNTNEdEStaf & h@ehé Beke Gﬁlt‘éﬂ:r@altsau ssion
transmtted fromthe RTS transmtting 32 _
‘transaction, and transmits it. :

" Even .if. the RTS transmitting communication station

requests an ACK, the ACK is not returned sometimes. Possible

' causes include that transmit data was not properly received,

that-data was property received but the reception of ACK failed,
andthe like. Inthesecases , the RTS transmitting communication
stationmust verify whether to retransmit data. Inthese cases,
the RTS transmitting communication station may multiplex- an ACK
request requesting a return of ACK into an RTS for starting data
retfansmission transaction, and transmit it.
The communication station v}hich received an RTS with an
5 ACK request multiplexed returns an ACK which indicates whether
it has properly completed the reception of data tran.smitted froﬁl
- the RTS transmitting communication station. If the stationhas

failed to receive data transmitted from the RTS transmitting




conmuni cation station, it may nultiplex an ACK
indicating that it failed to properly receive the

data. Then, it may return a CTS requesting to

retransmt the data. A fourth aspect of the present
invention is a wireless conmmunication system wherein

the data transmtting co jcation station acquires
transm ssion right on the nedium and carries out .

data. communi cation between it and the data receiving
comruni cation station. After data transm ssion from

the data transmtting comrunication station is
sbaRpedcat eh prasesne iof mabsanice pfifex shlpsagiedt calaitray that
at the data transmitting. comrunication station is

det Esiked Hd propesibseqgaentedulta dakapr eSeer, it may return
made easier for the data transpitting conmunication

gt gTPoReArelnd 1'© netaadsrd§i sherdahe- f or

transg&t%in t he sugsegu nt data.ﬁThe state i{gmhkﬁgéless
t hought™ t HF SUb 8EEGENt CHat 2 iR Fieeen Vo8t P he"aat -5+
LoARaA ELE Corgglgr'yeglat ' Qﬁ]eﬁéﬁ#' Obpdat gacd F aNSHRSRH@R ing
I's st opped corresponds to the follow ng cases, for
XARRh Eca EASE S tWHEER adRuRT Ssfuemsddie sdaha ilghanst hé imegium
conmuni cation station reaches the data receiving _
aadneaireaés oout stlat 4 ocorameh I dret dat atecenviitg and the data
conmuni cation station returns a CTS, but the data
reapdmingi poegnimatiican is¢atdeati on does not, start

data transm ssion; and cases where transmit data

d .
not . rRBr t HBTAat'd SEeSFI-RY nFRGt fi@ﬁasttdﬁn&%&%tmg

Thendat 2, eceiving commuplcallan SIAtlan.ean getaflence of

preSence/ absence of "1 Subsequen
agﬂbéehﬁéﬂéﬁéﬁd5@f&&@@@&@%&%&h&&téiﬁ&kQﬁmQﬁ&@%ﬁQ@n%ﬁ%tion

communi-cation history of transactions based
REQALESted., 1hendaupskhastidattiang Poesent, it ismade easier
for -tt.ze- data transmitting cclmununicathi..on” station to adquire
rt:lrar'lsmission right for transmitting the subsequent data.
The state in which, though the subseduent data is pfesent
at  the déta transmitting communiéation station, data
" transmission is stopped co'rresponds to the following cases, for
example: cases where .an RTS from the data transmitting

communication station reaches the data receiving communication

station and the data receiving communication station returns

- aCTs, 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’

presence/absence of the subsequent data at the data transmitting
communication station based on the. communication history of

transactions based on RTS/CTS. . Or,. the data transmitting




comuni cation station can include in a packet a

specific information elenent indicating the

presence/ absence of the subsequent data and transmt

the packet. In this case, the data receiving

conmuni cation station checks the information el enent,

and can thereby detect the g;esence/absence of the
subsequent data at the dat :%ransnitting

conmuni cation station. According to CSMA, it is

confirmed only for a predetermned period that the
-mediumis clear, and then the operation waits 7 only
E8knAR: @4 idd akYabaGkobhnt iR 1hekone td apssissi AN specific
right 1s acquired. In the conmunication environnment
wWhepehat D&l dlematr ensd Certine) it gfddedtegubsbasedodnthe
CSMA, the data receiving conmunication station tries
sobaequénie dekarsw ssdmsmit ghe parkethe hedhiamcagsg the data
transmits a signal onto the mediumfor elininating .
SERElVERGROBTERI FOHL QR aEPbHIN chpghe fhedindrrrpgpen element,
" Thereby, .it can be e easier for the da
EPR T (G Y IR T CoRE ST T P TY R gE Foe subsequent

SOL SSy ' fQr . tr 1L NG : orsUbsgqugnt

S B A R R R
used AQgetdiely td BEME PN &t F Dineid G 1 PAoaS pRiletermined
origin of data transm ssion transmts a request to
. pentopaciket tRESnedbumeispaiser,t and htharetbpt operafien waits
response packet CTS fromthe comunication station as
rhéydést | Fatardd tohryabacke B shifes bedoret t5aasmis iy right
transm ssion. _In case this medi um access. control.is

dgr PPRU T, TPHEPYSCITHELERTIAY THRRANTIER BACE e Mo
| gcﬁggrsnc%fﬁﬁ:ﬁq.u%arﬁ%do El@ bta,g%dngrg blé%fa{hee'h?% %ée‘lgring

I-€ I-on-stati ons transm §sion

‘&%ﬁﬁmﬂcaiﬁbﬁ%J@Ld@@%_i@@sizgraécﬂ{ixteh%rgﬁgﬁission right on
transmtting communi cation station to transmt an | S
. k@l m3Hium, and transmits a signal onto themediumfor eliminating
other communication stations’ transmission right. Thereby, it
. can be made easier for the data transmitting communication
station fo acquiré transmission right for transmitting the
subsequent data.

In medium access control with .the RTS/CTS method used
together, the communication station as the origin of data -
transmissiontransmitsarequesttosend paci{et RTS. Inresponse
to the receptié_n of a response packet CTS from the communication

- station as the destination of data transmissibn, it starts data
trénsmission. In case this medium access control is carried
out, the data receiving communication station transmits a dummy
RTS onto themedium foreliminatingothercommunication stations’
.tranémission right. Thereby, it canbe méde_ easier for the data

transmitting communication station to transmit an RTS for




transmtting the subsequent data. For exanple, when

‘the data transmtting conmunication station receives

a dummy RTS, it can transmt an RTS with a shorter

frame space for transmtting the subsequent data. A
fifth aspect of the present invention is a conputer
programwitten in a conputey,readable format for
performng on a conmputer system processing for

control ling communicating operation in the-

conmuni cati on environment wherein random access IS
carried out with the RTS/CTS nmethod used together. In

t Ren s GBS t et faels e dilen € @amuni Cedl exampati ovhas thieedata
origin of data transm ssion transmts a request to
seadspackioig RFBrunicatesportetion telseivesepdnpny HTSa 1t can
response packet CTS fromthe communication statjon as
trRangeit ERRTOHIEH YFPLTLPANSIATES FBACC (fOLHER RSl g the
transm ssion., The program conpri ses: a conmuni cati on
EBSF?ﬂﬁeﬂﬁégﬂFTng step in which, when an RTSis

receiveds, ihe a%gJ%lc.ltt .%foﬁ:héeggéggr\}ﬁ! Pt HIBAS W @nputer
a data rate detérmning step In ich a data rate is :
debgrahnes hasednos thpiasuwediafual Fbym@f f&EgerEorming

signal; a CIStransmtting step in which the data

bat £ desepteeer s ettbm pro€ESsdagt fier coht ookl bhg tdpmmunicating

received RTS, and the CTSis transmtted; and a data

opanshi-on iinghsicopmiun ighitd AN SRV FonTTSt WAESEHRERHAOMAECESS

seenved i (Taranlselon as Che oucoms ol e CT3 o
S, 05, TR LB by e e i
%Q%QEQEéi&él@%thmiQé Bte s 1CRE rs)éhﬁQbaQﬂJe@ﬁIS, in response
to the reception .é'f_‘.'.asl'r'fe'sponse packet'C'i‘S frorﬁ'tﬁe c.on.umuxj_ication
- station as thé destlnatlon df data transmissioﬁn,,.-' J.tstarts dat-a
transmission. Th.e' ,progi:am cbmpriées:

a communication quality measuring stép :Ln Whic_h,‘ :‘_w_heh an

RTS is received, the quality of receive. signal is measured;

a data rate -determini'ng 'step ‘in which a data rate is

determined based on the measured quality of receive signal;

a CTS transmitting step in which the data rate is described

in CTS as the outcome of the received RTS, and the CTS is-.

transmitted; and |
a data tra.nsmitting step in which, when CTS information
is received, data transmission as the outcomer of the CTS
“information is carried out _ba_sed on the data rat'é 'dé:s‘éi}ibed in
the CTS.
A sixth aépect of the present 1nvent:|_onls .‘ a Computer

. program written in a computer—readable format for carrying out




on a conputer system control of conmunicating

operation for transmtting and receiving a plurality

of data units. Sequence nunbers are assigned to

transmt data units to identify the data wunits. If

sel ective acknow edgenent is applied, the foll ow ng

steps are provided: a step i45which, in response to

data reception, the sequence nunbers of conpletely

received data units in the order of sequence nunber,

and bit map information represented by mapping the

state of reception of data of the subsequent sequence

ponbersmputer Fyedtan wentirblposi toonsn fcanitd eomegueRee for

nunbers, are described in reception acknow edgenent

tREBFFAET OO ACR Zaneianag a P&H§m€iﬁéé’f Qafeh gngtap. Semuence
h information jndicating a causal data flow

Bk 48

875 2F8 ITHERGD QSRS E AR R RIS IF fGgkiRtt %FEhe data
hh§9§m tffegelé:éf‘yg%E:Qng\‘?lgg&éelgent t1h %[gifg’(?nszhe following

Invention Is uter

GOEBYt 8Fe IeRsiARI Ly .f ormat for perforn1ng on a conputer
system processing for controlling conmunicating 7

oper at4 step Anthd chQNITLKE Sadri Nt €Nt & eBFRPL i vAEkBkeBequence
random access iscarried out with the RTS/ CTS net hod
oyedersgéceaplelnlyeceRTEACRSamatitedin theorder of sequence
conmruni cation station as the origin of data

- PPBRSH égfid%tt ?*%Héﬁﬁf9§métF@a &@@Feﬁsngeﬁ@mwnwse state

PR RS R RO ERE: B CRt AT WErE s SHSEPRA TP DY 1Pto

Q@&Qtw@m@p%égmodst fé&grthé ncterﬁ\ﬂﬁk?é§sc" gge dE“s%rlbed

program conprises: an Information generating

- WAI CRe¥apt£6n i né@m@n&ﬂ;emédtcl U G ma@qeest alck S%&@ are
~ RTS, confirmative advice CTS, data, 36
transmitted; and

a step in which information indicating a causal data flow |

" .is added, and transmit data and an acknowledgement are
trénsmitted. |

A seventh aspecf of the present invention is a computer
'.progr'am written in a computer-—readablé format for performing
‘on a computer system processing for controlling communicating

operationinthe communication environment wherein randomaccess

is carried out with the RTS/CTS method used together. In the -

. RTS/CTS method, the communicétion station as the origin of data
' transmission transmits a request to send packet RTS; iﬁ response
. to the afeception of a response packét CTS from the communication
station as-the destination of data transmission, it starts-data
transmission. The program comprises:

aninformationgeneratingstep inwhichvariedinformation,

including request to send RTS, confirmative advice CTS, data,



and acknow edgenent ACK, is generated; and a packet
transfer conmmunication step in which a packet wherein
any two or nore pieces of . infornmation of request to
send RTS, confirmative advice CTS, data, and

acknow edgenent ACK are nultiplexed is transmtted
and received. An eighth aspegt of the present
‘invention is a conmputer -programwitten in a

conput er-readable format for performng on a conputer
systenprocessing for controlling the comrunicating
“operation in the foll ow ng conmuni cati on environnent:
lahdt Beknswhadkpreatt GTKeNYkr ganenited heargDmruni cat i on
station acquires transm ssion right on the medium
bef or ea ina@eatr itganglier datraurcigmpioinc stepnin Fd.ghr egpapket
conprises: a step in which the presence/ absence of

WhgRS AN ATYAEHC PRI T P heFes Sintinf QEta e nse hrgre sk $o send

t . . i, t I t [ whi ,
RS A PR QT 3R B Ahr psSl e e hox are
khaRIp =03t s TEQMQLRGLy SRATLDLEALLPN stations, a

si gna or elImnati-ng the other comrunication

stati oms'eilghamS Bk58EOL 1 k8Bt piSsddNeRehtEn0¥ & cbhifuter
medi um so as to make easier for the rel evant

ponpuancatittren shati corput acquwadabll pafisnmsts i fonr peghtrming
for transmtting data. The conputer prograns according
P8 AIRPITREE 153 BIRJie S saspdersost ropdipgébepommunicating

BTN G AT T BLAR SN e
%%ﬁﬁ&ﬁ%&ggdi&ﬁ‘ e%\xﬁ%%&&g, %ﬁ%%t SRR IS0 51 é?é‘tic{IP acquires
ot her wor ds; . en 1 nstalTed on a conputer system

LREnSRAIPYLISE PIAGr B8R tRE MRAIAIRObkeokheif iddrild . cut data
ei ght h aspects of the present invention deliver '

'_~ﬁ¢mﬁﬁgiaét£o@cthmﬁ pBoiyhen cosmmitiefesty st em and oper at e
- -37 a step in which the presence/ absence of transmit data from
other communication stations is detected; and

a medium access control step in which, in response to the
'detection of the presence of transmit data from other
communication’ stations, a signa‘l for elimiﬁating the other
.communication stations’ transmission right is trénsmj.tted onto
- the medium so as to make easier for the relevant communication

station to acquire transm_ission right for transmitting data.

The computer programs according to the fifth to eighth

aspects of the present invention are computer programs written

in a computer-readable format for performing predetermi‘néd

processing on a computer system by definition. In other words, .

when installed on a computer system, the computer programs
according to the fifth to eighth aspects of the present invention

deliver synergistic action on the computer system and operate




as W rel ess communication devices. Wen a plurality of
such wreless communication devices are started to

build a wireless network, the sane action and effect

as wth the wirel ess comunication systens accordi ng

to the first to fourth aspects of the present

i nvention can be obt ai ned. gording to the present

i nvention, an excellent wireless comunication

system wi rel ess communication device and wreless
conmuni cati on nmet hod, and conputer program wherein the
RTS/ CTS nethod is used together and further access
cenwiekl1eas chendmmeitaliny dearicked Herbaseduell1 CEMYE such
can be provided. Further, according to the present
wivedesen;ommrexedliloandevie e besss iconmitodtuioid a wireless
system wi rel ess communication device and wreless
SGHYeEike attiben %?é%%o%ctm %@Cﬁpaféﬁ%r 86r amt%hé?r@ Wiggless
pl urali, es of fra such as .RTS,

DATA,
ek Spe HTTER eseor i tPrOrE By SFRes bpureh aspects
YR LR 2N i 86813l My MOGBAUGERgcan De provided

and ove ads can educed can be ™ provi ded.

ACCOVdABQoiélﬁ@%O AL sdfV eALERP o, Ehal&dH198n@yireless
rate can be sel ected based on the quality of receive

-sioginahs catTher efysissm,t heirapess ectdr@mrifcatrians niesied and

rate can be elimnated. In addition, when a

Wia:ﬁéﬁﬁ§§qmmd¢c@tii9nd@tt@|om rfad] comphibenprognansieess the
error rate nonitored bﬁ@the transmtting end, is

‘§1T§6 CESKBRL R & SaeeeRikedether anst éurtth@r&ﬁqee%spsnaa*éﬁ% can
' t [ it d
- PR PBET PR E R e B vl e TR AT
‘anDuntFQEthQ£e Egﬁﬁﬁfﬁ?t%qgupgrggéﬁgQE§gnEQoLmQu§é§%§ilent

Further accor I Ng to he pre ent 1 nventl on
‘ w&mbaeag communication systém, wireless communication device

: andﬁirelesscommunicationnmtho&,ahdcomputerprogramwhezein
épl-urality of types of frames, such as RTS, CTS, DATA, and ACK,
aremultiplexed, and thereby flexible transmittingandreceiving
procediures can bé provided;and.overheads can be reduced can be
grovidedf

According to the present invention, a transmission rate
.. can be selected. based on the quality of receive signals.

Therefore, the imperfection of transmission rate can be

- eliminated. Inaddition, whenatransmissionrateisdetermined;

iﬁformation,suchastheerrorratenmnitoredbythetransmitting
end,jj;alsotékenintoaccognt. Therefore, the correspondence
bétweenreceptionqualityandefrorratéariSingfromfluctuation
in channel state or fluctuation in the amount of interference
- ¢an 5e corrected in two steps.- -

Further, according to the present invention, data units



can be effectively nmultiplexed while the RTS/ CTS
procedure is wused together. Further, the RTS/ CTS
procedure and delay ACK can be inplenented. Asa
result, the anount of overheads produced in the MAC

| ayer can be reduced. Further, according to the
present invention, communicgtion can be nmaintai ned
regardl ess of whether selective acknow edgenent is

i npl enmented or not. Further,. according to the present
i nvention, the amount of overheads produced in the
MAC | ayer cafi be significantly reduced by including
piaechs «offdatfisengt mohtislcdedehRIS, tiET8TS /DT Ayrardiure is
ACK, having different purposes in one packet. O her

tiseectegetear ur #rthal, atvaREyeET obrehedpresert delay ACK

i nventjon will be qggarent fromthe enbodi nents of the
n

ﬁ?%@%ﬁ&mp%QRﬁﬁﬁﬁﬁo 3EFPBAH- FREEONRY of iRy Sihrads produced
q%t%hgegAge§griPt&£pk%gk%_u Eﬁeconnection with the
acconpanyr ng %?amnngs. rier Déscription of Draw ngs

di sposition of comunicafion devices constituting a
Woh@hi8S Ba t CONTUAI b DIk SR AR ¢ i @l RNHOGhEeREr 6k 1kbeive
present invention. FIG 2 is a draw ng schematically
Ackostilatigagenheis fimdisivendledconshotuti on of a

FIG 1lpistiRedr aWia'Eﬂ:oirbliH?t ragdng 33 exgiplenodf LlGention,

Wi rel ess communi cati on device which operates as a

communFBRERYH - SCEOXIANT ER Ghier _resenhdmwsrkipn, Hp amount
on. FIG 3 is

- 552%9%3@%?%2?%%%%; I apsnbRE LRVar ahbe fsgﬁ%a# icantly
- 38E By W ALEIRCORL GRLL RO SUEL PN ACERRIDG cr,

_ _ I nventi a drawi n
iDhlrE$t BAGT ROK AT XA f¥e ke purposes in one packet.

- Other objects, features, and advantages of the presenf

. invention will be apparent from the embodiments of the present
‘;inventiondescribedlaterandthemorédetaileddescriptiontaken

/in connection with the accompanying drawings.

" Brief Deécription of Drawings
FIG. 1 is a drawing illustrating an example of the

disposition of communication devices constituting a wireless

communication system in an embodiment of the present invention,

FIG. 2 1is a drawing schematically illustrating the

. functional constitutionofawireless communicationdevicewhich

operates as a communication station in a wireless network in

an embodiment of the present invention.

FIG. 3 is a drawing illustrating an example of a frame
format used in a wireless communication system according to the

present invention.




constitution of PSDU. FIG S is a drawing illustrating
several exanples of PSDUs which can be defined. FIG

6 is a drawi ng. explaining the process for deternining
a transmssion rate in a wirel ess conmmuni cati on system
according to the present invention. FIG 7 is a

drawi ng illustrating an exa e of the operation
sequence of the RTS/ CTS procedure according to the
present invention. FIG 8 is a drawing illustrating

an exanple of the application of transmtting and

recei ving procedures according to the present

i nventFom. £l & 2 icaditigawi NgidddatSingatamgeangihwer of the
exanpl e of. the application of transmtting and
peaetwtnglqncﬁedﬁﬂﬁt according to the present

invention. FIG is a draMAng |IIustrat|ng a further
exarrpl Blof S Jtsh%déﬁmi“é Ayt orTipg ReTereilRyamR) es of PSDUs

n ro e s according to the present
KRoht PR, DT R

I's a drawing illustrating the
ackno g daA ni
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interaction of individual fields which occurs when
- $el ebei yeesackiowleaddgenent is carried out with RTS/CTS.

used together. FIG 13 is a drawing illustrating an
- exanpl BI®f 7 aataairatwwﬂs#ﬁlﬁﬁtﬁgﬂtdm %%@W%O%Fae@mﬁree?mn _

%%gﬁggggegfdtheyRég%%f% proce J%% %EEQEL§ %Ced%%ep%%%ent

invention.

FIG. 8 is a drawing illUStratingtaa example of tﬁe
' .a-pplication of transmitting and recr‘e.ivincj'proc.edutes according
. to the preSeot invention. | vﬂwh:  7

FIG. 9 is a drawing illﬁstrating‘another exaﬁple of the
application of transmitting and re'cei'ving prooedures aecording :
to the present invention. . . R

FIG. 10 is a drawing illuStrating a futther'exampleaof
‘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
'theinteraotionofindividualfieldsWhiohodoﬁfsﬁheﬁselective
acknowledgement is carried out with RTS/CTS used together
| FIG 13 is a drawing 1llustrat1ng an example of data

transmlttlng and receiving procedures taken when delay ACK and )




FIG 14 is a drawing illustrating an exanple of the
sequence in which traffic is transmtted and received
through TCP/IP in accordance with the MAC procedure
according to the present invention. FIG 15 is a
.drawing illustrating the frame format according to

| EEE802.11a. FIG 16 is a drgying illustrating the
constitution of frame fields inPSDU. FIG 17 is a
drawi ng schematically illustrating an exanple of the
operation of the RTS/ CTS procedure. FIG.- 18 is a

dr aw ng-expl ai ning the action which can occur at

$ier BFFACNY statedins: when adpd iIBAS/ CTS procedure i s
carried out between the transmitter station and the

r ecei vEFGsi4tiisorndrayimy 1blystzalgnmwmgxerplarfithg sgeaence

procedure for detern1n|ng the transm ssion rat
G PR frptd e T EaePPB Gl SR LY g FEBATe in
‘aﬁ%%@aﬁé' °Q1£ﬁaléﬁ£” Cang%[ dur %cé Ldihd Y AUd gpresent

ustratring an exanple opera i 0N “'sequence "I
whivehtpagket transm ssion and reception transaction
based on the RTS/ CTS procedure according to
| EEE8OR1¢1 1S iirplenaphednsv thitsatiting henaglErb@R/ 1fArmat
FIG 21 is a draw ng explaining an exanple of the
aggoirdangobo ofEEEMKSHiltat-i ng and recei ving procedures
accordin to the present invention. FIG 22 is a.
drawi n§I éx&ﬁdﬁﬁ ﬁ@aw hélugkanpies bhe crestapptienpfdirane

ransn1%§bﬁ g and receiving procedures according to
gﬁeégn vention. 41 FIG 23 is a draw ng

‘e‘x,pl ai E’i@g 19 i éjé h9§€11§6@;% ﬁla%f.Lcally illustrating an example
" of the. operation of the RTS/CTS procedure.

'FIG. 18 is a dréwing -explaining the action which can occur
a# sﬁrrounding- lstations when the RTS/CTS pioceduré is. carried
out between the transmitter station and the receiver station.
| FIG. 19 is a drawing explaining the procedure for
.‘determining the transmission rate-modé of the ehtire transaction

':’when STAQO as the‘origin‘of transmission transmits én RTS.

FIG. 20 is a drawing illustrating an example of the
operétion,seqﬁence in which packet transmission and reception
‘transaction based on the RTS/CTS procedure .according to
- IEEE802.11 is implemented with traffic through TCP/IP.

FIG. 21 is a drawing explaining an example of the
‘é.pplication of transmitting and receiving procedures according
to the present iﬁﬁéntion. | |

FIG. 22 is a drawing explaining another example of the
appiica_tion of transmitﬁing and receiving proqedures according

to the present invention.




transmtting and receiving procedures according to the
present invention. FIG 24 is a draw ng expl aini ng

the nmechanismfor controlling the judgnent of whether
"information indicating that an RTS may be

mul ti pl exed into a CTS' should be set or not. FIG 25

i s anot her draw ng expl ai ni ng the nechani sm for
controlling the judgnment of ether "informtion
indicating that an RTS may be nultiplexed into a CTS"
shoul d beset orrnot. FIG 26 is a further draw ng

expl aini ng the nmechanismfor controlling the judgnent

of wherher 23 nforarediQndddigatdikdnghat fuathBFScRaMpbe of
mul tiplexed into a CTS" should be set or not. Best
Noeesfudt t Cag rykdngedaitv itrthep tovehi feenaBebedingg ot the peresent
drawi ngs, the enbodi ments of the present invention
winven§éclescri bed in detail below. A. System

Con' B4et 90, T B opeget on PR LeL AUVLCELLZR. cox
I |
& W%&lhﬁq_ﬁﬂéa%nﬁﬁ% ?.wh%t?xﬁﬁ Il‘i’l)fo%aﬁgl nveng%taltgﬂg that

stations resen

IS WIBSmh§ 154 qmarmefx%w@h@otaaﬁ%sﬂamww set or not.
information is transferred on a packet - by- packet

basi s. FY#1 25 iespesihd0deaahing Grpiticdnigoahstmédithism for
the followi ng déscription assunes single-channe

- swogitivon 1inowbe dudgnhat pfededherniVieforoat iondndécating that

. expanded to cases where a transm ssion nedi um
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- an RTS may be multiplexed into a CTS” should be set or not.

Best ‘Mode for Carrying Qut the Invention

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

A. Syste'm Configuration

The propagation path for communication thé present
iﬁvention éssumes is wireless, and a network is builtf ameong 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

respect toeach communicationstation, the folléwing description
-~ assumes single-channel station; however, the .preé'én.t' :'i.nvlré.ﬁt'io'n

can be expanded to cases where a transmission medium comprising

a pluﬁality of frequency channels, that is, Iﬁultipie -,cﬁannels_

is used.




information in accordance with an access procedure

based on CSMA (Carrier Sense Multiple Access). Thus,

the conmuni cation stations can build an aut ononous

and decentralized wireless network. The autononobus

and decentralized wirel ess conmuni cati on system does

not have the relation of congpol station and

controlled station. In such a wire-less comuni cation

system for exanple, each communi cation station sends

beacon information. The station thereby inforns other

communi cation station |ocated nearby (i.e. within the

range éh awuimahtsatiesnprifaddredingsemntbe mfesardel fivention,

and i nforns .them of the constitution of the network.

AREBTATRRL L8R 1SR af TR Gthi ¢ eweFtdvergaadprlgbpgransmit
ation _station's ¢ e of comunicatio

; ecr?&“%%%lgnblena%%ﬁog%%cer AR oy GeT SRS PPASE opCSA

has.8nter eddde £oER) califl, B Skl i

stati on decade e |€Tornat|on

kaagdbnsadenc Bﬁllﬁeéﬁ by SRR Z %n‘dh BelehWeLK: 288 wireless
participate in the network. In the wirel ess network.

acdordikng to the present invention, comrunication
stations exchange beacon signals, and nodestly and
t enpor &hEyRuARaNons g2ed \flecensachizefarirefings, communication

t trol d t wh hannel
RSB T bete b TatpFioBd ony %ﬁ%@vﬂfﬁa&&on and

' %@rolﬁ%ﬁe%mérpg &Hes& I{T% vd\rslu\:/slafl ol commun %F%lﬁgcszf’]s em,

structure ererore, eacn conmuni ca 1 on

116 SR AN AACESEmIRENAD Based %é&{&%@éc n information.
synchroni zati on, such as reserving a bandw dth and

seet & vk fordBhe paiey @hEBkhalotpeki ttniinidseiohfation located
processi ng at each communi cati on station, described
nearby {i.e. within the range of communication) of the presence
) of itself, and i.n'f.orms them of the constitution of the networrk.
Acommunicationstationwhichnewlyemergesinsome conunﬁnication '
.station’s range of communication receives a beacon signal, and
t.hereby detects that it has entered fhe range of conunuﬁicatidn.
" Further, the station decodes tﬁe information described in the
‘~beacon, and can thereby recognize the network and participate
in the network.

Inthewirelessnetworkaccordingto the present invent ion,
communication stations exchange beacon signals,- and modestlyA
and temporally sYnchronii-e with each other. Thus, 'transmission
control is carriedout wherein channel resources are effgctively
utilized by transmission (MAC) frames having the time division
muitiple access structure. Therefore, each communication
- station can impl.ement. an access method based on temporal

- synchronization, such as reserving a bandwidth and setting a



bel ow, is basically carried out at every comuni cati on
station that participates in the network. In sone
cases, however, the processing described below is not
necessarily perforned by all the comrunication
stations constituting the network. FIG 1 illustrates
an exanple of the dispositiofzof comunication
devi ces which constitute the wireless conmunication-
ystemin an enbodi nrent of the present iflvention.
This wirel ess communi cati on system does not have the
relation of control station and controlled station.
[erretfieirent sahmpen tad icgh vpst em each conmuni cati on
devi ce_autononously and decentralizedly operates, and
an ad- R’ BrOCRESENPs2 WOW%WSE%&@M@S@@M
o_the,  conmuni cation devi

nlca on d ce #Q t
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roken T1ne comruni cati on evi ce
%&%c@@ﬂﬂﬂ&kﬁﬁk&ﬁﬂdﬂbé&&@&sQﬂﬂHﬂ@b@éEhﬁﬁlﬁ?ﬁk@%&medknrall
located wthin its range, and the range o '
¢duemroninnab i oat ien defdtniecthsagonatt angendg nehvdirgdtwa rdi.gnal
“transm-tted by each station interferes wth other

connunFEétréniééVﬁ§§%te%ba@ speopi¢ coliesbei pispasinion of.

iven. The commuyni catiQn device #0 is Iocated ina
FRABTIPAC R o APTLERR oIS cat@ el tikhe. che  wiroless
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conmmuni catl on devil ce In a-range In

Wi G i fe LM %Mthél{:foWstﬂ%ttethedGQénﬂé{ﬂ ﬁQ‘ré Qthe relation

devi ces #0, #2, and #4 | ocated near by;

@@ENM¢Bheabl oONsteviee dAl | Toneealieddi NsBatBdWWe | NIn this
which it can communicate with tthe 44 comruni cati on

d:@mmuescw_lo#$ym,#6abbmmmwp tidreice autonomousiy '

conmuni cation device #3 is located in a range in which

"The figure shows how the communication device #O 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"’

a range in which a signal transmitted by each station interferes

"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

L CiEhdegprentralizedly operates, and an ad-hoc network is formed.



conmuni cate with the conmuni cati on device #2 | ocated
nearby; the conmmunication device #4 is located in a
range in which it can comrunicate with the

communi cati on devices #0, #1, and #5 | ocated nearby;

t he communi cation device #5 is |located in a range
in-which it can comunicate y4th the communi cation

device #4 | ocated nearby; and the comruni cation
device #6 is located in a range in which it can

conmuni cate with the conmuni cati on device ;:#2

I ocat ed nearby. \When communication is carried out
betweenceeibai devéogrudilcatin amyi ¢6s logathidddenrby: the
termnal" exists. Hidden termnal is defined as a |
coruniication RN fihiehlewatask ihear PRy 18 vhish oft can

GORBRPBGE et Wy CREBERGRE R etk 101 LpRated nearby;
nt i.n ' i s.nat kit tL - ,
BEGSE IR RVENEL 81 Je5, 08 bl U Lt d U o J00e B 0ccn 1o

- nCoBRMRA £84 4 O WAL BL N-@ah iCUINHN 8aLE88s HAt #ON and #5
can directly and asynchronously transmt information
i1dcatedrdants ; wid botmen Aepeism peoteddba hhsetteanin a range
CSMAW th the RTS/ CTS procedure wused together. FIG 2
dohwhithcit | gen Idoysunaceset Wbth U iapmmiunicekdontdeviore #4
of a wireless conmunjcation device -which operates as . .
& oCEHfENNeREPHN A ENS PIFP G B defdf otk 1Pntgrrted 1n

- enbodi ment . .of the present.invention. The w r.el .

- Goren EarnaRh i raR SRRt b BB e O e o device
. 36Cq%, a%%HtBQEng?ed on CSMA using the RTS/ CTS

procedure together and forma network in the 45
aut.onopREs antnEeGeRtiahi ZBf CRAFRIBHCabHON RIAVEEAN Bt tain

in which a control station is not provided.
communication devices, a “hidden terminal” exists. Hidden.
" terminal is defined as a communica_fidn device which‘cah be heard
by either of the communicétion.devices communicating with each
" other but cannot by the other. |
| | The scope of the present inveﬁtion.is not limited to the
above ad-hoc environment. It éan be widely appiied to other
modes of communication wherein each communication station can
directlyeyuiasynchronoﬁsly'transmit.informationijlaccordance
'.withtheéccessprocedurebaéedonCSMAwiththeRTS/CTSpchedure
used together.
' FIG. 2 schematically illustrates the .funétional_
~constitution of a wireless communication device which operates
'aSEacommunicationstatiénin&iWifélessnetworkj11aﬁembodiment
of the pfesent invention. The wireless communicétion device
wooin the:figure'can carry out a¢¢é$s contr0l~based on CSMA using

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



As illustrated in the figure, the wirel ess
comruni cation device 100 conprises an interface 101,
a data buffer 102, a central control unit 103, a
beacon generating unit 104, a radio transmtter unit
106, a timng control unit 107, an antenna 109, a
radi o receiver unit 110, a hgacon anal yzing unit 112,
and an information storing unit.113. The interface
101 exchanges varied informati on between it and
external equi pnent (e.g. personal conputer (not
shown)) connected to this wireless conmuni cati on
duvpoend@9andecdat gabuféd cohdlnisausaden ol tamyortain wigich
store data transmtted from connected equi pnent
?hFBHEﬁO%rﬁ?%?ﬁ%ﬁﬁé%éOIOEroﬁﬁdﬁéta received through a
rel an si.aQn cha bef gr data is_se

U AQR P RERF Y oy S0 Hoprernuier LpS srppapIoation

-H@krﬁcé%o%& 9€Se8aR858S Ak el'Orif %rcfﬁ{zh?tﬂfx‘.terxaﬂ}cﬂ','&ééﬁ{gral

and reception processing in

eoHuEsl Cahlien 1deyi ce BeQcand g%getraehﬁg ageeesavat, 0 4 headio
transmi ssion channel in a centralized manner. In the
teats@ltteonhioll i 4 tibIngfamtexcdnm &, 16¢caasarconitol09,
is carried out based on CSMA with the RTS/ CTS

- Brovddurecedsartwydt BeP, 3 heddion arpbyefinennit 112, and an
nsmtiing and receivin procedures wherein a

E;F%PE‘F‘?H%FQ%% Spifr & such as RTS, CTS, DATA,
"and A e 1% %Irrpél\ gl Pééfxe)gc arne es Sgiqgugltf‘bér%%si%ﬁ‘ between

procedur es escrl
. -Q%%Q{‘eg%ﬁﬁéi 'é@%;ﬁ%htl% @eBéEéEﬁél Q%ﬂa%ﬁﬂe?_' &Hbac! Shown) )
peri odi cal |l y exchanged between the wreless.

conmusteat i @it wievilees108mantifeardly dbviekesso.

conmuni cati on devices. The radio transmtter unit 106

“i ncl udése dateduifdeor 108 ¢ used to temporarily store data

transmitted from connected equipment through the interface 101

- .ordata received through a wireless transmission channel before

the data is sent out through the interface 101.

7 The central control uni£ 103 manages a series of
lnformatlon transmission and receptlon processing in the
wireless communication device 100 and controls accesses to the
'ﬁransmissiqn channel in a centralizéd.manner. In the Central
'~ ‘control unit_103, for example, access control is carried out
bésaﬂonCSMAwiththeRTS/CTSproceduréusedtogether. In this
embodiment, transmitting and receiwving procedures wherein a
plurality of typeg of frames, such as RTS, CTS, DATA, and ACK,
are multiplexed are implemented. - These procédures will be

described in detail below.
The beacon generating unit 104 generates beécon signalé :

- periodically exchanged between the Wireless communication



nodul ates transmt signals bya predeterm ned
nmodul ati on nethod; a D-A converter which converts
digital transmt signals into analog signals; an up
converter which up converts analog transmt signals
by frequency conversion; a power anplifier (PA) which
anplifies the power.of up cofyerted transmt signals;
and the |Iike. (None of these itens is shown in the
figure.) The radio transmtter unit 106 wirelessly
transmts data tenporarily stored in the data buffer
102 andbeacons ignals at a predeterm ned  transm ssion
datvé ceThel ramki cvgaatei werelrist toOmoniqet Ses deviloms .
noise anplifier (LNA) which voltage anplifies signals
recei vEe rprahe topReristarivoas k0 bughnddre ameenaatepyhich

converter which. down converts vol tage
| mquﬁ?rtsatraeéﬁ%%fzaﬁawyam%qﬁféﬁwe RS GRmegods
%uboﬁa&l)r?v&qgel} %ﬂnfz Sveél.AGg:{. I% Qrgﬁ g{it&ig‘ﬂals into

whi'ch converts analog recerve Si Srs i

2h@i8h%igRal sy RENPELEALH QY %I&Uhfa cbAke PPk %Inalleg transmit
.synchfoni'sm a channel estimation circuit, and
demndukatprtrekinehcgatdnes Oitn; depmisd atnpamfbyra( PA) which
predet erm ned denodul ati on nethod; and the Iike.

DA Loes tiHes poweenst iw showsrtadttmdsngdr ¢iynahe; and the
radio receiver unit 110 receives signals,. such as

PAfk6r mati i ahdhepeatioies 18 rsé\%"r‘ﬁ 2 ghetfightHer The radio
duri er m

| d
SepRERLtcRE FRLF oT0h RLRFIRTEIY PRGN AT AT a Tt Ly
586rE0 Al e JLANAE 18 2EnliBECH0R1 BAG1 L 3R Sl cormined

receiver unit 110 or exa varrous transm ssion
m&bh@ﬁ§sgb¢§km@m§_appllcable to wreless 47 . LANs and
suitable for relatively short distance conmunicati on

. can beTappkadio Speenﬁeraun¢ttﬂﬂﬂlﬂﬂhﬁﬂidqgtV¥déow noise
Band) net hod,

» camplifier (LNA) which voltage ampllfles 81gnals recelved from

.other stations through the antenna 109; a down converter which
down converts voltage amplified receive signals by frequency
conversion; an automaticgaincontroller (AGC) ¥ anA-D converter
" which converts analog receive signals into digitél signals; a
gsynchronization circuit for obtaining synchronism, ‘a channel
estimation circuit, and a demodulator which carries out
demodulation by a predetermined‘demodulation method; and the
8 like. (None of these items is shown in the figure.) The radio

receiver unit 110 receives signals,. such as information and

beacons, transmitted from other wireless communication devices

during predetermined periods.

As radio transmission and reception methods for Ath'e radio

- transmitterunit 106 and the radio receiver un'it'ilo',:for,éxample, .

various transmission methods which are applicable to wireless



OFDM ( Ort hogonal Frequency Division Miltiplexing)

nmet hod, CDMA (Code Division Miultiple Access) nethod,
and the like can be adopted. The antenna 109
wirelessly transmts signals directed to other

wi rel ess communi cati on devices on a predeterm ned

~ frequency channel. O, the apjenna 109 gathers signals
sent from other w reless comunication devices.
[rrthis enbodi nent, the wreless comunication device
100 is provided with a single antenna and is

i ncapabl e of carrying out transm ssion and reception
iLaNgasad |selitabhe foAImg atartngl shbrt dl8¥anestddinication

timng with which radio signals are transmtted and

rrecdiyepp 1l Fet. eXpepliéically cohe/UbiBs (U He f BidoBang) method,

tinin&grtransnission timng and receg;éon .tining for

PEPMo{idr thagesad Breqasoxcisyigomitupeie leptngheefhgd, COMA
packets.in ich these are nultiplexed; .tim.

RERRIRE B R M TR SRR Pk By HE0 ié Tgg can be

L RRsELt s beacons; timng wth which beacons are
received fromother stations; and the .like. The

beaconTr@aintznhg UM wiltd2e388¢ ¥208sRE8E A FRANrected to
“which could be received from nei ghbor stations, and

athleyz egi tdieespr esanceicht gar lgviveel e8s a predetermined
communi cation devices and the like. For exanple, such
* ifraRREY oRhaRNe ke e Pl obhe | #RRNfaod OBetigbhers gfignals sent

 IEahr SiatLons and neahy, begcon Leception (B Ment,
PRI, bRt ol f, T8 LOLILATAS tnsne
RREBHH" BNl UGEd 3% 16P QI BFR-MRG @t 8nsmission and
'.reception‘iﬁ parallel. | | |
. The timing control uﬁit 107 controls timing wij:h which
~ radio signals are transmitted and received. For example, it
" controlsthe followingtiming: transmissiontimingandreception
- timing for various packets of RTS, CTS, DATA, ACK, and the like
and packets in which these are multiplexed; timing with which
‘the wireless communication device 100 transmits beacons; timing
- with whic;.h beacons are received from éther stations; and the
like. |
'Thebeaconanalyzingunit112analyzesbeaconsignalswhich
- could bé received.from-neighbor stations, and énalyzes the
. presence of nearby wireless communication devices and the like.
For example, such information as reception timing for beacons
of neighbor stations and nearby beacon reéeption timing, is
. storea.as nearby device information in the information storing

unit 113.



col lision avoi dance procedure and the |ike are

described) for a series of access control operation

and the like, performed in the central control unit

103; nearby device information obtained fromthe

result of analyses of received beacons; and the |ike.

B. Frame Format (Packet Fornmt) FIG 3 illustrates an
exanpl e of the constitution of frane format used in a

wi rel ess communi cati on system according to the

present invention. However, in this figure, the

preanbl e, PLCP header, and the like illustrated in

FI G Ifharie @Fdateen Mrlrilj]hﬁhltthﬁlﬁoétcbﬂb regfer Q&@Hlbﬁﬂng'
as PSDU (PHY Service Data Unit) is selected and
sheuntids |iptastduteed instrhetiogsr e{pitdyxraRSDUwherein the
conpri ses MAC header portion and MsSDU ( MAC Service ‘
pat b1 ehen avsidaggeaptoredyes sed the éﬁhehereﬁﬁ@cm@@éﬂ) for

ayer ion. In this enbodi nent, luralit
ROEREL e P e eResEaao P G HRgRb or attuEh e daiar Perfornea

il h@“e@ﬁ??%%ﬁ@én&%a(%dgjzree&?téegﬁecﬁezg Mation
BREL i R84 ﬁ%n&eae%ui@%@%mal@s@é Yrakbb¥i0Ed %&col%c and

headers can be placed. FIG 4 1llustrates an exanpl e

-afhet bekeonstituti on of PSDU |n t his enbodi nent. These

frame exanples correspond to conventional RTS frane,

'CTS frame, ACK frame, and data franme, respectively.
Refer to FIG. 16 ) _ The header | ength (HLen.),

g: RAYormat) t r ansmi ssi on orlgln

addresg

~‘conmon %% égﬂﬁﬁgrggggk%ggﬁﬁﬁ%Ln%géhﬁégggg”ﬁ%ﬁgﬁg‘”Pframe

E@Hngt %ée‘&jiﬁ%t #fréi@sg Egﬁﬂ&ni&{f@a 89%9 a%@::ﬁ%ﬁ&% the

ur_por

.7present.1nventlon. However,JJlthls:flgure,1ju3preamble, PL.CP
header, end.the-like illustrated in FIG. 15 are omitted, and
oﬂly‘the poxrtion repiesented as PSDU (PHY Service Data Unit)
is selected and shown.
Asiliustratedinthefigure,thePSDUcomprisesMAChéader
portion and MSDU {MAC Service Data Unit: one data unit passed
: from the upper level laye;) portion. In this embodiment, a
‘.plprality'of MSDUs can be placed in one PSDU. The MAC heade;
portion comprises common MAC header portion, sub.MAC header
portion, and HCS (Header Check Sequence) portion. As sub MAC
header, a ?lurality of sub. MAC headers can be placed.

FIG. 4 illustrates an example of the constitution of PSDU

in +this embodiment. These frame examples corréspdnd to

conventional RTS frame, CTS frame, ACK frame, and data frame,
 respectively- (Refer to FIG. 16.)

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



in detail. 50 Table 2 Field Nane Length [Bit]
Description MAC header length. Up to 255 bytes. H
LENGTH 1 Refer to this value to determ ne to what

extent the CRC conputation for HCS should be carried
out. The destination address of the rel evant packet.

If this is not RA 8 matched, M th the rel evant

packet's I D or broadcast ID "decoding is imediately
stopped. TA 8 The transnission origin address of the

rel evant packet. Field indicating for what period of

time in [psec] reception is expected. to |last after
tRanemipk ebh @t iQfint sANSIB SSITAN, And beraOabke@indd in each
rel evant PHY burst. This is used for the receiver
sftrateohnt gommuh cargeappedi od flor ashimoh MAT leanier portion.
transmt and for surroundinother stations to set a )
Nable FHedigntescthealiesldsoini bhe iepmmen ¥ag hgpder portion
different formats dependi ng on the: purpose of each
fPaff€*2ELr exanple, in a packet corresponding to RTS
frame, RTS SMH (Sub MAC Header) is placed as sub MAC
header; in a packet corresponding to CTS frane, CTS

SWVH i s placed as sub MAC header; in a packet
corresponding to AC. K frame, ACK SMH is placed as sub
MAC header; .and in a packet corresponding to data

frame, DATA SWH is placed as sub MAC header. Wth

" respect to the RTS, CTS, and ACK franmes, PSDU is

.constituted only of the MAC header portion, and the
MSDU does not exist. To the data frame, data

speci fied by the DATA SWH is added as frame body.
FIG 5 illustrates several exanples of PSDUs which can




- shown.

be defined in the present

tier in

mul ti pl exed is shown.
whi ch one MSDU and RTS i nfornation
In the third tier,

shown.

FIG 5, a

i nvention. In the uppernost
packet in which two MSDUs are

In the second tier, a packet in
are nultiplexed is

a packet in which CTS

information and ACK informatign are nultiplexed is

In the | owernost tier,
MSDU, RTS infornmation,
information are nultiplexed is shown.
be transmtted,
is to betransmtted

+

an

a packet in which one
51 CTS information, and ACK
If an RTSis to
RTS SMH is added as SWMH if a CTS
a Che8MH2 s added as SWH, if

oy

Fieldh

Lengli B

hdded by
|HILENGTid
such as R

a nunber
be transm
TS, CTS,

AL SMNLL o a-ddad—aa SN PN
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SCrli

Mqaihealeelaﬁgth. o Uphe2dsbptber of dat a
Refedo thishwalae to deteaiiesto ehat iextéra theeltRCon,
DéoTbutatiorciorMOS shbaldbengiied olitf f er ent

|
cu, e

- pur poses
{1Re detai

can be nu
| s ofg the

ThedesticRfion d088ssVf e REVHE backetNePﬂms is not

~flescri bed

ir,?l a o1

MRRRANGN iR r&évaﬁ?ﬁ&ke@%"o%rb dca€ID, decodmg
DistifmddidiPstshpb® 1abl e 6. The | eading

The trahsthission aridin adofbs%‘f'tﬁe'?ei&?éntpacket

N %‘ﬁ %gﬁaf ik &Pgatf lispcl Gggepton i

angn[%q of the
gﬁH@' ect to each

- t he rece @QFW“WH@' s9lg %H@%ﬂﬁ”“mmh
1he relevant swih wﬂa@ﬁ qrﬁuriowzdmg\otharaiatlamsdosetaNA\f |

Fi el dsTha S%Tnﬁqé%bdaa@oe:taohlwaéfﬂt&mﬁ ke reet-ahkt Sfnats
the fields in DATA SMH used when general - purpose
dependdnhem thapukRbSse CESadndr&l,  Fox dx=apsRd,t 1red.packet
- As illustrated bel ow, the DATA SWVH conpri ses

- mogprespradisg die REES, £aame L &T§t BMH | (@GBsUAC Header) is placed

-as -sub MAC header; in a packet cor:respondlng to CTS frame, CTS -

referring
caclg SWVH
gentrfrer—ndicat
fn the rdgl evant SM
“fiffers dependi ng ¢
“1Q@?§W iﬂt, g'

_ rin LcI(
- however,

SMH is placed as sub MAC header; in a packet corres?onding to
-lAC_K frame, ACK SMH is placed‘as sub MAC header; and.in a packet
. cbrrespondi-ng todata fﬁ:ame, 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
ﬁot exist. 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 fhe present inve-ntiba;l.. In the uppermost tier in

FIG. 5, a packet in which two MSDUS are multiplexed 1s shown.
" In the second tier, a packét in which one MSDU and RTS information

are multipl-exed is shown. In the third tier, a packet in which
CTS information and ACK information are multiplexed is éhown.

Inthe lowermost tier, apacket inwhichoneMSDU, RTS information,



52 Table 3 Field Nane Length[Bit] Description Type 1
Identifier indicating that this is an SWVH for

general - purpose data transnission. ldentifier
indicating the attribute of the data specified by the
SWH. [21 Data Flow Attribute 1 [2] ACK Type [1] More
Bit 13] Fragnent Sequence 1_The sequence nunber of

the data specified by the SMH Rotation of 0 to 255

is repeated. Len th 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
SeChfif &ehndWi ddjeahl venh £ OATA S¥Ha k8 metBSEI i@l 14 Bhown.
the Data Fl ow portlon the data fl ow of the rel evant

data i sfphacers idere, bet tisnassitel] bhaRTdatEHfiowkided as

~having a plurality of attributes on a |ink-by-1ink

- d8iisiom S defimdr trEasaittehs ah8VFnMIiifsf efddad as SMH;
attributes are used to define different ARQ

(AuPBnBtR ol RépedtsHe Gt ?nn%?fﬁomﬂ g édaistiaas SMH; and if
flow b datafl W basi s ffic r ent
|&r?ocpr |r¥)lr it areftfj gbm % S’F‘i&ge Bg‘lrsaé{ oW < & an fi % & number
@cﬁ@.‘v@&@ﬁtlt’ck@hé RLeRded r P POREEs thob V\%tﬁ‘iaﬁgﬁlﬂyﬁg Thus,
portion, information which indicates
[pEeRlekes £ tidForin@eeb pdsidie adates Sloal, dohen  egdested Ha@ing
~return is placed. Specifically, t hr ee types of

- idiffdlepahioppirposes can be multiplexed- into one packet.

= Next, the details of the componénts of each SMH will be
j described referring to Table 3 to Table 6. The leading field

of each SMH is Type field, in which an' identifier indicating

. what _inforination is contained in the relévant SMH is described.

" The length of SMH differs depending on the tyﬁe of SMH. Sri'nce‘

the SMHhasanintrinsic lengthwith respect to each Type, however,
the receiving end can learn the 'leng‘th 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

A't.tribute, Sequence, and Length fields.



I medi ate ACK (I'm ACK) request, delay ACK (Del-ACK).
request, and ACK not required, are notified. If the

i mredi ate ACK request is specified, the receiving end
returns a packet containing ACK information

i medi ately after it receives data. If the delay 53
ACK request is specified, prgparations for returning
ACK are nmade but the transm ssion of ACK information
is not. carried out wuntil a packet of sone kind is
transmtted to the origin of transm ssion of data.
(When a packet of sonme kind other than RIS is
transmtted to the origin of transm ssion of data, an
ACK SMH is added to the packet and it is transmtted.)
If ACK . not required is néd@PtPed, an ACK is not

rﬁé{@ﬂé}ﬁéﬂ uéa#mq It]l re ot portlron, degé 1" lgﬁ[ 1 On j
s AR i mmAaac a2 Hter—the—restevyant—Sacket=—s
tyansni t fed, more pieewierddisaling thabihis if anSM fergenaseleppose data

accumul atled or _notFagsmpsiged.  The recejiver stores the

|address qf the packidentifierindicating thieatjritwteaf fhe data speaifieddiy the SMH.
lthe More|Bit portipn has [3j&etaHmwst recently set, and,
Alribgiene |case$, po] s t hd2jA6Kdypeon. The pol | i ng

procedureg is not rglated[ljdforeBit |y to the subject

matter off the present iny#ftagment and thus further

- [descriptifon wi T NpfhelBquhaéRimbariof b Bath ScaHad by BBMHM, 1 S
: g?"é‘@'ﬁF@nted, the Fr ag;?ﬁggomggggqgﬂgpéaqeésgjg ltorbityndi cate -

PELHETS TN TN dat Pngi st engTUR BHE of the dalalneciidby the SMH.

bCLlUCIIbU IIUIIJUCI asS yricu LTIT T'TT TVArl ual a 1T o

pl acedn |the Atgysibwig tfhaldsefbentdenthbess im@lickting the

3,...,, are assigned to data units in ascendi ng order )

aEtrikuberebriksl datprgesatyedaby EBAmERI eEN oMATRNEMH is

o g?ge%g ~nhunbers of 0 to 255 are repeatedly used by
‘rotatiron."In the Length. field, the length of the

- rel evayyl 9@ dakS 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 té define
-Adifferent ARQ (Automatic Repeat reQuest) methods on a data
flqw—by-—data flowbasis, to handle traffic different inpriority- |

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 réceive’d the data should be requested to -

return is placed. Specifically, three types of information,

- immediate ACK (Im-ACK) request, delay ACK (Del-ACK) request,

and ACKnot required, arenotified. If the immediate ACK request
. is specified, the receiving end returns a packet containing ACK

infor_matior; immediately after it receives data. If the delay



- sel’ect ed,

placed. Fields in ACK SWH Table. 4 illustrates the
conponents of ACK SIVH fields used 54 when ACK
information is transmtted. As described bel ow, the

ACK SVH conpri ses ACKAttri bute, ACK Sequence/ Type, and
Received MAP fields. Table 4 Field Nanme Length[Bit]
Description Type 1 ldentifi indicating that this is

an ACK SWMH. ldentifier indicating the attribute of

ACK. ACK Attribute 1 [2] Data Flow [6] Reserved ACK
Transcri bes DATA Type of the object of ACK if DATA

Flow is 0. Sequencefr 1 Describes sequence nunber in
e ethaestasespebeced g oM chtldzed dbenr&aten oW Ksare
not 0. ACK/ NACK information for Selective ACK. In
trieateAGKE Ather T hantamifasdlod, off AEKI defmainfatdon helinodt ¢awry tgtbout
attribute of . ACK is described. The Data Fl ow portign '
iundiidageRackat wif ciPmmatdnd dw thendltbted thdhsppadein of
of ACK.informafion

. e i
e o SRR [ | SN PoBPEHCC oS ELAGEUHEE than

A ' d,j : [
S et BaBted PNt e et ogere @
seqguenge! PRIk b dreSpackéeldhd ok i9diealsigten. )t af ACK
whi-ch sequence nunber of the relevant data fl ow has
hefn resmduedt ial hyti®Beel,ved ACKt he dat aréfwmads not O.
For exanple, the value of 6 is placed, that indicates

dat a ofinugha Yosedidreertimnvbénfernakiordndirpting whether,

successfully received. If Q is sel

ect ed
after  the relevant packet 1is trénsmg%ted, more data to be

. fransmittedhasbeenaccumulatedorruﬂ:isplaced. 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,bollsthatéfation. Thepollingprocedﬁreisnbtrelated

directly to the subject matter of the present invention, and
thus further description will not be given.

If the relevant data is fragmented, thé'Fragmént portion

‘is used to indicate borders in the data.

In the Sequence field, the sequence number assigned to
‘the relevant data is placed. It isassumed that sequence numbers
0, 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 rotation.

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



for data flow, i mediate ACK is used, and the data
type of that data is transcribed to indicate which

"data the ACK is for. The Received MAPfield 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 thg sequence nunber
i ndi cated by the ACK Sequence, the subsequent sequence
nunbers 55 are brought into correspondence by bit
map, and bits corresponding to data (sequence nunber)
whi ch has been received are marked. The NSB
ctreme 368 nidsf armatienniigberamexit ttegl .t hs degudhee bahber the
i.ndi cated by the ACK Sequence. As an exanple, it is

CORRE 1 5¢HBCRAEET}BY LRABCK BePaneeddupe) riddRpeiived
?P‘ht EIES t he sequence nunber in the ACK Sequence

£dds 23; and the Recelved MAP i s 00100000. This
nmeans the foll owi ng: dat [ to #23 has been al
received: (the Received NA reoresents t he success or

f offiéld Neme n |r mngth[Bitlg| t he ei ght pi eceBescrfitiodat a_of #24 =J

[EE TNe TOTTOW 70 NUMTAETerti¥iiBlly (AR Es 3 ALK SHRE CPL T 01

{received. The t hod{ of tr

ar.aol.n nlafn uni.t.c . acoly/
: -?{‘ég receivijng end is E@%CWPMTY%O%@@Pﬁ“&%CK'fDATAFIOW‘SO :
| 2EUERG W .

of —data of=#24—and—#

A%R%Hb% and the- SJ@g[lqué $1 g?e t%uteno C ‘een

“n and reception

PRanent ( Sel pPesciies sggupnce|niimpes i theother gases.

Wapsdl ect bve apUsedwihenBatalow is et Recei ved MAP i s

laenerat ed Ji n accor d hACKNACK nfarhation fopSelsdivertOKoned

o rule: V\A&B(_‘#H%GAJ:E%% %gﬁugg?f'lﬁel@t I’Sé'@.@l%%&l%géz?g. dlﬁating.the |

ackno genent ata cdu sequen
@€ vadel of ALRGA d88cr ALY ZEHP Ll Sad 2E6d ;Jcﬁ:t:.@lnl 1ﬁc§5€cates

"bits of the Received MAP field. Fields in RTS S
~in which data flow the data as the object of ACK 1nformat10n

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 (8el-ACK) is used.

The ACK Sequence/Type fJ_eld is a fleld 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 b,een'all- successfully received. If 0 is selected
for data flow, immediate ACK is ﬁsed, and the data type of that
-data is transcribed to indicate which data thé'ACK is for.
The Received MAP -fj_eld 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 sequence number

indicated by the ACK Sequence, the subsequent sequence numbers




Table 5 illustrates the conponents of RTS SVH fiel ds
used when RTS information is transmtted. As

descri bed below, the RTS SVH conprises RTS Attri bute,
RTS Sequence, RTS Received MAP, Max Duration, and
Length (or Nunmber O Data Unit) fields. 56 Table 5
.Feld Nanme Length[Bit] Descrigygion Type 1 ldentifier
indicating that this is a (Drected) RTS SVH

Identifier indicating the attribute of RTS. [2] Data
Flow [2] Rate Strategy RTS Attribute 1 [1] Rate Set

[1] RTS/CTS Mux [t] ACK Request [1) Reserved RTS 1
 @he sequegice nwtber cofrédpondadiengbbDbit 0 dap, and bits
transmtted. . Sequence RTS Wth respect to MSDUs
SopsegReRinht RIS tSettrMiticy Renkpy) wiRgelk hpedeen received

B R PO Pt o ettt R o e o che
' t | §Si ' whi ¢ch. can, be ‘
SPfuCREL BUER! Ad LI B9 AL HORS M0 B R En exanplc,

hef 95 4 pRd ehatedeho fala iy MabOr D) d ANkt 8duted of
(value indicating the data |length information).

éNghbesitod; (Hher sexaspte, nidbdihdndahe ATH tSeqiepcef field is
fixed I'ength) the nunber of data Data Unit) units to
Bé: tangntsint Reedive¢OMAECteA0B800OM y 'hisasensftit fotleding:
~RTS) the MAC address of the node as the )

data of ‘up to #23 has been all received; (the Received MAP
represents the success or failu¥e in receiving the eight pieces
of data of #24.and the following numbers bybit map) ; the reception
of data of: #24 and #25 féil‘ed;‘data of #26 has been received}
" dnd the subsequent data has not been received.
- "Themethodof transmissionand receptionwhereindata units
. receivedat intervals are held at the receiving end is designated
as selective acknowledgement '(Selective ACK). If the receiver
' sﬁppofts selective acknowledgement, a Received MAP is gene:fated
in ‘accordance with the above-mentioned rule. If the receiver
: does not support selective acknowledgement, data which could

not sequentially received is discarded, and zero 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
'whén RTS in_formation is transmitted. As described below, the
RTS SMH comprises RTS Attribute, RTS Sequence, RTS Received MAP,

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




Addr ess obj ect of RTS.

i dentifier

i ndi cating the
information is descri bed.
the data flow of data for which
to be tried is placed.
auxiliary information is
when the transm ssion rate o
This auxiliary information is used to bias

In the RTS Attribute field,
attribute of the RTS

In the Data Fl ow portion,
transm ssion i s about
In the Rate Strategy portion,
pl aced which is referred to
data is deternined.
Criteria

t he

for determ ning: whether to aggressively select a high

rate for transm ssion rate;
aggressivel y
slightly passively select
whet her to paSSI veI y sel eclakald dw rat e.

select a slightly high rate;

whet her to slightly

whet her to
a slightly low rate; or
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The maximum data transmlssmn time which can be allowed by the
‘transmitfing end.

| Length

'1><N

- Information refated fo data unit to be transmrtted (value indicating: the
data length information).

1 (Number of
~ | Data Unif)

1

(For example, if the data units are of fixed iength) the number of data
units to be transmitted.

(Directed

8

Address)-

(Only in case of Directed RTS) the MAC address of the node as the

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 Strateqy portion, auxiliary 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' aggreésively

selectaslightlyhighrate; whet_h'er toslightlypassively select

. ‘a slightly low rate; or 'whe'the:_to;paé,sivély select a low rate.



by one transaction. In the ACK Request portion,
information is placed which indicates whether to
request to add ACK information to a CTS packet
transmtted in response to the relevant RTS or not. If
the addition of ACK information is requested, the
station which receives the RfS and returns a CTS
operates as follow the station adds the ACK

i nformati on of data which it has received fromthe
station of the origin of transm ssion of the RTS to
the CTS and transmts it. The RTS Sequence field.is a
flihel Wsdge ehitbk Refte Seguergeportiitieri Df bé Beskeagéd@n detail
data of pieces of data for which the station as the
ddt§n of transmission tries to transnit is descri bed.

58 Th? t|on as the destination of RTS refers to .
this fi8l& L B EeRr dhddsRtiear rJrvaIﬁ’étaﬁéFi which

t:he,. .0 he r of_ transm ssion js
LG SLRLEOD R LDE T4 T Ol LERRSILES) o0 0S40,
. algpaadu &ﬁcmge@lo?rtpﬁstJgeic%T%zR%%%' veg “@P addlsion is
produces an effect when selective ackno enment

et itaget herithRehatingg sid skhen ﬁeﬁ@&l@i@cédnméntry in the
indicated in the RTS Sequence field, pieces of data
-dfatet RErsbbgEgpent izedquendenegaizded. are brought into
_ correspondence b bit map.” Then, the bits .
‘corr esg%n‘btP%&Tlsd dat’i= peaditene el%iﬁﬁﬁ@?ts}')oq ke placed which

ation recognizes to

T gh th
- REGEBRLER BhRethes A B e

o kQahlR; Sedyens e AUTRRL 1ol «.er%tl%¥aEITrSR§$qg§% wnDE the

an exanp , I't 1s assune ecel ve

. fidgh 81iohSo £ onsd |JI§Jb@Qmef:t§JiQMh@'ét%tﬂoaewﬁqe.gﬁ]ef&%lves the -

~nunber in the RTS Sequence. field is 23; and
Redeiand RMQthcSr@ﬂiﬂQﬂ@@TS'Eiye&ates as follows: 1f the station

-+ . holds data directed to the station as the orlg:m 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. |

7 In the ACK Request portion, information is placed which
indicates whether to request io 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 whichl

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
t'ransmit-s it.

The RTS Sequence field is a field in which the sequence

o number of the leading data of pieceé of data for which the station

as the origin of transmission tries to transmit is described.



nmeans the follow ng: pieces of data of #23, #24, and

#25 are skipped, and for pieces of data of #26 and

the foll owi ng nunbers, transm ssion is continuously
tried. The station as the destination of RTS refers

to this field, and can thereby |earn whether the

station as the origin of tragggmssion is trying to
transmt data which is a duplicate of the data al ready
received. The Max Duration field is used for the
transmtting end to set the maxi num period of data
transm ssion in the present data transm ssion
ffthgnshetionm. aAstren decdiplagiont of sRESsuakers tthatthiw tfheld.
respect to the present transaction, data transm ssion
ir§ergbBe thenpratiar Gae %Q@r@oﬁl%fﬁ%% Gv@$ipn ashehe origin
grounds of .the,transmtter station EE S .C

5 SISOy 260188 t%&ﬁ&%l&&fb%ta( BPigH & agtuplicate
egapg 5%¥g ting 8%% LiEMBorrequired for the

S procedure ron1 n1croseconds) is placed in
thl s fmé drrdh@ecstatbana® the deshisaidon 9 BEFSechasihen
right to determne a period of data reception. At this
siefrect i tdeaskratvi lenlgdekarniinessad pe:rgaidueﬂf dRé¢bative to the
reception so that the perlod indicated in the Max
BeaEehen Hinkleg fndlicaferd Ba ehe ddfelequenchdirddgtipieces of
field, the length of data for which ‘transmission is

- fefedofs s PTG 3RS FPIP%?r%xﬁﬁ%I brogght into

. [, f
.. %8{.‘%8 né?ﬁdgnpce ?S%M‘%}’n‘gg?go?' gg’Ja % dcgﬁﬁ%%ﬁ;oncfllng to data

. R¥bgELnaE Suribeiketd fre'c%pltionr@f %&Eﬁ%ﬁ@ré&éﬁgk lstation

one ‘or nore data units-i-n"one packet. Here, It

. . assugrizébato fidvexaaphe, cdbflicaces ofelangihd. The MSB
~information are defined. (Nis typicallya fixed val ue

botrreaybeda ttothei segienal pempebat adinrtesl bReRTS Sequence.
-~ reception of which the receiving end recognizes to. :
- -Ravan lfé@r’i‘l?@@rrpﬂ*éth% degmercFhatd thoRTdaRgopbyed MAP field

is constituted of eight bits; the: sequence number in the RTS
Sequence. field is 23; and the Rece;i,ved_MAP is 00100000. This
means the following: pieces of dr:.l_t.a of-r'#23', #7‘24, _ahd #25 are
) skipped, and for pieces of data of #26 and the following riumbers,
' transmission is continuously tried. The station as the
destination of RTS refers to this .fi.eld, and can thereby learn
“whether the station as the origin of transmission is trying to
transmit datla'which is a duplicate o-f the ciata alread_y received.

The Max Duration field is used for the transmitting end

to set the maximum period of data transmission 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 migfo$ec¢ﬁds' _on_f,'_t"he'grounds_ of".::. s

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



which transmssion is tried. As an exanple, it is

assuned that: the sequence nunber in the RTS Sequence

field is 23; and the Received MAP is 00100000. In

this case, the length of data unit of #23 is placed

in LengthO, and the length of data unit of #24 s

placed in Lengthl. In Lengthgg the length of, data

unit of #26, not that of data unit of #25 which has

been already received, 1is placed. As a second exanpl e

of constitution, the sumof the lengths of a.

plurality of data units for which transmssion is

mirtedsecomdbe (dessr vbédeasbkenget bpf suhatiobing nthéi sime

case, in the RTS Sequence field, the sequence nunber

SrIbhESH LR idedBEE/ gTS RrQrefue tyonf 2@@tml anfgesonsls) is

~descri,bed., .60 A third exanple of constitution, the
PERGER 0 bk “PorBuni HIF (TS Rohie a4 Gt b8 RIS

I?%Qtrxﬁ.%%%dtcﬂ 8e£é‘%%€%gf§%g%g{¢$§gaé Q:etcggfzk'gggt I%tf h?:{gtime,

| I's case, In engt , a plurality o

kBa ot st Qfn. WelB rh9he ¥ 2 iRl 6Ragne] rleéegewﬂls%i that the ’

“when data or a plurality of. data groups for which

peansdiisgliiontedsn the tazr Butaainrsntiébilwal & rdesies ehededed.

with respect to cases where they are transmtted at

" sever aln diba Aeneth Heedd.itthe lassgtimedfit wta fHer which

: exangle; N pi.eces, of .Length information are defined.

o PERRPRES SRS PO ASt9ST SN DR Peecet Ai BF uexample
_ i fferent data,rates, t l.ength _of_t.i required,

B S A lin LB LA PRy BB oty P e e son
XD Bundfe 1CORS ] { M LN e NATR 4 Lb if it i
F g e g s ?E‘ég{e% Begtbl 1f ic is
- pbemiteag@tb tehnamd8loaclbt tho FRHALY uhi 8BS HIdHegshdi®et?  Here,

fixed value. In.this case, in the field, the nunber
of idaaasmnée;l shigr, fdu elxample, N pieces of Length information
. are defined. . (Nis typicallya fixed value but méy be anon-fixed
' v.alt;e.) D‘at.a units the reception of which the receiving end
_recognizes to have been completed are éxcluded from data for
which transmission is tried. Asan examplé, it is assumed that:
- the sequence number in the RTS Sequeﬁce field is 23; and the
Received MAP is 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. 1In Length2, the length of data unit of
26, ﬁot that ofrdata unit of #25 which has been already received,
is placed.

As a second exampl_e of constitution, the‘sum of the lengths
of a,plural‘j‘.t_y.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.




transm ssion is tried is described. In the RTS SVH,

the Directed Address field can be defined in addition
"to the foregoing. This is used in the follow ng case:
broadcast ornulticast is set in the destination (RA)
field of the commobn MAC header but RTS information is

to be transmtted to sone sggcific station. In the
Directed Address field, the address of the

destination of RTS information is described. Fields

in CTS SMH Table 6 illustrates the conponents of CTS
SWH fields used when CTS information is transm.tted.

As des®? ibddrilzgl ewamphe oCTSIBNH tadripni seBeCléhgth of data
. Attribute, RATE, and Stored Sequence 61 fields. Table

- &OK BRCNAFRRNEHGHOS (F beied g1 &% exppesged in time and

| fier indi . h is i CTS SMH. o
SR PRI IR LB | Hylis S artpgnotn et
At g1 ut8 o f 3bnBeha f{é Qine & J308 aﬁ@hgﬁﬁa%,eﬁpfg I fd€Died
the data fate class of transmt data. Store

Nabhfdes bRad dike-igrgt B iRQr FRbLEE Rfr WRiLtR df¥@smission
rel evant Sequence Sequence nunber has been stored. In

tiket CISI1 Atnter ithanenfiitekd, atheddsaribieli et thngdbgsédngd kases
attribute of the relevant CTS information is

YbgEe| By erprtransBditedrewpmndlodata att.a Hebey dft is
- data fgr mQ{c transnjssion. is about to be tried is

- BrENBEY THErn&ORTERR K N RLIGSPICIWEPRAthnth kit igRe are

-:?%gﬂ??%%:j.SSF%%F%§§Qﬁé¥¥S% %ﬁggsggéégﬁ gg}o%?%QQQﬁf%fé&*out
at N different data rates, the length of time required for data
transmiséibn.is_deséiibed,)
| As a\féu;ﬁhiexample of constitution, the ﬁumber of ﬁata
" Unit field can be defined in:place of the Length fiéld' if the
Yength of a data unit.mainly transmitted is a fixed value. In
this,case, in the field, the number of data units for which
rtransmission_is tried is described.

In the RTS SMH, the Directed Address field can be defined
in addition to the forégoing. This is used in the following
-case: broadcast ormulticast is set inthe destination (RA) field
of the common MAC header but-RT-S 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 SMH fields used
when CTS information is transmitted. As déscribed belqw;:the_

CTS SMH comprisés CTS Attribute, RATE, and Stored Segquence



is placed. In the Stored Sequence field, the Sequence
nunber is placed which indicates up to what Sequence
nunber the data receiving end (CTS transmitting end)
has held data length information. If the rel evant
comuni cation station is not provided with a function
of holding data |ength inforpation, the nunber

i mredi ately precedi ng the Sequence nunber indicated in
the RTS Sequence field is placed. O, a value is

pl aced which represents NULL indicating that the

rel evant communi cation station is not provided with a
faectéson of holding data length information. In the
exanpl e described above, CVH and SMH independent|y
exist in PSDU and a pluraﬂabyeoﬁ di fferent types of

Cliery dUUCU IUI HHVEI CIICC m

Hohe e, [ @% af—the obi DESEPUPN, 0 ocony |
Woentionlis aitaine@wﬁ&ﬂhdndmg&aﬂmsbﬁﬁﬁsﬁmﬁhat

cont ai ns §he si m | ayidendifigp owlieating the fattibofeef 0F8.1 on; .

| CS Atfibutee | t hefpresent | ny3Daiadlowi s not limted to the

pbove- menfi oned forpmt. Afg]@®ssumelie Wi || bet aken.

miTer mat | ¢n_el enent psRekds\iR i rate blasd df Rariidqigader are

raply di sSposed] ot
ng%icés_giescrg’bed %ﬂ%@t&@@&a in %%?%Pto'ﬂﬂr@evam

LIRS] VAVASASAV UTTIT 1T Ut ULV

.~packetIIs thetGTeattribupafieddl ahe identDATRSM{liGating the
- di sposed i medi ately before the data unit to which
BREFHRYES vk @W%@r"@é’é}oﬁ% FAfeERRt b dlescaibed.”
utiliz e exanp

Ta o PR BRI BRE R AR Qe b s e
ﬁ;bsﬁgmiésigé 26 il Apesete lt!el%uaelg’Lgf’a@@&tl ons in

sone exanpl es of Ut i zation ration
Inthe RATE field, a value which indicates the transmission

rate of data transmitted in response to the transmission of CTS
;1s placed.

In the Stored Sequence field, the Sequence number is placed
which indicates up to wh_at Sequence number the data receiving
le.nd (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 nﬁmber indicated in the RTS
Sequence fieldis ﬁ)laced . Or, avalue isplacedwhichrepresents
NULL indicating that the relevanf communication station is not
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 SMis are
independently added for convenienée of explanation. An aspect

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




-field contains the nedia reservation tine
information. But, Duration field is not necessary to
be structured as a field which records |ength
information in unit of [usec], in sone exanples of
utiliazation, it can also be conposed of the
informati on which can make gastruction of keeping in
‘transmi ssion prohibited state in the duration of what
-the other comunication stations except destinations
hope, or conposed of information groups. In order to
~ explain conveniently, exanples conluding Duration
ftihel Fominldt dvetaded tbeesphaiar Compoaeasns ssf omRatmeation;
Determ nation Process Referring to FIG 6, description
Whearegergirvetie o PECEEBE el Vemdioget BF nibgitngtipited to the
transm ssion r te in a wreless conmunication system
5%%3?3?ﬁ8t98n?ae,ﬁf%%%ht invention. 63 In the present

er

wtn b AR AT er Do Bl Bt Pl o

GRS€he UAS HIH QI MMBEE PR eifs rhb 2P HIsoad dl 4t ERERRAS 1 Q packet

.the reception of RIS information, and data is

timashump echd mesespbadeabdwe t hHoweeep} itdewka@NSe dimosed

CTS transmtting station neasures the quality of RTS

- lebdingeos hpfaisenaddte Heridls coestihithésg @ peeant rdawitomes .

rate at_ whjch reception can be i npl enented and

8t PRY BLCE Har s tRE BT SMPnis ddspiorse Himediatedet bpfore the
station _.as.the destinati of CTS transmts data

g S S b e S

$fratirqn 13pRlibES the transmission rate indicated. in

the RATE field in the CTIS as the transnmission rate

of - t-hi $nd:&ieﬁexa'1h§1@£ aeessiben A5y, MKne B, 1€, and Duration
transm'ssion rate is as follows: Step -1: the
diallidsyare déhpased doe@fil on HSlReri schress i elldbasediisposed
~ in the PLCP-pori;ionS'in_ some examples of utilization. Duraﬁion
| -field contains the media r‘eserva_tion 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,itcanalsobecmmpdsedofthéinformationWﬁich
" can make instruction of keeping intransmission prohibited state
in the duration of whét,the ot.her communication stations except
destinations hope, or composed of information groups. In order
toexplain 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.



on RTS receive signal. Step 2: the quality or

transm ssion rate class neasured according to the
value indicated.in the Rate Strategy field in RTS is
bi ased, and a transmission rate is determned. In
case of | EEE802.11a, for exanple, it is determ ned
fromanong eight different gfansm ssion rate nodes
prescribed: 6, 9, 12, 18, 24, 36, and 54Mps. Wen
the neasured quality is biased, the nmeasured reception
SINR value is biased at the |l evel of several dB in
accordance wth the value indicated by Rate Strategy.
Based 6h ke riesead irveepieon @mavanlou@roé based on CSMA
t.ransm ssi.on rate class_at whic reception can be

.%F@ﬁﬁh?‘éd’?“s ‘*Héahefihﬁnéasé&}m db‘F&Fp?C%Ud%ﬂ ¥sgf tegether. In
t bi
R SR on T B Rt EoR SR T s i maRoBad to the

£ransm ssi 6n

M5 an) I
I 4 B S ARt e
ext tiae redebt OS BLSSTON ThkeCTd 88SnkAi6Hidd 8datlon measures
accordance with the value indicated by Rate Strategy..
Thies aubility pp DRES imgene Iss.gappl i edd therebyuqﬁuermines a
only when a high-rate class *is selected-'or only

‘ '\}‘vﬁéﬁsw%wm X s yhich geceptéandepenelk ngiplemeied and

RS R et ar et e ot PRG TSR oy, Tharmtet ion
aecegfgggqﬁﬁb%&%ﬁgs talaﬁmg;ml%%' R g gé&%e tothe CTS

Speci

HREBSAREEHRN Al i @Sfe Jtheetad s oh@pestdbitdhmhission
the origin-of CTS transm ssion. Thus, the station can

reterindiddatesheén theeRATRtfiRN & i.ﬂr’cﬂfﬁ Cesas BiS tWansmission

- rate of this data. The process for determining the transmlss:l.on

- rate is as follows

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

S.tep Z2: thequalityor tr_ansmiss‘ioﬁ rate classmeasured according
tothevalueindicatedintheRate Strategy field inRTS isbiased,
and a transmission rate is determined. In case of IEEE802.11a,
for example, it is de‘termineci from among eight different
transmission rate modes prescribed: 6, 9, 12, 18, 24, 36, and

54Mbps.

When themeasured qualityisbiased, themeasured reception =

SINR value is biased at the level of £ several dB in accorda_nce

_w1th the value 1nd1cated by Rate Strategy Based on the biased_ e

reception SINR value, a- transmlss:l.on rate class at whlch



data next time. Wen the station transmts an RTS, it
refers to this default transm ssion rate class, and
applies this transm ssion rate class or the next
| ower transm ssion rate class (higher by one level in
tol erance to noise). Wien data is transmtted w thout
usi ng RTS/ CTS together, the ggfault transm ssion rate
- class is applied in place of the transmi ssion rate
class notified by CIS. Wen the RTS transm tting
station transmts data units, it counts the follow ng
W th respect to each destination: the nunber of
tHereptinhencn batapdanented tiradetrerngded dry thekiupr s8ble or
tlne and the nunber of tines when a data unit is
e?&ﬁ§ﬁ1tted b5 By referring to these val ues, the
error rate can_  be extracted wth reggect_

t
t Lagzc n%?ﬁentalia[n(ﬁﬁﬂlsg&ggd:a&? GH,]aess is %lased a transmission
?:eastté BRL5ONs DY ISRt L %I{ [-ans Sﬁﬁr?(i%m% 4 §8t &Prracted

he Rate Strategy o nforma can b

a8t esskwed abMersy s8R AlifkeCha Ses6hi fid ﬁ@a%i‘éd ti_%c@?:‘f@en SINR
The | ower threshold value and the upper threshold

wallye .of The apshissicah teranmenisat enacetdefianed isnshifted in
advance. If the transm ssion error rate exceeds the
dserdaprpeyhbh d-hal e ua Hadightedf by Rate Stratey- is
decre ted.in_ the passive direction and held. If_the
‘trans ﬁgﬁ G BFof ?%ln‘:F &A% bBe‘FQﬁ\H% If&ﬁeﬁxamf’ler only

- Ussl el bg e L Bate, S Lateay, i
i ncremen G §g§?e§§F$§ f?%% %gﬁ %gﬁdraﬁﬁcﬁass
3R sBlSctsqtdansiiiedn £he Scﬁﬂét@?%t%&%agﬁ% & sical
transcribed into the Rate Strat % Spl}y :
tllagelel d value for Rate Strategy is changed, it is
important to reset the count values .for obtaining -
" the trﬁh@ﬁ&&mtﬂﬁnﬁmmntumm$¢awnnnKHTﬁngmsmh$tlngstatlony'
' abqve-nentioned grocedure t he

which received CTS holds the transm1551on 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
- transmissionrate class or the next lower transmis sionrateclass
(higher by one level in tolerance to noise). When data is
t_ransmit’-ted without wusing -RTS/CTS_ together, the default
transmission rate class is applied in place of the transmission
rate class notified by CTSL_

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.



transm ssion rate is determned fromthe receive
signal quality of RTS. Thus, control can be carried
out by dual |oop wherein -the applied transm ssion
rate is biased in accordance with the error rate (bit
error rate (BER) or packet error rate (PER))
nmonitored by the transmtting end. In addition, as a
technique different fromthe foregoing, the follow ng
constitution is possible: the transm ssion error rate
is neasured by the receiving end,. not by the data
%ETS) transmtting end. In this case, the
oveteemtnoiedthent teliueg . bhe dinegrsmiaisd onseteey irade can
at the %GCGIVIH end, and simlarly  dual |oop

g’wfﬁsra?%e Mg <JBEhier aaeh Hesdgppdan: esc on ehe

rate.i.s bl ased .accordance with . th
SRR SR e Aipgnd A0 PEERE by e Race
EQQEEQ&{: &£ T8 S ECAR GG HAVRY Yot eTRlihaN MdiKisPecific
i nvol ved. Thi si sbecause,in an environnent where erfors
‘deseqipoidy wdQQUbe §heer eCeh¥i NS A HGRRABL dEVLTie and the
recogni ze that packets are transmitted. Were RTS/ CTS
bspesethregetlve valukeof errarsmiatss ons econputae wirehdtfigned
packet s recelved after CTSis transmtted taken as
' tlﬁea‘f&%?ftﬁ%tu g atr?étf’ﬁ“ls’!;h@nq%ﬁl?ﬂlésf@éﬁcéx'@?e%tt@e upper

- EBR BT AR CERY BT PO RALE DHT 1o dp ATTRFeRed in
. @ﬁteq;a@smga%é@él%nogn&%%ﬁO%%eftéa{}ﬁs I AIE 44 d0rate

Wiere t recel ving end neasur

FRANS B3 Sk @R QIR tiie@hoTRIMA 198 & DY Bue 861 Raté Berategy
i ke cases, the transmtting end may set the val ue of

- Rat enStensirggyl doetli® aguirkesiacd Drect hmn agdr Reéld at hen an

-For exanple, the transmtting end nay set the val ue

'BESHet brapymt e dubis dietldeRalid Sereheey disntranscribed into -

ansn1SS|on ower between RTS packet and data packet

RRES (S5FRGIN o w4l 08 BESRatE: Siteatisdyl qaeuofoReRate

g%}_‘g@ég};%_l act:flaﬂgsygclip 1t is important to reset the count values
-for obtaining the transmission error rate.

‘Accovrding to the above-mentioned procedure, the
5 trénsmi'ssion rate is determinedrfrom the receive signal quali_ty
- of RTS. Thus, control can be carried out by dual loop wherein
the applied transmission rate is biased in accordance with the
. @rror raté (bit error rate (BER) or pécket e:ror‘rate (PER) }
'monitdred_ by the transmitting end.

In addition, as a téchnique ‘different from the foregoing,
. the following constitution is possible: the transmission errox
: 'iaté is measured by the receiving end,. .nof 5y the data (RTS)
trgnsmitting end. Inthiscase, the above~mentionedmonitoring
.of error rate is carried out at the receiving'éz_id, and similarly

dual loop control is carriedout wherein the applied transmission



bet ween transm ssion rate and transm ssi on power.

(Refer to Japanese Patent Application No. 2003-6973

speci fication, already assigned to the present

applicant, for exanple.) D. Basic CSMA Procedure |Ina

wi rel ess communi cati on systemaccording to the present

~invention, access control baggd on CSMA is carried out
with the RTS/ CTS procedure used together. FIG 7

illustrates an exanple of the operation sequence of

the RTS/ CTS procedure in the present invention. In

this figure, the foll ow ng communi cati on 67

erater bn bt el § nassinTEdnceoul t It dhawriroat ia0re .St Af itheSRTS/CTS

STA2, STAQ, STAl, and STA3, exist, and conmunication

RSN T ORM HECE §ouekledr dnAdre terhrHanfs, e vare certain

| ocated, within the range of radio waves. Here, it is

YAV STAC BES T FESRYSEr dRdH #7V AP BIARR I RGT A TF o TS
C%-érég(%[eﬁzﬁgr&co f,r fqrﬁ%trt}a%eitvtﬁén%x% l'c':@rfn%.‘:%ﬂ?earg rfe%rglgﬁéze that

I'n perio ( mtine o tine accor
- tRickek@r a BX A rRmikhedor dimary rRTSIMASPL OGEUY BogdPRBy, the

TAO starts the transm ssion of a packet containing
RESornfatebis aompatSIAL t thapatikets tdeeiXddbifeBr CTS is
field in the packet containing the RTS information,
thrensmis tedatakepses el mopullad ivecepraoatef. a packet
-contajnhing CTS information, transmtted as the )
out coneBf THETeSEEBEEI OF of2the SRYSLRAY orifat fOnpLPyide a

onpl eted, is.described.. . (That_ is,. the ti fromT2
FE R B T, e o Rp A E09, it Lt h e L PERGPRELGE Fox
TR ceeng! | ad h@té%ﬂﬂfat LOLdde! O R LifBunddibs the
| apses béfore tine T4 may be given sone margin and the
. W@ smitihgl iR TS BheB® WRY %ﬁﬁﬁiﬂ%egnd%akﬁﬁes' the

time until time slightly before tine ~may be _

desosmihedion errox rate, mentioned above, or in the like cases,
aj:he t;:ahémiﬁtiﬁig ..é.hc'i'l-may set rthe value of Rate 'Stlratlegy due-to
-'other factors than error .rate.. For example, the trénsmitting
end may set the value of Rate Strategy due to the difference
in transmission power between RTS packet and data packet. or,
itmay se_t thevalue of Rate Strategydue tothecausal relationship
between transmission réte and transmi_s‘sion' power. (Refer to

Japanese Patent Application No. -2003-69'73 specification,

already assigned to the present applicant, for example.)

'D. Basic CSMA Procedure

Inawireless communication sysltem accordingtothepresent
: ,-invéntion, access COﬁ't'rol based on CSMA is carried out with the
RTS/CTS procedure used together. FIG. 7 1llustrates an example
of the Opératioﬁ sequence of the RTS /CTS pro.cedure in the present

invention. In this figure, the folloWing communication



STAO holds a list of information on the |length of data
unit it tries to transmt to STAL. This list is
designated as "transmt data unit candidate list." In
case the RTS SWH adopts the first exanple of
constitution mentioned above, in the Length field in
the RTS.SWH, the lengths (egg. nunber of bits and
nunber of bytes) of data units in the transnit data
unit candidate |ist are described as data | ength
information by N pieces. And, in case the nunber N of
the Length fields is smaller than the nunber of data
UPIR T ST QBN e 3 9msshidf 08 comsun hen tsieqosich texausp A2, STAC,
$% oduced i n_next, paragraphs the sum of the |engths
evErs) “&%%fa SFiists fad cféétﬁfﬁnﬂéetaan@wg%ww rdiginipg to

R t th
con&’tl X Eltl on, ? f%r?g‘ier}elfsa‘r%%lg ' e)g:?ﬁé‘ Hﬂ%ré’ﬁlqe pheradio
SHAR&N . tﬁlfre' er}&t hss ofs cPrtrF@J EseFht) 3:1 c]ﬂ: Neinsmit
15t 1S, escrlebe as

transnit data unit” candi date

dat godrenigich icaf egeaaii on. In case the RTS SMH adopts

the third exanple of constitution, in the Length

field, STACtdvnfRFBsSMAt thenkdhgint soflddmeor eqiint@adn period

for trapnsmtting the data units in the transmt data

ubfom Eare rfaaﬁcet}m%{flﬂ agesekingdd afodarambdagthe ordinary

[ I\&erat on. The ngth of time fluctuates depending -
eraﬁ?%u’feat CTHPSATA SEFEIR Fech A S eaph aiys Bcket

| : QJ:gnta-l:_L 9&@ 1h£o£tﬁ§lﬂfurao%1{1 teng{nlﬁg DUt at

sever al ta rates 1ty of 7l tinme

. are deaarth@doaﬁatdm 1bni ke LRI 3
the fourth exanple of gonsilltutl o%hec In tchgt%lu ({;St&e RIS

- Dat fao dovaitti ohi, elhe t(idef tadl dpsgd BeLor ®Ehs Recbphgddof a packet
field) in RTS S\WVH, the nunber of data units in the
-GS nga BS L}mftormaﬁdpdat erdnstititeeddescirtieh edtasmel atf the

-.l erlfgapt:l.on of the RTS 1nformat10n, 1s completed, is descrlbed
(That is, the time from T2 to T4 is described.) At this time,
aa 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. OF, the time until time

- slightly before time T4 may be described.

STAOQ holds a list of information on the length of data
unit it tries to transmlt to STAL. ThlS list is designated as

“transmit data unit candidate list.”

Incase 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 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 humber N of the Length

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



information. This packet containing RTS information is
received also by STA2 which is positioned
in.the,vicinity of STAO STA2 checks the destination
of the conmmon MAC header based on the transm ssion
rate information in the PSDU portion obtained fromthe
RATE field in the PLCP headgr. |If STA2 cannot confirm
that the packet is directed to itself,, it recognizes
time T2 fromthe RATE field and the LENGIH field in

t he PLCPheader. Further, STA2 refers to the Duration
field in the conmon MAC header, and thus recogni zes 69
£PnEhe 4o chimeh examADe sin retnadeal/ iandebti pysagtamid, ithe sum
transnﬂssmn rohi bited state until time T4. This

| POV kD PH&FF&@ fes¢eiad ey langsbh fheld.
STAI ch |s t n tlnat STAl. checks
the destiAatione ofg%geggg hgﬁdé%“ﬁ5§%de%ﬁpﬂh% of
a t t P t
T ot ek

tRE AGNIZES dhahet 82 mpackabthSurtidLehthe tRahbaetfdata unit
“Further, when STAl successfully decodes the sub MAC
pendedate tlisdcdgnideesribatl ahedatd slengtaruesiorfnaaion .
STAO to send data packets, directed to itself. Then,
- STAL Tdb?%?’é?ﬁ-lﬁ%g'fﬁs rasiesthssEhoRhied @Xb@ﬁb@wéﬁ:onstltutlon,

i nf q&h%b i.,ned fronthe received pack

Bt & 'ﬂ% deli b?ﬁé‘ﬁ BhS el ﬁb? faodk perteime ggquired

Ehe *‘r SR ALG! B e, Napher o OF oft 8. Gtk L

- 1n R er eby  obt'ar ns %%et at gra %%b Sagg unit

. Eah@idmid an senikhe-dat fnd @ apﬁ da%(éeb_iéﬁgthl ﬁlf:@ﬁl%élhﬁ’l The

RTS SMH adopts t he above-nentioned first exanpl e of :

. temgth toft Edne SRAwhied Bepandisl &f vhef aat@AtiHk @ which

~the lengths of data units to be received. This list is
H%@QWWH is.carried out. Therefore, if transmlss;l.on is

- carrled out at several data rates, a plurallty of lengths of'

time are described sometimes.

In case the RTS SMH adopts the fourth example of
: constltutlon, in the Number Of Data Unit field (defined in place
of the Length field) in RTS SMH, the number of data units in
the transmit data unit candidate 1ist isdescribed as'data length
information.

This packet containing_' RTS information is received also
by STAZ which is positioned in the vicinity of STAO. STA2 checks
the destination of the commonMAC header based on the transmission
rate information in the PSDU portion obtained from the RATE field
in the PLCP header. If STAZ2 cannot confirm that the pé'ck'et is
directed to itself, it recognizes time T2 from the RATE field_r

and the LENGTH field in the Pi.CP header. Further, STAZ refers

tothe Duration field inthe common MAC-hea’der, and thus recognizes




as "receive data unit candidate list." STA] refers to

this list in sequence. Thereby, it counts the nunber

of data units which can be received if reception is

carried out at the determned transmission rate and a

reception period to the extent that the period

indicated in the Max Duratiogg field in RTS SMH is not

exceeded. (This reception period is the tine period

until time T6 when the transm ssion of data packets

is conpleted.) In case the RTS SMH adopts the second

exanpl e of constitution, STAl obtains the total

|temgt T .of Thar, S ARTeE stat BAT Bnd i hg srieceil Feith t1SAhission

counts the reception period to the extent that the

FEohdgitadi eheed prtihetive Wuration field in RTS SWH

is not_gexceeded. At this.tine, consideration is given

to wheTALT Pafter GRPEA R LRpSTSY TRART A YariSd T PERBY S also
r Lyed_i r j 0N 1S rri.ed ou, t.he

T SR SERHCEe e BEARAQT TR B, "Rl ene

R nathentdy teeexaimlvaAt KONl HbHEEQbn tBEA ransmission

obtains tinme | ength candi dates of data packets :

ratce wethrna$TAh faxt haCtsuge thietefitd=dmepef 1t k4 RAEE field

| ength) corresponding to..the determned transm ssion

A& Bhe R3MR headengtand ketdgni res 4bett tiee RESkSVHL adbplested

the.f%%ﬂ h exanpl e of. constitution, STAl obtains
{tor b #ft -on FBRT BRE. MbRBeTTAY sHgeass fint 1% desedps ddier FMAC

_ Nu b, Dgta Unit field. .\Were the engt h,_af
SaRaHR e +Phot Reayiad RBare T € "ReSRRat Fah sig to send
iV al 0 Lihe.. ejve: Ae Uni ndi-dat ' .
O e e e e oy data o nes @

.- Thenehyssibén eadebasctbe infhaknobndata i HERES WHhe <&@ ved

be received if reception is carriedout at the

. teréeti nedtaiaisei K8 dmficatvatdnd.t he reception  period

-to the extent that the period indicated in the Mx

Dur at i Barther, 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 lengthsof dataunits tobe received. This lisf is desighated
as “receive data unit candidate list.” STAlL refers to this list
in sequence. Théreby, it counts the number of data units which
can be received if re'cepti'onris carried out at the determined
transmission rate and a receptioﬁ period to the extent that the
" .period indicated in the Max Durafion. field in RTS SMH is not
- exceeded. (This reception period is the time period until time
T6 ﬁhen the transmission of data packets is completed.)
In case the RTS SMH adopts the second example of

constitution, 8STAl obtains the total length of one or more data




field in RTS SVH is not exceeded. |f STAl desires to
limt the reception period on the grounds of itself

at this tinme, it sets this reception period as the

t hreshol d val ue of reception period, together with the
period indicated by Max Duration, sonetinmes. Further,
STAl transmts a packet confpai ning CTS i nformation.
Thus, it transcribes the value obtained by the
reception period conputed here into the Duration
field in that packet, and transcribes the transm ssion
rate class determ ned as nentioned above into the RATE
fangkd receivede plbetronntelthecorteninypeCigd to the extent
information is transmtted at a transm ssion rate

nost
$OpEr Tt PERiRgi srdiadies aRces Pﬂaﬁa‘ﬁ‘frr%‘é%%% fl?ﬂﬁ*slntfﬁeg SMH
p055|b|I|t t hat acket contai nfor

3RS 1 eyeégd gltg P edice oa{lsSlr?Jl%é:ﬁ‘ lz%l lpiso%lv% ?Lfether
ﬁ‘é/éI Bﬁitsgf&ggjse“(@%h@ Rﬂ%@ét&&ni C_I_r%ﬁkﬁlgcﬁr%e received 1if
informati oh, "a packet contalning Information is
Rekepei b m@l chyriue ditmat Jide dEreralioea, t STAGIaiTdesate.
to transmt the packet containing RTS information in
accor tanegee WheRTSHEMY adhgdrm tac kbf rd epropédeifesonsatitution,
this tinme, STA2 puts down the NAV at time T4, and ]
EFAAseR oS tFW?olﬁﬂﬁﬁhaPa§9a@%t?$lQWhﬁéﬁaiPa%%ﬁFS received.

.% sm.t. Thus, damage. resulti fro E t he acket
- EBRL RS ?ﬁ#&?ﬁﬁf%w&od L ThpAbh) {38 Rking
-'coﬂtg%ﬁﬁgge%éﬁﬁé I n orna ?g§°h2F%§%kg% cogPalnlﬁk%Cféeld i

i nformpli@asks difl URPED sMHO RTAR AL theMerclfttdS example of
scheduled in accordance with the  above-nentioned

" poasefluteiodniswAIacket i no Nt i cvineg: iGES onnf e NEtriosr icE data.

recei ved al so

*- units received from the Number Of Data Unit field. Where the-
length of data units is tiﬁi'quely fixed, ‘this information is

equivalent to the “receive data unit candidate list.” STAL -

referstothe length andnumber of dataunits. Thereby, it counts

the number of data units which can be received if recept‘ion"i's e

carriedout at the determined transmission rate and the reception

| -per:iod to the extent that the period indicated in the Max Duration

 field in RTS SMH is not exceeded.

If£fSTAldesires tolimit the reception p.erriod onthe grounds
‘olf itself at this time, it seﬁs this reception period as the
fhreshold value of reception period, together with the period

indicated by Max Duration, sometimes. Further, STAl trans_mits

a packet containing CTS information. Thus, it transcribes the

value obtained by the recepti‘on‘-period computed here into the

Duration field in that packet, and tranécribes the tlfénszﬁiésj_qh';;:j. G

rate class determined as mentioned above into the RATE field. .. = .



- the present ‘i nven

by STA3 which is positioned in the vicinity of STAl.

STA3 decodes the Duration field and the like in the
packet containing CIS information, and refers to the

RA address. If STA3 cannot confirm that the packet is
directed to itself as the result, it sets an NAV and
stops transm ssion over the §gne indicated in the
Duration field or the like. As a result, STA3 is kept

in transm ssion prohibited state until tine T6 which

is the tinme indicated in the Duration field. This

packet containing CTS information is received also 72

by STADhehi phAckstt hitsaltfendeditdéstingat C88. BTRA@mation is
decodes the PSDU, and thereby recognizes the ) ]
fIAAGRAGEISPAL 4 St raaeii SSd oy d@dioy @o8td SUpPeddeir & mpise
receive at . the transm ssign rat I ndicated in the

TAREFA B HG BRESper T Bt i hdecRY B by L DGPat drpacket

%%Qa&?ll%l% éiﬁ §n91'81:&§t¥‘5&1, %gnggglpeedéﬁggéﬁnlgt x?éjd!%;ed Lg%uch
specified transm ssion rate during the specifie
REY iRfbsiplegi nning with the first one in the transmt

data unit candidate |list in sequence. Then, it

gener atfex'Ad faidnsto Hedada agackedt, corand riinagRId tisfotmation, -

The data packet transmission is conpleted at time T6,
andackTaTopfiedning GrénghbortsemtisorotoreSTrned dfy ditagime
- from transm ssion until T6. Therefaore, the reception

By -STARSFE-Pt- SHPAdeted e = e ARANEat bhe Packesentaining

- B e El. 8 Fl 10 ar |G t.o Fl 23
RS e S efe gt B e s f e o

oft thaaYTnd, | é‘ﬁ«\??ﬁt% RERIY LAY 1R € QdWeps 26GArdiNE fQ ons
ion. Here, exanples of the
dppld aaddn@s sfatieheirC ot Cad | @dn MeEdoshaC.cormiiy tdhmage
A.resulting from that the packet containing CTS information is
:nbtr :-i:etui:ned is mini‘mi-zed.
’ If STAl succeedsrin decoding the packet cbntaining RTS
information, a packet containi'ng,CTS information is returned
- to. S‘I‘AO at time T4 as. scheduled in ac¢cordance with the
above-mentioned “procedu_tre

This ;packet containing CTS information is received also
: by STA3whichispositionedinthevicinityofSTAl. STA3decodes
t'ﬁg\Du_ration field and the like in {:hé packet containing CTS
information, andreferstothe RAaddress . " If5TA3 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
-.bu'raLtibn field or the like. As a result, STA3 is kept in
_transmission prohibited state'until time T6 which is the time
. indicated in the Duration field.

Thié;packet containing CT3 information is received also



the present invention will be described in detail

based on the CSMA procedure described referring to

FIG 7. E-I. First Exanple of Application FIG 8

illustrates the first exanple of application of

transmtting and receiving procedures in a wirel ess

comruni cati on system according to the present

invention. The figure illustrates an exanple in which

two data units are 73 transmtted from STAO to STA1l.

In this exanple, the nunber of data units which can

be transmtted in one packet is limted to one, and’

el ayad\GhidbelisACKe Ontémietlicrise iABKLOh M AT Hecodes the

specified as the case may be. STAO starts the

pEbtedame trorebyansoponings tat dodhpvsnat STAINE.sTOzady to

and starts backoff count in accordance with the CSVA

PE6E&UTr 809 o}t aRAA TS Q rEarsiivSsiabn theghranypéssion rate

backof ount . i eted at Tl, and it ig confirne

SRRt ot the SRR Binidior 1PE parind, SRALeatES by
e, @) sk -pac C INi

Rl At S e L R R T

icheetpeci ti L wbASmi s PaE kit LARt-2hYi ¥k Ghacified period,

information at time T2 based on the information

teginnieg wiihhttihe RNSShhle iAf tiee t52AGNE ecaitvamitheafdfdate

directed to itself, it transmits a data packet at

ditpt I8 sequephps (Thes, STABRRETGshestrimsniie dACK Agpket,

gorti on of the data packet infornation indicating it_

884 FE_RPFMLS AGK shoul d be returned by delay ACK |

- (Del -éﬂg dath'y asttcli]{%.ts naenstrtl%lrrse:?lo%T:‘Q?Oggfenfaﬁé{:?ﬁ}ttlﬁ,brglgel'ﬁ, and -

Mor e ion Tn

- d@ha Yikhl SiSt ar el gHNos: dat & i packet 'Silﬁl,r SGEH MBh DY £ rom

portiton  infornm

- STAI wi'thout error.

transmission until T6.: Therefore, the reception by STAL is not

. "hinder.éd .

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 deécri'bed in detail bésed 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
communication system according to the presenﬁ invention. The

figure illustrates an example in which two data units are



To further transmt the stored data unit directed to
STAl, STAO waits for a randomtine, and then
transmts a packet containing RTS information at tine
T5. At this point of time, STAO has not received the
ACK of the data unit it previously transmtted.
Therefore, STAO generates a yransmit data unit
candidate list so that the previously transmtted data
unit is included, and constitutes an RTS SMH based on
the list. 74 After STAl receives it, its returns a
. packet containing CTS information at tinme T6 based on

ttherisafigitedt £ opn @8y theAT .n ThetHHESeShMplAl ttHe sumber of
time, STAl refers to the RTS Sequence and RTS

VEd tRRBR LGPt FrR RES tERnSMAhEeE hih B PEEHGHI 8slimited

B Eneiat Pt A R SR B5E  OF R o a1

T&t}ﬂ, S EAL deghdes, Lo lyude ACK information in the
packelt cont ai ni ng %TS lJ|nn ormation. O, STA

- det er mgnas éiﬂaﬁﬁ&kﬁdﬁax@édﬂﬁeofﬁﬁtﬂx%@xs?ﬁ%%kiﬁg.-&{td bn$ts at
hol di ng untransmtted ACK directed to STAO. Further,

STAE Tlel miédstshetsabreldyfrenaitved packedadidcomitihethe CSMA
receive data unit candidate |list to update the Iist,
mqqﬁl@ﬁemﬁaﬂesrers tﬁarlilfsmﬂ«ﬁﬁtlpbrrlgﬁsi-a Ebe HackoST Atount
r.et urns ACK mul tipl exed)

o k:’oﬁq?%‘r‘%]r%’@g‘? B g L e T P HAS GRE medidn is clear

- ﬂ{]gr t a T6.
in ongtilhg%E gtrcrhggponér fﬁ%éhen%ﬁ{m%%%s%bg%i fi é%f’Cket
%ﬁtggn&ggegygdlgf&mé@{&q mation is described. After
recei ving the packet containing the CTS information

- and ACKftéfmtt@fbn&@ﬂl@lR&'S&iﬁ%dt%df@é Il@w&;fba&eﬂetums
on the ACK. -information, STAO del etes the data unit

& m@g@ytrggthQQ1bg Gmﬁu;nformatlon at time T2 based on the
g _iﬁforﬁatidﬁfdesciibed'iﬁ tﬁe'RTS SMH: |
. _ After STAO réceives the CTS direéted te itself, it
transmits a data packet at time T3. At this time, STAO describes
1.intheACKTypeportionofthedatapacketinférmationindicating
it desires that ACK should be returned bj delay ACK {(Del-ACK).
At the same time; STAQC describes in the More Bit portion
—,informationindicatingthatnmredataunitisstored. This data
packet is received by STAl without error.

To further transmit the stored data unit directed to STAL,
STA0 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 of the data unit it previously
transmitted. Therefore, STAO generates a transmit data unit
candidate list_éd.that'the,previously‘transmitted_data.unit is

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



fromthe transmt data unit candidate [ist it holds;

STAO generates a new transmt data unit candi date

list, and determnes .a transmt data unit based on

the new list. STAOtransmts the thus generated data

packet at T7. At this time, it describes in the ACK

Type portion of the data packgt information indicating

it desires that ACK should be returned by i medi ate

ACK. At the sane time, it describes in the Mre Bit

portion information 75 indicating that a data unit to

be transmtted is not present any nore. Wen STA

recei vésteheSTht arepgadket,itit itecoghizes 4 patket tcargaining

desired to immediately transmt an ACK, fromthe ACK

- e inperrpbhon it FémpATA bawrd Fndihe dSAprpat iphsiegeribed

imredi ate ACK (I m ACK) packet corresponding to the

O EpE kTR ATA | by S8 Frae: REAL FREERPo e bR ES GRavence
Leatd . : at, | i [ h - i

AL KPR R 0 S PR T80 e

iocalpd RV aFr&Md Sl A AWMd N dddpt i®n BohriPRECNEN of the
Exanpl e of Application FIG 21 illustrates the second

eaioasaly appdieadl idamaofinit F amdgnt t $TWL akdidesetviimglude
procedures in a wireless conmunication system
Fcgoigfagma blemdnprles packenvemttiadn inghers infgreation. Or,
illustrates an exanple_in which two data units are .,
51 4Hs HSHCETPREMESTARF L BASTAGE FhfQrBslaift LIQUSK Pheil’s

ARG, Uyl b nuber, of dal & unihs, whiigh can bery,

transm I'n one t _
| JETRALAL 2h 8IS AL AL o1 R P BIEKED! £ o BRBLI R (R |82 uni
starts the procedure for transmtting. ata units at
candidate list to update the list, and then generates CTS
information. _

As .a re_sult, STA1 réturns a packet (i.e. ‘CTS with ACK
multiplexed) containing _the CTS rinformation and the ACK
information at time To. Fdr ACKinformation, the ACK information
.corresponding to the data flow specified by the received RTS
information is described. |

After receiving the packet conﬁaining the CTS information
and ACK information, STAQ opérates as follomfs: based on the ACK
information, STAO deletes the data unit already received by STAlL

. from the tranémit data unit candidate list it holds; STAQ
generates anew transmit dataunit candidate list, anddetermines
-a transmit data unit based on the new list. STAQ transmits the
_-t‘hus generated data packef at T7. At this time, it déscribes
‘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, it describes in the More Bit portion information




time TO and starts backoff count in accordance with
the CSMA procedure for acquiring transm ssion right.
The backoff count is conpleted at TI, and it is
confirmed that the mediumis clear during this
period. Therefore, STAO transmts a packet containing
"RTS information. After STAl feceives the RTS directed
toitself, it returns 76 a packet containing CTS
information at time T2 based on the infornmation
described in the RTS SMH. After STAO receives the CTS
directed to itself at time T2, it transmts a data
pacdieptangt iimet E3dafh this tores tSEAGmidesdribeasot mresent
the ACK Type portion of the data packet information
ehdi B8fPng it desires that ACK shoul d be returned by

i rmedi at e $K3%é} ACK However, STAl detects an '
error &h%ﬂ AL SEERTEE t?ﬁ@cﬂﬁﬁf pﬁﬁ%?ﬁetlgnﬂe%%ﬁﬂ&ﬁes that
JECHL ¢ Ll ﬁggg Afihe pgtg raliQ4en, S hOU't%e < BCK Type

return an or e, 5es not rénsm -
abrtiBR 4 tHeIBRTACKH N tI‘R%nf | §HAE +t 19 an immediate ACK
transmtted.) Since STAO cannot receive ACK at due
H(IneACK) jatdgeschhvdspEHiRicet 6 Whehasl @ECH 886 ifldNgE time
previous data. Thus, to retransmt the still stored
d8ta unit directed to STAL, STAOwaits for a random . _
ti-me, and then transmts a packet containing the RTS
i nf or TR CHASAXAIPHE F5aPRsifektPonshedBgnd iogTig ithin each
t ceive f.t ata it reV|ousl
BRLKERTED ot A ERAT RIS e REET SR g ene
.wghu\%m ta ROLId0T et DR MH that it
regues?s that A Eilnfg'rrratlrgnwsg F§§bé§added ( That
,1s, STAOtransmts an RTS wi-th an ACK request - _
‘multiplexed.) After receiving this, STA returns a
.. BagkeBecond aixamgle of Application : :

PIG. 21 'illusltrat.e.s the -seéond ;akample of "appl.ic.a‘t.ioh of
transmitting and receiving procedures in a wireless
communication system according to the present invention. The

_"fi-gure illustrates an example in which two data ﬁnité are

transmitted fromSTAO to STA1l. This example ison the assumption

T that the number of data units which can be transmitted in one °

packet islimited to one and immediate ACK (Im—AC.K) is constantly
applied.
STAG starts the procedure for trapsmitting‘ data units at
time TO, and starts backoff count in accordance with the CSMA
procedure for accjuiring t;an_smission_right. The backoff count
' :is completed at T1l, and it is confirmed fhat the medium is clear
during t.his period. Therefore, STAO0 transmits a _packet
'_containing RTS information.}

After STAL receives the RTS directed to itself, it returns



CTS information at tinme T6 based on the information
described in the RTS SMH. At this tine, STAl refers
to the ACK Request portion in the RTS SWVH, and

t hereby recogni zes that STAOis requesting that ACK

i nformati on should be transmtted. Then, STAl deci des
to include ACK information ifthe packet containing
CTS information. Further, STALl del etes the already
received 77 packet fromthe receive data unit

candi date list to update the list, and then generates
CTS information. As a result, STAl returns a packet

@ peck€tScontdinACK; dnd tingbexed)osont aiimand 2 bes€fSon the
information and the ACK intormationat tinme T6. For
AoKioafig i e | @S ¢hidsACin ftdrenBTBoBMH cor responding to
the data fl ow specified bX t he received

RTS . .

i nf or nRfFoh SRQEecriBea. thg 1S [ECEFTRAGE? - gRldk et tine

taining the CTS,i.nformtion. ,and e A . N

otk TSR0 et Sraekey gt AT p Aty e STRO
RESIHAETR] LR Acﬁﬁ%edgbﬂf&a bl rdat 2 4 phtkat iea@d¥natio
received by STAl fromthe transmt data unit :
- gardicdat aglistekt rooldsit ASTAQ AR ALRS v@nBEVWY immediate
transmt data unit candidate |ist, and determ nes a
tACENdAmt-ACdEl a unit based on the newlist. (In this

exanple, STAO retransmts the data unit it transmtted

- at tinHowegen, STAD detrit £8 ¢HeCk Hhsngeh&rspédeddihe data
acket at tine T7. At this tinme, it _descrjbes_jn the
R B o FTRBN. AFOTTR A S ek cE P Fr b m TR ug STAL
ipdi gat i ' eSies ~shoul d_be .r

AR e ATRCSRERELOER, S0 ea ot ELAREE 2 nc
TRCAIDZ 09 .t Nathe HCK Sndesbr gk | ETRHALSEY shk 86841 |

an ACK, fromthe ACK Type portion in the DATA SVH.

: Th_en, STAde rsTiadr asnmst mdbat&%due tim_e, it judges that
| .'someerrorhasoccurredinthepreviousdata. Thus,toretransmj.t
. the still stored data unit directed to STAl, STAO waits for a
: .randdm time, and then transmits a packet containing the RTS
informationat timeTS5. Asmentionedabove, STAGhasnot received
'the'ACK,of the data it previously transmitted. At this time,

" therefore, STAQ describes in the ACK Request portion in the RTS

" .SMH that it requests that ACK information shouldbe added. (That

. “is, STAO 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 reférs to the ACK Request
: 'p'ort'ion 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 cont_aining

CTS information. Further, STA1l deletes the already received




(I m ACK) packet corresponding to the rel evant data
flowat time T8. In this exanple of application, the
Duration field in each packet is set so that it
indicates the tine period until the tine indicated by
arcuate arrowin FIG 8. 78 E-3. Third Exanple of
Application FIG 22 illustrayes the third exanple of
application of transmtting and receiving procedures
in a wreless comunication systemaccording to the
present invention. The figure. illustrates an exanple
in which one data unit is transmtted from STAO to
SrAet frppShexappeeve dadm vhet apngipeitenl 1ethato phdate the
unber of dgta units.which can be transmtted in one

t 3Pd PRt BEREER TR Gt HRTEBRELERACK (1 m ACK) s
constantly | ie TAQ.starts the, . procedur or,
tr ansmﬁ%t %nﬁgggif%’ Ssrﬁ s At e ?6?k?§ngl 's?'arcfeTs with ACK

hackahfi c&Qut ddh@GGARdaNes WelrB the GRMR 1 oRr OGRHUERe  ACK

for acquiring transm ssion right. The backoff count

| infleamalebac tat inkElT 6 andortadrsin famkitiga( theafck heformation
mediumis clear during this, period. Therefore, STAG
toarsspradanpatkethe cartraifdbwgs IS i byathenre@éiwrd RTS
STAl receives the RTS directed to itself, it returns
ADERAFREL-OBoMB AP RFRELRSS i nformation at tine T2 based

th { nf or mat.i [ [ the RTS t .
 STao rREERE e R e T pacia Pt ATy chp Cus it ion
o . ' . . T A S o1 ’

- %Dgoﬁﬁgzx@ﬁ f‘%@oﬂ%@l e,?g?ﬁo %&:@'ﬁ:’a@s a@s foﬁ.flgpﬁz t%*agtggi on the

scribes 1 ntl pé portion o

| pankehrorhetI8h | odrad BdiledbisNEhs tafasiun@e hiabadfireceived

shoul d be returned by immedi ate
~by STAL from the transmit data unit candidate list it holds;

STAQ generates a new transmit data unit candidate list, and
' detérmin‘e's a transmit data unit ba'S'é'd on the new list. (In this.
éxample, STAO 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 c_lata- =

packet informafion‘ 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, frc_)m the ACK Type
portion in the DATA SMH. ;I'hen,‘ STAl returns an immediate ACK

 (Im-ACK) packet corresponding to the relevant data flow at time
';'8.

In‘;l:his example of application, the Duraticﬁ'field in each

packet is set so that it indicates the time period until the

time indicated by arcuate arrow in FIG. 8;




ACK (ImACK) . At the. sane tine, STAO describes in
the More Bit portion information indicating that a
transmt data unit is not stored any. nore. This data
packet is received by STAl without error. STAl

returns the ACK of the received data. However, STAG 79
detects an error when it recegves the ACK and cannot
accurately extract the data. Since STAO cannot

receive ACK at due tinme, it judges that sone error
has occurred in the previous data. Thus, to
retransmt the still stored data unit directed to

yarpLe fof 2pRldisgddon me, and then
RTS i nformation for

transnLis acket containing. )
data r %éa%&i‘l&ﬁrﬁ{m%@% 1ngne¥ymRte foveplisptdon of

-Raandnl cE2AET VAl NGLEKOh l NE Bl LL, PEEVI QUSLY. o1 oo

transmtte At this tine, ore,

Iddmin@ 1 ACKREA USRI+ NP BEEBRAL Ry the+ RIS M Hth ghvéxtit ion. The

requests that ACK i nformation shoul'd be added. That

AfdguBEAQ tinanseites an &onpid hianwACKhr egesdata unit is

mul tiplexed. After receiving this, STAL returns a
pEerenitbnd dinemRTACTSSEAL or Mitliscrxamtp ite ixpofl 6hbasetmphion
the information described in the RTS SVMH At this

- AE, TR APTRATe S PRt HinIAKWREGhe3qn bsokrapam] ftqhdn one
. and. t her eb i zes t AO |s. .
Bagel s L0 R RO RS T e 1B e popssancLy

IhenieqSTAl decides to include ACK information in the

' packet contai ning CTS information. Further, STAl
I ecognsZes stthats ae P ck8sbbifo 0t rhREn Bt ¢ BRF¥ata units at

recei ved packet being deleted fromthe receive data

< GhRine TAndindabealicstbackd £ i eudat n SEAQ rdesickesitl the CS

transmt - has been already received. . Thus, STA :

- ‘perapAuredior aﬁqwmn'qaﬁaana@é%sm rightis n TWESpackoff count

Ad,nfornmation, . o s
oo 18 comnﬁe_ted'at T1, 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-p‘écket containing CTS information at time T2 based on the

:in'for_mation descr_ibed in the RTS SMH.
After STAQ 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 p(:u:tion of the data packet infofmation

' indicatiqg.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 that a transmit data unit is not

. stored any more. This data packet is received by STAl without

error.

. STA1 returns the ACK of the received data. However, STAQ




As a result, STAl returns a packet containing only ACK

information at time T6. For ACK i nformation, the ACK

information corresponding to the data fl ow specified

by the received RTS. information is described. After

recei ving the packet containing the ACK i nformati on,

80 STAO judges that all the Jgansmt data unit

directed to STA1 it has held has been al ready

transmtted, and term nates the transaction. In this

exanpl e of application, the Duration field in each

packet is set so that it indicates the tinme period

udieitiecthean eirmeriwheincht eecey vascitad BCRram@Wcafindt GecBrately

E-4. Fourth Exanple of Application FIG 23 illustrates

t B&tEaGEt Fhe dahdl-e DinespSTirdachonobfreaaiaesAtktathgluengine,
ocedures in a wireless comunication

;e§t6 'gl%g%% g{‘b%g%m BRECHrRRBACGIRFER LBnther e vioy§r data.

[ tr , i,.n i.ch t data.unj.ts ar
PRSI ESe PR ETRLE e ot e G R R Bl 2 B G s 7,
agsHOPLLagRs FRat ot RenaURbennef dakacHiht $ WhLgh-can Bgcket
transmitted in one packet islimted to one and it Is
peontaietng RTDAhEOUOAS] yn fdraASHhtiré: Rindabkisi¥noit Ts. As
~data packets. STAO starts the procedure for
t Pgns AP ned mpaie,aSEAD tkammott reeeT@xd aitth ASKanf Sche data it
., backoff count in accordance with the CSMA procedure
f BEEREUTHY nd anandftedi on REghthisthéipgekofferadipne, STAO
H eted. at —.and it is.confirmed that the.
e s £ B Al R st EP o et SRbr Bt S Rpruests
L ERREMAR 1AeBRAKEL op SARLALNOARLE | PHOITRE] WracttEhomi ts
e it urns

STAl receives the RT I rec o itse re

- .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 R’TS'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. Fu'rther, STAlL récognizes that, as the result
, of the already received packet being deleted from the receive
- data unit candidate list, all the data STAQ d_esires to transmit
- has been.already received.  Thus, STAl returns only an ACK, and
does not return CTS information.
As a result, STAl returns a packet containing only ACK

informationat timeT6. ForACK information, the ACKinformation

corresponding to the data flow specified by the received RTS.

information is described. .

After receiving the packet containing the ACK information,




a: packet containing CTS information at tinme T2 based

on the information described in the RTS SVMH After

STAO receives the CIS directed to itself, it

transmts a data packet-at tinme T3. At this tine, STAO

describes 81 in the ACK Type portion of the data

packet information indicatinggoit desires that ACK

shoul d be returned by delay ACK (Del-ACK) . At the

same tinme, STAO describes in the Mire Bit portion

information indicating that nore transmt data unit is

stored, This data _packet is received by STA w thout

erraP. J‘F—%ﬁ%éhatsﬁé Fhag%gawmé%atsm@léaﬁl@%ﬂm@t@ STAL
Si0 inth eriod indicated in th

Db P To L e Prophaleheiy frarBmitred. bgha i rmnates the

tepBnddetddn STAO continuously transmts data packets,

starting at time T4. In the exanple illustrated in

the fi gt eni SEAQMUAASS apPRicatfoh ! che s HctiSn £N€1d in each
next data packet, it can conplete data transm ssion

wpahkat ihegresioodhbnditatedidardhehButameopefi®l diitil the
. the CTS. Then, STAO further transmts a stored data
- uhiRe dirditaieed PySPalcugte pirwewT4n REIGths tinme, STAO

describes in the ACK Type portion of the data packet
information indicating it desires that ACK should be

rrgt_grnheguitjf;ﬁi JUEdiat e AGK (LM ACK) . At the sane tine,
Lo y tion information

indi catgrg 28 Jtlrlalﬂﬁfﬂa{té%akﬂe %th'hse%%%ﬁé %rfeg ﬁ/cation of

nore. .  This data packet 1s recelved

- etransmMeihSTAdnd eceb¥gsvihg dpt:ac@&@i@é uu a w1reless

recogni zes that it is desired to inmediately transmt .

- -anoMEKy idatimn bysACK dyperdipgr toothé prcsenPATAv&Mion. The

Then, STAl returns an imediate ACK (I m ACK) packet

‘CSW‘é%%oh%I]r‘F@Uf%FQEheaIP ePEympLe ik awhio Brot daba units are

transmitted from STAO to STAL. Thls example isonthe assumption
that the number of data uni'ts- which can be transmitted in one
packet is limitéd to éne and it is permitted to qontinuously
transmit a plurality of data packei:s. o

STAO starts the proéedure' 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, STA0 {ransmits a packet
containing RTS information. |

After STAL receives the RTS directed to itself, it returns

" a packet containing €TS information at time T2 based on the

information described in the RTS SMH.
After S‘I‘AO recelves the CTS directed to J_tself it

‘transmlts a data packet at time T3. At this time, STAD descrlbes




T5. In this exanple of application, the Duration field
in each packet is set so that it indicates the tine
period until the tine indicated by arcuate arrow in
FIG 8. 82 E-5. Fifth Exanple of Application FIG 9
illustrates the fifth exanple of application of

transm tting and receiving psocedures in a wreless
comuni cation system according to the present
invention. The figure also illustrates an exanple in
which two data units are transmtted from STAOto
STAL. In this exanple, the nunber of data units which
cght b ACKIYa Q?lé‘b&‘?%o%ﬁéeﬁjé‘&@é?aq]"seq ipfeEptian bedlcating

A, B FT RS CnionERe hoi R fat it P PF LB fhelhom

t S t St
U GADLLINOURLYe! | 30RT! LeBRCKELS: nSTAQ S Siorcion

or transmtting data units at
J.chﬁ:‘?f@f’ctl@ht sn@ackoffg €RNDtnd 2 ﬁﬁﬁﬁéﬂ@@@%t\éﬂ lirlfh.ﬂ he stored.
CSMA procedure for acquiring transm ssion right. The
backoidataopai-keksisomptet vl aty HTAlamd thbut seeonfi r ned
that the mediumis clear during this period.
Ther ef §r&thsTAO EFAAsnirdges packetheront B i rrgarRTs:omplete
informatigon. After STAl receives the RIS directed. t
S S PP LR TH AR LORE SR hgnCes Diracion field

BT Pothi TR 81 05 MG ey

= qifa@ﬁsﬁr@.@st Qa'tgssjaékeﬁé gﬂa@ﬁﬁrx@gt srac fal appackat cpL example '
time T3. his tinme, STAO describes in the ACK Type

QQI’JIdsitrra&fedt |ilﬁ tRé af RANKSt STRDOS HAGe OcHadi G&t i B0t rddsmits
desires that ACK shoul d be returned by imedi ate ACK

. Athe next data packet, it can complete data transmission within

‘the period indicated in the Duration field in the CTS. ."I'hen,

- 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—-2CK). At the same time,
STAO describes in the More Bit portion information indicating
a transmit data unit is notl stored any more. This data packet
is received by STAl without error.
When STAl receives the data packet, it récognizes that
it is'desired té immediately transr_nit an ACK, from t_he‘ ACK Type
‘portion in the DATA SMH. Then, STAl returns an immediate ACK
(Im~ACK) packet correqunding to the relevant data flc_aw at time
S T5.
In this_ example of appiication, the Duration field i.n each
packet is set so that ii;_‘indicates the time periocd until the

time indicated by arcuate arrow in FIG. 8.



|

the same tinme, STAO describes in the Mre Bit portion
information that nore transmt data unit is stored.
Further, STAO adds RTS information for transmtting
another data unit. That is, STAO 83 transmts a data
packet with the RTS nultiplexed. This data packet is
recei ved by STAl without err& . STAl recogni zes that
the data packet contains RTS information, and then
tries to transmt a packet containing CTS
information. At this tinme, STAl refers to RTS Sequence
and RTS Received MAP, and thereby recogni zes that
STAO has not recognized the acknow edgenent of the

t if pE}egvi ously.r celii\é%%.. Ehen, STA1 decides to
[ ; i i packet .containing CTS
i nfor [0Ng & I rggel
unit n?gﬁdi %a%gqgi%%tgg?g@;on t e%itz‘%l g?ﬁa??o%g&%ﬂon of
dasaidiied ing t RAARTSecBWHingt bhbsetibpes SIAL del elig®less
the al ready received packet fromthe receive data
uninmurdrditdahesysisdm hocupdang tichéheipteserdndnyvbenion. The
generates CTS information. Further, as ACK .
iHipmeaeilon, 11 1SPAT agescet sesrphe acrhiighotfmdesa units are

-

FREERSRIACE R PR ARG LR, S o
SRR PRGN B SO SR TP GBS

- Al eheSTAR e GRLYEEL e pBaRKkEle CARkaLM 1Y, ARlediate ACK is

information and CTS information, it tries to transmt
aspdatir iwal,t hasedhen tihesikEdmf staaiown.isBapedndted to
the ACK information, STAO deletes the data unit '

- afordadpovedyi tednbpiSTkicKatem the transnit data wunit

candi date list it holds. Then, STAO generates anew

© t r ansnSEROgEk A ki Ehe Runfiedire fostragsnigeing Hatesunits ‘_"“t '
“transmit daéa uni,t

tt[%e’ §T A@j d %tﬁegg?ﬁggﬁgﬁgéﬁ@ %nna?c\:,\(lzcln;ri"ééﬁce/_\tw‘iszﬁi Ff’he CSMA

-'proc'edute for acquiring transmission right. The backoff count

is completed at T1, and it is confirmed that the medium is clear

“during this period. Therefore, STAQ transmits a pac_'_:ket

containing RTS information.

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

After STA0 receives the CTS directed. to itself, it
transmits a datapacket 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.. At

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

" that more transmit data unit is stored. Further, STAO adds RT-_S

information for transmitting another data unit. That is, STAO




ACK Type portion of the data packet information
indicating it desires that ACK should be returned by
i medi ate ACK. At the sane tine, STAO describes in
the More Bit portion information 84 indicating that a
data unit to be transmtted is not present any nore.
STAO transmts the thus genepated data packet at tine
T5. When STAL receives the data packet with ACK
information nultiplexed, it recognizes that it is
desired to inmrediately transmt an ACK, and returns a
correspondi ngaACK informati on packet at tinme T6. In

T WA P Faaﬁﬁﬁ]‘f%t‘“ﬁl&ﬁ tpﬁeRﬁr%‘H‘b‘rP]feiX@Idd i fhis data
ket t di t the t

e:a(r:clq%e 3ﬁt %Fclfeﬁ‘e’%g P ')[(Anﬁgl cla'ikéodﬁo;?%%rogaat eéarlrgsv in

FIG 9 Tﬁ‘i tﬂ_fcc;a{ﬁ%te' ontﬂﬂ u%heOfda({]ae gg%ﬁ contains RTS

transmtted at tine 16, zero indicatin

[l reatha thob, ﬁhdtheﬁwset@ftr%&@hﬂl‘%ai bapx&t @on%glnlng CTS
illustrates the sixth exanple of application of

tinefrsmiatitiiong  afd theé seti inangSPROCediarasto TS fequedressand RTS

comuni cati on r;XSt em accor di ng to the pr. esent
IRRASIMeOHIAPERRA thegeR e rerPaRt o 65ahRTaRdmpInetofecognized

\Nh t dat t
T A O O S A SRR b PP LEE58AP 3t wFhen,
. L T STAQ I nt
giltgxﬁlpﬁgéié%sgfzﬁu g?@lg' éég?mf.:&?r%ﬁs (%15 %heéyacécet cnonl'{aa_nlng

BN IRiebkRgt i bR, oﬁ%rfﬁﬁ@fet 5181 ldelelr@l el0a QR€e19RB0ghta unit
is permtted to nultiplex RTSTnto CIS. STAO starts

tdmmdirdacedu et fiodsdd ans thet i Ngodas @i didescatibelli DR K& RTS
and starts backoff .count in accordance with the CSVA
SMH. At this time, STAl deletes the already received packet
from the receive dafa unit candidate list to update the list,
and then generates CTS information. Further, as ACK information,
STA]l describes the ACK information corresponding to the data
flow specified by the received RTS information. Thus, STAl
_ returns a packet containing ACK infofmation and CTS information
{i.e. a CTS packet- with an ACK multiplexed) at time T4.
After STAO receives the packet éontain-ing ACK information
and CTS information, it tries to transmit a data unit based on
the CTS information. Based on the ACK information, STAO deletes
the data unit already received by STAl from the transmit data
unitcandidate list it_holds . Then, STAO generates anew traﬁsmit
.data unit candidate list, and determines a transmit data unit
based on this new list. At this time, STAQ describes in the
ACK Type portion of the data packet Iinformation indicating it

desires that ACK should be returned by immediate ACK. At the

same time, STAQO describes in the More Bit portion information



procedure for acquiring transm ssion right. The

backoff count is conpleted at TI, and it is confirned

that the mediumis clear 85 during this period.

Therefore, STAO transmts a packet containing RTS
information. In the RTS/CTS Mux portion in the RTS

SMH, information is set whichaga4andi cates that RTS may

be multiplexed into CTS. After STAl receives the RTS
information, it returns a packet containing. CTS
information at time T2 based on the information
described in the RTS SMH At this time, STAL ‘

r eéBgaF2EEng ridiAt Re dRTS/ BT M Dot LRBART Hrethd SRIStSRFpsent
that RTS may _be nultiplexed into CIS, and. it hol ds . _
af By diies o POt aan RO ABE tits artrka Rty BREr Bt @y tine
RTSc<information for transmtting these data units to

ST ér As a result, a packet containing CTS _

i nf or mat ey, and1 RIS &Y 1Rkl 884 ipacketaw S RACk B ormation
with an RTS nultiplexed) is transmtted. After STAO
remalyepléhed packekecegniaeditighiChs tief desgbtddnro andediately
RTS information, it tries to transnmt a data unit at

ti bwanFBibaved(Fn ehd GIQUINH ¢ variteapording ALK ipformation
STAO describes -in the ACK Type portion of the data
paBRekef nfbordts dif-i ndicating it desires that ACK

should b t urned [ diate ACK. At . the.sa .

Tl ST RLE e THeL T B B PpE R R T e1d in cach
-ing i {hdicatings - . spi ' 3
CSEREL 28 s ARGl I AP A b cne
t r aRsAIidiRe tanMeFcttada ¥hbl in FHIF1CE. RRS dHY phir@ti®nvalue
is also contained in the receive packet, STAO
genérahe paCKeti ntansmitord ian téspdiGe Zelver endicanichy NULL is
adds the CTS information. As a result, a packet in’
whiPéhcedt a, the RTS information,

E-6. Sixth Example of Application

FIG. 10 illustrates the sixth example of application of
'traﬁsmitting 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 wunits are transmitted from STA0 to STAl and
~simultaneously two data units are transmitted _f_rom STAl to STAO.
VI‘n.this example, the number of data units which canbe transmitted
_in cone packet is limited to one, and it is permitted tomultiplex

RTS into CTS. |
| STAO starts the procedure for transmitting data units at
time T0, 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



and the CTS information are nultiplexed is transmtted
fromSTAO at tinme T3. (That is, a data packet in
which CTS in response 86 to RTS from STAL and RTS for -
transmtting the subsequent data wunit are multipl exed
is transmtted.) This data packet is received by STAl
wi t hout error. STAl receives &the packet with the data,
RTS information, and CTS information rmultiplexed, and
recogni zes that this packet contains RTS informtion.
Then, STAl tries to transmt a packet containing CTS

g@ggéﬂ%:tg‘ﬁa e hl ‘el vggémgoﬁ%;ggﬁhér é%ﬁﬁ-lgg‘%@niazegac}‘et
tgéhtgm Iﬁ%‘% ﬂ?fofr@ézﬁlgﬂ{ Zegnt ﬁ‘f‘#_zg’é\é ‘;%%Aﬁqu J.<91Ji in the

e data Uhit previously recei ved eci des

t arinsinude; f¥demdtiionr A8t s8R A thei RdtiRleLeALRI RirB0nay be
CTS information. Further, STAl generates a receive

datiat ipl ¢xednditdatcrsl.i st based on the informtion
described in the RTS SWH At this tinme, STA deletes

t he al rifdgyr SF@di vegepiekether Bhs t eforediive . datarghiitns a
cand{(date list. to fdate the |jist, and then generates

HF OFARER JHNT FTE hR ECHRAAER |t o i oh, st o che

EREC RS SR TR RO RO, Tl ub Pl v
FH@&@&I‘J.Z&%T%O{&W ﬁ'ré?éTE hittx gB&P@& K&l 150 ' %ﬁH t4E® rrs

information, and transmts a data unit as we sed

- oRat hee nﬁtslpméﬁéaainm cTSTAhndesc hiobas a4 meu/&%lrected
Type portion in the DATA SWH information indicating -

i todeSinles t HagreMCkresho8TAL hegeneebtieneRTSy imfredigtion for
ACK. At the sane tine, STAl describes in the Mre Bit
p'é??ﬁl%‘hl"r‘?ﬂfl‘cﬁf ﬁﬁ‘ﬁﬁ@nd@%llléﬁtﬁsngotﬁ%o moRe #rzafiHit, a Packet

dat t Furth STALl adds . RTS -
R Br RSP LR TR ARHKISATEMG4ER (nPr & CTS packet

.with an RTS multiplexed) is transmitted.

After STA(Q 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 '6f the data packet information indicating
it desires tf‘lat ACK should be returned by immediate-é—‘xCK. At
the same time, STAQ describes in the More Bit portion information

: indicéting that more transmit data unit is stored. Fﬁrther,
STAO0 adds RTS information f_ér -tr"ansmitting another data unit.
-Since RTS inforfnation is also contained in the receive packet,
STACQ generates CTS information rin response there-fo, a-nd adds
~ the CTS information.

As a result, a packet in which data, the RTS information,

© and the CTS information are multiplexed is transmitted from STAQ

at time T3. (That is, a data packet in which CTS in response



Thus, STAl returns a packet containing ACK

information, CTS information, a data unit, and RTS
information at time T4. 87 That is, STAL nultipl exes

and transmits the following: a data packet in ‘
response to the reception of CIS from STAQ a CIS in
response to an RTS from STAG6an RTS for transnmitting

the subsequent data unit; and an ACK corresponding to
the reception of a data unit from STAO STAO receives

t he packet containing ACK i nformation, CTS

i nfar ion, a data unit, and RTS |nfornat|on

tr9 g,ggagm,{l P&Fﬁ&nﬁflga“d%tf&ruﬁr%ﬂ%%f&% tbﬁes@%equent data
[ t nf than in.the
AR B B BPICEeA T o e B e Tl 40 o Saget 1o
recelved B% §ﬁfﬂ-&iéﬂ8&€“&ﬂf&%ﬂ3”‘t data unit

candidate list it holds.. Then, STAO generates a new

t ransnistral dﬁc&:mt’@lst tlﬁ:@@ﬁlc@éﬁ:ewiﬁl'stheaﬁd:éiekﬁls M {@Sdtion,
transmt data unit based on this newlist. At this

- tanCT STAOr desitidrbes] § p tdreed, AGK Typegpiords thabfhtikgacket
data packet information indicating it desires that
/&@@@H@m?&"%?eﬂ#%‘fr%ﬂ«fﬁédl by Theme dFAL & rAeR tosframenisamacket

th Bt t
Pl AL AR s o o
et F
SATSILL G, LTSl 0 R LI 0 oo

RRGK ehot EB@@@nﬁié@r thét a‘i@&ﬂo&@%d&@méx@ﬁ Upt AQe data unit
i nformati on. Further, since the received packet

';qnnﬁapnslﬁT&eqeﬁhednat|rmu@5 gehl , dB8tAQegenss at.agladsS ACK

“information corresponding thereto and al so deci des
tigforaasipn ipHdh«rsckehforhath brg Cmenéemaawng Further,

. Rrocedure for CTS information is the sanme as

G PRRYFAULT &, TEHer 6t ok FHi" ga8erApte on' st PRSegeon the
: quéotrﬁgtggﬁ %escrlbed in the RTSSMH. At th;s 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, STAl describes the ACK information
corresponding to the data flow specified by the received RTS
information. Further, STAL recognizes that the packet contains
CTS information, and transmits a da‘ta unit as well based on the
CTS information. STAl describes in the ACK Type portion inthe -
DATA SMH information indicating it desires that .ACK should be
returned by 'imr'nediéte ACK. AL the same time, STAl describes
intheMore Bit portion information indicating thatmore transmit
',dat;a 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.



Thus, STAO returns the packet containing a data unit,
ACK information, and CTS information at tinme T5. That
is, . STAO 88 nultiplexes and transmits the follow ng:
a data unit in response to a CTS from STAL; a CIS in
response to an RTS from STAl; and an ACK
corresponding to a data unit 8@ceived form STAL. Wen
STALl receives the packet containing a data unit, ACK
information, and CTS information, it extracts the data
unit, and decides to transmt ACK information

C resEondin thiret . Further, when STAl recogni zes
t hat®'t /i U GAPAFHES OFS! SrRPSPARE e diod 1ARANg: a data

[ tl .t updates the transmt UnNi dovn . .
AR b g HCRb Ot REHERER A7 W niinag = ors 1n
STRALpodgel 4es a0 RTANSB Frdat & rHtdis a@oﬁ“@far@ﬁﬁe&%ing ‘the
onthe CTS information. Thus, STA returns a packet

C Giuibaeriueg t AGK 4 Gh 0t PRindoin A Eordaipbndlink €6 the. réception
data packet with the ACK of the data unit received

f radmaSTAGamuhit pfecedITHR. tine T6. After STAO receives

t he packet containing ACK information and a data

unit, iPTRRAGCSiFE st Mee ReRK T peo@ritiioy APK imdoppgaion, CTS
SNH,. and. thereby recognj zes t it 1.s desired to . )
| HEQTRPEIG P afe R ¢ faaed Ko in6PREAF Loty g, tries to

- cqrespond é%}% i nfarnat on Q&ﬁil te e T2, |

t he azbovg gegg?rp_ e,r_llt‘{:g%lﬁ?raa?goﬁgﬁ eld l?‘rfogé&gdﬁlgééke%sed on
I $HehcROi hFSEmd d1dAC ANESrE 8L AR RO SHAL! heldes the.
time indicated by arcuate arrowin FIG {0."si'nce the
datsal enit [ lireadet eete et bigefTaEHFath ther=fahSmit data unit
information is generated, each Duration value can be
seandfdatpeti TS 4 hiddeat iBreror SREK gerieratsd ennew transmit
_nﬁgﬁjplexed in.a returned packet i s unknown; B )
] é”lfgpéi,: Wa&?:&éﬁﬁota% determines a transmit data unit

based on this new list. At this time, STAO describes in the
RCK 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 STAO extracted the new dat_'a unit from
the received pécket without error, it decides to return ACK
information. Further, since the received paci{et contains RT.S
information .as well, STAO : generates CTS information
'COrresponding thereto, and also decides to transmit the CTS
information. The generatin_glproc.:edure 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, STAOQ



exactly specified sonetinmes. In preparation for such a
case, a slightly larger value allowing a margin is
set for the Duration 89 value sonetinmes. Further,
there are cases where a Duration value is set on the
assunption that RTS information or ACK information is
not nultiplexed and an actual88packet is transmtted
over a period slightly longer than the Duration
value. Since the length of this information is not so
| arge, however, great loss will not result. As the

t_ilﬁ[r% val ue of the acket transmtted at tine T8,
ARG P CReR Bt 6f“§cfébllqwr+“9hea 4BbY &iEND BRBRODSe

d t E- t
TR E b €0 L Leuioet hetler 10 S
CJ§"Acw adiere%%ﬂﬁ VB Qoa%wmd{ﬁt KRSy TBERT .
judgnment can al so ge nmade based on t lhl story o

communie@hi OTh bebtweeies RhS biansticbhicAgnshgtd agcanthit, ACK
station as its destination, or the. packets received

f ¥rofaxnied isingt hod @8S thef desttiioat i 0h eftttdets rdlecdant unit,
RTS in the past. Referring to the rel evant draw ngs,

L APEEFBR GA FraBenyi P6K Heﬁwqtd%%rmc@m ghereto.
| %tﬂq contr ol ﬁ%garr I ed.out ip accordance wt

St RSy r&&%—?ﬁézeae@?ﬁawsnpaﬁkﬁ%s%a?@sns cTs
At fbdla cIB%) 6A8 Ak LBBALELLE, UL BTR L AP LRI data

station or e exanpl e

. 2¢hitSEARQE HARS M { St %E%ed( B sheS IR iﬁtafﬁétgﬁ (@%)an, STAT .
"STAl transmts DATA (P2), and STAO returns ACK (

Hbroel deistt o srassuiesdhhatini t astiea 1My dBid c1poct $ mﬂfbﬁnat ion.
~the DATA SWH of the packet P2 containing DATA, it is
- e HEé 1t hatur@ir AL pdiet kohtisidang AFK detfedmagion and a |

‘STAQ.
‘dataunit (i. e.adata packet with the ACKof thedataunit received

- from STAO multiplexed) at time T6.
| ' | After STAQ receives the packet containing ACK information
'. and a data unlt, it refers to the ACK Type portion in the DATA
SMH, and thereby recognizes that it is desired to :meedlately'
“ transmit an ACK. Then, STAO0 returns a corresponding ACK
‘information packet at time T7.
In the above example, the Duration field in each p_acket
‘issetsothatitindicatesthetimeperiod until thetime indj__cated _
by arcuate arrow in FIG. 10. Since the data length is determined
beforehandwhenCTS informationis generated, eachDurationvalue
can be set.
Whether RTS information or ACK information is multiplexed
in a returned packet is unknown; therefore, Duration cannot be
.exact_ly specified sometimes. In preparation for such a case,

aslightly larger value allowing a margin is set for the Duration



STAO holds the information in the Mire Bit portion of
data nost recently received from STAL, and can

t hereby recogni ze that 90 STAl hol ds data STA

desires to transmt to STAO |[|f STAO recogni zes that
STAl holds data directed to STAO when STAO transmts
an RTS to STAl, it sets in the RTS/CTS Mux portion in
the RTS SMH "information indicating that RTS nay be
multiplexed into CTS." FIG 24 illustrates a case
where this RTSis transmtted as.P4. In response
thereto, STAl returns a packet containing CTS and RTS
I FeSRMES 1B t s own data transnission, that is, a
packet - wherein a CTS i s | tiplexed_ into an RTS.
Then. FFRISTY Sl 375 PacRal YRoht &1 Hig ARba TH T8 set

I S@x I ' ‘ . .
APPASS BRI (16% Y04 SIS JER, BMbomation -

apaakel t {Fexathaiehn addid 1 P KEES At Laibhid fdEX€Lk a period
Subsequently, STAl transmts a packet containing ACK
Sghddyr &spoedithgnt ohehheurascieivedldat a sinstedaha length of
corresponding to_ the received CTS SMH, that is, a _
FRdRei t pPryawifat dsnnefatse hpnge AdRWEVEImE$3l dred. will not

. Further, STAQ transmts acket- (P8 cont ai nj ng ACK |
éﬁﬁuggr r efg%/gﬁai%att&%‘éa SRR %aa%’%ﬁt FRRR R hechpt & ime
gl ustrat k , i t% exanple illustrated
inFi %E@ziﬁd%%iﬁ 26 35 ey . STAO returns’ CTS
(P1), SdAheldrRRRestPAEAG REBbdiRBHE SEAD dut L NS A8 udged
(P3). .Here, it is assuned that, in the Mre Bit
- phether to ddte™ibAdAnSMbofinkdieapaakerT Pagopt aiuliviglexed
DATA, it is described that STAL still holds data
- dntedTE ipthSRAS/ CBIAM polrtid onle tihef RIFHIBME on Thi stivelgment
" More Bit portion of data npst recently received from

§%§1§1 59 daec gﬁd? rlrfg:[s&g&/ OF‘e@Eﬁ] lkﬁifgopﬁaqf communication between

- RTS transmitting station and station as its destination, or the -

packets re;::ei.ved frdm the station as the destination of the
relevant RTS iﬁ the past. Referring to the relevant drawings,
~descriptionwill bé given be_le to some examples in which control
is carried out in accordance with whether the station as the
‘destination of R‘TS‘ holds da1_:a it desires to transmit to the RTS
transmitting stétion or not.
_ In the example illustrated iﬁ FIG. 24, STAl transmits RTS
(PO) s STAOD returns CTs (P1), STAl'tranSﬁlits DATA (P2), and STAQ
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 STAQ.
STAO holds the information in the More B_it portion of data

mo_st recently received from STA1l, and can thereby recognize that



STA1 hol ds data STAl desires to transmt to STAG In
this case, the follow ng can occur even if data
directed 91 to STAl is not present in STAO because
STA1 hol ds data STA1 desires to transmt to STAQ
STAO transmts an RTS wherein "information indicating
that RTS may be nultiplexed iggto CTS" is set in the
RTS/ CTS Mux portion in the RTS SMH. At this tine,
STAOwites in the other fields in the RTS SWVH
information indicating that STAO has no data to
transmt. This RIS is a dummy RTS which is different
DA thrldRTSlatyr SBAL dbstres el estan sEitta tor AR3AL ssi on

of . theﬁ%estlgatl on of data transm ssion. O her
sur r ourfdi RE™Y SE9BAECPAr ISPAR! helds Peterdirepring to STAO

by. \Y f f
i s By A e P erns o
RIsrt Rg8 tﬁé‘%ﬁ[‘@tm “§WELHadL B ﬁ&&éiﬁ%l J Ehididrs pay be

fromtransm ssion, 1t 1S easier t'o transm

RS 4 ¥l deandmicbt Cng. ¢+ he subsequent data unit. That

is, STAG transmts a dummy RTS, and can thereby make

it easiFdG.fot iSTAbtretasquicrecRAS e ahdli BES d tightmitted

~As aresult, STAO can efficiently receive the
-sthFéqueht YERPONGRI EheFelmn STAL TEEEna 5 idalcitetr aprEabning

t d RTS t tted 24. |
TSRO T S o PR Ll B
t d
BRSO Rl AU MBS RIS e,
: ewo HRlndS sa ap@g&ﬁgt(eéhtspniﬁg Njgs RIS %Jﬂ@@aﬂ the

toits own data transm ssion, and STAO transmts a
'+ peastesitve(PEY Sc oMl adri @gC@ESSMISMbﬁ%S’;ﬁﬁQ&ﬁ@ e tﬁetf@celved

- received RTS SWH. . STAl transmts a packet (P7) -

i W@aﬁaﬁaa@@pkégﬁaﬁﬁwhgregnm@araewm&i&tlplexed.
‘ Subsequently, STAl transmlts -a packet contalna.ng ACK “SMH

corresponding to the received data and data corre_spond:l.ng to

the received CTS SMH, that is, a packet (P.'?) .where'in _‘data and

ACK: are multiplexéd. - Further, STA0 transmits a packet-- _(PS)

' oontaining ACK SMH corresponding to the received data.

In the example illustrated in FIG. 25, as in the example
illustrated in FIG. 24, STAl transmits RTS {(PQ}, STAO returns
CTsS (P1l), sTAl t_ransrﬁ_its DATA (P2}, and STAO returris ACK (P3).

.Here, it is"aesumed that, in the More Bit portion in the

.‘ DATA SMH of the packet P2 Containing DATA, it is described that
STA1l still holds data directed to STAO |

STAO holds the 1nformatlon in the More Blt portlon of data'
most recently recelved from STAl, and can thereby recogm.ze that
STA1 holds data STAl desires to transmit to STAO P

In this case, the following can occur even if‘data directed



SMH, and STAO transmts a packet (P8) containing ACK
SWMH corresponding to the received data. . 92 1In the
exanple illustrated in FIG 26, STAl transmts RTS
(PO to STAO and STAO can receive it wthout error.
However, a problemarises. During this period of
time, STAOinterpreted the Puration field in a packet
transmtted from another station (hidden term nal

(not shown) for STAl) , and thereby has set an NAV.
Therefore, STAO cannot return a CTS. STAG receives the
RTS packet (PO, and therebx recogni zes that STAl

& §dPdats NETAESRES é8 £520+ drFAUSeSARL hﬁlfiﬁedata STAL

e

.26%%%892%?%%% g, PR ATRE %gﬁgﬁgﬂe‘%%eg fiGors

SFAeanith therrafy creceanipzes ibhatn Sh&lrrd88nt Nee this time, .
subsequent data unit. In the latter, STAO sets an NAV

. &TRO hus teandot thet othea €1&81dThen eﬂms eRTS MM hi riflAdnation
has the subsequent data unit, its data transm ssion
GPEHERt AT Ehat opBRRY. ham nchideteage, traesmbti owi ng can

occur ﬁéen if_data directed to STAlL is not present in
STAG bhBtalsE 3PAR Wﬂ% %“a‘i YhEEALLS d?lé'sﬂfreé§nitofr°m the RTS

o t RT
' tp&% %rlprr‘tgltllhgrrl% i Ca%I Ny hat SS%E)(?nbe \Anﬁietl 7 ekagtion of

"'d&tt% ES@insliss36h.i N dHee T %Q&MQOQH:AQI‘O&Q then sta:
RTS SWMH. At this time, STAOwites in the oth

fiegledsel thidheukhd B8] bAlHEdNset G BAY iAA. S:Bﬁi:aln from
STAO has no data to transmt.. (If data directed to
SrAnsing sgiesentlyl FoSTAE, Dmtﬁs:zsanée@qmexkaad on tek®SS. Since
pl ace though this is not shown in the figure. That
|t§le S¥hert ?‘é’ﬁ%‘?ﬁ‘%%“’@nStR‘FSOWHe?%ﬁrrﬁlq ﬁf-’@mnﬁﬁwmsmnf it

: Il%déa{:saitelrn gﬁl Eﬂ?rangm gR%'fI(.)Irp ransmlttlng the subsequent"

data un.it. That is, STAO transmits a dummy RTS, and can thereby
make it easier for STAl to acquire RTS transmission right. As-
- a result, STAO can efficiently receive the subsequent data unit
from STAlL.

"FIG., 285 illustr'ates a case where this dummy RTS is
transmitted as P4. In response thereto, STAL performs the
operation of transmitting the subsequent dataunit in accordance
with the -ordinary RTS/CTS pfocedure. Specifically, STAl
J;eturﬁs a packet (P5) containing RTS SMH related to its own data
" transmission, and STAQ tfansmits a packet (P6) -containing CTS
' SMH corresponding ﬁo the received RTS SMH. STAl transmits a
packet (P7) containing data corresponding to the received CTS
SMH, and STAQ traném‘its a packet (P8) cqntaining ACK SMH

corresponding to thé received data.



into CTS" is set in the RTS/CTS Mux portion in the RTS
SWVH ) This RTS is a dummy RTS which is different from
the RTS 93 proper. Wen other surrounding stations
than STALl receive this dummy RTS, they set an NAV and
refrain fromtransm ssion. Since the other

surroundi ng station refraindyomtransmssion, it is
easier for STAL to transmt RTS for transmtting the
subsequent data unit. That is, STAO transmts a dumy
RTS, and can thereby. nmake it easier for STAt to
acquire RTS transmssion right. As a result, STAO can
ef fi ci RtHNP e¥w e il hessrpseddarfIGal . GTAL tfawsmits RTS

S as_above). FIG 26 illustrates a case where

t%&i% %ﬁ“ g ?%‘?sg#%tot EO° THEPBIL th WGt T Per efigwever,
T he t f .transm tti he

STRLPER RESReLC RS, By BINR, Bnd e ppgeceo
RES S R & 4 nIPBabkE € &l dMsmPTALd I BSofher station
packet (P5) containing RTS SMH related to its own data
. H{hdaisighsisé o nadn nST AAdWnANSET 1728 ) pasketc HelPBhy has set an
containing CTS SMH corresponding to the received RTS
S Sirarafrones TR0 scarpadk set (1P)a €8t ai $TAY receives the
dat acorresponding to the received CTS SMH and STAO
-t EnBAFFRT al BHek 8PY( PRY L JontaGeignd ZaeKt sy STAL holds data

esponding tq the recejyed data. As an exanple of
%ﬁi ?g ron g‘i'cf' ?:erraélr’?tmlgr gWhe f or egoi ng,
"1 nf or pRt indj ' . y [ :
o O e L e T e s ) R ke b,
ROt tRerétly ShaoRISESMYL ze St hBEOPBMULE sf BFie subsequent data
Acknowl edgenment of Sequence Nunmber FIG 11 illustrates
tué tacKitowegagehentl lpsocedad ey EI Gt ed i4 diddfeacathiar that:
than data. flow O assunmed in the present invention. ‘
T PRBO FRfinigeshendi TS Eovie 6&RG angk ahprebyfreciognizes that STAL

ri'ntegacti n of ' ) _ e
has the subsequent data unit. In the latter, STAO sets an NAV

and thus cannot return a CTS. _Therefbre, though STAL has ‘the

' subsequentdataunit, itsdatatransmission operationis sfopped.
Inthis case, the following can occur even if data directed

to STAl is not present in STAO: because STA1 holds data STAL

~desires to transmit to STAO, STAQ transmits an RTS wherein
S “information in'dic_ating that RTS may be multiplexed into CTS”
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 STAQ has no data to transmit. (If data dire'dtéd

- to STAl is present in STAQ, 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 Mﬁx.portioh in the RTS _'SMH.)T.'-".:_V o

This RTS is a dummy RTS which is different from the RTS



i ndi vi dual fields which occurs when sel ective

acknow edgenent 94 is carried out. The exanple is on
the assunption that the Received MAP field is
constituted of four bits for the purpose of
simplifying the explanation; however, the present
“invention is not limted tw3ihis constitution. The -
data transmtting end transnmits data units of sequence
nunbers "0," "1," "2," and "3" fromthe transmt data
unit candidate list. It is assuned that the data unit
#2 is received with an error therein. In the ACK

BEgReRACce Whiea e her FHErAekdbvd elgbhent ther ST teaebvoyhis

the data receiving end, "1;" whi.ch indicates, that the
durnY §ife ShRY apt £8 YAV eaé|r&ftf@l@o%rf%{:§ﬁ93%%%%%ﬂ, Since

e MAGE L0838 N e A3 VBLED 3,05 B0R. 1e 1

unrt” subsequén en as

e9490r ot Phaced { M lde Reesinted: r M fd8lh tn0Psequent
i ndicates the follow ng: the reception of the data

- data vhd tf ai tiegk (@) sTANakaninite adfimn RTE, #Ahd can thereby
succeeded (1); that of the data unit #4 failed (0);

Bale tifatasfernoni&ffal wmiacoys rgl RDS fraiansthicd)ion\Wieght. As
the data transmtting end receives this, it recognizes

PSS e SfERG CaRi ¥iSH st ant loreqe v Ehestiispeeafddatreunit

_ ?ata 'f #3 was also received. In the next data
- F%%s%ﬁ%si&ﬁﬁmﬁ!ﬁg ﬁgpge)fransnitting'end_deletes t hem
- fr om-tlﬂﬁs.t Q@nfjéﬂ.ds&agt%éjg'fc%asecﬁrﬂg!rga\h‘?igngﬁ'%’ i@&%ans;n&_tted

transmts the data units of sequence nunbers

3s"Ba" and febpohlel $hassUBRUstABRlpd Men SR & HiNidpe riidion of

and #5 are received with an error therein. In- the ACK
- GegmiemTet fneeltthe - Bubbegaekt odd ted geiien i n AGKco ré@dnaened. thy the
the data receiving end, "3," which indicates that

. ordinary RTS/CTS procedure. Specifically, STAl returns a

packét ~{P5) ‘containiﬁg”RTS SMH related to its own data

transmiésion, and STAO transmits a packet .(P6) containing CTS
SMH corresponding to the receiwved RTS SMH. STAl transmits a
pa’cket {P7) containing data coerresponding to the received CTS
‘.SMH, and STAO tra-nsr_nits a paéket (P8} containing ACK SMH
corresponding to the received data. |

As an example of utiiization different fromthe foregoing,
'-“‘_'i'n‘formatio_n indicating that RTS may bé multiplexed into CTS”

may be always set in thé RTS/CTS Mux portion in the RTS SMH.

-F. Procedure for Acknowledgement of Seguence Number

FIG. 11 illustrates the acknowledgement procedure related

-to data other than data flow 0 assumed in the present invention.

.;':.V.The figure shows a concrete. example of the interaction of '

' individuaij fields which occurs .when selective acknowledgement



the data units of up to #3 could be conpletely

received, is placed. 95 Wth the data unit #4 which

is the data unit subsequent to #3 taken as the basis

(as MsSB), "0010" is placed in the Received MAP field.
"0010" indicates the follow ng: the reception of the
data unit #4 failed (0) ; thgy 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,

t he ACK Sequence field and the Received MAP are used
together, and thereby ARQ (Automati c Repeat reQuest)

iis canmiied oatit. Thetbéeamisla i4 ansnidd ingwripdidaeshaot the
support sel ective acknow edgenent, the follow ng
FescddgdetAl figldnis wiemstiitutedos fosramitACKoanthe purpose
updates the transmt data unit candidate |ist, it )
FilsPiBRt Hey RE Ehe sxovapatLent howexes - r e PyrRgNEAGVention

dges not .su rit selective acknow edgenent, the

8 PSWi tnlémlgg(gcé%uﬁélﬁ ézqné:'l?é%?ltflfmdoes not try to

. decode t I L W A j
Subseqtont b oy caard it i es B ol auence
seaweree “Di el dy, and2pl ages Zer ofidh Alle thakindis dafa unit

the Received MAP field. Thus, even if comunication is

. candiddtedutstbet Beds asnomnlnhheatthendstathon #8hi €lreceived

supports selective acknow edgenent and a )
&3frRuARCEEFBA BRX$Hn which does not, the

conrrun_'tcau'aon ian be mai ntajned without failure. G_

“Pr ocedtf e PBr AAL kDM ST et L Drinsddife RIS EReRER R ACK

BLutlgq By QGRAULE, Bt TAgR AEE, KRGy 1B bh L ANRY that

%?HE .
.anot er (o] C.re e e_xa_n‘p ‘ , | ift er ac | (0]
ichdigd thughi 4 SF dp Wi € PLEHE éoiﬁﬁ@@té%@géésif@ed,dis placed.

acknow edgenent Is carried out with RTS/CTS use _
wWagat bre . ddHer @nitt 2 givviectdesCehptdth Witk stbSsdudit to #1 -
.focused ‘only. on the portions. :

‘taken as the _basis (as MSB), “0100” is pléced in the Received
. MAP field. "“010'0” indicates the following: the receptio.n of
- the data unit #2 failed (0); that of the data unit #3 succeeded
(1) ; that of thé data unit #4 failed (0); and that of the data
unit #5 also failed (0).

When thedatatransmittingend receivesthis, it recognizes
that the data unj;'ts 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
c’ah_did’ate list, and transmits the data units of sequence numbers
2, “-4;_”- w5, ahd 6. It is assu.med. th_at the data units #4
“and #5 are J;eééived with' an error therein.

In- the ACK Sequence field in the acknowledgement ACK
._re'turn"ec‘i by thé data receiving en'd,. “3," which indicates that .

the dataunitsofup to #3 couldbe completely received, isplaced.




96 related to the sequence nunber and the Received
MAP, other fields wIll not be nentioned. However, in
reality, procedures using other fields, which are
descri bed el sewhere, are also carried ‘out. The
exanple is on the assunption that the Received NMAP
field is constituted of four dgts for the purpose of
sinmplifying the explanation; however, the present
invention is not limted to this constitution. Wth
respect to RTS SMH, this exanple is on the assunption
that the first or fourth exanple of constitution'is
dlibit & AREadaREE t%ﬂ§ﬁFPt%ﬁgt%diattrﬂaﬁ§ﬁtt%uQﬂﬁW@t to #3

"B L 0Bl M i da\‘oad?'ehzsd%aﬁ%sa:ﬁr&;ﬁsﬁwed
Ct@tda ﬂre'lt Cangbg@t’ ejhddlglaé élvﬁhle gpl OW.‘L teh\?\ﬁgeﬁtlon of

Sequence field 1nt

|tk eatasadifesh eadiiea @t atHHttof ahd da&at Qﬁlﬂ@ also failed
Received MAP field, "0000" is placed which Indicates

t f@t; dlHatt be& dHEadaitmldrSLt##Gt gu#éeaBiedt (ANSMHHd that of the
candi dates. Since all the data units indicated by the

RIS have thdt! feddedvéB) yet, the data receiving end

does no return an ACK but returns a CTS and waits
for: gt*bea%*ﬁKlﬁﬁ%nCth fekl §f}ﬁetd19( Rageitrd YAP are used

A A BT 2 Ui
Cfqe t h@?%l@@tcﬁataB@‘EQH§ﬁ19{1xq§| Raﬁgtr o\fsltngelectlve

end does not imediately return an the

iadﬂﬁﬁnﬂEd@&hentthehdaEallbam§§1bkb&@dﬁﬁg ibT 8ORMM L SyRh it

RTS again which indicates that the data units #3, #4,

#%ceifes, anahéKemMEnnmﬁaUesthhettaasamitchﬁﬁh wRiit candidate

B Acandldate lirst. Simlarly with the foregoing, in the
"‘R‘-'F§t8edﬁ'reﬁé§rﬁgérﬁs Recelved MAP. If the data recelv:Lng end

does not support selectlve acknowledgement the following

7 procedu_re is taken: it does not try to decode the data unit with

-an error thérein-and the subsequent pieces of data for linkage

‘with the ACK Sequence field, and places zero in all the bits
of theReceivedMAP field. Thus, evenif communicationiscarried
. out between a communication station Wthh supports selective

, acknowledgement and a communication station which does not, the

communication can be maintained without failure.

G. Procedure f'or Acknowledgement of Sequence Number with RTS5/CTS

Procedure Used Together

FIG. 12 illustrates another concréte example of the

interaction of indi'vidﬁal fields which occurs when selective

acknowlédgement is carried out with RTS/ CTS used to.gether .- Here,

to give description with attention focused only on the portions



- the data transmtting end rece

97 in the RTS SWVH, "3" is placed which indicates the

| eading data wunit, and in the RTS Received MAP

"0000" is placed which indicates that all the data

units #4 to #7 are transmt candi dates. Since sone of

the data units indicated by the RTS have been already
recei ved, the data receivingggnd adds ACK information

when it returns a CTS. At this tine, "3" is placed in

the ACK SEQUENCE field in the ACK SVMH, indicating that

the data units of up to #3 could be conpletely

received. Wth the 7 data unit #4 which is the

(ﬁtléjeﬁﬁ‘i o Shihsequente ponbat angdikdre Bsce el e stijas fields
dgio 010" is glaced in the Received MAP fi el d. _

' ROt R BEPELORRR- f &W&mellfg ig Hé%arlé@é’ptwmpeeﬁuxﬁ%usmg

- t hat dat t. #5
VT e N T

Gk angk thatnffe theodatia Laystum\;gohstﬁs%'@rﬁe @ 1 VIS AP

thi's, it recogni zes
tthatl dtihecdasai i dSofroul B0t H3onane %%#gf anfpl Reying
data unit #6 was al so received. In the next data

tthenesp bsiagrionzheowerter, thansmeddrmgnent del ésasott hemited
fromthe transmt data unit candidate |ist, and

-Fer thés ‘F‘Pfa?félrﬁutféoﬂﬁhe Wil nafnestotosBES L thisbersmple

+ﬁ'u tHiE %S e TRte hantt fHe o STReEd vetrpre of

Ebﬁk@ cBE EoliS further multiplexing of the CTS
SIVH aﬁd t 0 %%1 : eFé used together. Thereby, data

“4," "5 T 3 " 8" bas_ﬁkon f he CTS infornation.

.can berkg& aﬁﬁﬁlttrbﬁgmﬁﬂglndj eraithech swi By R'ffﬁkﬁfél? inlifcates

the data transmtting end does not support selective
abknovhedgeaeatitd e felhovtagupbegedus g can~bet akew, » .,

" the transmtting end always places zero in all the
Bresenfiengtb iRTShe transmit data unit candidate list. - At this

. time, in the RTS Sequence field in the RTS SMH, 'f‘3""'i$ placed

which indicates the leading data unit, and in the RTS Received

. MAP field, “0000” is placed which indicates that all the data

units #4 to #7 are t:fansmit 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 these data. Because of delay ACK, the receiiring

‘end does not immediately return an ACK.

To further ‘transmit data, the data t‘ransmii:t:i.ng end

transmits 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




98 Received MAP field, and, when it receives an ACK
and updates the transmt data unit candidate list, it
di sregards the Received MAP. |If the data receiving
end does not support selective acknow edgenent, it
can disregard the RTS Received MAP. Thus, even if
communi cation is carried out ohetween a connunication
station which supports sel ective acknow edgenent and a
conmuni cati on stat.i on which does not, the
conmuni cation can be nmaintained without failure. H
Utilization of CTS Stored Sequence and Uses of Fields
whR - herRSE Gl PT 86 el ipd ausddvwiTbgietimeticBESs I8 leading data
es an_exanple of data transmitting and

|
% TG bR ES LiReth WG IROK] 24TR Phich indicates
pl Th t
R PR e BRT BP0 0. SSeRe Rantnifeese-

each seguencespanber e 0 re
Sequence field |Ehfﬁg@%$§E%NﬁH§$ﬁeI%%%£ﬁF§P% gﬁetﬁgs have

dassatphiloBadpatreche vBAS Racei wada M%%ea%qngeC@ﬁ&e%dM%P ACK
fields are both constituted of four bits or the

pur oz tofonsiingt ity elguitree ae®pd anatti oini s haweyer3~ tikeplaced
subj ect matter of the Eregent invention is not limted
thP ttmesAC'éo%NW éﬁe fuin Hdve ACK $¥Hasgwlioattimgt thhe the
- qp g é qﬁ g q§ in the RTS S\WVH is four,

- blﬁ % HB 58] = &P H%t ePou A EPPIEERLY| TR TSh | §ith the

.rlfgtsal hHHEeQ'A %@chﬂ Ps t%%a\ég l!ilﬁn.t s%ﬂsrél%h%2£ed Lt g{aken as -

Duration fi el OWeVeEer, no notrtceée Wl ak n
ttee BOEE §ClerSE Pf “foiﬁqwaly%1@(:e@1£§tt'h%”RQ@éfved Wlbheie1q.
respect to RTS SVH, this exanple 1s also on

- aYHUONt indicdded thbefdiIstimy: taurtdeaqiang @fq{he data unlt ,
constitution is adopt ed. 99 -
: #4 failed (0); that of the data unit #5 also falled (0) H that”

of the data un1t #6 succeeded (1) : and that of ‘the data unlt:,'ﬁ::

#7 is failed (0).

When the data transmittiﬁg endreceives this, it recogni:zéﬂs
that the data units of up to #3 were received and the 'da_ta‘unif':-- |
#6 was also received. In the next dai:ia transmission, the data
transmitting e_n’d deletes them from tﬁe’ transmit data unit
candidate 1ist, and further transmits th'e data units of sequence
‘-numbers D A Y I and “8:,” based on the CTS inforination.

Thus, the RTS Sequlencé field and the RTS Received MAP field
are used, and further multiplexing of the CTS SMH and the AC‘K
- SMH is used together. Thereby, data can be Lransmitted and
received without failure. | |

If the data transmitting end does not supporf selective :
- acknowledgement, the.'foilbv}i-n'gy-'i-' procedure can be .'.-taken.,:'_ the

transmitting end always places zero in all the bits of the RTS



Prior to data transm ssion, the data transmtting end
transmts RTS(1). It indicates that the data units of
sequence nunbers "3, " "4, " "5, " and "6" are
entered in the transmt data unit candidate |ist at
this tinme. (That is, "3" is placed in the RTS
Sequence field, and "0000" isgplaced in the RTS

- Received MAP field. Further, the data transmtting

end notifies that it desires that this data

transm ssion should be conpleted in 255-unit tinme on

the grounds of the data transmtting end. (That is,
RepEived MRBckierlidy @mel, MakeDuk Bt esteifes] an)NFI@ram%rupdates
the data tr sn1t1 end notifies that the | engt

it Fg’ﬂgl%%%%l% it P&ﬁ§ ﬁEFrQ? éhgé’@"elved
%g%b}ogf % g § tgnl%ch%ﬁﬁg e % ggglg (épofg séiectlve

S p ace éng ace

: La“é?&'bb«'led&éﬁ@ﬁt' %tplzéﬁﬁiﬁér%g‘a‘%ﬁgéﬁ@m@% 'BQed 8aP, Thus,

placed in Length3.) The tine that |apses before the

tefv@ms ﬁ[ESGd)rQﬁIJrQifcata.dﬁT Sst capsddtad bethesfon Seorniiia®ion

RTS is conpleted is set to 40-unit tinme, and "40" is

wtistttien | whidie DBupaords f seldctife eracﬂceosiledggmems,and a

the data receiving end returns CTS % . At this

ﬁ%unﬂﬁaﬁé?%ﬁﬁaﬁé@nr‘a‘%c}é Id9e§ Hotys thAccayamdifagdppran be
te for i n accordance with the

g@&95aﬁ8ﬁ %ﬁ%%ggggé %, and notifies of this.

(That is- "1" is placed in RATE). Further, the data
" receiving end determnes that it receives the data

4N 481 ¥3zatfon BT CRBUsHOrdd ReLRhEANSE] Wk okNRields with

above-nenti oned procedure, and notrfres that the tinme

. RES/e0S Pequedede fsed dhajeatheng t he reception of them

Is 240-unit tinme. (That is, "240" is placed in

" Durati B&G) FRuitRestranes dn @xarr@éeicvf @@t@narﬁmmtttm and
1engths of the data units of .up to #6_ whi it e
FeC AP TOG o BEE R heTe el 4% A aRe kbR RTW&HS chocedure ‘

‘f%ge applied. This sectlon gives description with attention

focused on the handling of each seguence number and the use of

“the Stored Sequence field in the CTS SMH.

The example is on the assumption that ttie RTS Received

MAP and Received MAP fields are both constituted of four bits

- for the purpose of simplifying the explanation; however, the

subject matter of the présent invention 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.



notifies that it has held information on the | engths

of the data wunits of up to #6. (That is, "6" is

placed in Stored Sequence.) After receiving this, the
data transmtting end transmts Data (1). At -this

time, it recognizes that it can transmt -the data

units #3, #4, #5, and #6 at tokhe specified transm ssion
rate class 1, in accordance with the above-nenti oned
procedure. Then, it transmts these infornmation at
transm ssion rate class 1. Since delay ACK is

specified, "0" isplaced in the Duration field.
Furthe?rlpﬁetéaﬁatﬁréﬁ%ﬂ$mx$mgmandﬁhobasaSEqaaamEttlng end
numbe EP ted Qy the Stored Sequence in the CTS
%r?’}%‘tl StRi“g Yef & ‘i‘%“taﬁé?SnE%%rthﬂfé%tq PR bAoA $equence

qgmﬁ e t”mlna,‘tnls ssumed e data
e e fan 85t o EniaFe PREC T Srnhs Srgpemit data

recei vi ng end dan ektra

SEHUEREBINHADES BisB3 atdRlis 6‘?1mé_bwq\f‘ﬁht ige “3d‘ati% %aced in

transmtting end cannot confirm whether data réce

stiec RES etk qienet £ielld,t Bha “Woiott Df ph hBBg :L-l:lotlfnéJ RrBSfeceived
transmt data units, ‘the data transmtting end

47 Sretld - RT'S(JQf)heJAt thiei dataneratde tatng endt Bo0f fies that
sequence nunbers "3 "4 " "5 " "6 " ... are entered in
e SEPAREH Eh%fattalwuﬁii?a m%ﬁ@lph3$h0mwe@®0ﬁ)eted in

recei,v.ed be reported by Stored
squ élﬁlé‘ g R OB %ﬁg gré’H&Pﬁ?%‘Fh‘? ﬁ%t@ &F énﬁﬁ%‘f-%ln%ﬁnﬁp t{dhat

- by f ti
e A DAL BB T, o
hiaghet r SRGUERGe g JHHREE SridaPnbi 'tﬂetll'éql rh%hr@fﬁéltle 43t 8 units

unit candidate list. Mdre specificall

- titadsnaboungt@ndanehiifti aget hao, tie Ci@io@ adhi 86 Wit bytes,

sequence nunbers "7"and"8" are entered and al so

ASEPPCE§vedy - t hdihat éﬁgt N&00( Thatpliassed' 1h Len@tm:,ed‘zm is
5 S Sequence . field; 0000 is placed in RTS o RIS
: ﬁ@@g,e{} th]1:6 )10PS 351 Blaged pn Length2; and “80” is placed_ -

o in Length3.) The time that J.apses before the transmission of
a ¢TS transmitted in response to this RTS is completed is set
‘-to-'40~':unit."time, and “40“ is written in the Duration field.
. Aft-ér receivingthis, thedata recéi_ving,end returns CTS(1).

At this time, it determines rate class 1 as the transmission
';:ate for data reception in accordance with the above-mentioned
Procedure, and notifies of this. (That is, “1” is piaced in
- .RATE). Further, the data receiving end determines that i-t
"'_'reCeiX}es the data units #3, #4, -#5, and #6 in accordance with
‘the above-mentioned procedure, and notifies that the time period

- required for corqpleting the reception of them is 240-unit time.

{That is, “240” is placed in Duration.) Further, the data

recéi-ving end holds the lengths of the data units of up to. #6 - -~.. e e

which it determined to receivé in this transaction. Then, it.



in LengthO; "120" is placed in Lengthl; "0" is placed

in Length2; and "0" is placed in Length3.) That

Lengt h2 and Length3 are O notifies that transnit data
candi dates are only two data units wth |engths of

160 and 120. Further, the data transmtting end

notifies that it desires thafgdhis data transm ssion
should be conpleted in 255-unit time on the grounds

of the data transmtting end. (That is, "255" is

placed in the Max Duration field.) Further, the tine
that | apses before the transm ssion of a CTS
togngivest @oht i triespbaid ind drmias 1 BhSr she drplgghedh i ske data
set. to 40-unit tine,. and "40" is witten in the

&S o UP € &6 -Af {Bhat deei Vo'hgstiased he Sdargd Sequence. )
receivij end retyrns CTS (2) . At this time, it .
ot 11 BECPR el BB retit dpba diraedm3 thang and transmits
t hSSi te r i I.n.accordance .
R Re BB A e b o, r iR L sl R SRB6pe ene
RlzdGeghits BATE 4, BsCLROMlde £1E heki r1 B8 Wak@mission rate
receiving end determnes that it receives the data

uiliatss 1of iisequenrdenodhehshedbbovdhmentidned procBdure. Then,

accordance with the above-nentioned procedure, and
At FrRBSMERat there tinfopetiod atduiarethifsorioporptetciaps 1.

~ the reception of themis 20:0-unit time. (That is,

Jed 4y Al s SPeopdi gty oY) TR 2PRS Inthe Rypagion field.

TR By s Serlim R cord ot Ve ‘it Sulber 6

nformati on on t

}x‘é?%%@%ﬁ! W-m@@ﬂg%& Sré%%gn'oc S%[Lg%% &g has el gtu%artm Sfefer

engt ata units o

Vo thBahumb&r wiféni St Pt eGethidy. ShoRed SegHepggein CTS
"SMH. ) Further, the data receiving end determnes to
< returnliGl asfonedithan @ deth redenvangendbose ewitkhct only
~.the above-nenti oned: procedure, and notifies. that it -
b6l dakanpridielof segupnee thankinsa “8ffi and of6.(0p Howeser, the

\nd 102 s . ' _
data gransmlttlng end cannot confirm whether data reception

-‘-sacceeded or not, at this point'bf timé.

: To"'f-ﬁrt-her transmit-datafunits, the data transmitting end
transmits RTS(2). At this time, the data units of sequence
numbers “3_(" B4, N5, N6, .. are entered in the transmit data

unit candidate list. When CTS(1l} was received before, it was

o -reporte-d by Stored Sequence that “the lengths of the data units
'Qf up to sequence number 6 are held.” Therefore, information
‘isdescribedwhich is related to the data units of higher sequencie

_ ‘_'numbers-than 6 in the transmit data unit candidate list. More

specifically, the data transmitting end notifies that the data

unitsof sequence numbers “7” and “*8” areenteredandalsonotifies.

‘of their lengths. (That is, “7% is placed in the RTS Sequence

“field; “0000” is placed in RTS Received MAP; “1607 is placed



could receive the data unit #6. (That is, "3" is

pl aced in ACK Sequence in ACK SWH, and "0010" is

pl aced in Received MAP.) After receiving this, the

data transmtting end transmts Data (2). Since ACK
information is included, at this tinme, it wupdates the
transmt data unit candidate;d{st in accordance with

t he above-nenti oned procedure. Thereafter, the data
transm tting end recognizes that it can transmt the

data units #4, #5, and #7 at the specified

“transm ssion rate class 2, and transmts them.

Fur Léeg{h@i Ndg0telsyld @ iis Ispegifli;eth” 18'blagedpnapatyth2;
in the Duration field. Further, the data transmtting

Ciil s ﬁ‘&|”d§Sseaa@ﬁéelrhJmthfﬂ") r ot tlethdijh hodStengch3 are

%E nf gﬁ%he CTS so.that it _can refer to the
HEEF hfRATAE (vt 49t AaRASTRERE Ao LYTEYe dRtRemits
LIS Te'hgga%s?gniéé ar%cﬂglzq}at aFt r nsm tt | n%sga transmitting

transmt tlne | dbs
IdHORBEL F Db thﬁ't&i@@ie%@r&g%l% Ehis 'dta%aoéram%ll%s:.on should

sequence nunbers than 7, which is the Stor equence

el dcodieiet@ES(2) MeS-welei vefe bA thbe drbansll brdaha data
unit candidate list. Mre specifically, the data
‘ttrr@r‘@mlﬁ'-ﬂillﬁg et noThétds .t hads5t he datcaeduint theMax Duration
s %gnﬁ nunber "8" is entered and al so notifies of
Fedgt ur‘ihl%rt thpgtimgthag ﬁ%ﬁ%bﬁﬁom@s@a{@msslon
Q0QO0 el RTS _Recei v MAP; " 120" laced | _
eng thg%ﬁ%ﬁtﬁ%;ﬁﬁ 5888°PﬁeLEﬂg§WﬂS Rl lS,goé#%ﬁﬁﬁﬁ is-
'|§étL€Bgitd1%n1@nglrlﬁQ" any Pheeqq, | 91’:@%&%&?13 l% Wrgp.goh field.

~ the data transmtting end not| I'es

that nbtsr ré&b&v‘iﬁﬁﬂﬁﬂlﬁ %h@@a%&%géélbﬁnm LeétﬁﬁnsanS (2)
255-unit time on t grounds of the data transmtting

- @&rdthiFhaines, it 2689 fiespkhaedit idetdrniDecathes. ylass 2 as
" Further, the tine that |apses before the 103 :
‘the te:ansm:.ss:.on 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 “4,7 Y5, and
"‘7” in accordance with‘ the above-mentioned procedure, and
notifies that the time period required for comple.ting the
. reception of them is 200-unit time. (That is, “200” is placed
in Duration.) . Further, the data receiw‘ring end holds 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
_;'Lnformation on the lengths of the data uﬁits of up to #7. (That
is,r w74 is placed in‘ Stored Sequ_énce in CTS SMH.) - Further, the
data receiving end determines to return ACK inforrﬁation as well,

in accordance with the above-mentioned procedure, and notifies.

that it could completely receive the data units of up to #3 and



transm ssion of a CTS transmtted in response to this
RTSis set to 40-unit time, and "40" is witten in
Duration. Thus, the transmitter and the receiver set
the fields in the respective packet headers, and
refer to each other's headers and thereby determ ne
the details of processing agoohe outcone of receive
packets. As a result, even if delay ACK is used
together, Length information is prevented from being
usel essly specified in RTS, and thus the efficiency
is enhanced. |. Transmtting and Receiving Procedures
CoOMLIE 5se Ve ﬁh@ﬁﬁ-a VOPtH G, ' (Thaiklissi'Bities pdnced in ACK

%x ngle of tgﬁ uence in which traffic is _
FERSREEL 28 AhY Feteidnsh O QighsTEPRSE | i RecsriFascMRE )
. With t rdi,n o_the.presen
|nvent?g% E&enggfgggg%nﬂﬁﬁha ?g%% ?nngg%%m%EVdﬁﬁansmlts
DREag29l aphldeL abkom rAG diHn 18! YLoadi Y. %taetﬁg? time, it
| ayer typically every two segnents, and It I%
uptie t&he Heot ramimiasyare uhi € AardsRewayl GHIR Bb@@ﬂi@ﬁce with
in the MAC l'ayer. The figure illustrates an exanple in
ﬁhﬁchab@@ﬁayem&ibm%dapp¢¢@eﬂuraut|;ﬂﬂheregfoérsuchhe data

ackets as RTS, CTS, DATA, and ACK i's permtted; and
R agamamlra% SRYFRRAIMEZes Bhabivemn snansnibibe datagnits

d h TCP, ket
% {5t B S0 oRReesie il Boeatohi Bhaier elpan, and
. . . f t \Wa¥/4 -
_Egﬁg%%fgsgg¥%ge g§§%¢$%g%r%?eg&?%%gkgg ‘V%pe$§9988t§§

plLeceasimghespasapl b atied sandr edindanhe 4t d '%@:ansmlttmg
transmitting and receiving procedures according .

thd. lpcrle@er:stequemeatmmﬂqemadkerspeﬂmdvadyeahets;tdafied Lfseq&ence

~in total 104 are transnmtted and received.in the MAC

{Lgyfé}e pg‘St eeﬁ:g‘mt{ 1§é§p@hrefer to the number when :Lt transmlts

an RTS next tlme.'

To further transmit data unite, the data transm:it'ting end
. transmits RTS(3). ' Aﬁ this time, it describes 1nfermatlon
: related to the data unlts of higher sequence numbers than 7,
" which is the Stored Sequence held when CTS(2) was received, in
the transmit data unit candidste 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” is placed inRTS Sequence; “0000” is placed in RTS Received
MAP; “120” is placed in LengthO; “0” is-placed in Lengthil; “0~
is placed in Lengthz and “0” is placed in Length3 ) Further,
the data transmlttlng end notlfles that " :Lt des:.res ‘that th:Ls
data transmission should be- completed in 255 -unit t:Lme on the-
grounds of the data transmlttlng end. '(‘I’hat:,ls,,-:f‘_255”-1s placed

in Max Duration.} Further, the time that lapses before the




segnents DataO to Data6, as illustrated in FIG 14. As

is obvious fromthe foregoing as well, it wll be
understood that, in the transmitting and receiving
procedures according to the present invention, the
process in the MAC layer is sinplified, and its

over heads can be significantjlgg reduced. Up to this

poi nt, the present invention has been described in
details referring to the specific enbodi nents..

However, it 7 is obvious that those skilled in the

aft can make nodifications to or substitutions for the
EFIEFPFERLSN VR E Fo BTSdEpansiigted oin nesponsepboofhifhRTS is
present invention. In this specification, description

F5& 58eACgrUth tdehenemfddi denvsirkee by RipmASAay

t he pr t Jhnvention. to a system wherein the RTS/ .
pr ocedﬁggg’aﬁc G Jéa%scnélé%%e]frgf’ﬁo%h%§§€3lgﬁr iﬁi\/l&hﬁrglg‘% L0

' ' i [ . W t
GESABIRI SRS JOLRD BRSNS Hilers

ahdt tiee rqls e seBbriNE FHeOBet8iN8lof pAbEESs 1@y BRI She Rt come
exanple, the present invention can be simlarly

afpkeedive phekédd owisng repsiepsevan syStdmaher® ns used

the RIS/ CTS procedure .is used together wth a random
40gesEeRetFaW tEt Hefounn CoSivA Pravend efafionbainagselessly

system.in acc ance, Wi.t h other requirenents than in
PERES63d N Sht e HSs t@ﬁeeﬁﬁ SEPON f SAsRsed-he
present invention-in the formof exenplification, and
the contents of this specification should not be .

R e O liBuan
present 1 nventi on, ererore, |1
goPely by the following clainms. 105 CLALMS 1. A -
W rel ess communi cati on systemin which random access

: FIG. 14 illustrates an example of the sequence in which
' traffié is transmitted and received throﬁgh TCP/IP.in accordaﬁce
| with the MAC procedure according to the present iﬁventio_n. - Even
- if communication is of one way in terms of application, ACK is
retﬁrned 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 RT3, CTS,
DATA, and ACK is permitted; and these are used together.

In conventional transmitting and receiving procedures
f:hrough TCP, packets 'equivalent to 24 times in total are
transmitted and received in the MAC layer to transmit five
segments Datal to Data4, as illustrated in FIG. 20. - Thus, the
processing is complicated and redundant.

In the transmitting and receiving procedures according

to the present inventibn, packets equivalent to 15 times in total



is made concomtantly using the RTS/ CTS net hod wherein
a conmmunication station as the origin of data
transm ssion transmts a request to send packet RTS
and starts data transmission in response to the
reception of a response packet CTS froma
conmuni cation station as thggdestinati on of data
transm ssion, wherein it is permtted to transmt and
recei ve packets in which any two or nore of request
to.send RTS, confirmative advice CTS, data, and
acknow edgenment ACK are nultiplexed. .2. The wireless
c%ﬁﬁrﬁﬁﬁ%%‘ﬂ‘b‘%ﬁ%?ﬁﬁe?ﬁ%ﬁc@@ddimgﬁhﬁdﬂ@ et to wheneiit seven
ication station sets the tinme by which the

o‘ﬁ?é‘}e“g;gg%ﬁ st Bt ssron dhskphetetn YETG held.

out co 0 transni.ss acket |s orml ete
and dggcrlg' ?lous ?re u#n Fe ella“‘?/gacﬁ]ngn & B it Wl('le be

|1.mcd¥r‘§%bb@ntt9§t the thansEnlsRRe kel (ﬁn’%:l rgggl%v\ﬁcg rp%_sbsbedures

communi cat i on syst em according to arm

- tdrecraimyticC ahe @ eSleati QIvaptich , eGeh¥ESe 5 RAGKRE MAC layer
.containing .RTS infornmation transmts a packet

@@\wammlh@l@r Sandnftor peekbeads candes dangee fivctht 1fereduced.

contents of the RTS, and wherein the conmunicati on
stat | oHPm @H § Beénbeshs Rraseat inwmttdion s bFen described

“i.nf gQr ontransm t acket .containing data in
' acc%? rﬁf?ﬁrfﬂ%%@oﬁgﬁrﬁp?c&lflts E’fflf“ts'lrhE'HO‘““%V‘:”’ , it

- Vi"sr&l)%&a§9 erﬁﬁ%[é ?E &90 r‘gl na% }n ke mo e)‘:‘é.ca'tiops

wherein int OffTHIOI’] I'S descrl

whi 6h subkdieates Wi%trhﬁﬁ %‘ﬁ%oldafneh@tw Q9
to a CTS tlransmntted as the outcoms of tdﬁgy%%amfrom

b, SEOp@hefMEelm@mTﬁmmbﬁatbﬁn system according to
Claim4, wherein the RTS receiving comrunication
‘stati of® jidgespephEt ¢ntrian, ﬁaycaattd:JfOTShaafbHamguuanttm the

m%acket returned or not,
embodiments made by applying 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 IEEEB02.11 standard. However, the subject matter of .the -
-present invention is not limited to this.r For example, the
 'present invention can be similarly applied to the follov}ing
systems: a system wherein the RTS/CTS procedure is used tdgether
with a random access method other than CSMA; and a random access
:'Systeh inaccordance with other requirements than in IEEES802.11.
| In short, this specification discloses the present
' ihvention‘ in the form of exemplification, and the contents of
"this specification should not be interpreted in a reStr'ictive -'
manner, ‘The scope of_ the present invention, therefofe, is. fo

- be determined solely by the following claims.



106 based on the first information in the RTS, and,

if data of desiring to transmt to the RTS

transmtting conmmunication station is present,

transmts a CTS to which RTS information is added for

t he purpose- of transmtting the data or a packet

containing RTS information for the purpose of

transmtting the data. 6. The wirel ess comruni cation

system according to O aim 4, 10dherein the RTS

recei ving conmuni cation station, when a packet

cofizadBi Ng RTS information is received, and if data of

desiring to transmt to the RTS transmtting

conmuni cation station is present, transmts a CTS to

\Nhi ch RTSal mfioersadsi @Bm&aicaddﬁd dyetet hen puiipas@affon access

S I ng or,_.a ket I nj. O TS

|n or %%on P%%?%%Ep rpuc?é'g of rang%ttl ng B LETE ni
7. COTRENIGATAPR S SSEdHATINI @t itE sy5iEm aeéor @frﬂFPg trgansmission

CI ﬁaﬂi\slﬁlts wher Qéd‘j’uets'ie &S Eeﬁﬁnsﬂéél&étngR@Qmﬂﬂ&! Cathi®y data

i nFOrRAtTon el BB Rt g ont al M TRPHHE FacKet$SP P

1 S vigepmf réonwrwemswmoen Hgtidre aglesbé ndesomagion hef data
RT@ahgmi;gqogast 8 The W reI €SS conmuni cati on system
accordi wherein, if the RTS receivin

qﬁﬁs in

e i BEr T B T AP BB Gl SR A o T G P
| it KEStithadr toee RIES refuats id t4dndgRTDMOINE Cataitde advice

St@ftsl OfadaS LAY RUNLRLILERSTE heflah@ ni Lip3dYed eCEI ved

by the RTS receiving communi cation station, adds ACK
[ nforrratl on to the CTS. 9. The w rel ess communi cation
Syst emzacTiof e ngldse Chriuildatiosheyich, atdorddigg dat 8laim 1,

recel viig, SOMUYAI GALLON AL Ol arion sets the time by which
the other station’s transmission of a packet as the outcome of
the  transmission of a packet is completed, and describe it as

medium reservation time information of the transmit packet.

3. The wireless communication system according to Claim 1,
wherein the communication station which receives a packet
.containing . RTS information transmits a packet containing CTS
information in accordance with the contents of the RTS, and
| wherein the communication station which receiwves a packet
. containing CTS information .transmits a packet containing data in

-accordance with the contents of the CTS.

4. The wireless communication system according to Claim 1,
wherein in the RTS, first information is described which
-indicates whether RTS information may be added to a CTS

+ransmitted as the outcome of the RTS or not.

5. The wireless communication system according to Claim 4,
wherein the  RTS receiving communication station Jjudges

whether 1t may add RTS information to a packet returned or not,



recei ves data which requests an ACK fromthe data
transmtting communication station and judges that it
has not transmitted the ACK of the data, the data
recei ving conmuni cation station adds 107 ACK
informati on when it transmts a packet of sone kind to
the data transmtting comrunication station. 10. The
wi rel ess comruni cati on system according to Claim?9,
wherein the data receiving coffuni cation station does
not add ACK information to a packet in which RTS

| Nb&YBIdONHS £i5QkelimebrRReBht 48 .endlrrdhe Wiy €1 £SSata of
cogmmuni. cat i.on g%sten1accord|ng to Claim9, wherein )
the comuniCat Foi-8tati®n Hrandift sS:@aeat Wirgn comunication
r ePftredPs B AGKenn arpaskists di CE8t el WAChWRTOrinfbimation is
COZARLAI CAYri Othe sgﬁtpbgé]sofl%m@ﬁt\eﬁdﬁge! BB data or a packet
comuni.cati on system according to daim1l, W%ere]n.

t NERPEIG (BiFs i PTG e nfini Bt ikPetat ¢fontransmitting the
trdsnits to the RTS receiving communi cation station

an RTS in which an ACK request for requesting a

return of the ACK of data it has transmitted so far

i s nul t5 pFeedrelsss THEvRLFRt eSS setiffuAreation toyStaim 4,
accor diwngréin Ctigd nrRils raREKERA, cciali‘umidf?ll.@atlglz_)? station, when a
tr Ltt . Lcation statian ailed to receive
R BT RS S RISt a0 a5tparea poa SE G or
t reafdmieg o t WeRnRMES r doei Wieng REDNTHFAREBIttItANG S t@mingTication
anstftBoh Nis WieeBn@N AKsmits 80685 tes fBhicn £@IUGSLINGi8n is
rq&ﬂég q% théCK S nulélglexed. 14. The wirel ess

commini cati on sy&tBRTaclbr GFHF 6% it 198 93, @ packet
wheang B anirige RTSo hmivimedt ponfat athiecopunheosh dfeciavesittheg the
Fqﬁita.

7. The wireless communication system according to Claim 4,
_ wherein the RTS transmitting communication station
determines f£irst information based -on information elements
contained in the -packets peceived from the station as the

destination of the RTS in the past.

8. The wireless communication system according to Claim 1,

wherein, if the RTS <zreceiving communication =station
recognizes from the information in the RTS that the RIS
transmitting communication station is trying to transmit data
already received by the RIS receiving communication station, adds

ACK information to the CTS.

9. The wireless communication system accoxding to Claim 1,

wherein, if - the data receiving communication station
receives data which requests an ACK from the data transmitting
communication station and judges that it has not transmitted the

- ACK of the data, the data receiving communication station adds



with an ACK request mnultiplexed returns an ACK whi ch

i ndi cates whether the reception of data transmtted
fromsaid RTS transmitting conmunication station has
been conpleted or not, or, if it has failed to
receive data transmtted fromsaid RTS transmtting
comruni cation station, nultiplexes a CTS which 108
requests to retransmt the data and an ACK of the ACK
request and returns them 1397 A wirel ess

conmuni cati on devi ce which makes random access

C OO NinfFaftd i ot SiG tike cRIehlS AebhOoMRer 8bdk &ind to the
couni catiop. station as the origin of data

t rEnEm S8R PR MRS S H P8t o send packet RTS
and starts data transmssion in response to the

recepti@n fife @ifOSRONSKERALKRY on TR tbhORcording to claim 9,
aconmuni catjon _station as _the destination of data

transni"8§FOI PHPhERHR r ETES SN IFR AT O P dETR e does not
C oIt i BIKnginfanma wibor nat isorpag@rer ahi ngin®aRss Whhfdrmation is
gengral es.hofargtion  of request to send RTS,
confirmative advice CTS, data, and acknow edgenent

ACK; and a packet transfer communicati on neans which
transmitis ®edwifaeek VesmpACkatisni iy sMainCicaiyididW@o0tiaim 9,
nore of yes o] R confi.rmatjve adyic S, .-
dat o, _anaEERnbng O sSEE Blohen SRR HPERLY “Hpt Swnicn
- THeWPPet @d3sAoiuni RRakrbriidested tacEvp dingero Ciwjuphcation
15cafwpder conprising: a-nmeans which sets the tine by

whi ch the other station's transm ssion of a packet as

the outconme of the transm ssion of a packet is

conpl etléd, Trendiveseri pegubhemtget tygren adordatd gn @xin 1,
the resgeyvatd onctd Mertdf OF PBL@B: Ofg t Nk @RS on  station

h packet .

transmits -to the RTS receiving communication station an RTS in
- which an ACK request for requesting a return of the ACK of data

- it has transmitied so far is multiplexed.

13. The wireless communication system according to Claim 1,
- wherein, if +the RTS transmitting commﬁnication station
failed to receive'the ACK of data it has transmitted so far, it
‘transmits to the RTS receiving communication station an RTS in
:which an ACK : request. for. requesting a return of an ACK is

mualtiplexed.

14. The wireless communication system according to Claim 11

or 13,
wherein the communication station which receives the RTS
with .an ACK request multiplexed returns an ACK which indicates
whether the - reception  of :data transmitted £from said RTS
transmitting communication station has been completed or not, or,
if it has failed to wreceive data transmitted from said RTS

transmitting communication ..station, multiplexes .a CTS which



17. The w rel ess comuni cati on device according to
Claim 15, further conprising: a neans which, in
response to the reception of a packet containing RTS
information, transmts a packet containing CTS
information in accordance with the contents of the
RTS; and a neans which, in response to the reception
of a packet containing. CIS information, transmtsa
packet containing data in ad®rdance with the
contents of the CIS. 109 18. The wirel ess

CORIRRIsE At 0 ReHaMkRE: ARCOHMNAn OarlCngkMr 1Re AMRELEL st and
mhgg%%eneratlng RTS information, said informtion

geherRPF ng*feans describes first information which
i ndicates whether RTS information may be added to CTS

t I‘ ansm 1t5t. eqﬁ a%iferl%s_s O%BMCQEiJSJ]edQ&e 19%11]; e,makes random
W rel ess conmuni cati on devi ce accordlng to aim 18,

WhETESH, GRRGPIE RSN t PP HY a Thet uRAsS effethed d wherein  a
packetunitatdnsm §idtagn means ghadgesiyet ber kS transmission

i nformtion _ma dded t CT ed the first _
i 2% orn%‘ll'%nai n¥?ﬁ%sgauggl %‘Pg g%%%%l f R&)%ataél%i t sties  daca
deSTaE8 § o0 r ANSAFIPORSSt e RIS Y9°gRSHAT tdfng response packet

-COMmRUNE &l | DNcontdual &l ohS REESANT as t ERASALLS nAtLhS &0 data
W:.cal'rlls Tssiiom‘orh%agal Qerleisg do?‘ngnglgdc ftqgnt%:ev'gu.r ooge' o'fng:
transmtting the data of a packet — eontarni Hg- RIS
| nf or meri eRtdrRtide JpuepUsegofednsambhtht dengrdtiee lufdmation
éoof_ Théngsﬁ:a:qtﬁssséiﬁmﬂtghC%dﬁﬁ@rﬂ@éﬂv@e_aﬁﬁﬁ% dicRg, tQata, and
ai.m erein said packet transmtting neans,
wﬁgﬁnfwéﬁgﬁFfT?ﬁﬁKaanPeturn packet inresponse to. the
packet acanrcasngeiRNSiénfommabicat,ion means which transmits and
receives packets in which any two or more of request to send RTS,
confirmative advice CTS, data, and acknowledgement ACK are

multiplexed.

16. The wizreless communication device according to Claim
15, further comprising:

a-means which sets the time by which the other station’s
transmission of a packet as the outcome of the transmission of a
packet is wompleted, and describes the set time information as

the reservation time information of the transmit packet.

17. The wireless communication device according to Claim
15, further comprising: |

-4 means which, -in response to the reception of a packet
«containing RTS information, transmits. a packet containing CTS
sinformation in accordance with the contents of the RTS; and

a means which, in response to the reception of a packet
ccontaining. CTS information, transmits-:a packet containing data in

accordance with the contents of the CTS.



if data of desiring to transmt to the RTS
transmtting conmmunication station is present,
transmts a CTS to which RTS information is added for
t he purpose of transmtting the data or - a packet
containing RTS informati on for the purpose of
transmtting the data. 21. The wi rel ess conmruni cati on
devi ce according to Claim 18, wherein said

i nformati on generating means 182t er ni nes fir st

i nformati on based on information el enents contained in

t he p?il@ke&ﬁe r#ﬂ%_ﬂé@g Esﬁm&l_ggtﬁ)atdeggcésaéé&ﬁsdlng to Claim
destination of the RTS in the past. 110 .

wi'rél ess conmuni cation devi ce according to CI a| m 15,
wher ei Rhetrdingawierpasketatiran®irer icHiAmHbi @At isafld TE&ftSmation

reggggpaa%g feam t he Lpfirmat i .on '{héoagaﬁtﬁ tmt thlendlcates

causal transmtting conmuni cation ation

t rehbet R dRSATR tHeR amavalhee adyled ek GR5d tB?“%WétEd as the
caimuahe ati e deyi ce itself when transnmitting a CTS,

t he packet transfer comruni cati on neans adds ACK
information to the CIS. 23. The wirel ess comuni cation
devi celacter dirrjess Craiumicasonnieryisien acedrddagdtpatkén 18,

t r ansf @he &QATURLEAL *tQQnEﬂEﬁ%G§ng r 8CRLYES UadAkeWi GRid packet
an ACK fro trans

r

CoATR PRy Mo OReT b bab HEE Shr Ua Pl 8 B gped to
a @&t hasghoketthandifsidgosorhatiant ihaghaotatsadnRTEL t @0k, if
'ttH%té(}% Q@sliﬁ% tgaéf&nsﬁb@ ﬂ@thgtRfSrggﬁﬁé%ﬁttlng communication

communi cati on means adds ACK information when it
t rARSHIT SSaPPeRAREr  GTATBHES ki nd"S Fot HRIgatRFS information is

added for the purpose of transmitting the data or a packet
containing RTS information for the purpose of transmitting the
data.

20. The wireless communication device according to <Claim

19, .
wherein said packet transmitting means, when transmitting a
return packet in response to. the packet containg RTS information,
if data of desiring to _transmit to the RTS transmitting
- communication station is present, transmits a CTS to which RTS
information is added for the purpose of transmitting the data or
‘-a. packet «containing RT3 information for the purpose of

transmitting the data.

21.. The: wireless communication device. according to Claim

18,
- wherein said information generating means determines first
cinformation based on information eléments contained in the
packets received from the station as the destination of the RTS

in the past.



transm tting conmunication station. 24. The wirel ess
comruni cati on device according to Claim 23, wherein
sai d packet transfer conmuni cati on nmeans does not add
ACK information to a packet in which RTS information
Is solely transmtted. 25. The wi rel ess comuni cati on
devi ce according to Caim 23, wherein said packet
transfer comunication nmeans transmts data which
-requests an ACK in a packet directed to two or nore
conmuni cation stations. 26. The wi rel ess comuni cation

devi ce ﬁccqrhgl gréipesg Q;lo u 51( Wrgé ee\r/\'{l%gording to Claim

transmtting an RIS, sal trans

cofuni cati on neans nultlplexes an ACK request for

r equestvwhegesn, ratfur Bald thaexdCK whndada ici)mlh@ﬁcatlon means
tr L& 27.. . The wirel ess i C
e\%?éc?ngccsor% ng {‘o (S G V\,hg“lrslel %P sa?be pEIeét RIS
t r BFRITSBE LEigamasiEe i o ipeanta fian| dd ttralm%cewermﬁeut data

ACK: @faddat Bedeli vB@S ﬁyr angli t t&ehuS9cd@lon | hevindl t '19&&@3 when
an‘égﬁ Eﬁ quest E&g Sg esting a return of the ACK of

daF & 1T had% Fansti tTedPaTFar “Hiveh™t FERSRE£1518g Brpns adds
RT&:K 28f0fﬁl@élvw el eks FSrmmuni cati on devi ce accordi ng

to Caim26 or 27, wherein, in response to the

receptign of an RTS wi th an ACK request nultipl exed,

sai d i ffor MRE ATYETer SLPRGITBLEHY: (UFerat SCoRHPACKe Claim
whiZh i ndi cates whet her the reception of data

tsltf g?fgnr‘{hﬁﬁg%n ;;g@“ 08 RTRaLLANSPLALAG CQIIMALCELIQN neans
" receives data which requests an ACK from the data transmitting

-communication station in response to the reception of a data
packet -and judges that it has not transmitted the ACK of the
data, the packet transfer communication means adds ACK
information when it tzransmits a packet of some kind to the data

transmitting communication station.

24, The wireless communication device according to Claim
23,

wherein saild. packet transfer communication meané does not
add ACK information +to & packet in which RTS information is

solely transmitted.

25. The wireless communication device according to Claim
23, |

wherein. said packet transfer communication means transmits
- data which requests an ACK in a packet directed to two or more

communication stations.

26. The wireless communication device according to Claim
15,



conpl eted or not, and wherein said packet transfer
communi cation neans returns an ACK which indicates
whet her the reception of data transmtted fromthe
RTS transm tting comuni cation station has been
conpleted or not, or, if it has failed to receive data
transmtted fromsaid RTS transmtting conmuni cati on
station, nultiplexes a CTS which requests to
retransnit the data and an AdK of the ACK request and
returns them 29. A wireless conmunication nethod for

maki ng whabelnln REBESE260RGATHhE ARkl RrYsi @Qi&hﬁagﬂ—gf! GRnsfer

et hod whe riggnmgansc%rgtpgmilcgti on station as the or|19i n.
of “data transm ssioof  tTanshf t 3 £ Fedddits Jgengaresting a

patkern RS tha Rt aftdtdata hasr armmwingsieah sbnfamwsponse
to the reception of a response packet CITS from a

com’runi2§ati n station as the destination of data ]
“transm<dsi R PAESIEChGE™RENSAFEhgfevire agfording to Claim
i nfrmati on generating step in which information of

requestynbO.$ende Rl ¢BEdy ML, YR 2 -Hm&' & d -
and ackno?M edgementcl %CK%S%%%%%%& gg; aﬁg_lgioﬁla%%g?s fall?d
t rehsFere EEnTilfi CHtS off sHak? | At whikéh rapaekeed rpo  far, it
whinclh iahageswan GICKTREQuidite €88  ¥qubff QigTatl eLef oF CERL IR of
to n R Ive advice CTS. . data, a

o s d AR b B Bl ST e e

and received. 30. A conputer program described in a

comput @g: TIRAGABE B FsOEBmuni 0kt GAl ¥y NG QLo to Claim 26
compyter systemt he processing for controlling

comunf cati ng operation in a conmmrunication
envi r omkerrin, ninmisshonsndomae cesspimedean RIS with an ACK

CongcRast antikYpisiead thes RTPhGe: 0kt Q&%r\é@%gein@aﬁs generates
an ACK which indicates whether the reception of data transmitted
from +the RIS transmitting communication station has . been
completed or not, and

wherein said packet transfer communication means returns an
ACK which indicates whether the reception of data transmitted
from the RTS transmitting communication station has been
completed or not, or, if it has failed to¢ ‘receive data
transmitted from said RTS transmitting communication station,
multiplexes a CTS which requests to retransmit the data and an

ACK of the ACK reguest and returns them.

29. A wireless communication method for making random
access concomitantly - -using the RTS/CTS method wherein a
communication station as the origin of data transmission
transmits a request to send packet RTS and starts data
transmission in response to the reception q'f a response packet
CTS from a communication station as the destination of data

transmission, the method comprising:




comuni cation station as the origin of data

transm ssion transmts a request to send packet RTS

and starts data transmi ssion in response to the
reception of a response packet CTS froma

conmuni cation station as the destination of data

transm ssion, the conputer program conprising: an

i nformati on generating step irlv\/ni ch information of
request to send RTS, confirnma Pve advi ce CTS, data,

and acknow edgenent ACK i s generated; and a packet
transf e comutnhciain OfergtrepPirign WHLLhi® wha@Ketnidimation of

whj y no. pi eces. of information
re%%%setg Qt o{%\gns%B&T l%irlesc’on Prrn?rlar | \t/éveadva‘ldgéceCTé“?ljsdat deta, and
antFkngekersipreny diténts AcRemtedmuind pl exed i s

transmd tRdkander HEESH V@Gmunication step in which a packet in
which any two or more pieces of information of request to send
RTS, confirmative advice CTS, data, and acknowledgement ACK are

multiplexed is transmitted and received.

30. A computer program described in a computer-—
readable format for carrying out on a computer system the
processing for controlling communicating operation in a
communication environment in which random access is made
concomitantly using the RTS/CTS method  wherein a
communication station as the origin o.f data 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 destination
of data transmission, the computer program <omprising:

an information generating step in which
information of request to send RTS, confirmative advice
CTS, data, and acknowledgement ACK is generated; and
' a packet transfer communication step in which a
‘packet in which any two or more pieces of information of
-request to send RTS, confirmative advice CTS, data, and
-acknowledgement ACK are multiplexed is transmitted and

recelived.



