1 DESCRIPTION WIRELESS COMMUNICATION SYSTEM, WIRELESS
COMMUNICATION DEVICE AND WIRELESS COMMUNICATION
METHOD, AND COMPUTER PROGRAM Technical Field The present
invention relates to a wireless communication systemwherein a plurality
of wireless stations communicate with one another as fn wireless LAN
(Local Area Network) or PAN (Personal Area Network), a wireless
communication device and a wireless communication method, and a
computer program. More parti&darhy, it fetates to a wireless
communication system, a wireless communication device and a wireless
communication method, and a computer program wherein random
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Multiple Access with Collision Avoidance). Further more particularly, the
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communication device and a wireless communication method, and a

computer program wherein access control is carried out based on CSMA

using the RTS/CTS methogégk@lalingain gg@p&micaﬁon quality. Further

more particularly, it relates nication system, a

wireless. copangpicationdavics,ancha wirgless communicalion igtiogs t 1 on
and a computer program wherein a plurality of classes of frames, such as
s v RES, @S, DATAp And ACK, varef multiplexed and tthereby flexiblel cate with
transmitting and receiving procedures are provided and overheads are
Qn¢e@ﬁg%p9rBagmﬁgum}Aﬁless LAN (Local Area Network) Dr PAN

{Personal Area Network), a wireless communication device and
a wireless communication method, and a computer program. More
particulariy, it relates to a wireless communication system,
a wireless communication device and a wireless communication
method, and a computer program wherein random access 1s made
based on carrier detection by CSMA/CA {Carrier Sense Multiple
Access with Collisilon Avoidance}d.

Further more particularly, the present invention relates
to a wireless communication system, a wireless communication
device and a wireless communication method, and a computer
programwherein access control is carried out based on CSMA using
the RTS/CTS method to maintain communication quality. Further
moreparticularly, itrelatestoawirelesscommunicationsystem,
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 multiplexed and
thereby flexible transmitting and receiving procedures are

provided and overheads are reduced.



The wireless network has received widespread attention as a
communication system which relieves users of cable wiring between wire
communication devices. With the wirgless network, the majority of cables
can be omitted in working spaces, such as offices; therefore,
communication terminals, such as personal computers (PCs), can be
relatively easily relocated. As wireless LAN systems become faster and
inexpensive, recently the demaﬂd for thg wireless network has been
significantly increased. In p%%%u%e%%s, the introduction of

persanal areq pework (PAN).has been-copsidered touild a. small-seale s on

wireless network among a plurality of pieces of electronic equipment
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Engmeersﬁ 802.11 (Refer to Non-Patent Document 1,for
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Document 3, for example.), IEEE802.15.3, and Bluetooth communication.
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network using radio engineering,

personal area network (PAN) has been considered to build a
small-scale wireless network among a plurality of pieces of
electronic equipment existing in people’s surroundings to carry
out informationcommunication. Forexample, differentwireless
communication systems and wireless communication devices are
defined using freguency bands, such as 2.4-GHz band and 5-GHz
band, for which licenses froem competent authorities are
unnecessary.

Typical standards relatedtowirelessnetwork include IEEE
{(The Institute of Electrical and Electronics Engineers) 802,11
{Refer toNon-Patent Document 1, forexample.), HiperLAN/2 (Refer
toNon-Patent Rocument 2 or Non-Patent Document 3, forexample.),
TEEES802.15.3, and Bluetooth communication. With respect tothe
TEEEB802.11 standard, various wireless transmission methods,
such as the 1EEE802.11a standard and the IEEEBOZ.11b standard,
are present depending on differences in wireless communication

method and freguency band used.



the following method is generally used: one device, designated as
"access point" or "coordinator," that functions as control station is
provided in the area. Then the network is formed under the centralized
control of the control station. In wireless networks provided with an access
point, an access control method based on bandwidth reservation is in
wide use. In this method, when information is transmitted from some
communication device, a band required for the information transmission
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tf%kgggssion is reserved at the access poilint. Thus,
transmission channels are utilized so that collision with
information transmission by other communication devices will
beprevented. Thatis, byprovidinganaccesspoint, synchronous
wireless communication, wherein the communication devices
within the wireless network synchronize them with one another,
is carried out.

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

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

in particular, in small-scale wireless networks consisting of



communication is believed to be appropriate. In the ad-hoc
communication, any terminals can carry out wireless communication
directly, or randomly, with each otherdwithout use of any specific access
point. In ad-hoc wireless communication systems, a central control station
does not exist; therefore, it is suitable for constituting, for example, a
home network comprising household electric appliances. The ad-hoc

network has the following features, for example: even if one unit %ecom_
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in the ad-hoc environment, it is generally known that a problem of hidden
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carry out n&?o |a%on95s between t%em, andrfhus transml?operaﬁon can
fe5OlidRs, for example: even if one unit becomes faulty or is
turned off, routing is automatically changed, and thus the
networkis lesspronetofail; packetsarecausedtchopaplurality
of times between mcbile stations, and thereby data can be
transmitteda relatively longwaywithahighdata ratemaintained.
Various cases of ad-hoc system development have been known.
(Refer to Non-Patent Document 5, for example.)

For example, the IEEE802.11 wireless LAN systems are
provided with ad-hoc mode in which the system autonomously and
decentralizedly operates in a peer to peer manner without
providing a control station.

With respect to wireless LAN networks in the ad-hoc
environment, it is generally known that a problem cof hidden
terminal occurs. Hidden terminal is a communication station
whichcanbeheardbyone communicationstationasthe counterpart
of communication but cannot be heard by the other when

communication is carried out between the specific communication

stations. Hidden terminals cannct carry out negotiation



As one of methodologies for solving such a problem of hidden terminal,
CSMA/CA according to the RTS/CTS procedure is known. The CSMA/CA
(Carrier Sense Multiple Access with Collision Avoidance) is a connecting
method wherein multiple access is made based on carrier detection. In
wireless communication, it is difficult for a communication device to
receive signals by which the device itself transmits information.

Therefore, the communication device confirms that there is no information
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Detection) system. Then, the communication device starts its
own information transmission, and therebycollision is avoided.
The CSMA system is an access method suitable for asynchronous
data communication, such as file transfer and electronic mail.

In the RTS/CTS method, the communication station as the
origin of data transmission transmits a reguest to send packet
RTS (Request To Send). Inresponse tothe receptionof aresponse
packet CTS (Clear To Send) from the communication station as
the destination of data transmission, the transmitting
communication station starts data transmission. When hidden
terminals receive either or both of RTS and CTS, they set their
own transmission stop period. The transmission stop periced is
equivalent toaperiodduringwhichdata transmission 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



receive RTS and stop a transmission period to avoid collision with ACK.
Here, the wireless network will be described with IEEE802.11a, an
expansion standard to IEEE802.11, taken as an example. FIG. 15
illustrates the frame format specified by IEEE802.11a. In the figure, a
preamble which indicates the presence of packet is added to the head of
each packet. For the preamble, known symbol patterns are defined in the
standard. Based on these known patterns, receivers can judge whether a
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decoding the information portion of the packet concerned is placed. T
wi#fopmation required for decoding packets is designated as PLOP header
(Physical Layer Convergence Protocol header) . The PLOP header

includes: RATEHfteldwihieh éndicatesttie thansmissiorbratedsfsamibed with

information portion (This includes Service field as part of PLOP header;
TERbiver, ifis HeteaftBR Sl anbigeiRtically Bk fo 2 et =0
exgr%{)t'og" for the purpose of simplifying the explanation.); LENGTH field

which'indicates the length of information portion; parity bit; Tail bit of

encoger; .and she likeuReeeivers degede the subseguantdinfoymationied by
portions based on the result of decoding the RATE and LENGTH fields in

IE e PEOPLheaddm The<SIGNALr portion weraithe PRDPCheddet isplaced the

iIs 7 subjected to encoding resistant to noise, and is transmitted
presence of packet is added to the head of each packet. For

the preamble, known symbol patterns are defined in the standard.
Based on these known patterns, receivers can judge whether a
recelve signal corresponds to a preamble or not.

Following the preamble, SIGNAL field is defined. 1In the
SIGNAL field, information required for decoding the information
portion of the packet concerned 1s 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 the purpose of
simplifying the explanation.); LENGTH field which indicates the
length of information portion; parity bit; Tail bit of encoder;
and the like. Receivers decode the subsequent information
portions based on the result of decoding the RATE and LENGTH
fields in the PLCP header.

The SIGNAL portion where the PLCP header is placed is



at 6Mbps. In case of normal packets, the information portion is

transmitted in a transmission rate mode in which the highest bit rate is

provided to the extend that the occurtence of errors is minimized

according to the SNR or the like of the receiver. IEEE802.lla defines eight

classes of transmission rate modes: 6, 9, 12, 18, 24, 36, and 54Mbps,

and any of them is selected. If a transmitter/receiver is positioned nearby,

a high-bit rate transmission rate mode is selected. A communication
sulsfatione gositioned dariaway eansdtoecode thisiinfornzativnisoretmesitted
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Length [Bit] Description 8 Protocol Version 2 Version information
transmission rate mode is selected. A commdinication station
positioned far away cannct decode this information sometimes.

The information portion is transferred as PSDU (Physical
Layer Service Data Unit) to the data link layer as the higher
level layer. FIG. 16 illustrates the constitution of the PSDU
frame field. IEEES802.11 defines several frame types. Here,
description will be given only to four types of frames, RTS,
CTS, ACK, and DATA, required for describing the present
invention.

For each frame, Frame Control field and Duraticn field
aredefinedincommon. The Frame Control fieldholdsinformation
indicating the type and use of the frame concerned, and more
Specificaily, it describes the information listed in Table 1.
The Duration field holds information on the use of NAV {(Network
Allocation Vector) (tc be described later), and describes the
time that elapses before the transaction of the packet concerned

is completed.

Table 1

| FieldName | Length[Bit] | Description




Type/Subtype 6 Identifier indicating the frame type ToDS, FromDS 2
Identifier determining what each ADDR indicates More Fragment 1 Flag
indicating the last fragment Retry 1 Féag indicating whether this is
retransmission or not Power Management 1 Flag indicating power
management mode More Data 1 Flag indicating whether more data has
been accumulated or not WEP | Flag indicating the utilization of WEP

Other 1 n-oddition-to-the-foregoina—-the-Pata-frame-contains —fouLk
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descriptiemadlt be given toﬂhemet@@dnfa@comn@ \mrtaccfassrmrttenmfls
defined in IEEE802.11. IEEE802.lIdefines four types of inter frame
fospacedqIES)s SIESShort FSIrpIFSIPEHEES), DIFS (DAEMNESY ehag  the
EIFS rgr:]xtended IFS).in ascending order. IEEEBQ2.11 adopis CSMA as a
COBRAIL i Aocesd protEu e E&%sc?ﬁegjaﬁov ). Betbie s fansmidde the

deé@{ﬁm{%&?@ﬁwlgghers; sequence field (S5EQ); Frame Body which‘

is the primary informaticn to be provided to the upper level
laver; and ¥CS (Frame Check Seqgquence) which is a checksum.

In addition to the foregoing, the RTS framse contains:
Receiver Address (RA) which indicates 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 which indicates the destination and FCS which is a
checksum.

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

IEEE80Z.11 defines four types of inter frame spaces (IFS) :
STFS {Short IF¥FS), PIE‘S {PCF IFS), DIFS (DCF IFS), and EIFS
(extended IFS) in ascending oxder.

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

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




the state of the medium is monitored and further a backoff timer 9 is
actuated for a random time. The transmitter is provided with transmission
right only when there is no a transmit signal during this period, and the
transmitter can transmit packets on the medium. When a normal packet is
transmitted according to the CSMA procedure, the DCF (Distributed
Coordination Function) operate as follows: after the transmission of a
packet of some kind is completed, the state of the medium is monitored

is palydferadIikRS. dftherdds tid wransniitsigrat deving this gerivd orahdemwith
backoff is carried out. If there is no transmit signal during_ this period,
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permitted to transmit the packet after a short inter frame space SIFS.

medkhys, packets whose degree of urgency is high can be transmitted before
packets transmitted according to the normal CSMA procedure. To sum
up, thigreasonowhadifferehetypes of imterfidrhe dspacesciEShard defined>SMA
is as follows: packets comlgetjng for transmission right are given priorities
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RTS/CTS procedure in IEEEB02.11, referring to FIG. 17 to FIG. 19. Wit

comgsRed dto wireless LAN petwerks i the ad-hoee envyienment, {t for a DIFS. .
generally known that a problem of hidden terminal occurs. CSMA/CA
I £ abeording toctite RTSICTS peocetdreriskndvn agome ofl, randombackoff

iscarriedout. Ifthersisnotransmit signal duringthispericd,
either, then transmission right is provided.

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

To sum up, the reason why different types of inter frame
spaces IFS are defined is as follows: packets competing for
transmissicn right are given priorities according to whether
their IF5 is SIFS, PIFS, or DIFS, that is, according to the length
of inter frame space.

Next, description will be given to the RTS/CTS procedure
in IEEE802.11, referring to FIG. 17 to FIG. 19. With respect
te wireless LAN networks in the ad-hoc environment, it is
generally known that a problem of hidden terminal occurs.
C8MA/CA according to the RTS/CTS procedure is known as one of

methocdologies for alleviating most of this problem {described



methodologies for alleviating most of this problem (described 10 above).

IEEE802.11 also adopts this methodology. FIG. 17 schematically

illustrates an example of the opera ii?n of the RTS/CTS procedure. This

figure shows an example in which information (Data) of some kind is

transmitted from STAO to STAL. Prior to the actual transmission of

information, STAO transmits an RTS (Request To Send) packet to STA1

as the destination of information according to the CSMA procedure. In
abaesponse g g feception obthedRFESpdcket; STAhransmitsya CTS

(Clear To Send) packet to STAO, feeding back that STA1 has

succBsSfully: recéivea e RSt Hihé frhnSiiifinG STAD stkegsstalyert the
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ransmission OfT Informatio ata packets IS Imme ely started.

in STALhas suscessiully reseivad the-infopmation,(Data) packels,i9TAY from
returns an ACK packet. Thus, the transmission and reception transaction

STy uvale&rtAd one packet is completed. FIG. 18 illustrates action which can
take place in surrounding stations when the RTS/CTS procedure is
carriéd S8t betwés atfansiitérstafisi afd areedivérdation inthis STAC

R B TIRS SOTR SN, e o

3. .
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CTS (Clear To Send) packet to STAQ, feeding back that STAL has

successfully received the RTS.

If the transmitting STAQ successfully receives the CIS
packet, themediumis 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 reception
transacticn equivalent to one packet is completed.

FIG. 18 illustrates action which can take place in
surrounding stations when the RTS/CTS procedure is carried out
between a transmitter station and a receiver station. In this
figure, the following communicationenvironment is assumed: four
communication stations, STA2, STAD, STAl, and STA3, exist, and
communication stations adjoining to each other in the figurzxe
are locatedwithin the range of radio waves. Here, it is assumed
that STAQ desires to transmit information to STAL.

The transmitting STAO confirms that the medium is clear

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



for a certain period (from time TO to time Ti) according to the 11 CSMA
procedure. Then, STAO starts the transmission of an RTS packet to
STA1L at time Ti. In the Type/Subtype-field of the Frame Control field of
the RTS packet, information which indicates the packet concerned is RTS
is described; in the Duration field, the time that lapses before the
transmission and reception transaction for the packet concerned is
completed (i.e. the time until time T8) is described ; in the RA field, the

CSMfyIPESSE B destiatiBn cOMMunicatiba stétfort (STATYE Sdéderbedn RTS

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

FIG. 19 illustrates the procedure according to which the
TLransmitting STA0 determines a transmission rate mode with
respect to the entire transaction concerned when it transmits

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



RTS. When RTS is transmitted, it must be determined where the 12 time
at which the transaction is completed is (T8 in FIG. 4) Therefore, the
transmission rate mode is determinad only due to information held by the
transmitter station when it transmits RTS (based on the amount of data
communicated in the entire transaction, the transmission rate, and the
like) The transmission rate of each of the CTS, DATA, and ACK frames

. thereafter transmitted and recelved |s baS|caII cord Wlth
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transaction. Here, description will be given, referring to FIG. 18 again.

to TheRTE packeh is] ke egivedeatsoanssTARavhichas positioredin theinsmits
vicinity of STAO. When STAZ2 receives the RTS signal, STA2 discovers
RT Shd pregtbRrand thuzastans reckiveadperafii i FufREE S TAR d8odestire

e PSDU based on the mformatlon obtained Qy decoding the PLCP header. The
*then %Jﬁ&’ recognlzes §3orn e’ Frame Eontrol fiefd in {Fle P hat the

tra%&%%'@ﬂ%‘?sﬂ%és KTS paskes and knowsthabrtAO desiresdR frames

transmit information of some kind. Further, STA2 recognizes from the RA
t hdietchthat {STAZnitselftis mdtdhe destinatien combwmicatibhstatione dFhedznce
STA2 does not monitor the medium and recognizes that the medium is
- witdedupied ahfil ﬁi@&ét%héﬂbﬁﬂﬁq‘ﬁ@ﬁron @’@dﬁnbieteélt ahdl eSpP REBWAL
o trar%smlssmn 50,88 to hlnsdnerSSTAO s desi re | sen T0 refert this h
offera o, it s sal Fa surroﬁnamg station S se S N}B\ (ﬁeﬁ/?orE toeac

padllocation, Vestor). | Jrh%l}_"’é\wﬁ effectiyg dyring the period indicated in

the Duration field,
Here, descriptionwill be given, referringto FIG. 18 again.

The RTS packet is received also by STA2 which is positioned in
the vicinity of STA0. When STAZ receives the RTS signal, STAZ
discovers the preamble and thus starts receive operation.
Further, STAZ decodes PSDU based on the information obtained
by decoding the PLCP header. Then, STAZ recognizes from the
Frame Control field in the PSDU that the packet in question is
RTS packet, and knows that STAO desires to transmit information
of scome kind. Further, STAZ recognizes from the RA field that
STAZ itselfisnot thedestinationcommunicationstation. Then,
STAZ does not monitor the medium and recognizes that the medium
is occupied until the transaction in gquestion 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 NAV.is
effective during the period indicated in the Duration field,

and STAZ is kept in transmission prohibited state until time



and STA2 is kept in transmission prohibited state until time 13 T8. The
RTS packet is received also by STA1 which is the intended destination.
STA1 decodes the PSDU accordingltv the same procedure as described
above, and thereby recognizes that STAO desires to transmit packets to
STA1 itself. Then, STAL1 waits for a SIFS (described above) and returns a
CTS packet at time T3. At this time, the transmission rate mode of the
CTS packet must be identical. with that of RTS. " Further, in the Frame
‘Control field of the PSDU, it is described that the packet concerned is
CTSmacket; ipdhe Duratiop dield, dhe-time thatelapsasiReiweeh e, tended
transaction concerned is completed (i.e. time until time T8) is described;
desandiattheRA fisldathe deldeesssof the: destinatian comdriunjcation statios ame
(STA1) is described. The CTS packet is received also by STA3 which is
Prosetibred IndRe ViciE ot BT AL as e HeSHRRIS N sfapaishfigsidmat STAO
aeJTAT fecodes hie RSDU acqording tojihe same procedyye as desgibed,
above, and recognlzesifhé:t Some nearby communication Station” i
forexpeciedtq rreeive; packels LRl time 7 8.c BTA3SEIS@ASNAN:-ARE 4t tine
refrains from its own transmission until the transaction concerned is
T3 .completed so as not to hinder STAI' s desire to receive. The NAV is
effective during the period indicated in the Duration field, and STAS is

also Répt it fanshfisstorfpribitdt stale Ui 8 T8e THe ErsPatikst ket

S EFAVEL 8199 DY ﬂé&%ﬁ%‘g destipation,. SJ%Ah% deqoder e BRBont ron
accoré’mg% the same procedure as descrlble

field of the PSDU, it is described that the packet concerned

T8

isCTSpacket; intheDuration field, thetime that elapsesbetween
the transaction concerned is completed (i.e. time until time
T8) 1is described; and in the RA field, the address of the
destination communication station (STAl) is described.

The CTS packet is recelved also by STA3 which is positioned
inthe vicinity of STAl as the destination of transmission. STAL
decodes the PSDU according to the same procedure as described
above, and recognizes that “some nearby communication station
is expected to receive packets until time T8.” STA3 sets an
NAV and refrains fromits own transmissionuntil the transaction
concernediscompletedsoasnot tohinder STAL  sdesiretoreceive.
The-NAV is effective during the pericd indicated in the Duration
field, and STA3 is also kept in transmission prohibited state
until time T8§.

The CTS packet is received also by STAD as the destination.
STAO decodes the PSDU according to the same procedure as described

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



above, and recognizes that STA1 has got ready to receive. Then, 14
STAG waits for a SIFS, and starts the transmission of Data packet at time
T5. If the transmission of the Data pflgket is completed at time T6 and
STAIl decodes them without any error, STAI waits for a SIFS and returns
ACK at time T7. When STAG receives it, the transmission and reception
transaction equivalent to one packet is completed at time T8. At time T8,
STA2 and STA3 which are nearby communication stations put down the
STHVAN iaing fetura fof olinanytransmiting and seceiing states frosummaryke«
in the above-mentioned RTS/CTS procedure, the following surrounding
at dtdfishsTare prohibited from carrying out transmission: a "surrounding

statl%r}fonr STAG as the transmitter Sé%‘—t,lo\ ., or STA%é\é/hlch could ({)r%%ee!\éea c

. ac 1 I,
RTS; an& %e'sﬁﬁ%ﬁﬁgl}ﬁas fation ort ag thé’recéiver s‘f’atcl:(ﬁjn,}'p

£ 1l Mg Yyhich-epuld Jesaive CF S Thishipfermation fransmissign oMy s for
STAG to STA1 and a return of ACK are carried out without being

a shirderedibyca suddendransmit signal from Burousty statiens.es it, the
Therefore, the communication quality is maintained. FIG. 20 illustrates an

L r @yaiiple bP BIHBFeFaIsPSdquthée TERGTE PR HErdIsoVe SifepiB il ket
is pgg{%eété%rés{{nis%i%d {%ggption transactipn baged on the RTS/CTS
procg urs i IE 1S implemented with traffic through TCP/IP
(Transmission £pNteok R50locoARRINGHRIOI06AN:, Te TGP AR g htypical on
communication protocol for transmission control and path control.
stations put down the NAV, and return to ordinary trfansmitting
and recelving state.

In summary, in the above-mentioned RTS/CTS procedure, the
following surrounding stations are prohibited fromcarrying out
transmission: a “surrounding station for STAC as the transmitter
station,” cr STAZ, which could receive RTS, and a “surrounding
station for STAl as the recelver station,” or STAB, which could
receive CTS. Thus, information transmission from STAO to STAL
and a return of ACK are carried out without being hindered by
a sudden transmit signal from surrounding stations. Therefore,
the communication guality is maintained.

FIG. 20 illustrates an example of an operation seguence
followed when the above-mentioned packet transmission and
reception transaction based on the RTS/CTS procedure in
IEEEB02.11 is implemented with traffic through TCPB/IP
(TransmissionControl Protocol/Internet Protocol). The TCP/IP
iz a typical communication protocol for transmission control

and path control.

Evenif communicationisofonewayintermsofapplication,



Even if communication is of one way in terms of application, 15 ACK is
returned by the TCP layer typically every two segments, and it is brought
into the form of asymmetrical two-way communication in the MAC layer.
The ACK of the TCP layer is small in amount of data, and thus RTS/CTS
is not used together. However, RTS/CTS is used together with respect to
data traffic. The figure illustrates such an example. In the example
illustrated in FIG. 20, packets equivalent to 24 times in total are

ACK dfsifttet BdrEdkivaa ih the MAET 14)87 16 BrAnSnitREYsédiReptgment s,

ataO to_Datad. That is, while the operation in-the TCP layer is relafively
. 11T . ‘
amgrﬁ"p e,%%magﬁé}a{%g&atopeﬁa ion Fs peer ormed .ﬁ%h&ﬁ)&’?f“ﬁéa‘géﬁ %sf ICWO way

cordgsstibed uprto thisiointyprobleris of acerss eontentionandbandwigth. 5
assurance can be solved by implementing the transmitting and receiving
sméprdcedures based DRIESMAdandcombin & thahesRTSI CTSimethaghin he r .
accordance with IEEE8 02. 11. Meanwhile, several problems described
HOYRYSY arklieft GhSohvied s ¢f) Tipete&ion of Prarsresibrir 48 Wherddtd c -
is transmitted and recejved according to the RTS/CTS procedure, the
T T s Sttt ikt B8 Herined before an RTS

packehis Hansmitied T hisiis because; far & ransmities stationde.deseribeent
in the Duration field the time that lapses before a transaction based on

to thd RTSIET S provetdate sreompleted) the tichecatdvhick ehedrnsactior i$1AC
completed must be determined when it transmits anRTS. This means that

Loy e tarRRiEsion rate a8 SR Gding [CFS pabket Bata Padket myhile
iﬁxﬁgg%%%%gggqg?%ﬁ%?@ﬂ%¢¥g§g@%%grelative1§7simple, complicated
operation is performed in the MAC laver.

As described up to this point, problems of access
contention and bandwidth assurance canbe solvedby implementing
the transmitting and receiving procedures based on CSMA in
combinationwiththeRTS/CTSmethodinaccordancewith IEEESCG2.11.
Meanwhile, several problems described below are left unsolved.

{1) Imperfection of Transmission Rate

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

This is because, for a transmitter station to describe
in the Duration field the time that lapses before a transaction
based on the RTS/CTS procedure is completed, the time at which
the transaction is completedmustbe determinedwhen it transmits
anRTS. Thismeansthatall thetransmissionratemode, inciuding
CTS packet, Data packet, and ACK packet subsequently transmitted

- and received in that transaction must be determined when RTS



and received in that transaction must be determined when RTS 16 is
transmitted. The transmission rate mode determined when RTS is
transmitted relates to the entire trans@action; it is not permitted to set an
individual transmission rate mode with respect to each packet
transmission within a transaction. Therefore, the transmission rate is
imperfect. Further, transmitter stations cannot grasp the state of reception

is E}%ef?gﬂxt\‘{;{e{éé"%:}i."”sﬂﬂé‘%ﬂQHEerﬁﬂ-‘gE‘%ISr?aQSt%ﬁié‘ig%{@ H%ﬁé’iﬁ‘liﬁﬂgﬁ RTS

rate of the entire transaction when RTS Is transmitted results in a lower

is probabilitythatidata) packets are: ransmitted<at the Aptiwal LansmMisspy not
rate corresponding to the state of reception in the receiver station. An

pe raxEntid wilb be tdkeanPatedi Dodument L aliseioses iamethdd forpaeketi th
transfer communication, The method is such that, when the receiving end

re3agEived in RIS paREL t measthed e efitrotifieit and statgtbr 3t 1on
rhR0MmHaIcagion a ihat BRLOf ine; (ben, (e feeelyipg and adds the

result of the measurement to ‘the CTS packet and returns it to the
transmittingsend;:therehyi thestrapsmitting end Optipizes the: the state of
communication rate and the like. However, this case is also nothing but

recothanrcase wheree theetranshittingrend determings themteansnildsiorefate e,
of the entire transaction before it transmits an RTS packet. Therefore,

detfigmpertactioR of FaSisSibATde i€ ot bifififatet: Tt RS Ction when
re</ASTHYEnAANQR IofeALR] y deteuning e YRNSIEsan [3IeGHRe qaca

entire transact 1on including CTS packet, Data packet, an pac
padiansaittecband reeeived asdhes outeame ebHRTRLransmission; determingte

a value to be written
correspending to the state of reception in the receiver station.
An example will be taken. Patent Document 1 discloses
a method for packet t:ansfer‘communication. The method is such
that,whenthezeceivingendreceivesemﬁRTSpacket,itn@asures
the environment and state of communication at that point of time;
then, the receiving end adds the result of the measurement to
the CTS packet and returns it to the transmitting end; thereby
the transmitting end optimizes the communication rate and the
like. However, this case is alsonothingbut another case where
the transmitting end determines the transmission rate of the
entire transactionbefore it transmits an RTSpacket. Therefore,
the imperfection of transmission rate is not eliminated.
The RTS transmitter station is required to: determine the
‘transmissioﬁrateoftheentiretransactionincludingCTSpacket,
Data packet, and ACK packet transmitted and received as the

outcome of RTS transmission; determine a value to be written

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



as the transaction finish time, that is, Duration based on a 17 value
obtained by dividing the amount of transmitted data by the transmission
rate; and describe the determined value in RTS. Patent Document 1
describes that the CTS transmitter station determines a transmission rate
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

vaigialon prio, theteto, [t e CTS yanemiting station setsahiah. g oo by
ransmiission raté; the transaction’is compie ed ahead © e buration

thdleterminadwhen RTS is tansmitted, Asasesulithe sirounding statiops s
which heard the RTS still keep a NAV set and refrain from their own

Pattransnnssioneafter theléransacton istcompleted; Tand this: isd waste efation
bandwidth. If the CTS transmitting station sets a low transmission rate,
de tReTrangachon PRGOS d- @VEen HiEP HEDUFStioTFEERImPRdAWhER S /

RTS is.tl[ransmitted has asse(}jl. Nevertg%lgisri EHgour}?ingisr}%'on Whi(éh

ROkt kTS Pt Hoh e NAY ARt StartFanSAit SpEraton. il thig- - = "

£ 1 dAdUCess collision. (2) Riffigully, of PataPaitMUlipleXipg WithiRIBICHSprior
Used Together In the conventionally known RTS/CTS procedure, the
thalata dransmitting end determines a data rate before it transmits an RTS.

It does not give consideration to the following: the data receiving end

deterhiirigtca deta rafe @it furthed trarsHiiey e STtiPafty df tath i fiEHss S 1 00
ra 30 iR Packel To.snance e SITEieney o' e MAC YL R Pav son
determinedwhenRTS is transmitted. Asaresult, thesurrounding
stations which heard the RTS étill keep a NAV set and refrain
from their own transmission after the transaction is completed,
andthisisawaste of bandwidth. IftheCTStransmittingstation
sets a low transmission rate, the transaction is not completed
even after the Duration determined when RTS is transmitted has
passed. Nevertheless, surrounding stations which heard RTS put
down the NAV and start transmit operation, and this induces
cellision.

{2) Difficulty of Data Unit Multiplexing with RTS/CTS Used
Together
In the conventioconally known RTS/CTS procedure, the data
transmitting end determines a data rate before it transmits an
RTS. It deoes not give consideration to the following: the data
recelving end determines a data rate and further transmits a
plurality of data units as one data packet. To enhance the

efficiency of the MAC layer (Refer toc FIG. 20.), it is preferably

that the receiving end should be capable of determining a data



that the receiving end should be capable of determining a data 18 rate
and transmitting a plurality of data units as one data packet. However, the
conventional RTS/CTS format canndgimplement this. (3) Concomitant
Use of Delay Acknowledgement and RTS/CTS Procedure The
IEEE802.11 standard is premised on the immediate ACK wherein an
acknowledgement (ACK) is returned as soon as data is received. To
racEAHeP e Quethead o ACK packels, delay ACK, £a0 be Lsed Haeyele
some problems arise. For example, it delay ACK is used together tﬁ the
HowR TSI TS preceduse thereis RTRosSIbility that ar RTSiS trapsmittadfenis .
the purpose of retransmission before an ACK cannot be returned to the
Strarisprittigyidrad This aviththéexistingfolmaty trel eoncomitanmtcaus& b /CTS
delay acknowledgement and the RTS/CTS procedure has its limit in the
Oérﬁg‘h’é‘ément of efficiency. (4) Methodology For Selective
Ack le It carryi t [\ : .
ack%egggggﬁ% 'elr%g%%%é]ﬁ?g ef |c%e%%%%%tﬁe:é§ﬂ%cﬁgfeﬁ T eedMte ACK
whdEERS80Z:1 L standard deesaot giversonsideration o selegivecon as data
acknowledgement itself. The selective acknowledgement referred to here
is permtramgmisSionteohiet idthody frthisidnethdd; ACK OfNACKde lay ACK
information is fed back to the transmitting end with respect to an arbitrary
camdeket\Rfifth was or was not successfully received. Thereby,

raraﬁé%%?égz“, iss%j’r{r{é:) r%‘&%% With Lespectig nackgisMinicnANg. 1 oy ack

receiving en coul eceilve.
is used together with the RTS/CTS procedure, there is a

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

It is known that carryving out selective acknowledgement
enhances the efficiency of the MAC laver. The IEEE802.11
standard does not give consideraticn to selective
acknowledgement itself. The selective acknowledgement
referred to here is a retransmission control method. In this
method, ACK or NACK information is fed back to the transmitting
end with respect to an arbitrary packet which was or was not
successfully received. Thereby, retransmission is carried ocut
only with respect to packets which the receiving end could not

receive.

Implementation of selective acknowledgement reguires



Implementation of selective acknowledgement requires 19 massive
memory and its processing places a significant burden; therefore, it has
not be actually applied so much. Hoyever, necessity for selective
acknowledgement will be more and more increased in the future. With
this being the situation, the following case is expected: communication
stations in the initial stage do not have selective acknowledgement
implemented but communication stations developed later have selective

ma gkHevAeagetHent inblemBAEeS fF thig casa dels antarableceiat bothden:

t icate with h other,.and a f t wherei ownward
the gl s MAEREAS dSHd RrRPup oW SbHakeraighe Y eF

ne 1350t given to, concomitant use of selestive. acknawledgement.a. s more

technique for the receiving end to determine a data rate, and the
indRESEIS iprocedurea Therefore] this cannet be implethentedthy=thecn, the
existing format. (5) Influence of Overhead Produced in MAC Layer The
Lok pERORIRStandardP FAIEpEndLiil defines RISstaheo OIS iffamdnitial
c ACKérame,tar}gj the IikelgReger to FIGk 16‘f.) Foﬁ; this r%as,on, If individu%l b
St fformation is toabveetrgr?smﬁteﬁY?hgf MU %S g%‘é%‘ﬁve%}? itted y ut

conghatate frames. Haweverseachuime aframe isfransmitted overhgads, ; o

such as preamble, are produced. In particular, if the transmission rate is

ac gty thelamoimnt ofgveheadsdgconies toa karge e negledts Neethessrtob 1 e
add, increase in overheads in the MAC layer is undesirable because it

thabiribhtes i stcradirdétich-asw id-hinit the Wareidth dhith dantbeherein
provided for the uP}ggEI.evel

downward compat ity is maintained is desired.

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

{5) Influence of Overhead Produced in MAC Layer

The IEEEB0Z.11 standards independentliy defines RTS frame,
CTS frame, ACK frame, and the like. (Refer to FIG. 16.) For
this reason, if individual information is to be transmitted,
they must be respectively transmitted by separate frames.
However, each time a frame is transmitted, overheads, such as
preamble, areproduced. Inparticular, ifthetransmissionrate
is high, the amount of overheads becomes too large to neglect.

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

layers, such as TCP/IP.



layers, such as TCP/IP. 20 [Patent Document 1] Japanese Unexamined
Patent Publication No. 2000-151639 [Non-Patent Document 1]
International Standard ISO/IEC 8802si1: 1999(E) ANSI/IEEE Std 802." 1,
1999 Edition, Partll: Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) Specifications [Non-Patent Document 2] ETSI
Standard=BTSI Tﬁomhéﬁi--- 1M1.3.1:Breadhand RadioAGCessq Patent
etworks @A ?HDOER gT .ype 2; Data Link Control (DLC) Layer;
arfl” BaSic Data ansport’ |J7>rfct|ons [Non-Patent Document 3' ETSI TS
101[761-2P4ke8:1 Broashand Ra}dﬂA@@mP&@M@rks BRAMYrd 1s0/IEC

RL Control él@ C) Laye rt2 Radio L|nk
°e Ogorf%ol %L%@Jbl%&e%? “Batent émen'{ 4]* ﬁ%l “AGRocFartil:
Wi rMobites Wﬁeileysa&leumork&@mtlmHaﬂﬁTR()l\ms@Iosw@ afdgeention Layer
bodiments of the present invention provide an excellent wireless

communication system, wireless communication device and wireless
Spesommonicatios method, and computer program wherein the RTS/CTS

metfioghls ysed {oosiber, Ala el acgess cptig] based aR.CSMA can bg g, )

favorably carried out. E ments of the present invention prow ean
V1 .ekcellEntownipéless! cBamiuniéatioresy slernywireles$BRAN) ; HIPERLAN Type

2; Data Link Control (DLC) TLayer; Partl: Basic Data
Transport Functicons

[Non-Patent Document 37 ETST T8 101 761-2 vi1.3.1
Broadband Radio Access Networks (BRAN); HIPERLAN Type 2;
Data Link Contrel (DLC) Layer; PartZ: Radio Link Control
(RLC) sublayer

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

Wireless Network” (Prentice Hall PTR)

Disclosure of Invention

Embodiments of the present invention provide an
excellent wireless communication systerm, wireless
cemmunication device and wireless communication method, and
computer program wherein the RTS/CTS method is used together
and yet access control based on CSMA can be favorably
carried out.

Embodiments of the present invention provide an

excellent wireless communication system, wireless



21 communication device and wireless communication method, and

computer program wherein a plurali%L of types of frames, such as RTS,

CTS, DATA, and ACK, are multiplexed and thereby flexile transmitting
comand receaiving precedires:aan he rprovided androvetheadsccandee hod, and
comSuced. In a first aspect of the invention, therg is provideda wireless ..

8mmunicatioh $Ystémor transmitfing and feceiving a plurality of data ’
suchnids inRWBich&eguened humbers Al assigneduo transmikedataunitstereby
ﬂ@idlefgfy tngggga}ngr%i£sﬁ wherein, if selective acknowle(%%eerg%r%tgg applied:

Lo 3 Il

) : b
€ Tecelving communlgatloﬁns?atloﬁ?é: %ﬁgrjé%?e to'describe in rece%%n ©
proackirowledgementinferamationACK: thedsegeence numbers of completely

received data units in the order of se ber, and bit .
i a %% Igébé B OF @Ee fﬁ@gﬁ%ﬂggl uﬁ%f% %%E%%ggtded a

. . LIrse ,
information represerfte(f y ‘mapping the state of reception o e

w1irslseguentrseguente ﬂgnmgwo f@lativefbn@I@éi‘;ibhgfﬁromﬂwerece_lving
a ;gffsaggﬂae: numbers; and is operablg fo transmit the, information, wherein, ., ..

elective’acknowledgement is applied, the receiving and transmitting
asséomarinication astations deetoperablesto @eld isformation indfcatinga vwnits,

whe§asyal dataflowle tapsmit data and ackpowledgement, In asecond. ¢y

aspect of the invention, there is provided a wireless communication '
recgavies for RARSHItAG ahe! reeeR/ing a plufalifPeiidataunits indffier 1 oe 20
recSAUENCe RUMbers argassigned totransmit data units:do idenfify the. ;yence

data units, comprising: an ACK information transmitting means which, if N
nurgs|sgtive ackirdwlegémentis @ppliéd iglata units in the order of

sequence number, and bit map information represented by
mapping the state of reception of data of the subsequent
seguence numbers into relative bit positiecns <from the
segueance numbers, and is operable to transmit the
information, wherein, if selactive acknowledgement is
applied, the receiving and transmitting communication
stations are operable to add information indicating a casual
data flow to transmit data and acknowledgement.

In a second aspect of the invention, there 1s provided
a wireless communication device for transmitting and
receiving a plurality of date units in which seguence
numbers are assigned to transmit dats units to identify the
data units, comprising: an ACK information transmittling
means which, 1f selective acknowledgement 1s applied, 1s
operable to describe in & receptlon acknowledgement
information ACK: the sequence numbers of completely received
data units in the order of sequence number, and kit map
information represented by mapplng the state of reception of
data of the subseguent seguence numbers into relative bit
positions from the seguence numbers in response to data
reception, and is operable tc transmit the information, and
a packet transmitiing MEANS which, if selective
acknowledgement 1s applied, 1is operable to add information

indicating a casual data flow when transmitting data and an



operable to describe in a reception acknowledgement information ACK:
the sequence numbers of completely received data units in the order of
sequence number, and bit map infotration represented by mapping the
acratate ofreception of data of the subsequent sequenceUNberSIAs s on
relative bit positions from the sequence numbers in response to data
receptibntand i Gerable toftrarsmit theSinforffation"&hd apadketvided a
wirHansmitting meanswhich, if selestiver acknewledgement és applieckis i ving
operable to add information indicating a casual data flow when ~
& Ransiting dataand&iT21a Hekhdwledgefient irfdspondé to dataPs  ©*:
asshepeptign/trapsmissian. In athird aspeet of thesinyention, daere is provided to
. a wireless communication method for transmitting and receiving .
ideplurdiy bFGatd hits, SOmprisingtHe steps 6F '&sdigrifig E‘&fﬁ’@ﬁ%‘ﬁedgemem
is hugbers tostransmitdata wpits to identify-the glata wnits, andsifseleciyenent
. _.acknowledgement is applied, describing in reception acknowleéj ement.
0 i gHiation ACK: the SeqURRSE rmBEIUST ompletaly Teveived datac= 7=
datunitsdn the order of.sequenee numbescand bitmapuinfermatiemd bit map
. represented by mapping the state of reception of data of the subsequent
0 R U RBS 178 YEIate Bt Bbaitions Hon tha SeqiensE rombers
datip response todata creceptions @anddransmitting thesinformatione aadive bit
addiér%% infermation 1ihndicatin a casual dag;l flow when fransmitting .~ .
POSrhrsHit datd Ahd 5‘n*%10krﬁEce)\9\"%{3"cpgciéTneIr%tU1 in response todata - 0 08E
redsansmissionfreception.ara foutthcaspect of thefinveatiomitherezisd  adding

. _ Jrovided L . : o
1n§%rmatlon indicating a casual data flow when Transmitting

iy

transmit data and an acknowledgement in response to data
transmission/reception.

in a fourth aspect of the invention, there is provided
a computer program described in a computer-readable format
for carrying out on a computer system the control of
communicating operation for transmitting' and receiving a
plurality of data units, the computer program comprising the
steps of: assigning seguence numbers to transmit data units
to identify the data units, and, if selective
acknowledgement is applied, describing in reception
acknowledgement information ACK: the seguence numbers oI
completely received data units in the order of sequence
number, and bit map information represented by mapping the
state of reception of data of the subseguent seguence
numbers inte relative bit positions from the seguence
numbers in response to data reception, and transmitting the
information; and adding information indicating a casual data
flow when transmitting transmit data and an acknowledgement
in response to data transmission/reception.

s a wireless

fut -

An embodiment of the present inventlon
communication system wherein random access 1s carried out

using together the



a computer program described in a computer-readable format for carrying
out on a computer system the con %lbOf communicating operation for
transmitting and receiving a plurality of data units, the computer program
RTS ¢omprisimag-thed stéps ofilassigning sequence nambers tetransmit data the
. units to.identify the d ta lf;rm ggg, ift %cgi&@tgckgow}ee ment is d
Omgjﬁglieaf"deégl a%ng%lﬁgre‘é%ept%lgw ackno%\%edgement information ,OL\CK:C%heSen
pacgequetite, numisers of réompletely teceivadidata onits in theswdesesf to the
recEBRIgce Jhmber, and Bit man Infomation fepraseied by MARANG et s on
state of reception of data of the subsequent sequence numbers into
statdlativebit positions frofthecseduienee “Aurnberssii ¥éSpérise to data
recgption,-and transmitting the information; and adding information res  <he
indicating a casual data flow when transmitting transmit data and an 1
quaaéknbwiedgerhRE iy Feshonae to data frafismmSioh/redepticrt An Pased on
- neermbadiment,of the presentinvention is awireless communication system
wherein random access is carried out using together the 21b RTS/CTS
CTSmetRcd in“whith ‘e Corhfftinication station as the origin of data

trangmission transmits.a requestiasend packet RkS,and-startsdatas  cut
___transmission in response to the reception of a response packet CTS from
daty chhfhdmicatior station &S tHe destifation of data trasmission” Thehe 15

i n fBIRSecelyingcammumication station-measuresdhe rquality, ot aecaive
signal, determines a data rate based on the result of the measurement, .
degﬁmegqﬁga%%naﬁ§ﬁprlmed here refers to wnat 1is obtained

by logically aggregating a plurality of devices (or
functional modules which implement specific functions). It
does not matter whether the devices or functicnal moduies
are placed in a single enclosure or not.

The RTS transmitting communication station describes 1in



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 ohtained_by logically aggregating a
RTS , ) 3 %hm% BYQrege %f

loP ity of Gevicks (o Tnctional modtles Vimplement specitict < <<

incfunciions) cttsdoes ot matternwhethes thendeviees arfunctienabmiodutes of

are Iaced.inasiqgl losure or not, The RTS trans itﬁin ¥
== Comification station describe i 22 TS the e thatlapes BeroRs *-

resthevreceptiort ofra packet;rincluding BLES: infarmatibhetraiisitted mstthe t 1ng
com@aicome, of the reception gf RT3 information iscompleted, as medium,, .. .
“reservation time maformation uratlon.”Tﬁe" CTS transmitting :
be fcammuhicatiorcstatiom desefibes ik CFS the de thatlapses. before #ife the
ouc[SgRRNON0f 3 data packal irgnsmitted s the, puigarpe of theecaplionaleq,
information is completed, as medium reservation time information
as Dueationn Others eommimication stations st redaive RTS:6PCTS set dother

conNAY: (INetwork Allagation Vectar), and keep it inzeffect for thes medium, vy

reservation time information Duration and bring themselves in i
(Netpansmiséibhprohibitad Statd Al la wirgléssiéomubficafiorfsystern for the

mec@GgOrding fo the ;abaye emhadiment 4 fransmission rate can be.selected ; 5
based on the quality of receive signal. Therefore, the imperfection of

thefrgRsifiisSioR rate ears Bé swiped off FHiete, the FolwAng constitution may be
adopted; the: ve1ess communication system according to the
above embodiment, a transmission rate can be selected based
on  the quality of receive signal. Therefore, the
imperfection of transmission rate can be wiped off.

Here, the following constitution may be adopted: the
RTS sending communication station describes in RIS factor
information referred to by the RTS receiving communicatilion
étation when 1t determines a data rate. The RIS receiving
communication station determines a data rate with
consideration given to the factor information described in
the RTS, in addition tc the resuit of measurement of the
guality of receive signal.

LAs the factor information described here, information
related to whether a high data rate should be aggressively
determined or & low data rate should be passively
determined is described. Further, the following
constitution may be adopted: the RTS Transmitting

communication station measures



RTS sending communication station describes in RTS factor information
referred to by the RTS receiving communication station when it
determines a data rate. The RTS reggiving communication station
determines a data rate with consideration given to the factor information
described. in the RTS, in addition to the result of measurement of the
quality of receive signal. As the factor information described here,
information related to whether a high data rate should be aggressively

Eh bt 68 Tofdet rate Shotld B paLsiveRy tetefifineggunication
st dlesgrbedrEurhey, the following, qonsfitufionsmay be adopted: e HIS, . .

transmitting communication station measures 23 the transmission error
in fatefer then RTSREaceiving camwaynicatien statien-mines baseden thesctor
result of the measurement, factor information (Rate Strategy) is
infgeeatihed. O factor iffeimatiomatay besdeterminettbasetl 6 ¢hence in
difference in transmission power between RTS packet and data ggcket,

£ T 3RS RATSAI FeRATOR5HE bEREER dabe FE Bt taRSIBSG Bower oresal
re 1€, 10 bpse Gasen.a data fate is determined according tg, the quality of .y,

RTS receive signal at the receiving end. A transmission rate’is
11 ietermined with consideration additionally given to information, such as

error rate monitored by the transmitting end. Therefore, the

correspohbiénce betvaen Feceptionrquality anderrormatecalising froming to
nductuztion n changel sate of fluctuation j the amount of nferference |
transmissionrateisdeterminedwithconsiderationadditionally
given to information, such as error rate monitored by the
transmitting end. Therefore, the correspondence between
reception quality and error rate arising from fluctuation in
channel state or fluctuation in the amcunt of interference can
be corrected in two steps.

Further, the following constitution may be adopted: the

RTS transmitting communication station describes in RTS
information related to one or more data units the station tries
to transmit. The RTS receiving communicaticn station
determinesmediumreservationtime informationDuration inwhich
the reception of all the data packets is completed. The medium
reservation time information Duration is determined based on
the infermation related to the data units, described in the RTS
and the determined data rate. Then, the station describes it
inCTS. Inthiscasethedatatransmittingcommunicationstation

which receives the CTS carries out data tz:an_smission as the

outcome of the reception cf CTS information. The data



be corrected in two steps. Further, the following constitution may be
adopted: the RTS transmitting communication station describes in RTS
information related to one or more daga units the station tries to transmit.
The RTS receiving communication station determines medium
reservation time information Duration in which the reception of all the data
packets is completed. The medium reservation time information Duration

is determined based on the information related to the data units, _
C I 3fesEritset fPthE R TAT And the BEtétiifed dBtalfite SPfien, tRé Stalffcr ibed

. SCri it in CTS. In,this case the data transmittin munication .
in gﬁﬁe B?ghs g’léﬁ: g?ﬁe@ Qransmﬁsd%%éjﬁ wgf?r%e COII{ geted in

ion ‘which réceives carries ou ansmission as thé
a toutcompof the kecaplionrf GES infarmatien-Jhe datarddndranspissian isn .
carried out based on the data rate described in the CTS so that the data
transFssipn #dlblfettamiplétednia ta timessipecHidd by iemmedium referred
reservation time information. Examples of the information related to data
to fisereféfted Udrrerel hdade thetd I&Hgth B eadh datd uhit o PWHItH: ch
transmission is tried; the,sum of data lengths, of ane or more data units for
O fang oy 5 (a0 T Ieruin of e Fedat By Conatiiting. o
da©88.91;mare dataunits forwhich ransmission is kied;dnformatden exthe e
number of data units for which transmission is tried (in this case,
redjowevedr, tata wnits ame of fixed length)ramdothe liketn these sages; thénich
RTS/CTS procedure can be used together and further data units can beef

L 3REHVEN ulipRyet £dithe f HERTEIE TR it dutemE élaaheranits

foﬁaﬁﬁ§ﬂﬂu¥%g§9§§%é§%% is tried (in this case, however, data

units are of fixed length); and the like.

In these cases, the RTS/CTS procedure can be used together
and furtherdataunitscanbeeffectivelymultiplexed. Further,
the RTS/CTS procedure and delay ACK can be implemented. As a
result, the amount of overheads produced in the MAC layer can
be reduced.

In this case, when the RTS receiving communication station
determines medium reservation time information after the
reception of RTS, the station takes intc account the time at
which the station itself completes data reception. O0Or, when
the RTS receiving communication station determines medium
reservationtime informationafterthe receptionof 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 seguence

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



result, the amount of overheads produced in the MAC layer can be

reduced. In this case, when the RTS receiving communication station

determines medium reservation timesigformation after the reception of

RTS, the station takes into account the time at which the station itself

completes data reception. Or, when the RTS receiving communication

station determines medium reservation time information after the

reception of RTS, it gives consideration so that the period information
sedasaribed wrifer RT SlisRot Rcekded oPor example, the fdiowing Thereby,

engOUBlution may be adopted:, the RS transmittng communication station, .
assigns sequence numbeérs to transmit data Units, and describes’in

itthefirst25 sequepce pumber of dagathe,station tries/ia trapsmit. yoceiving
Thereby, the station notifies of information related to the data units it tries

cofentransmit.iMeanwhile cthe R ES recaivingheominunication statien referser of
to the first sequence number of data unit, described in the RTS, and

dapgraptstand exeridesdad thitsithe stafich #ak sdrehdyredeivealisins data

unggtsa.g Qgssfg!_’i@l{l I%’l htrasnngseséocp I.Srgledi ngn]?}tf%e Séat£o£ gr?g_ecrgn IP&% which
medium reserva?lon ﬁme mlforméflon.ciieu%er, | SeIPeCﬁVG

 ragknowledgement issapplied, the. following canstitutionpay be ANORteL 4 1 um
the RTS transmitting communication station describes reception
reaeknowledgernént infofatientindRTS. The reception acknowledgement

information includes the first sequence number of data units for which
data ‘traRShfidsiont fs tAgd 2nblbitmap Ffe&aibitsisainetshymapping, the

following constitution may be adopted: the RTS transmitting
communication station describes reception acknowledgenment
information in RTS. The receptiocn acknowledgement information
includes the first sequence number of data units for which data
transmissionistriedandbitmap informationobtainedbymapping
the reception confirmation information on the subsequent data
units into bits corresponding to the relative positions to the
first sequence number. Further, the station generates
information related to the data units with only data units for
which recepticn confirmation has not been cbtained taken as
cobiects to be transmitted. Meanwhile, the RTS receiving
communicationstationreferstothebitmapinformationdescribed
in the RTS. The station extracts data units the station has
alreadyreceived fromdataunits for whichtransmissionis tried,
and excludes them from the objects to be transmitted. Then,
the station determines medium reservation time information.

Further, the following constitution may be adopted: if

data units the RTS receiving communication station has already



the reception confirmation information on the subsequent data units into

bits corresponding to the relative positions to the first sequence number.

Further, the station generates information related to the data units with
recenlyatataanis fanwhick receptionceonfirmation hasatot bdehsobtainede be
- v {3KeEN,AS, gbjects 1o be transmitted Meanwhile, the RT3 receving; ne« ok

communication staftion refers to the bif map information described in the
infRTBa Therstation eXifdtts data uritsthe station hastakeadyfeceweddiomng
comﬁ?ﬁfgw§185m@%§éﬁ Sn@%@?ﬂ@%gmgaﬂgdf%fgge§ﬁge@fgnqQ%%iving

objects t6 be transmitte . Then, the station determines medium
comresevatiohdimesinforivation2Further ctnevfollovifg EoRAstitltivh may pets to

pe A0OPIAM, Jf dafp units dhe BITS {geeiving COMMUNIGANAN SAUGNARS to the
already 26 received are included in data units as objects to be
CTSrar@itied, descrbied iPRT Satheistatichdeseabes ACK™ fifforhiatioh ifased

on Che- Inuthis case, the CTS reeeiving qommunRication station excludes
data units the RTS receiving communication station has already received

frofobjéQs to bétrarishittet baged i tHelACKiRfornTstion 88detdeihée
neCEosThen, the station sapriesioufdata transmission based sonthe data more

. rate described in the CTS. Further, the following constitution may be
plegdoptedt tHE RT S Y886IvIAg LBAMIRcASh sttiofdtdredBne Br rhdres” 23

obRieees of data.length infermation ofdataiunits taken as abjectstorkenission
transmitted, of data for which transmission is tried as the outcome of the

is R¥BLTher? the siitior estfiBesin CTS the Seyuente Humbér 't the1ast "

dedatamplt in CTS the seguence number of the last data unit
stored. In this <case, the CTS$S receiving communication
station stores the seguence number of the last data unit
described in the CTS. When an RTS is transmitted next time,
the station gensrates 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 1s
not included in objects to be transmitted.

An embodiment of the present invention is a wireless
communication system wherein a plurality of data units are
transmitted and received. Seguence numbers are assigned to
transmit data units to identify the data units. At the same
tTime, if selective acknowledgement is applied, the
following is caused to take place:

The receiving communication station describes the

following in reception acknowledgement information ACK: the



stored. In this case, the CTS receiving communication station stores the

sequence number of the last data u g described in the CTS. When an

RTS is transmitted next time, the station generates information related to
seqdataunits: foro which aransmissionris tieddnspde forhythaetheldatd upin  the

o rdicated by the sequence pumber gf the '%gpt datg upit is, not ingludedn. . o,
objectsto be transmitted. An embodiment of the present invention is a
repwirekess ecbnimunicatiohrsysteirewlicreinca pldrality ofdataounitgaredata  of
trangmit received. Sequence numbers are assigned o, frapsmit, .
thed}t%%%tgaﬁ en%%y%tﬁe a%taqllmlts.gAt the same time, If selective ‘ HORs
£ r cacknoiMedgemiertis applivdniuse Jollowihg is colisedad takeplagBithe the

reJESEVING communication,station describes the, fllgwing in reception

acknowledgement information ACK: the 27 sequence numbers of data
unils completeireEeived imihe Graer oF ségueACEFHumber andtheShig T 1 ons
aadnap information, represented by mappingdhe state of recentiop of data.ofn; +

~the subsequent sequence numbers into relative bit positions from the
datgectiefice PERTbers THRE Station transmits the reception

ackngwlgdgement information AGK=The transpmitting and receiving to the
communication stations add information indicating a causal data flow to
abqFghsm iR a doknowletigBRieht Ih a wirtfessiimuricatior Sy&em: Ve

aclacenrding to.the- above gmbadimentoinformation-requiregiforselgetive 10w
acknowledgement is managed on a_data flow-by-data flow

basis. Such informatidn includes the sequence numbers of
completely received data units, bit map information wherein
the state of reception of the subseguent data units are
described, and the like. Thus, a plurality of service
classes can be handled by different seguence numbers.
Therefore, communication can be maintained regardless of
whether selective acknowledgement 1s implemented or not.

Some receiver stations do not support selective
acknowledgement. Such receiver stations transmit the bit
map information with zero set for all the bits of the bit
map field. Thus, the receiver stations can  ensure
communication with transmitter stations which support the
selective acknowliadgement function.

Further, some transmitter stations do not support

selective acknowledgement. Such transmitter stations



basis. Such information includes the sequence numbers of completely

received data units, bit map informaiiﬁn wherein the state of reception of

the subsequent data units are described, and the like. Thus, a plurality of
dissepdcaitlasdes cdnibe Itandled by differeptsequercesiuinierd. from  the

recdNgrefore, communication can bemaintained.regardiess of, whether, o pe

selective acknowledgement is implemented or not. Some receiver stations
trademnbt sagportsélectivecackpiowledgemeht. Stieh kecbiverstatiors LT map

£1cY@NSMitihe bit map information with zeLo set for all ing,bits ofthg bit epgyre
map field.. Thus, the receiver stations can ensure communication with
comfransrhitick Stations Which SGEportthe sefetive ackridwiedgerfiBrPort  the

se1function. Eurther, samedtransmitter, statigps do not support selective
acknowledgement. Such transmitter stations 28 disregards the bit map

inféravationtrandiditted TFOTHIRE réceiving eridt Bhd fidfismits"the bittHap the

arpinformation tq.pe -kansmitted.with zerg setfor all thebitsefthesbitmapes  is
field. Thus, the transmitter stations can ensure communication with_

adopseeiver stili6hs which SupptrtheSelective adkhotedgatient furfiction.  —°

« raRufther withsespect ta atleast-one.data floms the, ARQ: systemanhiereie reoy
sequence numbers are not assigned is adopted. When Link session is

theeshfeREd datailtFarsmitted afd reCéivBa Throhigh the datd fidw, and =1

recthereby dhe sequence-numbers-etthedransmittersstationnand the receiver

station are synchronized with each other. , , ..
i the present 1invention 13 &a wWlreless

An embddiment of
communication system wherein random access 1s carried out
using the RTS/CTS method together. The RTS/CTS method is
such that: the communication station as the origin of data
transmission ransmits a reguest to send packet RTS. 1In
regponse to the reception of a response packet CTS from the
communication station as the destination of data
transmission, the communication station as the crigin of
data transmission starts data Transmission.

The transmission and reception of packets wherein any
two or more of request to send RTS, confirmative advice CTS,
data, and acknowledgement ACK are multiplexed are permitted.

The amcunt of overheads produced in the MAC layer can
be significantly reduced by including pileces of information,
such as RTS, CTS, DATA, and ACEK, having different purposes

in one packet,



An embodiment of the present invention is a wireless communication
system wherein random access is carried out using the RTS/CTS method
together. The RTS/CTS method is 8dch that: the communication station
as the origin of data transmission transmits a request to send packet
RTS. In response to the reception of a response packet CIS from the
communication station as the destination of data transmission, the

commynigatign station as, the.grigin, of data transmission starts data, . .. . o

transmission. The transmission and reception of packets wherein any two

a petate oflegueshpsend RTSyconfiimativeradvieesC TS, datacand aining
acknowledgement ACK are multiplexed are permitted. The amount of

CTpverHeadsasroduceninane MAC tayet lean dsensignifisanty redacéfBy  The

including pieces of information, such as RTS, CTS, DATA, and ACK,
COIiditrerdht Periosds THPoHE patkEt YOS IfiHie 6468 thentaining CTS

in £9PAMuRiSatiopSiation whi g@ﬁeweéo_%@s%eit&gr&g@é”g&E%d&n to the
information transmits a packet containing CTS information accor |na to

corthe cestents eithed®ES. The communication station which receives a
packet containing CTS information transmits a packet containing data
accolditig totthe EortéarsiofahecOT 81 Hetkd, dherfeliowimg dopstitation meaR T S
be adopted: the RTS transmitting communication station can speci

EERIHER AT thRY reCRIVIRY SR MUicatibn 'stalibn &y S8 RIS infohmahsR td-he
redel3 arebif i case.dp RES  Hishinformatanaich pdiggine; (et
RTS information may be added to CTS transmitted as the

ornot. Inthiscase, inRTS, first information which indicates
whether RTS information may be added te CTS transmitted as the
outcome of the RTS or not is described. Then, the RTS receiving
communication station judges whether it may add RTS information
to CTS based on the first information in the RTS. If there is
data the station desires to transmit to the RTS transmitting
communication station, it adds RTS information for the purpose
of transmitting the data toc CTS, and transmits the CTS.

In this case, the RTS transmitting communication station
determines the first informaticn, for example, - based on
information elements contained in the packets received in the
past from the station to which the RTS is directed. The
information element described here refers to More bit which
indicatesthepresenceofsubsequenttransmitdatainthépacket,
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 is directed to determine

the first information. Examples include the following case:



outcome of the RTS or not is described. Then, the RTS receiving
communication station judges whether it may add RTS information to
CTS based on the first information igthe RTS. If there is data the station
desires to transmit to the RTS transmitting communication station, it adds
RTS information for the purpose 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

a simérration eements edhtairedih thetpacketd Feceivedlinthe ipastiffemted.

H the station to which the RTS !E ir.ected.tThel %nformation glement ot £
OvHeLlibed Nerd T&fers to More Bit Which™ indicate’ The preserice of- <&t trom

anSUbsequept ransmitdaladn ihe,pagcketn aadihe ke, Altgratively, dtoay re

be judged from othermeans than information elements that subsequent
t hdrapsatitidaiads rptesent ¢t thenstatiarmrtd, whiehi thenRTS4ds: directed i ssion
determine the first information. Examples include the following case: 30 a
seaiaioreréSeNeratRTS FEMIE stafon 16 WHRRARTI IS tirddtethn be judged
b However, thq: eceivg%lstgt:{onaig%f rgceivedr a 1Ezﬁlgkesg ng om aneotr%eg I
*Jurrotinding’ statidn an Hhilis Has Set A'NAY: ?‘[heref%re, the Station cannot
dat8lUmR a LTS a0d the dala tansmission SegHense isrsfopred:ithere ale
also cases where it can be judged based on any other communication
histor:thiait subseguemtdidnsmiih glatanis: piesent inrthesstatiendd wyhtieli : the
RTS is directed. Further, the following constitution may be adopted: the
RTRTSe66diViHycomfitiRieation statibn féctghizes fFGifitaE linformdtioiin the

i RIS et e RIS ansmiing comaicaon, SiAUon IS IR0 cac ton
station is trying to transmit data the receiving communication
station itself has already received. In this case, the RTS
receiving communication station adds ACK information 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. Inthiscase, thefollowing
constitution may be adopted: the data receiving communication
station receives data requesting ACK, fromthe data tr.ansmitting
communication station. If the data receilving 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,

ACKinformationmaybe addedat thetransmitter station’ s request.

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



station itself has already received. In this case, the RTS receiving

communication station adds ACK information 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 ACK and delayACK. In this case, the following constitution
remraybel adopted:dhaaliaia receivingecbmnpursicetions station receives=data t a,
~requesting ACK, from the data transmitting communication station. If the
it garadeceivittyesrhrht rﬁ@é%i%ﬁ%%ﬁrfﬂﬂbéﬂhat iCRYS HELtranshitieeras ct

ropek ol he datg, it adds.6CK, information when it ransmits.a, packet of  »cx
%me Elnd ]tO tﬁe d%ta transmitting communication stah[on. ﬁ'] some casés,

1n AGKIfemationmaybe agded agthe ignsitter statign'syequest. At this
time, if the transmitter station judges that it has not 31 received ACK
inforrmatiam retatethtosprevivusyttiarsmitted_dataa wt bendsanequestid¢o as a
add ACK information. However, with respect to packets in which RTS

Pafif6imatiortis isfely frah¥mitdd, KEIE iRfSFMAtion ikéahot bé adeiled by

way %fue]:)[%

egtion Eurt?e&](_jata requesting an ACCK may bebtran mitted as._,
a packe e IS 0 B T L SraN i G QoG PR SPhe - ¢

rriollawing senstitutign mayheadepted the Ty raAsMittiR@ests the RTS
communication station requests the RTS receiving communication station
r e teeietimianACK of datai whicht hias dbeaermtradsmitted sofaK mithisicasehich

the RTS transmitting communication station multiplexes an ACK request
haﬁﬁ@gﬁhéﬁﬁﬁpmittedwﬁafar. In this case, the RTS ftransmitiing

communication stationmultiplexes an ACK request for requesting
areturnof ACKinto an RTS for starting the next data transmission
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, theRTS transmittingcommunication
stationmust verify whether to retransmit data. Inthese cases,
the RTS transmitting communication stationmay multiplex an ACK
request requesting a return of ACK into an RTS for starting data
retransmission transaction, and transmit it.

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

failed to receive data transmitted from the RTS transmitting



a return of ACK into an RTS for starting the next data transmission
transaction, and transmits it. Even if.the RTS transmitting communication
station requests an ACK, the ACK is'hot returned sometimes. Possible
congausesandlude thiat transmit datamas not propetlyreceivedCthat dataca ting
S. propert ved but the r ceptlon of ACK falle - and the like. In
tm7F1esé[%ca%ses}i F%OS Prangmﬁtlﬁ/g communlcatlon stgétlon mltﬁ% verlfy
re twhr@ther to fetransmiitdatag In-these tasesthe RES traismitting
mpunigation sigion may MultiBlex A ACK  feuiest igguesting ajeti.. o
K Into an for starting data refransmission transaction, and
coman"smﬁn 1The commursicationsstation whichtieeeivedanERTStwitnam i tting
o fequestmuliplexegtretyrnis 40 ACK whichndicates.whether it has
properly completed the reception of data transmitted from the RTS
medtasmitting cormbnication: stationz If feTstatior has Sfaildetbreesivel t  and
+ndata fransmitted from the, RTS fransmitting32. ggmmunication station, it
may multiplex an ACK indicating that it failed to properly receive the data.
Thékt ithay dretdrn & CTS feiiesfing t6 Fétfansmit théldafa. Arransmitting
conbodiment of the present invention;is a wireless communication systemy ce
wherein the data transmitting communication station acquires . '
of ranSmREISH Fightdhthe? Mmetiitin &fd-BarfieSBifdata ‘domnitiidationca t+on
st Petween it apd-thedata receiving.commumication station. Afterdatacnt, it
transmission from the data transmitting communication station is stopped,
18 thB3iEserfcorfabsente of Sfibseient d‘a’fﬁﬁf}f?retddtﬁ%ar%‘?ﬁ}ﬁhﬁ%mauon

st LOMMUNIEAtIPAGuire transmission right for transmitting the

1t may

subsequent data.

The state in which, though the subsequent data 1s
present at <the data transmitting communication station,
data transmission 1s stopped corresponds to the following
cases, for example: cases where an RTS from the dats
Ltransmitting communication station reaches The data
receiving communication station and the data receliving
communication station returns a CTs, but the data
transmitting communication station does not start data
transmission: and cases where transmit data does not reach
the data receiving communication station.

The data receiving communicatiocn station c¢an detect
the presence/absence of tThe subsequent data at the data
Transmitting communication station based on the
communication history of transactions based on RTS/CTS. Or,

the data transmitting



station is detected. If the subsequent data is present, it is made easier for
the data transmitting communication station to acquire transmission right
for transmitting the subsequent dataz The state in which, though the
subsequent data is present at the data transmitting communication
station, data transmission is stopped corresponds to the following cases,
for example: cases where an RTS from the data transmitting
communication station reaches the data recejving comr%élggation station

COTN hedat] Pecevitd Commiihichtion stition fetdinda bt thE data -
1 n ArANSMit-ping commupication station does, not start data. Fansmissions¢ the

and cases where transmit data does not reach the data receiving
sulcammenicationsstation. rEg:data receipingkeommunication:station, cahe data
detect the presence/absence of the subsequent data at the data
reafarishiigingeoHm@dtatehstatorrbaged Daiid combsumedtiorr HistBREn T -
of transactions based on RTS/CTS. Or, the dgta transmi tigrgl 33
e subsequent

anq GRRmIMCHRYER5G CantiREIUIE R 2 5ackePs SRSt inform3tion
daelementindicating the presence/absenceaf the -suhsgguent data-and

transmit the packet. In this case, thé data receiving communication
statigr-ehecksribe: inforrratidn: elementf andecan therdby defect the-e rmined
presence/absence of the subsequent data at the data transmitting .
pe ghptmbihichtibhstareh. U dotdingad 1CSHIC ittiB ednfiffiedrshifor @ waits
redetermined period ha he,medium fs.clpary and then the operaton . g

on
is acquired. In the communication environment wherein medium
access control is carried out based on CSMA, the data receiving
communication station tries to acquire transmission right on
themedium, and transmits a signal onto themediumforeliminating
other communication stations’ transmission right. Thereby, it
can be made easier for the data transmitting communication
station to¢ acquire transmission right for transmitting the
subsequent data.

In medium access contrel with the RTS/CTS method used
together, the communication station as the origin of data
transmissiontransmits a request tosendpacket RTS. Inresponse
to the reception of a response packet CTS from the communication
station as the destination of data transmission, it starts data
transmission. In case this medium access control is carried
out, the data receiving communication station transmits a durmmy
RTSontothemedium foreliminatingothercommunicationstations’
transmission right. Thereby, 1t can be made easier for the data

transmitting communication station to transmit an RTS for



only for an arbitrary backoff time before transmission right is acquired. In
the communication environment wherein medium access control is
carried out based on CSMA, the data‘receiving communication station

¢ r 165 10 acquire fransmisgion right on the mediun)., and frapsmits a signal . 1.

~onto the med’iumjfor eliminati‘ng othe_r communiqation stations' ~
da tpandragsThright! TheteBy i can bedhade tedsierfor ivs-dafees & cummy
rrdransmitting communication,, statign 0 acquire fransmissien fight for, ., .. sor

transmitting the subsequent data. In medium access control with the
L r :RESYCTS Ffethéd used togEtHer, thé communication station as the origin

of dafa gﬁﬂg@ﬁ@&ﬁ,tr@pwﬂ%@ reduestie 5%_@1@89@&%?@% In,respanse: o -
to the reception of a response packet CTS from the communication

DT HEHOh as the 8éstinationof data tranSthissBA, t Skt d&ta trangfission.to”
vedRGaSE ths medium-ageesscontrokiscariad, out dhe datareceivingrol 1ing
communication station transmits a dummy RTS onto the medium for
COEliminatiig other CoRfritnication Statiols' frafsimission right. TREreby RSt
wh&ah:he maderasierforthe; data: transpitting communication station tors /s
transmit an RTS for 34 transmitting the subsequent data. For example,

met

wWiheh the #ath transfifing commbinicatiditstation Téeives d'Gampyy  “he
colflSyitean transgiitan KT Sawithashoden frame sgacader: transmitingssion
_the subsequent data. An embodiment of the present inventionisa X
T MpUter Probram Wiritten’in SEEompiiterFdadab ¥ forat for Petformirg “7¢
re©FpA Computer %yst_empmsipgcf@e@onwmngfmmnmmcati@ngmunication
st PEHonIn U1e COMMNICANOn SN MY ransmission, it starts
data transmission. The program comprises:

a communication guality measuring step in which, when
an RTS is received, the quality of receive signal is
measured;

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

a CTS transmitting step in which the data rate 1is
described in CTS5 as the outcome o©f the received RT3, and
the CTS is transmitted; and

a data transmitting step in which, when CTS
information 1s recelved, data transmission as the outcoms
of the ¢T3 information 1s carried out bhased on the data
rate described in the CTS.

An embodiment of the present invention 1is a computer
program written in a computer-readable format for carrying

out



wherein random access is carried out with the RTS/CTS method used
together. In the RTS/CTS method, the communication station as the
origin of data transmission transmits a request to send packet RTS; in
OT fespERER g theSiEteplion of atespshise PACREFC TS oM teeration for
t raG@MMUniGation, station ascthe degtination, of dafa trapsmissiopit startgn i + s .
data transmission. The program comprises: a communication quality .
S e RS Hring St ifwHids wRER T8 RT S TS redeiiéti e quidity of Féteive ©°
idesignakis measyed:a datayate determining-stepdn which & dataqatesist 1s
determined based on the measured quality of receive signal, a CTS
SPEaRSittint stef in Whid the-Gata rafetisteStrib&d in CTS as the
outeorae o thereceiveshRTS randethe/C S isdransmiitedrand pidata, the
transmitting step in which, when CTS information is received, data |
S EASTIsSION a5 e GutcoiBPofthe CTS mformation i ¢amied oirbated “7¢
orcenrthedata raterdeserbedinitheCTS. Anembedimentefthe gresentnation
invention ig a computer. program writ;;er% in a computer-readable Eorrgag for -
EeRESTRTNG Ut 35 of & BEomputer Systert contiot of Cormunicating A
theoperatiesfos ntransmitting-anchreceadnng apturality D datasunitst positions
frogqleql{(-:-nnce numbers are asinI%ned to transmit %ata units t@ identify the

ata Uhits. f Selective acf%ﬁowfeeﬁaéme%ﬁs ap%l?ec(fltﬁg oIIoWing rs?ecpesption

aclarevprevidedent information ACK and are transmitted; and

a step in which information indicating a causal data
flow 1s added, and transmit data and an acknowledgement are
transmitted.

An embodiment cof the present invention is a computer
program written in a cemputer-readable format Tor
performing on a computer system processing for controlling
communicating operation 1n the communication environment
wherein random access 1s carried out with the RTS/CTS
methed  used  together. in the RTS/CTS method, the
communication station as the origin of data transmission
transmits a request to send packet RTS; in response to the
raeception of a response packet CTS from the communication
station as the destination of data transmission, 1t starts
data transmissiocon. The program comprises:

an infeormation generating step in  which  wvaried
information, including reguest to send RT3, confirmative

acgvice (TS, data,



a step in which, in response to data reception, the sequence numbers of

completely received data units in th§6order of sequence number, and bit

map information represented by mapping the state of reception of data of
ancthesubsedaentsetuenss hunilbers dmtorelative bitipositions from the

Se“a‘ﬁﬁ&% LM b?fg’ﬁasrg qusg E)'Bﬁ% Hl E%C@;Pct:!?ln Satcaggow}\quﬁ%ma packet

information ACK and are transmitted; and a step in which information®
wheipdicating a causaldatacfiow is &dded, ahditrasmiedatarandtarrequest to

ser@cknowledgement are ;transmitted. An.embadiment-gfthe pregent, 514

Invention IS a computer program written in a computer readable format for
ac kyerforafiggoRa-compliter 3ysteri prdcessmgdor controlifgnsmitted and
ra£0MMmunicating operation in the communication environment wherein
random access is carried out with the RTS/CTS method used together. In
the’RT STCFSHétHsd, the ¢orfimbnicafion stafior as theé ordin 8f detgruter

orJEnsmissipn; trapgmits i request te sepd-packetRTispindespensada the ror
reception of a response packet CTS from the communication station as
pethedestidation ot daTFanshisSBR -E5tafs CFRatraHsmission: Ther 11119

£ hProgram,campHses; apdafosmation generatingrsiep iR whicha@figdnicat ion
information, including request to send RTS, confirmative advice CTS,

a4 56 Hnd acknowledgémentAER s Gérerated; and'a-packet transfer™"®
corGOmMyRication step iniwhich ajpacket Whergilsany: twe ar mergrpieces ofche

information of request to , ‘ , . ,
medium before it  carries out data communication. The
program comprises:

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

a medium access control step in which, 1n response to
the detection of the presence cof transmit data from other
communication stations, a signal for eliminating the other
communication staticns’ transmission right is transmitted
onto the medium so as to make easier £for the relevant
communication station to acguire transmission right for
transmitting data.

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

and operate



send RTS, confirmative advice CTS, data, and acknowledgement ACK
are multiplexed is transmitted and received. An embodiment of the
present invention is a computer program written in a computer-readable
35 Torivad 151 pEHBAG O Comier SyStem brotessin fof Eontalling 2"
wirtheeemnuntigating.eperation ndhedeliowing eomgunieaiion to  build a
_environment: in the communication environment, the .communication g
Wireefion abquites transhitssionight 6T tHe meditim Before it carfies'out "
wirdataseommmunications Then pregrameemprisesra step inwhichithe first to
: presence/absence of fransmit datr% fr.omgotq:e,r communi]gatior%){station is
OUfEtectst Hnd®a feditin 2E88S Eontrdl step in-which, inTesponse {0 the
detection of the presence«of transmit dafa from other seommunicatidrion, an
xcS1figns, a signal for eliminating the other, communication sgtions’ ,+ .o 1o
fransmission rlgﬁt is Transmitted onto the Fned?um, SO gs%o make easier
commonthearelevanti€communication statiereto acquire transmissiomkghtdor and

combdnsmiting data, The computer programs.according {9 the aRo¥e + qgether
gm%odlméntg are compu?er programs written in a computer- readab?e
andformatfoeperfermingspredetermined processing Bhv arsgmputer systens bycut

bas%g‘iné’%o% éﬂﬁtr&%rnw%rgsg\élg% di %t_allgd on a computer system, the
computer programs according to the fifth to eighth aspects of the present
invéntiomdeliver symergistic actidre on #ve ecthpetek system afid dpefatesent

invention, an excellent wireless communication system,
wireless communication device and wireless communication
method, and computer program wherein a plurality of types of
frames, such as RTS, (T3, DATA, and ACK, are multiplexed,
and thereby flexible transmitting and receiving procedures
can be provided and overheads can be reduced can Dbe
provided.

According to embodiments of the present “invention, a
transmission rate can be selected based on the guality of
receive signals. Therefore, the imperfection of transmission
rate can be eliminated. In addition, when & transmission
rate is determined, 1nformatiocn, such as the error rate
monitored by the transmitting end, 1s alsc taken into
account. Therefore, Lhe correspondence between reception
quality and error rate arising from fluctuation In channel
state or fliuctuation in the amount of interference can be
corrected in two steps.

Further, according to embodiments of the present

invention, data units



37 as wireless communication devices. When a plurality of such wireless
communication devices are started §% build a wireless network, the same
action and effect as with the wireleSs communication systems according
cantoithe #rst ¢@ fourth aspects of thepresentingention cal béldhtainedcedure
1. Agoording fo embodiments,of the present nvention, an excellent ireless .,
communication system, wireless communication device and wireless
ACKcommunidation methedearickccompirer prograss whereinthe RTSICTSt  of
ove@ﬁéhaogdsis Used fogether @}def%@éf ?8%%;5 Ccoé}ﬁr gan b favorably
carfied out based on CSMA can bé provided. Further, according to
embBodintents of thecpresents inventiosrarexceiehswirgless the present
L nvEQPbnication, system, wirsless gompuinigation device and wireless o . o ¢
communication method, and computer program wherein a plurality of
whetypes of frames, SuchAs RTSeCTINPATA, andRCKIare fltiplexets: -
and-thereby flexible transmitting.and regelving.procedures canbe ;resent
~ provided and overheads can be reduced can be provided. According to
invEmbédimentsiot therppesent iAventois Al armsmiBsiof tafecan be the MAC
1aS8lected based on the quality.of receive signals, Thereforg, the o:eces of
_“imperfection of transmission rate can be eliminated. In addition, when a
infipgAghisSion rdte 75t detefmided: infofmation, Stichas the‘errdirate Naving

d1 fpenitoredhy.thedransmitting.end, is:also taken into account. Therefore,
the correspondence between reception guality and error rate arising from
fluctiidtion idShanhslr features, and advantages of the present

invention will be apparent from the embodiments of the
present 1invention described later and the more detalled
descripticon taken in connection with the accompanying

drawings.

Brief Description of Drawings

FIG. 1 1s a drawing illustrating an example of the
digposition of communication devices constituting a
wireless communication system in  an embodiment of the
present ilnvention.

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

FIG. 3 is a drawing iilustrating an example of a frame
format used in & wireliess communication system according to

the present invenition.



state or fluctuation in the amount of interference can be corrected in two
steps. Further, according to embodiments of the present invention, data
units 38 can be effectively multiplexed while the RTS/CTS procedure is
used together. Further, the RTS/CTS procedure and delay ACK can be
implemented. As a result, the amount of overheads produced in the MAC
laver can be reduced. Further, according to embodiments of the present
invention, communication can be maintained regardless of whether

selective acknolledyemERY S ifplemetied BF A8E Farthef 2dingo e
cor@g@%@gg}§ %ffthgﬁ%s_ent invention, the amount of overheads

produced in the MAC layer can be significantly reduced by including

piecesrof. infounation sueh as RIS &kS.AyAdévepd ACKahaving ot PSDUs

different purposes in one packet. Other aspects, features, and advantages
wh pfthecpreseat deventiof will be apparent from the embodiments of the

present invention described later and the mare detailed description taken

in cohnéctiGnWith 1hé YCeShipany g tRaWints PBRG TS ERftioR bf Tm+n+ng
2 tPANNGS FIG, 15 a qrﬁ‘é{i%lE%‘f@@”@oﬁ{&i@ﬁ@@@ﬂﬁ@yg@&%@% hing

communication devices constituting a wireless communication system in
t o anembedimeant of thesprasant invention. FIG. 2 is a drawing

schematically illustrating the

FIG. 7Tisadrawing illustrating anexample of the operation
sequence of the RTS/CTS procedure according to the present
invention.

FIG., 8 1s a drawing illustrating an example of the
application%ﬁftransmittingaﬂuireceixdjm;procedures according
to the present invention.

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

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

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

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

FIG. 13 is a drawing illustrating an example of data

transmitting and receiving procedures taken when delay ACK and



functional constitution of a wireless communication device which operates
as a communication station in a wireless network in an embodiment of
the present invention. F.T.G. 3is a %awing illustrating an example of a
frame format used in a wireless communication system according to the
present invention. 39 FIG. 4 is a drawing illustrating an example of the
constitution of PSDU. FIG. 5 is a drawing illustrating several examples of
PSDUs which can be defined. FIG. 6 is a drawing explaining the process
thdoRdetéffiming erednsmission ratwihigdireless communication system
according to the present invention. FIG. 7 is a drawing illustrating an

exaniplé of the DPSHAAGH ERAuSHE SrE RIEICTS Prdetark ey °
in Qe RERERt IV S 0403 a4Iang JLEHOUR0 AN SR //BE 1

application of fransmitting and receiving procedures according”to the

acd¥esridavention. ki @ grawingillustrativganother exampieeofthesent
application of transmitting and receiving procedures according to the
inyresemrinvention. FIG. 10 is a drawing illustrating a further example of
the aégrﬁlication of transmitting and receiving procedures accaording to the

preséritinvehtion: FIG. 1958 %'didwihg itistrafing e ddkRowEagEMdt ™"
ac@gg%%q%e related-to.data-pfher than data flow 0 assumed in the

FIG. 16 isadrawingillustratingthe constitutionof frame
fields in PSDU. | -

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

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

FIG. 19 is a drawing explaining the procedure for
determining the transmission ratemode of the entire transaction
when 3TA0Q0 as the origin of transmission transmits an RTS.

FIG. 20 is a drawing illustrating an example of the
operation sequence in which packet transmission and reception
transaction based on the RTS/CTS procedure according to
IEEEB802.11 is implemented with traffic through TCP/IP.

FIG. 21 1is a drawing explaining an example of the
application of transmitting and receiving procedures according
to the present invention.

FIG. 22 1s a drawing explaining another example of the
application of transmitting and receiving procedures according

to the present invention.



present invention. FIG. 12 is a drawing illustrating a concrete example of
the interaction of individual fields which occurs when selective
acknowledgement is carried out with RTS/CTS used together. FIG. 13 is a
drawing illustrating an example of data transmitting and receiving
procedures taken when delay ACK and 40 the RTS/CTS procedure are
applied. FIG. 14 is a drawing illustrating an example of the sequence in
which traffic is transmitted and received through TCP/IP in accordance
with théMAE procedurel neecmlingetoithe present dnvetioheFIGBB e of
drawing illustrating the frame format according to IEEE802.11a. FIG. 16
ErneRdwing 9185afiRG tHe EBASHENGH Of Framé Fiéds i esut B 195t
; 1.8 drawing schematically illustrating an example of the operation of the
RTS/CTS procedure. FIG. 18 is a drawing explaining the action which can
occurratsurmuinding stationswihen the RISI6THpragedureds cakieen for
out between the transmitter station and the receiver station. FIG. 19 is a
codtawihg explaimniherprotcdurd ok Ndetermifinghé tamsmibsiontrpte that
mode of the entire transaction when STAQ as the ori IQ ao transmission

any RASmite BnteT 8UIG PR drdwifg Midstrating 8R ffe BFthe®t DO
operaﬁugg Sefue ed'onVtYH'é"P %EH@”@Q@AQQ@R reeePiN-1an sm for

transaction based on the RTS/CTS procedure according to IEEE802.11 is
colmplementedinithtiatiedatobghvhePAR: “ information indicating that
an RTS may be multiplexed into a CTS” should be set or not.
FIG. 26 is a further drawing explaining the mechanism for

controlling the judgment of whether“informationindicatingthat

an RTS8 may be multiplexed into a CTS” should be set or not.

Beat Mode for Carrying Out the Invention

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

A. System Configuration

The prepagation path for communication the present
invention assumes is wireless, and a network is built among a
plurality of communicaticn 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 followingdescription
assumes single-channel station; however, the present invention
can be expanded to cases where a transmission medium comprising
a plurality of frequency channels, that is, multipie channels

is used.



FIG. 21 is a drawing explaining an example of the application of

transmitting and receiving procedures according to the present invention.

FIG. 22 is a drawing explaining anoqﬁgar example of the application of

transmitting and receiving procedures according to the present invention.

41 FIG. 23 is a drawing explaining a further example of transmitting and

receiving procedures according to the present invention. FIG. 24 is a

drawing explaining the mechanism for controlling the judgment of whether

"infodmationiindicatingthaw ankRIES: mayiveniutiplexed- imteatCIistent ion,

should be set or not. FIG. 25 is another drawing explaining the '
eaGhe HAMIRHR F61° EdRTOMAG tHE JudgRiert b GRkther "iﬁ?d"rg%{%ﬁ} transmit

. Indicatingthat _an RTS may bhe multiplexed into.a CTS" should be set

Lo R T 2616 % TORAEE ouing YOG The oePaE A 20 on St

(c£eptrghingthejudement; pfiwhethers iformatipn.indicating thatnan RISt 1on
may be multiplexed into a CTS" should be set or not. Best Mode for

st Qaroyusg Out the: ingntion Kefermingdo the dawings;riter eimbogimentssofess
the present invention will be described in detail below. A. System

neteghfiuration The propagation path for communication the present

inveryion assumes, s wreless, 200, petork o byt AMano & PRI AF s o
communication stations. € communication the present invention

sy PESHMeR is=storeand forwvard raffierinwwhieh iformationds transfered and
on a packet-by-packet basis. With

controlled station. In such a wireless communication systemnm,

for example, eachcomnunicationstationsendsbeaconinformation.
The station thereby informs other communication station leocated
nearby {(i.e. within the range of communication) of the presence

of itself, and informs them of the constitution of the network.

Acommunication statioﬁ whichnewlyemerges in some communication
station’ s range of communication receives a beacon signal, and
thereby detects that it has entered the range of communication.

Further, the station decodes the infeormation described in the
beacon, and can thereby recognize the network and participate
in the network.

Inthewirelessnetworkaccordingtothepresent invention,
communication stations exchange beacon signals, and modestly
and temporally synchrenize with each other. Thusg, transmission
control is carried out wherein channel resources are effectively
utilized by transmission (MAC} frames having the time division
multiple access structure. Therefore, each communication

station can implement an access method based on temporal

synchronization, such as reserving a bandwidth and setting a



respect to each communication station, the following description assumes
single-channel station; however, the present invention can be expanded
to cases where a transmission mediggn comprising a plurality of
frequency channels, that is, multiple channels is used. 42 In a wireless
network according to the present invention, each communication station
can directly (randomly) transmit information in accordance with an access

éc:)[ocedure based on CSMA (Carrier Sense Multiple Access) Thus, the
PrebRiiNicator StatithsTan 5ild an autonomous and decentralized

wirelgss, network, Jheadtonomeus and decentralized wireless.  gescrived

communication system does not have the relation of control station and
be Tontrolled:station 10 guchra wirgless: communicationrsystema farexamplei on
each communication station sends beacon information. The station
thaerebytinformsiothel BoRNMUNTCEION 'Statid: | Geateéd Cré&rdy tievaithin, the

the range of communication) of the presence of itself, and informs them
O G B OIS TOT OPTG RERGHA A it SR DATETAATY 11

£hEMEIPRS N SOME SoMImURIcation Siglionis rangepf,gommunication

receives a beacon signal, and thereby detects that it has entered the
range'pt:communitatian: akaghernthe stationedecodesthednfepmatienon of
described in the beacon, and can thereby recognize the network and
COARTEISEE Liftthe HEWbAEIn thelwifdless Prefgdrkateerdinglte thewireless
resent inventign, communication stations exchange beacon signals, and
oy 2

LG avd @ rmiporAlly ByNerBRRZE With'eakh Sthier RS tranErisiioP™ -

This wireless communication system does not have the relation
of control station and controiled station. In +this
communication system, each communication device autonomously
and decentralizedly operates, and an ad-~hoc network is formed.
The figure shows how the communication device #0 to the
communication device #6 are distributed in the same space.
In the figure, each communication device’s range of
communication is indicated by broken 1ine. 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 néarby; 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 1s located in a range in which it can communicate with the



control is carried out wherein channel resources are effectively utilized by
transmission (MAC) frames having the time division multiple access
structure. Therefore, each communi gtion station can implement an
access method based on temporal synchronization, such as reserving a
bandwidth and setting a 43 preferential period of use. The processing at
each communication station, described below, is basically carried out at
every communication station that participates in the network. In some
comcases,dxowever, ke ipresessing describeddelbd iS notneckssardyby; the
performed by all the communication stations constituting the network.
compan i Gifistaie s8N Exaniple ‘ot the dispasitioh 6f E8RWRuriBatier BBvitescan

cohieh constitite e wireless, commupication, system,n an embodiment. .
of e presen‘{qlnvenﬁon. TR Wirefess edmmumication System does hot =Y’

r hdavertha relatien of crngralstation; and sentrelled; statiops Hhis n which it
communication system, each communication device autonomously and

calecentralizety: eperates tard amrad:hdc activark dsfornresl. #The figurend #5
shows how the communication device #0 to the communication device #6

Logid aipmpatdin e SHRBEpASE in thedfjuis L dchicorirdiiestisn a range

. dek\l/icek'ls range of communjcaticon isin ic%tﬁd bé/ broken Iin%..Each .
1n which At Tcan, communicate Wit éﬁ] %mmunlca ion. gevice #4
commiunication device can communicate with 6ther communication

Lodsvicgsacated ,within its,rangeandithe #ange QEcamaynication is-ared in
defined as a range in which a signal transmitted by each station interferes

a rwityethentomminicationr devices.cMorewpetifidesoription. wilt begienice
The communication device #0 is located in a range
#2 located nearby.

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

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

FIG. 2 schematically illustrates the  functional
constitution of a wireless communication device which operates
as a communicatiocon stationinawireless network in an embodiment
of the present invention. The wireless communication device

in the figure can carry out access control based on CSMA using

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



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 cgagpmunication devices #0, #2, and #4
located nearby; the communication device #2 is located in a range in

which it can communicate with the 44 communication devices #1, #3, and

#6 located nearby; the communication device #3 is located in a range in
which it can communicate with the communication device #2 located

auhehafiouhe commumitation devite iy tocatdd immeerange dnumgrichin sarich

communicate with the.communication devices #0, #1, and #5 located

& ﬂ%ﬁ?’b‘if?Jrhe%%ﬁﬁiﬁida’iio‘ﬁ%eﬁc%%%??%pated in arange in which it can
comrpunicale M@é@%&%ﬁ%@ﬁ%’&93‘!‘%@4&9%%&3&@%%@& & ion

communication device #6 is located’in a range in which it can

de COREUNICataWith $be communication devices #2 iocptedrrearby. Whethe ra1
communication is carried out between certain communication devices, a

confidden terrhinall @XistsaHidder cternginakis defined ama tomfnicationadio
device which can be heard hy either of the communication devices

Er B RERHHG Wittt 8er? SthirBGt CRRdt by the- StHEr THe SEobe i thel? -
a Prgsentipyvention is potlimited t%t@%a%bo%ea%%-*ﬂggf ropment i can, 5 .,

be widely applied to other modes of communication wherein eac
incommauication station can idirectly and asynchronously transmit

information in accordance with the access procedure based on

CSMANthithe RTS/CT S Ploceduhe ngsetl togetied. FIS rselishmatidallyween

. illustrates the functional
it and external equipment {(e.g. personal computer (not shown))

connected to this wireless communication device 100.

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

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

The beacon generating unit 104 generates beacon signals

periodically exchanged between the wireless communication



constitution of a wireless communication device which operates as a
communication station in a wireless network in an embodiment of the
present invention. The wireless communication device in the figure can
carry out access control based on céfa using the RTS/CTS procedure
together and form a network in the 45 autonomous and decentralized
communication environment in which a control station is not provided. As
illustrated in the figure, the wireless communication device 100 comprises

deari interface 408, adatehufferd@ ca sentsaimeonteal ikl 03eabeagon
generating unit 104, a radio transmitter unit 106, a timing control unit 107,‘
an anféifhaady aradiyreebrerunit 1196 & bedcoieanalyminguinitt 2y hii ch

an information storin it 113. The :interface 101 exchanges varied
o A0 FONERT R AR TH A BRI (4 B RGO e o

a @DASBQW@:@99“@9@950&6%@@5&58@%”i%%fiﬁ‘i‘s?nei‘g‘}%o%gga[%e into

data buffer 102 is used to temporarily store data transmitte _
anconngestegrequiprent through: thesinterface 1@1-ondatarreeeived thraughsmi ¢
.a wireless transmission channel before the data is sent out through the
S ligfeHat Y01 F THE R BA aF €6MFS Tt 103 niEgesseridsier (PA) which
mm&ogpgggon ransmlssmr(]b%nd rece%tlon progessing in the wireless

A ommunication Hevice 100 ARd CORtois actes58S B'he iﬂa‘ﬁ%ﬁﬁﬁoﬁnd the
1i6hannehip acentralized manper 18 thegenyal ﬁ?@tﬂg{gv%ehl.t& f%g;acrr dio

example, access control is carried out based on CSM e RT
t rpnosedtteuseditbyethes Iw this lembogiment teansmitting @ad fesgivipgri 1y
procedures wherein a
storedinthedatabuffer102andbeaconsignalsat apredetermined
transmission rate.

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

As radio transmission and reception methods for the radio

transmitterunitlOGandtheradioreceiverunit110,forexample,

various transmission methods which are applicable to wireless



plurality of types of frames, such as RTS, CTS, DATA, and ACK, are

multiplexed are implemented. These procedures will be described in

detail below. The beacon generating,ynit 104 generates beacon signals

periodically exchanged between the wireless communication 46 device

100 and nearby wireless communication devices. The radio transmitter

unit 106 includes: a modulator which modulates transmit signals by

apredetermined modulation method; a D-A converter which converts
LAQRyitl tramishiiesignalsointa saraldy sigratd antupt cefiverter whishwpication

cqonverts analog transmit signals by frequency conversion;

AT BB (AT Wit SAHTES the pouter Qb ot ivbreid e e sigieiod
OFéﬁd{@&H‘&%cﬁﬁ'&’[‘eﬁ“% 8@%3%’63@%*1%‘%”%&%@%@% Thﬁéﬁ%@d, CDMA

i . ; X Vrig)
transmitter unit 106 wirelessly transmits data temporarily s?ored in the

(cdata bufifes 102 and beasos signadssat a pradetermined transmissiencan be
rate. The radio receiver unit 110 comprises: a low noise amplifier (LNA)

adqiictvoltage amplifies signals received from other stations through the
antenna 109; a down converter which down converts voltage amplified

receive SigHEE B Fredlency” oRvETSIon:-aH Siltb riatc ¢4 ]c%rﬂr%ﬂ%f:ted to
ot HRGC), AnAD conveier, which.gonverts gnalag reggivesignals oo, v neqy

digital signals; a synchronization circuit for obtaining synchronism, a
£ r sharnet yestitaatien circuit; antgha demoshuaion which-catdes ot gnals sent
demodulation by a predetermined demodulation method; and the like.
fr{onhsfiesesierns is ShoWwn i aid iguie Yy The sadid fddehermip digent ,
thée%eii\r/% esaigsn%gﬁjzfgi%saiggoéw%téo\piggdlOG is provided with a single
antenna and 1s incapable of carrying out transmission and
reception in parallel.

The timing control unit 107 controls timing with which
radio signals are transmitted and received. For example, it
controlsthefoilowingtiming: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 communicationdevice 100 transmits beacons; timing
with which beacons are received from other stations; and the
like.

Thebeaconanalyzingunit 112 analyzesbeacon signalswhich
could be received from neighbor stations, and analyzes 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 reception timing, is

stored as nearby device information in the information storing

unit 113.



beacons, transmitted from other wireless communication devices during

predetermined periods. As radio transmission and reception methods for

the radio transmitter unit 106 and the yadio receiver unit 110, for example,

various transmission methods which are applicable to wireless 47 LANs

and suitable for relatively short distance communication can be applied.

Specifically, the UWB (Ultra Wide Band) method, OFDM (Orthogonal

Frequency Division Multiplexing) method, CDMA (Code Division Multiple

Accedyd)améthibdyant the: liké canhe adoptet] Fhetantesna169following:

wirelessly transmits signals directed to_other wireless communication
exgevitedBn dpredetinfined HetidRty eRannel PFOP IhEBRteriRELogn  the

thers signals. sent from ather, wireless.commuynication deyices. Ir.thi
SO R ATReRY O EIchE 2o irication Havich 150 1 proviaed oY £oF
a sibgle antenna-and is incapable ofisarying-euttransmissiona@nd performed

reception in parallel. The timing control unit 107 controls timing with which
inradicesigealsaaé transmitteld amd fecéiVed. Berexampleyvit coninofstheation
following timing: transmission timing and reception timing for various
Obﬂéé‘éﬂb%?o? Rors thesr OATA AEKEBAYARE fike Fak@ packss ihsfbers: and
ththefg are multiplexed; timing with which the wireless communication

evice 100 transmits beacons; timing with which beacons are received

from other stations; and the like. The beacon analyzing unit 112 analyzes

beacon signals which could be received from neighbor stations, and
B.amalyzes thermat (Packet Format)

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

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

FIG. 4 illustrates an example of the constitution of PSDU
in this embodiment. These frame exanmples correspond o
conventional RTS frame, CTS frame, ACK frame, and data frame,
respectively. (Refer to FIG. 16.)

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



presence of nearby wireless communication devices and the like. For

example, such information as reception timing for beacons of neighbor

stations and nearby beacon receptiofitiming, is stored as nearby device

information in the information storing unit 113. 48 The information storing

unit 113 stores the following: execution procedure instructions (programs

wherein the collision avoidance procedure and the like are described) for

a series of access control operation and the like, performed in the central
trEpAROFIHICT0S AGEr P dEVice mfdiatioA Tobiaet from fiefesal ofn each
f analyses of received bea(:onsl;1 gng thS?like. B. Fra Aléormat Packet .

r%?m%ﬁ) FE S illustrates Safﬁoexamp e ot the BBRSHIutIGN of frame™ fértar ~°7

Ta$edJN A Wireless commupication systerm aceording taie JEeset portion

invention. However, in this figure, the preamble, PLOP header, and the
inlikeillustrated in FIG. 15 are omitted, and only the portion represented as

PSDU (PHY Service Data Unit) is selected and shown. As illustrated in

the figure, the PSDU comprises MAC header portion and MSDU (MAC

Service Data Unit: one data unit passed from the upper level layer)

portion. In this embodiment, a plurality of MSDUs can be placed in one

PSDU. The MAC header portion comprises common MAC header

portion, sub MAC header portion, and HCS (Header Check Sequence)

portion. As sub MAC header, a plurality of sub MAC headers can be

placed. FIG. 4 illustrates an example of the constitution of PSDU



in this embodiment. These frame examples correspond to conventional
RTS frame, CTS frame, ACK frame, and data frame, respectively. (Refer
to FIG. 16.) The header length (HLen), destination address (RA), 49
transmission origin address (TA), and Duration defined in each frame in
common correspond to the common MAC header portion. Table 2
indicates the fields in the common MAC header portion in detail. 50
Table 2 Field Name Len 9th [Bit] Description MAC header length. Up to
255 bytes. H LENGTH 1 Refer t@ &g walkie to determine to what extent

ry) LD

o
Fiel T\ UTTI tkrl IUI I_I\./O DIIUUIU UC CdldICU W ' UCDI.IIIQ[IUII

ma‘f L.tk a oot gsgrlé:hqu«nnl vith-the

relevant packet's ID of Wfsabieadar I‘@?Q@écobfﬁh@ 3§5ﬁﬂﬁ§dlately stopped.
H LEN@Trhe transiission Befgincdtianaiseds tederaliaodnwpaiaéantisl§RC

indicating for what periéafuigiieni Pl h¥ersreddbecamedousected to last

after the [completion of fendeniosiom ofdress Diifetiols\@nipeckatt PG st
RAThis is used fothe regeisshatatitriite itieiontpashstsiBioidionisst B dagoding

transmit bnd for surroyirdingastibatyssapoas to set a NA' The sub MAC
TAheader portion & definetharirdif§eriesibfiampataddese ndingrelnving paskpbse of

each frame. For exampisidnicdicatiiketfocatiaspeiding tmR TS| fxanjec&pon is
- SMH (Syb MAC Headeskisquactdiass sty e Gdngstier: b7 armmalission of the
Duegiiesponding o CTSifrevent®HS burst. _
This is used for the receiver station to indicate a period for which
it can transmit and for surrounding other stations to set a NAV.

The sub MAC header portion is defined indifferent formats
depending on the purpose of each frame. For example, in a packet
corresponding to RTS frame, RTS SMH (Sub MAC Header) is placed
as sub MAC header; in a packet corresponding to CT3 frame, CTS
SMH is placed as sub MAC header; in a packet corresponding to
BACK frame, ACK SMH is placed as sub MAC header; and in a packet
corresponding tc data frame, DATA SMH isplacedas sub MAC header.

With respect to the RTS, CTS, and ACK frames, PSDU is
constituted only of the MAC header portion, and the MS5DU does
not 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 the present invention .. In the uppermost tier in
FIG. 5, a packet in which two M5DUs are multiplexed is shown.
In the second tier, a packet in which one MSDU and RTS information
are multiplexed is shown. In the third tier, a packet in which
CTS information and ACK information are multiplexed is shown.

Inthe lowermost tier, apacket inwhichoneMSDU, RTS information,



SMH is placed as sub MAC header; in a packet corresponding to ACK

frame, ACK SMH is placed as sub MAC header; and in a packet

corresponding to data frame, DATA SMH is placed as sub MAC header.

With respect to the RTS, CTS, and i K frames, PSDU is constituted only

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

frame, data specified by the DATA SMH is added as frame body. FIG. 5

illustrates several examples of PSDUs which can be defined in the
CTPreseptrinyention. lartheruppemiostitiet iro-|&e & raupadket éxwhichstwaown .

MSDUs are multiplexed is shown. In the second tier, a packet in which

one WS dRERTS ikforinatidn aé?@?ﬁﬁl*ﬁﬁ@xeéfﬂs BRGWAMA the thifgled as

ti hich CTS inf dA ti
WL PG S T8 the BB U PACKEN W R DG

if %ESA@Rr@@t'%afﬂsl{a@gﬁor@%tl%@r@hﬁ%n@a@éaoe@r%MH, and if
multiplexed is shown. If an RTS is to be transmitted, an RTS SMH is

dataddedias SMH: i BT Bda dambetteansmitted, sMB3 S BMbtisadided asiumber
S'MH; if an ACK is transmitted, an ACK SMH is added as SMH; and if
eq\yhya bRk dre fohlsertramapitietl SO ATASMHS lardsdeEdbyHE ftikBer Thus,

uival tto the number of da unlt be Th e
pl?r‘%%?ma%gn SO hofé éﬁlg hd(i%;( rT#favmg ai ergeE)r(lTil\c Shavmg
di PHEIQSES ?\E&?ﬁa%@ R%%e%'é‘t%ﬁfi% PB%%eHe&%e details ot they |

components of each SMH will be described referring to Table 3 to Table
- 6. Thedeadingtield «af-caich SKH is:Typefieldeimtwhich am dentifigr wiil be
indicating what information is contained in the relevant SMH is described.

de TR llbRGthr6FSNFidifek dEpEnding drotiedlype df SMASBiAGeding field
of each SMH is Type field, in which an identifier indicating
what information is contained in the relevant SMH is described.
The length of SMH differs depending on the type of SMH. Since
the SMH has anintrinsiclengthwithrespect toeachType, however,
the receiving end can learn the length of the relevant SMH by

referring to the Type field.

Fields in DATA SMH:

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

Attribute, Sequence, and Length fields.



the SMH has an intrinsic length with respect to each Type, however, the
receiving end can learn the length of the relevant SMH by referring to the
Type field. Fields in DATA SMH: Tahle 3 illustrates the details of the fields
in DATA SMH used when general-purpose data, other than RTS, CTS,
and ACK, is transmitted. As illustrated below, the DATA SMH comprises
Attribute, Sequence, and Length fields. 52 Table 3 Field Name
Length[Bit] Description Type 1 Identifier indicating that this is an SMH for
general-purpose data transmission. Identifier indicating the attribute of the
data specified by the SMH. [2] I%at Io Attribute 1 [2] ACK Type [1]

More Bit [3] Fragment Sequence e sequence number of the data
FietbNaified HyetiyghgBitH.| Rotation of 0 to 255 is Depedtich Length 2

Indicateg the fengtin éﬁt LIS ' yl né?a}
Typasttribute ffield, the ident 9}{ i %{?r% e attrlbute 01 ta spgbgtl?og Fiata

theretfevant DATAS ]

dé%t:‘r'ﬁr sh& é'é‘ftr“t’;“fe gt e(‘ﬁj"q 'é‘é’;@fl%f%%‘é SMH.

flow of the relevant data It'IS assume

At St\éing a pluralfi%ty of a trlbutes 8 -link basis can be defined. Data
ows haying different dttrlbutes ﬁlu% o define

{3] Fragment

The sequence number of the data specified by the SMH.

Sequence 1 Rotation of 0 to 255 is repeated.

Length 2 - |lIndicates the length in byte of the data specified by the SMH.

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

In the Data Flow portion, the data flow of the relevant
data is placed. Here, it is assumed that data flows having a
plurality of attributes on a link-by-1link basis can be defined.
Data flows having different attributes are used to define
different ARQ {(Automatic Repeat reQuest) methods on a data
flow-by-data flowbasis, tohandle trafficdifferent inpriority
from data ficw to data flow, and to attain the like intended
purposes.

In the ACK Type portion, information which indicates what
ACK the receiver that received the data should be requested to
return is placed. Specifically, three types of infermation,
immediate ACK {(Im-ACK) request, delay ACK {Del-ACK) request,
and ACK not required, arenotified. If the immediate ACK request
is specified, the receiving end returns a packet containing ACK

information immediately after it receives data. If the delay



different ARQ (Automatic Repeat reQuest) methods on a data

flow-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 wWhat ACK the receiver that received

the data should be requested to return is placed. Specifically, three types

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

request, andACK not required, are notified. If the immediate ACK request
ACH spegified, the regeiving iend, returmsza packet containingtACKing ACK are

information immediately after it receives data. If the delay 53 ACK request
mageshEdifiede préparations forratlirfing Atkeareaingere bt it carried out

transmission of AC informa]t(ion IS not %arried ou#: unéil aghet of some £
unEijﬁd iS tl%arﬁ%m‘?ﬁ’eé) 0 t%((jemcg_}riglrﬂL of tfansmission o agta. %\%henea Séfclk%Jt%f ©

£ r $AMEiKIRd gtheythan+RTS igdransmitted-tothe origin,pf tRsmissign of v han
data, an ACK SMH is added to the packet and it is transmitted.) If ACK

RT ROt requitedis: hotified, tan AGK ismetireturfed rlarthe MaeredBit pbriban, a, an
information indicating whether, after the relevant packet is transmitted,

ACHovértidta bt Frdriantie dadBéen i cimulatdd 61nearis phited. The ACK

oGBSt totes the addrgss o the packet ansmitting station gt which the
ore%lt porton %as%een most recently set, ang, In some cases, pO”S

that sfafien<The polling nrecedws isinotselatad; directly 1o the subiact ther,

matter of the present invention, and thus further description will not be
afyiwentifithereleyaatdatpas ragmentedy theskriaigment pariion data to be
transmitted has been accumulated or not 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, polls that station. The pollingprocedure is not related
directly to the subject matter of the present inventicn, and
thus further descriptiocn will not be given.

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

In the Sequence field, the sequence number assigned to
the relevant data is placed. It isassumed that sequence numbers
0, 1, 2, 3, .. are assigned to data units in ascending order as
is performed in ordinary data communicaticn. The seguence

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 S5SMH:

Table 4 illustrates the components of ACK SMH fields used



is used to indicate borders in the data. In the Sequence field, the
sequence number assigned to the relevant data is placed. It is assumed
that sequence numbers 0, 1, 2, 3, ... are assigned to data units in
ascending order as is performed in %ﬁdinary 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 54 when ACK
whiénfonnation is ransmittedi As describedteelaw, the RCK SMEComBpUEseS the
ACK Attribute, ACK Sequence/Type, and Received MAP fields. Table 4
ACKiehHName Leaah [Bi BeseriptiobeTypel Jeentifiet indicating dhat Brisiived
M an%CK MH. Identifier indicating the attribute of ACK. ACK Attribute 1
A752] §t:1,1 ow [6] Reserved ACK 1 Transcribes DATA Type of the object of
ACK if DATA Flow is 0. Sequence/{[Lype pescribes sequence number in
the other cases. Received MAP 2 Used when Data Flow is not O

Firttiamec K| itienath@Bitlidr Selective ACK_ In theeaeriptimmribute field, the

Typtdlentifier indicating the  attieHligepindicatins HaseifIsan Abe Biatp Flow

portion indigates In which dafaieidbeistpifeasibaomgckor ACK
AcCifgrmadion |is transmitted. Here it j5) agguimad that, if data flow O is

[6] Reserved
ACK 1 Transcribes DATA Type of the object of ACK if DATA Flow is 0.
Sequencef/Type Describes sequence number in the other cases,
Recei ’ Used when Data Flow is not 0. '
eceived MAP 2

ACK/NACK information for Selective ACK.

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

The ACK Sequence/Type field is a field for indicating up
to which sequence number of the relevant data flow has been
sequentially received 1f the data flow is not 0. For example,
the value of 6 is placed, that indicates data of up to sequence
number ¢ has been all successfully received. If 0 is selected
for data flow, immediate ACK 1s used, and the data type of that
data 1is transcribed to indicate which data the ACK is for.

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

indicated by the ACK Sequence, the subseguent sequence numbers




selected, immediate ACK (Im-ACK) is used, and if any other data flow is

selected, selective ACK (Sel-ACK) is used. The ACK Sequence/Type field

is a field for indicating up to which sgguence number of the relevant data

flow has been sequentially received'if the data flow is not 0. For example,

the value of 6 is placed, that indicates data of up to sequence number 6

has been all successfully received. If O is selected for data flow,

immediate ACK is used, and the data type of that data is transcribed to
armditatewhich datacthe ACKiis fgroTherReceied MAR:fieldds A fielddor bits

indicating whether any data that has been received after the data
COffcREd By tiet ACR Sed6ALEELiSIE BRAGE Relafivd: thaRdsajuasse ived

» rumber ndicaled by e ACK Sequende, the sybsequenl sequence -,
numbers are brought into corr ponaence by it m%nﬁ, Shd B¢ © ©

s GOEESRONGIAG 49 data (seguenas numbeny which,jas been rgceived a8 o |

marked. The MSB corresponds to the number next to the sequence

i tniimbes indieatettoytthe ACKrSeguenee. WA RNfexanples itisrassumectkd of
_that: the Received MAP field is constituted of eight bits; the sequence

€1 ffifnbet fitthe"REKSSEYGEHtR fieldps 23t mnlRe Mdecinstimmmist ield is

001.00QQ0. This mean following: of yp to #23 has been a o
23 RS Rt an e SR s e ol owing:

dakeseiying theqightnieqess ofdata of #24,anddhe fallowing aumbers by bity,
map) ; the reception of data of #24 and #25 failed; data of #26 has been

rerevepatt sahtl¢hesubsequent thatd hias ot beer: tecaived hEhe methadi et-c s
transmission and reception wherein data units received at intervals are

oL pEidachd téceiihghenbod Yevignategmber s by bit map) ; the reception
of data of #24 and #25 failed; data of #26 has been received;

and the subseguent data has not been received.

Themethodof transmissionand receptionwhereindataunits
receivedeﬂ:intervalsare%uahiatthe.receivinge&uiisdesignaﬁed
as selective acknowledgement {Selective ACK). If the receiver
supports selective acknowledgement, a Received MAP is generated
in accordance with the above-mentioned rule. If the receiver
does not support selective acknowledgement, data which could
not sequentially received is discarded, and zero is placed in

all the bits of the Received MAP field.

Fields in RTS8 SMH:

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

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



as selective acknowledgement (Selective ACK) . If the receiver supports
selective acknowledgement, a Received MAP is generated in accordance
with the above-mentioned rule. If thd% receiver does not support selective
acknowledgement, data which coul hot 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 when RTS information is transmitted. As described below, the RTS
SMH comprises RTS Attribute, RTS Sequence, RTS Received MAP, Max
Duration, and Length (or Number Of Data Unit) fields. 56 Table 5 Field
Name Length [Bit] Description Tyge>1 &dentifier indicating that this is a

#Hﬁ%‘ﬁg) I'Eé fﬁ m |oe_nt|ner |na|cat|ng tne[gjerm : ““?[ OTKTS. [4) Data
ﬂw%se% SRS SetERTS/ICFSMax—ft——

e Request f:h Res ifies peicptt i "BEIRA
MSDU to be transmitt (‘Fe@%d’@ﬁé@gﬁi‘?@“‘ﬁﬁﬁ ?é@ﬁ%ct to MSDUs
subsequent to RTS Sequence, HO¥R¥ceived 2 corresponding to data
recognizedl to have begen transniftikiStitetked MAP with "1." Max

R fsiBIel The haximum data ##hR3&w$sion time which can be allowed by

the [1]RTS/CTS Mux
[11ACK Request
[1] Reserved
RTS 1 The sequence number of the leading MSDU to be transmitted.
Sequence - -
RTS With respect to MSDUs subsequent to RTS Sequence, the bit
Received 2 cotresponding to data recognized to have been transmitted is marked
MAP with “1."
Max Duration 1 The m@gimum data transmission time which can be allowed by the
transmitting end.
L Information related to data unit to be transmitted (value indicating the
ength 1xN . )
data length information).
{Number of 1 {For example, if the data units are of fixed length) the number of data
Data Unit) units fo be transmitted.
(Directed 8 (Only in case of Directed RTS) the MAC address of the node as the
Address) object of RTS.

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

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

In the Rate Strategy 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 aggressively
select aslightlyhighrate; whether toslightlypassivelyselect

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



transmitting end. Length 1 x N Information related to data unit to be
transmitted (value indicating the data length information). (Number of (For
example, if the data units are of fixegjength) the number of data Data
Unit) units to be transmitted. (Directed 8 (Only in case of Directed RTS)
the MAC address of the node as the Address) object of RTS. In the RTS
Attribute field, the identifier indicating the attribute of the RTS information
is described. In the Data Flow portion, the data flow of data for which
Theransmissiorn: iscabolietd edtried yspladédrinvthe RatedStrate gy portiodetail

auxiliary information is placed which is referred to when the transmission

at &t of data is determined. This auxiliary information is used to bias

C”terkanfoﬁ;ﬂsteﬁﬁi{‘éng'séé“@eg‘cgf{&%99@%?!}9‘?%%@!{38{16‘:E“sgh Bﬁé%%ghwhich

transmission rate; whether t0 slightly aggressively select a sﬁ)g tly

indateawbethardeshightiypassivaly select asslightly low rate-owhether {1 ue
passively select a low rate. 57 The usage of the Rate Strategy portion will

appéidesciibe®lifdétail lateanmmthesRate Set portion, iddicatiomisiplaceicon is
which indicates whether to fix the transmission rate at the value applied

CaRF RIS fittriididsioh bF ADETFAHSIRiSSionTis” cafied StGwRR Ty 10 the
rafiEnsmissian, (Ate xpd, {he entryip e Raje Strategy portion s
n

disregarded. e RTS/CTS Mux portion, information is placed which

indicatesunbethes fopernyitradding:RES infatmatien ta 8:CT8 Racketd which
indicateswhether topermitaddingRTS informationto a CTS packet
transmitted in response to the relevant RTS or not. If the
addition of RTS is permitted, the station which receives the
relevant RTS and returns a CTS operates as follows: if the station
holds data directed to the station as the origin of transmission
of the RTS, it is permitted to add RTS information to the CTS
and transmit it. Thus, two-way communication is carried out
by one transaction.

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

The RTS Sequence fileld is a.fieid in which the sequence
number of the leading data of pieces of data for which the station

as the origin of transmission tries to transmit is described.



transmitted in response to the relevant RTS or not. If the addition of RTS

IS permitted, the station which receives the relevant RTS and returns a

CTS operates as follows: if the statiqn, holds data directed to the station

as the origin of transmission of the RTS, it is permitted to add RTS

information to the CTS and transmit it. Thus, two-way communication is

carried out by one transaction. In the ACK Request portion, information is

placed which indicates whether to request to add ACK information to a
ThETSE packet trensritteddrs responserto the FElevant RTiSsotbpottHfithefield.

addition of ACK information is requested, the station which receives the

ThRTS A Bfuftis ™ ETS TpRrhfes A THfoW: the-Batiohe hddg thé AeR 0T 1gin
o £WPURHAN. o 4313 WhiGh L [ereiied fom (e S1alon of e OBl o ..

transmission o transmits It. equence

otfieldds adield imwhichthe seguerce swmber of the leading data of pieces
of data for which the station as the origin of transmission tries to transmit
is destribeR5B Fhestation ddihe dastinationroiRTSsefers te thisfitld.when
Thereby, the station can learn whether the station as the origin of

S gdmiSSici SRIMG t6 FRfShit daed Wifiott RE dliflicate NorhE Yaga Lo the
se%lé%%défer?&%%drofﬁ% 1:2*%%@&3@&8%3‘% %%&'Sigc%rofdi‘éfé agp?zfé%"ets of

en selective acknow edgement IS used together. Relative to th

dasequence-mamkerindigatackin the,RESSequenee fisld -pieces:of dafa ofi nto
the subsequent sequence numbers are brought into correspondence by

copit aEpoThencthe bits. tonrasporitiirgito datab it s corresponding to data
(sequence numbers) the reception of which the receiver station
recognizes to have been completed are marked. The MSE
corresponds to the sequence number indicated by RTS Sequence.
As an example, it is assumed that: the RTS Received MAP field
is constituted of eight bits; the seguence number in the RTS
Sequence field is 23; and the Received MAP ig 00100000. This
means the following: pieces of data of #23, #24, and #25 are
skipped, and for pieces of data of #26 and the following numbers,
transmission is continuocusly tried. The station as the
destination of RTS refers to this field, and can thereby learn
whether the station as the origin of transmission is trying to
transmit data which is a duplicate of the data already 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 microseconds on the grounds of

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



(sequence numbers) the reception of which the receiver station
recognizes to have been completed are marked. The MSB corresponds
to the sequence number indicated b?ﬁ?TS Sequence. As an example, it
is assumed that: the RTS Received MAP field is constituted of eight bits;
the sequence number in the RTS Sequence field is 23; and the Received
MAP is 00100000. This means the following: pieces of data of #23, #24,
mi @and#H2bcares skippeds and farepiesesof data of #26 anchthefolowinthe time
numbers, transmission is continuously tried. The station as the
regesfivatiorrst RIS dferdGd $his ekt dnticcahithirelyleait vavstheorte) is
station as the origir, oi transmission is trying to transmit data which is a

n
PLGRfcatd of the datalfsady Pécelvett 1t Max Diffafioi fidlids ugsd fdr RIS
nadheitransmitting.end, 1o sef the maxineEm period. af. data fransmission in, 5

the present data transmission transaction. As an example, it is assumed

t héhatt with sespecidorihe presentdransactionddata transmission isdotbet the
completed within 200 microseconds on the grounds of the transmitter

pe Biidri A 68 tadel a VaRdidieatisg 200 59 edidrosddoned (beevalgeded.

obtained by subtracting the time, required for the RTS/CTS procedure .
from 280 % c?os%%ﬁ&%ﬁ i§ r;t%ﬁ i?]tiws fief $H8 staliotg thetor which

¢ rSgstinationof RIS ;hasyight fo. determine a period.of data regeptign. AL 1 ¢

this time, the station determines a period of data reception so that the
of pedad indicated:i) the Max-Butatipndielg wilret berexeeerdad. Imthermation”

Length field, the length of data for which transmission is tried is
(e dgschbERan casesfis firstexampie roPéoRstitation, & pluiglity: of gicceslef is

Len%th igformation- , . ‘
permittedto transmit one ocrmoredataunits in onepacket. Here,
it is assumed that, for example, N pieces of Length information
aredefined. (Nistypicallya fixedvaluebutmaybe anon-fixed
value.) Data units the reception of which the receiving end
recognizes to have been completed are excluded from data for
which transmission is tried. 2As an example, it is assumed that:
the sequence number 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 Length(, and the length of data unit of #24
is placed in Lengthl. In.Length2, the length of data unit of
#26, not that of data unit of #25 which has been already received,
is placed.

As a second example of constitution, the sumof the lengths

of a plurality of data units for which transmission is tried
can be described as Length information. In this case, in the

RTS Sequence field, the sequence number of the leading data of

a plurality of data units is described.



(e.g. number of bits and number of bytes) are defined if it is permitted to
transmit one or more data units in one packet. Here, itis assumed that,
for example, N pieces of Length infofifaation are defined. (N is typically a
fixed value but may be a non-fixed value.) Data units the reception of
which the receiving end recognizes to have been completed are excluded
from data for which transmission is tried. As an example, it is assumed

that: the seguence number in the RTS Sequence field js 23; and_the
Rocehed M DOTOO000 i Sms e oL of A GOl o 25 g2
foplaggd dm Lepgthly, and the length of data yait pE#24 isplaced inLengthl. -4
In Length2, the length of data unit of #26, not that of data unit of #25 _
dewhichthas beehalfeadycre€éwed,. is pratbd.Aszassecond exdrpleof field,
constitution, the sum of the lengths of a plurality of data units for which

2 Ridhsiiddionad theboths nf destiné ay Ldsgi htofhaes inthieeaypied

inthe RTS Sequence field, the.sequence number of the Jeading data of a
Whéhjr(gﬁtgaofodtat% l[j}ra}ilt‘lsrl’asH egs%rl%eds %%aA%ré) tHird g)?é:mwp% S%CBrggtﬂﬁf% sion

i stherlengthebdatadgewhichsansmissionds fiedican Pg exprgssed indime e
and described in the Length field. In this case, in the Length field, a

whploealit ©f lengthsmefiteme foravhich thewchanhetiisteceupied .whendata bt is
a plurality of data groups for which transmission is tried are transmitted

28 §HNGEs it with Fe§5edtire TasdsPivhiefs tridy é@ﬁ&ﬁsﬁaﬁﬁ%ﬂrﬁ%@@waf e
oS KIS L SRR Pk o i Y pess 1000 o
atQUldifferent data rates, the length of time reguired for data
transmission is described.)

As a fourth example of constitution, the Number Of Data
Unit.field,éan be defined in place of the Length field if the
length of a data unit mainly transmitted is a fixed value. 1In
this case, in the field, the number of data units for which
transmission is tried is described.

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

to some specific station. In the Directed Address field, the

address of the destination of RTS information is described.

Fields in CTS SMH:

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

CTS SMH comprises CTS Attribute, RATE, and Stored Seguence



at N different data rates, the length of time required for data transmission
is described.) As a fourth example of constitution, the Number Of Data
Unit field can be defined in place of Length field if the length of a data
unit mainly transmitted is a fixed valué. In this case, in the field, the
number of data units for which transmission is tried is described. In the
RTS SMH, the Directed Address field can be defined in addition to the
foregoing. This is used in the following case: broadcast or multicast is set
fieithe.destination (RA) field of the common MAC header but RTS
information is to be transmitted to some specific station. In the Directed
Address field, the address of thet@éstfafion of RTS information is

FsPRERRI| Eisl SMH: Table 6 |Ilustr@t@9§;;m&pmponent5 ofCTS
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TYiRlow: thel CTS SMi+cpld Hstored
CT?_Se uencel|61 fields. Tab\%eet‘&%ladﬁ%tfﬂ%til%ﬁg’ﬂﬁf@tﬁ’f&g&nptlon r RATE

fer indica«ling that this is Y. Identifier indicating the
attribute ot CTS. CTS Attribute 1[Gbﬁ2‘f’§§f‘llemnw [6] Reserved RATE 1

RABecifies the dath rate dISReGHiER HedAlR fieLlesmPEHAIRIRE that the

Steredgth informatign of up tifies terb ke indeiariBe gliehitiusip@rhas
SegueRtstordd. Sequence number has been stored.

In the CTS Attribute field, the identifier indicating the
attribute of the rélevant CTS information is described.”

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

Inthe RATE field, a value which indicates the transmission
rate of data transmitted in response to the transmission of CTS
is placed.

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

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

of the cobiects of the present inventiocon is attained as long as



In the CTS Attribute field, the identifier indicating the attribute of the

relevant CTS information is described." In the Data Flow portion, the data

flow of data for which transmission js-,about to be tried is placed. In the

RATE field, a value which indicates the transmission rate of data

transmitted in response to the transmission of CTS is placed. In the

Stored Sequence field, the Sequence number is placed which indicates

up to what Sequence number the data receiving end (CTS transmitting
thendphzas heldwta leryth-informdtiona 1f therslevanttconfrhunicdtiemation;

station is not provided with a function of holding data length information,
ChiERTBer MFediE Blbcelintii SBuerte RAmber GiE&te hithe e

2RI mequence field is placed. Or, a value is placed which represents

NULL indicating that the relevant communication station is not provided
with afusetion ok halding datadength iMawmaiion; bntbeaxaiiequivalent
described above, CMH and SMH independently exist in PSDU and a

to plaralthofdiffidrntaypar s SMBL bred ivdependentlychddeddgrot a packet
convenience of explanation. An asgect of the objects of the present

103 et is Hitaied ad 161y 8883 the FothiaY ContaimSthe siif 1 S posed
pefOmPonents of information; therefqre thespresent inveption is.nat limited, . o

to the above-mentioned format. An example will betaken. Information

Inelerments.aguivalent toahe MAC heagles prespreferablyi dispesedmi the e the
head of a packet in a lump, as described above. However, they can be
dafspased Usenihtlcor betveen gatatniiEestinampa gacket sonsetimasples

of utilization.

In the examples described above, the RA, TA, and Duraticn
fields are disposed in CMH., However, these fields are disposed
in the PLCP portions in some examples of utilization. Duration
field contains the media reservation time information. But,
Duration field is not necessary to be structuredas a field which
records length information in unit of [usec], in some examples
of utiliazation, it can also be composedof the information which
canmake instruction of keeping in transmissionprohibited state
in the duration of what the other 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.



In particular, the DATA SMH is disposed immediately before the data unit

to which the relevant SMH corresponds in some examples of utilization.

In the examples described above, the RA, TA, and Duration fields are
disposed in CMH. However, these fields are disposed in the PLCP

portions in some examples of utilization. Duration field contains the media
reservation time information. But, Duration field is not necessary to be
structured as a field which records length information in unit of [usec], in
some exaffples SoteHifiaz a6, it i al36 B8 THNuskaDF the fiffermaticryA

. which ,can make instruction ing in transmission rohiFitedsate in
£ A5 Bl wHAL (e Stheh Lo T IER oA e Ecbpt esehatons ™

uration o w‘ﬁat muni S excep maﬁdns

sudiPRe Qeompesed,of ifgrpation grouwps.{a.91de 19 eXxPlaponse to the

conveniently, examples conluding Duration field will be used to explain.
redepbransmissins Rafebetarmingtian Pdecess RefeaingutotEkai 6n response
description will be given to a process for determining a transmission rate

to e Wirsless eemmdrfication SySterhhédotaing 16 e prédaritinvenfasures

63 Inthe present invention, access control based on CSMA is carried out
D o R ST S DroGSTiTa (6ol Lgither. T dubh e B1ce, Qe i aes 2

¢ rdRfQHMation,is traremitied.in fesponsedp he, feeeRlionof RS emented and
information, and data is transmitted in response to the reception of CTS.

notflnei 6% $ rassmittingstationameasuies: the qualityTef KT Streceivessignat,i on
and thereby determines a transmission rate at which reception can be

as jpfisteffetiied ahd“Rofiffes Tite Statotdd théldéstidatidie sperscot i the CTS

. Station . . . . o

:Lnfsormatlon. At thistime, the stationappliesthe transmission
rate indicated. in the RATE field in the CTS as the transmission
rate of thisdata. The process fordeterminingthe transmission

rate is as follows:

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

Step2: thegualityortransmissionrateclassmeasuredaccording
tothevalueindicated inthe Rate Strategy field inRTS isbiased,
and a transmission rate is determined. In case of IEEES02.11a,
for example, it is determined from among eight different
transmission rate modes prescribed: 6, ¢, 12, 18, 24, 36, and

54Mbps.

Whenthemeasuredqualityisbiased, themeasured reception
SINR value is biased at the level of & several dB in accordance
with the value indicated by Rate Strategy. Based on the biased

reception SINR value, a transmission rate class at which



as the destination of CTS transmits data in response to-the CTS

information. At this time, the station applies the transmission rate

indicated. in the RATE field in the CEp as the transmission rate of this

data. The process for determining the transmission rate is as follows:

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

receive signal. Step 2: the quality or transmission rate class measured

according to the value indicated in the Rate Strategy field in RTS is
repRdedO it a PandmiRsiRGRIER déteRmirebnimess&uf IERKREE Hab ¥or or

thgxilmgée, it is determined from among eight different transmission rate
modes prescribed: 6, 9, 12, 18, 24, 36, and 54Mbps. When the measured

qualityis igsed, the, measured reception . SINRvalueds biased atthe: s s1on

level of several dB in accordance with the value indicated by Rate
raStratégy Basedondthe biased: ieception SINRvaluanarttansmissioiade ted
class at which 64 reception can be implemented is determined by lookup
by thBle¥oI° the ke, WheRehbitkdhonieibAtatd €lasads b d,acept ion SINR
ransmission rate class at which reception can be implemented is, | ,
7o Lot By TR ablh BTG TAbdl o e meketfod focdptigred 17
acSNRa¥alve, The extracted transmisgion ralg glassys shiftedine oy, .

accordance with the value indicated by Rate Strategy. This shift

procelsing stayfie applied; Janexamplé;onipmihernia high-ratesedads:is only
selected-or only when a low-rate class is selected depending on the
whgﬁa@a]éﬁé}%ﬁéggﬁtﬁé@ﬁ%iie%dselected—'or only when a low-rate class

is selected depending on the characteristics of the physical
layer.

The data transmitting station (RTS transmitting station)
which received CTS holds the transmission rate class, specified
in the RATE field, as a default transmission rate class directed
te 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 transmissionrateclass
(higher by one level in tolerance to noise). When data is
transmitted without wusing RTS/CTS together, the default
transmission rate class is applied in place of the transmission
rate class notified by CTS.

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

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



layer. The data transmitting station (RTS transmitting station) which
received CTS holds the transmission rate class, specified in the RATE
field, as a default transmission rate glass 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

transmissjon rate class or the next lower transmission rate class (higher
BY pf orferlev8nt0IeraRES to AbI&RT : Vihén thilis irandmittér witkogate can

usin RT%/CTSt ether, the default trapsmissjon rate class is applied in
bep a}égro e ra‘ﬁjs%gllssﬁgr? pr%?egclggsen%ﬁ |egl %ﬁ%@%ﬂgh thgfi% i%l on the

de HansRting: siafiondEansmiis;datacunitss dt counts the followingwith h e rate
respect to each destination: the number of times when a data unit is
Sttransmitted fGrTHeifirso time, and themumbdeokiimés ahen Bolata spitds £ic

retransmitted. 65 B%;efe.rring to these values, the transmission error rate

de gt F-dPatby Wit rédpEtt to ehlR destiRation iBadstieh thd ue and the

upfigsination-hy-destnation tansmissionengriates, the Rate Stiateayof
nformation can be determined. More specific description will'be

ingieRadhe lower thresheld;valie anddhec YpRer tP&%$@QcY@EJ&SOfthe upper
transmission error rate are defined in advance. If the transmission error

thratelexédeds tie uppee thrésholfoalbe ttheStatae farRate Strategyeisted in

decremented in the passive direction and held. If the transmission error
Che A SRS e fow fetbRRARFRS5AIE valdd, thesAlieTerRats Stiategypr rate

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

Accerding to the above-mentioned procedure, the
transmission rate is determined from the receive signal quality
of RT5. Thus, control can be carried out by dual loop wherein
the appiied transmission rate is biased in accordance with the
error rate {bit error rate (BER) or packet error rate (PER))
monitored by the transmitting end.

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

dual lecop control iscarriedout wherein the appliedtransmission



is incremented in the aggressive direction and held. When an RTS is
transmitted, this held Rate Strategy is transcribed into the Rate Strategy
field in RTS. If the held value for Ratgg Strategy is changed, it is important
to reset the count values for obtaining the transmission error rate.
According to the above-mentioned procedure, the transmission rate is
determined from the receive signal quality of RTS. Thus, control can be
carried out by dual loop wherein the applied transmission rate is biased in

ra bR crdahes St taC ERbRARE (ot et PR IBIER) 16t packet ErfdigdteS /CTS
P itor t ittin . In_addition, as,a technique .
P LS o T 1o S0y M oIy on LA Soehle, g ot

ri¥RARSMission-LLor rateis measwed Hy the reseiving ench o0t i thedata or s
(RTS) transmitting end. In this case, the above-mentioned monitoring of

f reqroerdaté yswamied odtat the eeceivingend, emrsimikyiyndoatiogpize that
control is carried out wherein the applied transmission 66 rate is biased in

Pa GEEHAMES WIS erbFfate. e RTS/ETS! Brodedtiveds ot asea ™ the
- {9PIDSEID (e techpigue, haweyer cerain fisk IS IMONEAL TS 5. . s 35

cCe
because, In an environment where erro requen'ﬁy OcCcur, the receiving

t r £Rgicapnetevelcecognizerbal, ppckels are trapsmitted: Where
RTS/CTS is used together, the error rate is computed with the packets

receiléc after CTS s eransmittéd tRkér asthegdopudations parametep v  a
quintessence of Rate Strategy is to provide a methodology for

me LR fiCating &ixili &R b maton for sBiEéting ahd detedmifitiy d fite For
se?Qé@%ggouQQ%Of&ge&ermining a rate on the grounds of the

transmitting end. Where the receiving end measures the
transmissicn error rate, mentioned above, or in the like cases,
the transmitting end may set the value of Rate Strategy due to
other factors than error rate. For example, the transmitting
end may set the value of Rate Strateqy due to the difference
in transmission power between RIS packet and data packet. Or,
itmaysetthevalueofRateStrategyduetothecausal relationship
between transmission rate and transmission power. (Refer to
Japanese Patent Application No. 2003-6973 specification,

already assigned to the present applicant, for example.)

D. Basic CSMA Procedure

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

invention. In this figure, the following communication



transmitting end. Where the receiving end measures the transmission
error rate, mentioned above, or in the like cases, the transmitting end
may set the value of Rate Strategy dile to other factors than error rate.
For example, the transmitting end may set the value of Rate Strategy due
to the difference in transmission power between RTS packet and data
packet. Or, it may set the value of Rate Strategy due to the causal
relationship between tra s%nission rate and trapsmission, powe;.égl;‘efer to

SN PAHANEEE P SRt AP tion Kb, SOUEE97 T Spedinichtion * Afteatly< - STAY.
sTassigned tothe presentapplicant Jor.axample)d. BasiciCiMAI o1 ning to

Procedure Ina wireless communication system according to the present
eadvertionraceess eontrgbbased onicSMAeis carrad outvdth-theye of radio
RTS/CTS procedure used together. FIG. 7 illustrates an example of the
wappérationsequerice of theaRTSIETS phadedirieiip thie piesent invehtionsmnit
. In this figure, the following communication 67 environment is assumed:
NG frdmmtnicStion Stations, STA2, STAO, STAL, and STA3, exist, and

communigatign stgtion agioining ta eachother i the figure ate located, 5 g

within the range of radio waves. Here, it is assumed that STAO desires to
( £ ransmithénfarmatiomte 8TALSHAQiGonfikms that thesmetiuntiscleatfotary
a certain period (from time TO to time T1) according to, for example, the
CSYAdinaRF TEMA probedire STHENS STADS stdis e randmissioh of & packet
Coﬁgcket _containing. R%S information to STA1 at time T1," In the Duration

A HE packet tOhtIMIAG 1RE RTS Trifdrmatior; tRE tie that lapses
befor?ﬁh%ﬁ%C%iPQ@if&p%@d in the packet containing the RTS

information, the time that lapsesbefore the receptionof apacket
containing CTS information, transmitted as the outcome of the
reception of the RTS information, is completed, is described.
{(That is, the time from T2 te T4 is described.) 2t this time,
as the length of time described in the Duration field, the time
that lapses before time T4 may be given some margin and the time
until time TS5 or so may be described. Or, the time until time
slightly before time T4 may be described.

STAC holds a list of information on the length of data
unit it tries to transmit to STAl. This list is designated as
“transmit data unit candidate list.”

Incase the RTS SMH adopts the firstexample 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 number N of the Length

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



containing CTS information, transmitted as the outcome of the reception
of the RTS information, is completed, is described. (That is, the time from
T2 to T4 is described.) At this time, @8 the length of time described in the
Duration field, the time that lapses before time T4 may be given some
margin and the time until time T5 or so may be described. Or, the time
until time slightly before time T4 may be described. STAO holds a list of

ir%f i gt@@{é of data_ unit it tries to transmit to STAL. This Jist
asis g:i%%%!tzé% as "tra s.r%it:L a%%#ﬁ%%ﬁdmtenﬁs}?g |ﬁac5%8?ﬁgj?ﬁ*s§ sun

of agepts:thedistexamplereficanstifution: mentigned 2hove. 48 thedAngth e 14
field in the RTS SMH, the lengths (e.g. number of bits and number of

bytes)of data@nitstin theT frandriit daticpitcandidate disbarg desenilgelle of
as data length information by N pieces. And, in case the number N of the

copghgih R is Sh a’i‘l%ftﬁ%ﬁ?ﬂlghlfrﬁﬁépofidhté%itg%sﬁ%fto%& o8 of
th Slt%ﬁgﬁglggngfe)é%g Pl introduced in next.n arggr%%%sé%?% rf]}SéCJIrag]l é_? :#g%ar gnit

eng several data units is described as Leng S
caSMH adeptsitbe segond example,of sopstitdtians i the Lengibdield inthe

RTS SMH, the sum of the lengths of one or more data units in the
trandmit diataturmtREanditatallistis désctibed-dssdatadérgtif inforatationtton,
case the RTS SMH adopts the third example of constitution, in the Length

AN il il HER TS SR the et OF tihhE! reddifed 98P AnshittiHghesdrta red
sofnitg Db tanemil 4ata ubll candigate st 5 describen.as daid 18090 ns e
information. The ]l ngth of time fluctuates &epen Ing on the dafa rate at
cadf@hte list is described as data length information. The
length of time fluctuates depending on the data rate at which
transmission is carried out. Therefore, if transmission is
carried out at several data rates, a plurality of lengths of
time are described sometimes.

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

This packet containing RTS information is received also
by STAZ which is positioned in the vicinity of STAOQ. STAZ2 checks
thedestinationof the common MACheader basedonthe transmission
rate information in the PSDU portion obtained fromthe RATE field
in the PLCP header. If STAZ cannot confirm that the packet is
directed to itself, it recognizes time T2 from the RATE field

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

totheDurationfieldinthe common MAC header, andthus recognizes



transmission is carried out. Therefore, if transmission is carried out at
several data rates, a plurality of lengths of time are described sometimes.
In case the RTS SMH adopts the foggh example of constitution, 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 list is
described as data length information. This packet containing RTS

. inf tion i ived also by STA2 which.is positioned in the vicinity of
CierRG STROESINS (16 deRRor BFIRE LB AE HoAdar baseR L o

pr&@i@?ﬁ@ﬁ‘sgﬂﬁﬁi%n Jate ipfermatiop,in the PSDU portion obtained from
the RATE field in the PLCP header. If STA2 cannot confirm that the

packetissdifectediodtseliait reengmizes tintec k2 fonvthe RA R fieldandl so
the LENGTH field in the PLCP header. Further, STAZ refers to the
by Gufatiorvhidlighin ife ESrambhtMACHeatfet Land: thusiYecogiizes G9etilme the

T4, Then, STA ts an NAV and brings itself in transmission prohibited
A B TP Ee T P BRSR L ESHATTING RIS RSHAGRTS FocaNay o5 ion

ra@lso, Ry, STAL which isithe ing ddestinatign agqé‘!icﬂ_e&ﬁscwg RATE field

destination of the common MAC header based on the transmission rate

in infosmation indhaLSDErbrtionohiaiped from the RATEJigld indhei rected
PLCP header, and recognizes that the packet is directed to itself. Further,

Lo \whéer STAL Bueddsstully'decodds thesupamACu heades dorkeadrizes thatAC
there is a request from STAO to ﬁnend data packets, directed to itself.

neqfeh: STAL deteiirésat Hahsmission'fatd Badd i intoifation t© send
da@gtmgggfh%@fgyﬁgd to itself. Then, STAl determines a

transmissionratebasedoninformationobtained fromthe received
packet containing RTS information.

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

In case the RTS SMH adopts the above-mentioned first
example of constitution, STAl obtains a list of information on
the lengthsof dataunitstobe received. Thislistisdesignated
as “receive data unit candidate list.” STALl refers to this list
in sequence. Thereby, it counts the number of data units which
can be received if reception is carried out at the determined
transmission rate and a reception pericd to the extent that the
period indicated in the Max Duration field in RTS SMH is not
exceeded. (This reception period is the time perioduntil time
T6é when the transmission of data packets is completed.)

In case the RTS SMH adopts the second example of

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



packet containing RTS information. Further, STAI refers to the Length field
(or the Number Of Data Unit field) in RTS SMH, and thereby obtains the
data length information on the datat6 be received. In case the RTS SMH
adopts the above-mentioned first example of constitution, STAL obtains a
list of information on the lengths of data units to be received. This list is
designated as "receive data unit candidate list." STAI refers to this list in

uniﬁ?g%ee”ccgﬁgﬁﬁe%?Aﬁo%%%é@% %@breéd?éd%t%o”n”%se‘évi‘&ﬁ‘. (BORE oxtent

received | reception Is carried out at the determined" transmission rate

thaand adegeptioniperiod & thesextentiBalite periad indicatediin the Mex svu
Duration field in RTS SMH is not exceeded. (This reception period is the

is time peroddmtil tinfet T& whentike transmidsion of datapgdkets isc whether
completed.) In case the RTS SMH adopts the second example of

datndfittition 'S PR dblaifid the fdITEGH of BRE oF niste dita 70 6t 1
redSHEYY -%EAéa%OH‘é%t%%£e%?_9tp%‘%{‘ep§%%% %Omtpgee&(t%%%{tlhsafé%%% ?ﬁﬁgate.

icated in the Max Duration field in RTS SMH is not excee

timeconsideratiomis gwendophethes ata unit.grups efthe indigatedion,
length can be received if reception is carried out at the determined

STAfangmission ratendnlcasgithe RNS BMMatlopfs e thimhedahplerefce i ved.
constitution, STAI obtains time length candidates of data packets

- STRACETEH? STAPBRIAEE THe ¥t diftbhbridd (i 8Gth) CBRESEsRARG NI
ro e Qd%‘i?é@{ier?et&a"c%iﬁéiﬁ“é ate from the L%Qgh figld. Iﬂecriasgﬁh% R, -
SMH adopts the fourth example of constitution, %Al o%talns % orma{hon
on thenumbeeof dada RTS SMH adopts the fourth example of
constitution, STAl obtains information on the number of data
units received from the Number Of Data Unit field. Where the
length of data units is uniquely fixed, this information is
eQuivalent to the “receive data unit candidate list.” B3TAl
refers to the length and number of data units. Thereby, it counts
the number of data units which can be received if reception is
carriedout at the determined transmission rate and the reception
period to the extent that theperiocd indicated in the Max Duration
field in RTS SMH is not exceeded.

If8TAl desires to limit the receptionperiodon the grounds
of itself at this time, it sets this reception period as the
threshold value of reception pericd, together with the period
indicated by Max Duration, sometimes. Further, STAl transmits
a packet containing CTS information. Thus, it transcribes the
value obtained by the reception period computed here into the

Duration field in that packet, and transcribes the transmission

rate cliass determined as mentioned above into the RATE field.



units received from the Number Of Data Unit field. Where the length of
data units is uniquely fixed, this information is equivalent to the "receive
data unit candidate list." STA1 referslto the length and number of data
units. Thereby, it counts the number of data units which can be received if
reception is carried out at the determined transmission rate and the
reception period to the extent that the period indicated in the Max
Durafign fisld R ETS SWELip not expeedeg I STAL desiies ot I, 5
reception period on the grounds of itself at this time, It sets this reception
t rapesiodiassthe sthresheldaaduel efsreerption periad stogethee withthe peried se
indicated by Max Duration, sometimes. Further, STAL transmits a packet
to kohtdifinglOTSANfOrATRDA - ThIBU iranseribes thid Valiievolitaifedibp alake t
reception period computed here into the Duration field in that packet, and
SO ASRABES the traHsmiiSion Crae Ctass defeffined &8 rritfohtrabagemuch
as If9Lhe RATE field. 71 The packet itself containing CTS information is
transmitted at a transmission rate most superior in noise tolerance in
many caves.fHhus; the possibiity thatiepacket sontaiingr€ TS formation,
information cannot be decoded is reduced as much as possible. If STA1
2 Prafis & deeptle apack &t IcontaifingiRTSoinférmation » atpacked dontdining 1me

4 CT ﬂnfor?ation ig{]o&returned by due time T4. Therefore, STAG retries
to trahshiit e packét tontaihing” RS hidHiAtion A A& rd&ics Withihaing

rrdandomhackofipropedws, £ALihis Jma, STAZRUisJown e NAY. attime . |
T4, and transitions into normal state in which it can transmit. Thus,

At damageime, STAZ2 puts down the NAV at time T4, and transitions

into normal state in which it can transmit. Thus, damage

resulting from that the packet containing CTS information is

’not returned is minimized.

If STA1l succeeds in decoding the packet containing RTS
information, a packet containing CTS information is returned
to STAO0 at time T4 as scheduled in accordance with the
above-mentioned procedure.

This packet containing CTS information is received also
by STA3whichispositionedinthevicinityof STA1l. STA3decodes
the Duration field and the like in the packet containing CTS
information, andreferstotheRAhaddress. 1fS8TAR3cannotconfirm
that the packet is directed to itself as the result, it sets
an NAV and stops transmission over the time indicated in the
Duration field or the like. As a result, STA3 is kept in
transmission prohibited state until time T6 which is the time

indicated in the Duration field.

This packet containing CTS information is received also



resulting from that the packet containing CTS information is not returned

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

procedure. This packet containing CTS information is received also by

STA3 which is positioned in the vicinity of STAI. STA3 decodes the

Duratjon field and the like.in the gacket containing CTS infor agtion,ggg fhe

DY &tof8 1o the RA dtidr8Ss. WS TRI CanRGtEoritifm™ it the packeEis®
psatiected fodiselfas thedesult, JLsets . NAYI 30, siops tEaNSMISSION.oves o
the time indicated in the Duration field or the like. As’a result, STA3 is
rekeptia tsansmission prekibitedstate-wititdimetTG@whichiathgntieion rate
indicated in the Duration field. This packet containing CTS information is
inteceiicealss 720y BYAG Whichds tierihfchded debiidtion. STAGated by
decodes the, PSDU, and thereby recognizes.the following: STA1 is ready
DU Facive AP dBSAS (o FBCaVE s tie HARSIISON Pitet freftdbad i 2t
eniheBATEARI during the perigd indicated y; Puration STAGCalls data s oq,
units which can be transmitted at the specified fransmission rate during
betherspecified period: begiming avith theditst-anein theliransmii datannitdate
candidate list in sequence. Then, it generates a transmit data packet,
1igikd Hansasieince Theldsa packet fRASHSSDRIsIGOHpBidD detimd PG ket

and STA3 which is a neighbor station of STA1 refrains from
and transmits 1t.

The data packet transmission is completed at time T6, and
STA3 which 1is a neighbor station of STALl refrains from

transmissionuntil 76. Therefore, the reception by STAL is not

hindered.

E. Applications of CSMA Procedure

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

CSMA procedure described referring to FIG. 7.

E~1. First Example of Application

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

figure iilustrates an example in which twe data units are



transmission until T6. Therefore, the reception by STA1 is not hindered.

E. Applications of CSMA Procedure FIG. 8 to FIG. 10 and FIG. 21 to FIG.

23 illustrate a number of examples of the applications of transmitting and

receiving procedures according to the present invention. Here, examples

of the applications of the communication method according to the present

invention will be described in detail based on the CSMA procedure

described referring to FIG. 7. E-1. First Example of Application FIG. 8
Erpasiraéd fit firtBxaPiplelst apdtitatiohoftafsRmeRg BRd feegivingoer of
acfrocedures in awireless gammunicafionsysiem according jo the,presept , g

invention. The ﬁgure ustrates an example in which twb data units are 73

t Jrapsmitied drom SIAQde Sk, Indis exampigdhe sumbenof (datenck) is
units which can be transmitted in one packet is limited to one, and delay

spRCK {DetAECK) dreamnesdiateaACK£Im-ACK) is specified as the case may
be. STAO starts the procedure for transmitting data units at time TO, and
starts DRCKof cdtiRBirt HEcBIRrRE With Hrr COMASProckénfe fortatauifing at
_.transmission right, The backoff count is completed at Tl, and it.i
e it it it UL (s Berd rHGrerdre: B O
priFRNsmitsanacket ccontaining R infarmation: After STALeeRIVES, e count

RTS directed to itself, it returns a packet containing CTS information at
i dimeni baset ©n the iafetmadtidr descfibedavithdRT SiIS8Mhdium is clear
during this pericd. Therefore, STA0 transmits a packet
containing RTS information.

AftezSTAlreceivestheRTScﬁxectedtoitself,itreturns
a packet containing CTS information at time T2 based on the
information described in the RTS SMH.

After S3STA0 receives the CTS directed to itself, it
transmits a datapacket at time T3. At thistime, STAC describes
in the ACK Type portion of the data packet information indicating
it desires that ACK should be returned by delay ACK (Del-ACK).
At the same time, STAO0 describes in the More Bit portion
information indicating that more dataunit is stored. This data
packet is received by STALl without error,

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

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



After STAO receives the CTS directed to itself, it transmits a data packet

at time T3. At this time, STAO describes in the ACK Type portion of the

data packet information indicating it-dgsires that ACK should be returned

by delay ACK (Del-ACK) . At the same time, STAO describes in the More

Bit portion information indicating that more data unit is stored. This data
packet is received by STAL without error. To further transmit the stored

data unit directed to STA1, STAO waits for a random time, and then
transirfis@packet E6RQAINRG RTS infbmatdn attne FECkethispbint bping

time, STAO h t ei ACK of th ta,unit it i | ,
O AR T eho ol STAG e aidte e A T Sl dag@r Hbed

inlishs0 fhal thgpreviously, transmyitted datgunitis, includedyand £8nSUKRS, oo
an RTS SMH based on the list. 74 After STAI receives it, its returns a

anparket rentaining GAS informatnattme h6.basedravthe idormations that
described in the RTS SMH. At this time, STAT refers to the RTS

STaBqliErtenatd RTSREEEFED MAP it tve RTSOSMACaRd tHefebyn of the
recognizes that STAG has not recognized the r tion confirmation of

OERG Breuidudy 16daiad Hata UL Then  B7A1 duddests Mellde AGRC L ude

ACW.‘QF{‘E@%'@QE Racket.c ,@@%@&Qﬁ%{@@l@%@{ngﬁéﬁmn. Or,
determines to include ACK information because of it's holding

sTantrahst mitteih:AEKrdirected toiSTAGKFurtiterr 83 Al cdeletes thesalreadyit’ s
received packet from the receive data unit candidate list to update the list,

hoapy fHengenetaes ICTS dinfirnation 954 g Festft, STAR returis BlpdeketSTAL

dqukgg- Mgﬂgégggdy received packet from the receive data unit

candidate list to update the list, and then generates CTS
information.

As a result, STAl returns a packet {i.e. CTS with ACK.
multiplexed) containing the CTS infeormation and the ACK
informationattimeT6. ForACKinformation, theACKinformation
corresponding to the data flow specified by the received RTS
information is described.

After receiving the packet containing the CTS information
and ACK information, STAQ operates as follows: based on the ACK
information, STAD deletes the data unit already received by STAL
from the transmit data unit candidate list it holds; STAO
generates anewtransmit data unit candidate list, anddetermines
a transmit data unit based on the new list. STAO transmits the
thus generated data packet at T7. At this time, it describes
in the ACK Type portion of the 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



multiplexed) containing the CTS information and the ACK information at

time T6. For ACK information, the ACK information corresponding to the

data flow specified by the received RT$ information is described. After

receiving the packet containing the CTS information and ACK

information, STAG operates as follows: based on the ACK information,

STAG deletes the data unit already received by STA1 from the transmit

data unit candidate list it holds; STAG generates anew transmit data unit
ingHrieidate dist e detdmhinesn attrdisniie dataauritdsetcon thexpdwiise sent

STAG transmits the thus generated data packet at T7. At this time, it
destribes in the ACK Type portion of the data packet information

indicafing it desifes that ACK spauldbe retumed hy immediate ACK AL 11t

the same time, it describes in the More Bit portion information 7
i tingicalting that ac dakantirit t: be ransmitiech isthathpresentrann more.ACK Type

When STAI receives the data packet, it recognizes that it is desired to
Pofirediately Hamshitan ACK, fréhethe ACKITypet portorpin tHeBATAte ACK

SMH. Then, STAIl returns an immediate ACK (Im-ACK) packet ,
Cgbreshorting ot Feﬁ%%?%ﬁ&%o%a‘i% T YAt Bmplegr 2t time
wgapplication, the Duration field in each packet is set so that it indicates the

time period until the time indicated by arcuate arrow in FIG. 8. E-2.

SecormhBExampteainppplicdtiop FlGc2t illusirates the second example afeach

application of transmitting and receiving procedures in a wireless
packet 1s set so that it indicat®s the time period until the

time indicated by arcuate arrow in FIG. 8.

E-2. Second Example of Application

FIG. 21 illustrates the second example of application of
transmitting and receiving procedures in a wireless
communication system according to the present invention. The
figure illustrates an example in which two data units are
transmitted from STAO to STAL. This example is on the assumption
that the number of data units which can be transmitted in one
packetjjslimitedtocxuaandinmediateluﬂ<(ImwACK)jjsconstantly
applied.

STAD 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
during this period. Therefore, STA0 transmits a packet
containing RTS information.

After STAl receives the RTS directed to itself, it returns



communication system according to the present invention. The figure
illustrates an example in which two data units are transmitted from STAO
to STAL. This example is on the assymption that the number of data units
which can be transmitted in one packet is limited to one and immediate
ACK (Im-ACK) is constantly applied. STAO starts the procedure for
transmitting data units at time TO, and starts backoff count in accordance
with the CSMA procedure for acquiring transmission right. The backoff

a kodhels compeied 5T EIand it ieoririred that thétgedidnbissgishron the

. during this period. Therefore, STAO transmits a packet containing RTS
ln?ﬁ}‘éﬂ%& c?HP AtteF STAIF8cdilled tHe RTS difdited to itself, it returns 76 a

packet:containing CIS informatiop atdime &2 pased en.the, infarmatign ¢
described in the RTS SMH. After STAG receives the CTS directed to itself
T2 Atiime rE2 dhitansmitsardateapacket at timierE3TAL this tine,iSTAGne, STAQ
describes in the ACK Type portion of the data packet information
desdidduiry itndésiredWal ACK rhblldweTétdmed by infmediate IACkrmation
-ACK). However, STAI detects an error when it receives the data

T Dt bR o et TEG e St Dghgfrectiate

Acﬁety%aﬁ(ﬁ.@l@ thgrefore, it dogs not trgnsmit an ACK at time ‘T4. (The

ACK in the figure is not transmitted.) Since STAG cannot receive ACK at

due timedtrpelgesThat Gorae eraihas-eectrigtkin the peewidusdatehe data

Thus, to retransmit the still stored data unit directed to STA1, STAG waits
ragdieg and cannot accurately extract the data. Though STAlL
should return an ACK, therefore, it does not transmit an ACK
at time T4. (The ACK in the figure is not transmitted.)

Since STAQ cannct receive ACK at due time, it judges that
someerrorhasoccurredinthepreviousdata. Thus, toretransmit
the still stored data unit directed to STAL, STAO waits for a
random time, and then transmits a packet containing the RTS
informationat timeT5. Asmentionedabove, STAC hasnot received
the ACK of the data it previously transmitted. At this time,
therefore, STAC 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 refers to the ACK Request
portion in the RTS SMH, and thereby recognizes that STA0 is
reguesting that ACK information should be transmitted. Then,

STAl decides to include ACK information in the packet containing

CTS information. Further, STAl deletes the already received



random time, and then transmits a packet containing the RTS information

at time T5. As mentioned above, STAG has not received the ACK of the

data it previously transmitted. At this-fime, therefore, STAG describes in

the ACK Request portion in the RTS SMH that it requests that ACK

information should be added. (That is, STAG 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
pagestribedoth e RTES Sie. Adthis timd STATFefeEetd it ACK Redfuest the

1 _portion in the RTS SMH, and thereby re og(nizes, that STAG is requesting
Lhht ABRnfoHAtBRERbaI e ranstittsd Then STAl decides to

include AGK jnformationsithe packet, contajning, LTS infarmation. .1 tn ack

Further, STAI deletes the already received packet from the receive

mudatapmit:candidatedisk timupdate-the listand themnrgeneraies €18 the ACK
information. As a result, STAL returns a packet (i.e. CTS with ACK '
indokipiexed) edntaining the GTS fdtrhafion aad Ive ACKe ikfdrmatieraat lon

time T6. Fqr ACK inf jon, the ACKinformai ding to th
B O Spethog tho e RS INomaioh [SOastHbEd RAGFC 19

1 eselving;the packgt.eontaining the CTS information and the ACK

information, STAO "operates as follows: based on the ACK information,

STAGdeletes the=datarunit adreadykeceived: HyrSTltrentthe transmitat ion
data unit candidate list it holds; STAG generates a new transmit data unit
arghhdigalé ist hardafermines Bikhhernk datbunit Base o the deadise the

In this example, STAG retr nlsmits the datg unit it transmitted at time .
A informaticn, STAL deletes the data unit already received

by STAl from the transmit data unit candidate list it holds;
STAO generates a new transmit data unit candidate list, and
determines a transmit data unit based on the new 1ist. (In this
example, STAOD retransmits the data unit it transmitted at time
T3.) STAQ transmits the thus generated data packet at time T7.
At this time, it describes in the ACK Type portion of the data
packet information indicating it desires that ACK should be
returned by immediate ACK.

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

In this example of application, the Duration field in each
packet 1s set so that it indicates the time period until the

time indicated by arcuate arrow in FIG. 8.



T3.) STAG transmits the thus generated data packet at time T7. At this
time, it describes in the ACK Type portion of the data packet information
indicating it desires that ACK shouldge returned by immediate ACK.
When STA1 receives the data packet, it recognizes that it is desired to
immediately transmit an ACK, from the ACK Type portion in the DATA
SMH. Then, STA1 returns an immediate ACK (Im-ACK) packet
correspondlng to the relevant data flow at time T8. In this example of
Bbratiol fie HEp3Bket is set so that it indicates the
time per d t|| the time | t
Third gmg f{] Eppﬁl%aﬁg% Ig—aéef% S%%Zé?%%‘ V’E{h%:dgléﬁgg ?chEcl@ion of
t rapRication Qf tra&ﬁ@““%@@@lﬁ@ﬁﬂ'”@QE%@QUEQSSm awireless wireless
communication system according to the present invention. The figure
coiflustrates @mexamplesin which ohendatscutihis ramseitted fromm: STAO to The
STAL. This example is on the assumption that the number of data units

£igmich Célln bestrdrdrftte P o’ﬁéa&%@’et S imHEd © o Endifinfedidtd & 18
N ?r@n?%‘ﬁ\l@”cté( szr%r% ﬁxg%%?b ) %l%r%%egf{éeaf%um tion

transmlttlng ta units at ti count in accordance
thwithihe GSMAe progedure for.aequiring transmission HghinERe baekofin one
count is completed at T1, and it is confirmed that the medium is clear
padimnyithid petibd dTheefere STAOWwAhs i S & Hddket AédntalsingRISant 1y
information.
applied’ T

STAQ starts the procedure for transmitting data units at
time TOG, and starts backeff count in accordance with the CSMA
procedure for acquiring transmission right. The backoff count
is completed at T1l, and it is confirmed that the medium is clear
during this period. Therefore, STA0 transmits a packet
containing RTS information.

After STAL receives the RTS directed to itself, 1t returns
a packet containing CTS information at time TZ based on the
information described in the RTS SMH.

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

error.

STALl returns the ACK of the recelved data. However, STAQ



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

Im-ACK) . At the same time, STAG describes in the More Bit portion
defgriatioh ?rib‘i@aiiiii’&ﬁiét%ti‘é%%‘ﬁiii’&&térl}ﬁt%ﬁo‘i‘“&o?é&“aﬁ mofairately

extHS Jat3 packet is rec%“’ﬁgé)ys%ﬁ ot grar, ¢ é“'z!@ﬁ”QE h6 LK me,

of the received data. However, STAG 79 detects an error when it

i tresetyes she AGK avdcannob aceurately cextrast the,datae SINCe,$EALD data .
cannot receive ACK at due time, it judges that some error has occurred in

Ththe pravives datsihushto sétidnsmitcthedtifledtered datd unitdiredted TAL,
STA1, STAO waits for a random time, and then transmits a packet

STRhtdifihG RTS nfGrmBABATEY datd Fetrairhiddisi atF5 I iéntidn8d cket
e, SlaGhasnalseraed e ACKoL e dalR hBeUOUsl ¢ 15, as

transmitted. At this time, therefore, STAO “describes in the ACK Request

meporion iithe-BT S, SMthihat ity eguests: dhatACKintormation showd dgra it
added. That is, STAO transmits an RTS with an ACK request multiplexed.

© yAfterregdiving-thig) STAl retlirns a packehéentainimg CTShinforrhatien atSTAO
time T6 based on the information described in the RTS SMH. At this time,

deSEAharars th M RER FBRASP PoHIGH N TR TS SR Ghaitidrasguests
tHﬁEQﬂE%?ﬁ%@é&ﬁl@%% 1} should be added. That is, STAO transmits

an RTS with an ACK request multiplexed.

After recelving this, STAl returns a packet containing
CTS information at time T4 based on the infeormation described
in the RTS SMH. At this time, STAl refers to the ACK Reguest
portion in the RT3 SMH, and thereby recognizes that STAQ is
requesting that ACK information should be transmitted. Then,
STALl decides to include ACK information in the packet containing
CTS information. Further, STAl recognizes that, as the result
of the already received packet being deleted from the receive
data unit candidate list, all the data STAC desires 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 oniy ACK
informationat timeT6. ForACKinformation, theACKinformation
corresponding to the data flow specified by the received RTS
information is described.

After receivingthe packet containing the ACK information,



requesting that ACK information should be transmitted. Then, STAI
decides to include ACK information in the packet containing CTS
information. Further, STA1 recognizé$ that, as the result of the already
received packet being deleted from the receive data unit candidate list, all
the data STAO desires to transmit has been already received. Thus,
STAL returns only an ACK, and does not return CTS information. As a
si§pUlt, STAL rtuns a packet containing only ACK, information aLfime 6.,
or Ihformation, the mformation corresponding to the data flow
itspedfied by the :§e_%%|¥%d Bﬂ%4@@@@39@:{&%@?6&%@& VeCENMRG s the
the packet containing the ACK information, 80 STAG judges that all the

trirassit data unit directed to STAL it has held has been already
transmitted, and terminates the transaction. In this example of .
applicHticht tReepariod AélGdRPeact ket 118eb 36 #iadttrindiCddsiheach
time period until the time indicated.by arcuate arrow in FIG. 8. E-4. Fourth

o R ot o AppIEA GG 2 A ABS e ot EarRfgp0 CrietT the

tiﬁ@'h&@&%&ée@a@ﬁm'g%@gre&ﬁ%ﬂg PFPC?QQKGSB'U_ a wwelesg
communication system according to the present invention. The figure
illustrates an example in which two data units are transmitted from STAO

-

permitted to,continuously, ransmitaluralily ol data Rackets, 1 ication of
transmitting and recelving procedures in a wireless
communication system according to the present invention. The
figure illustrates an example in which two data units are
transmitted from STAO to STALl. This example isonthe assumption
that the number of data units which can be transmitted in one
packet is limited to one and 1t is permitted to continuously
~transmit a plurality of data packets.

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

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

After STAQ receives the CTS directed to itself, it

transmits adata packet at time T3. At this time, STAO describes



STAG starts the procedure for transmitting data units at time TO, and
starts backoff count in accordance with the CSMA procedure for acquiring
transmission right. The backoff coung lis completed at Tl, and it is
confirmed that the medium is clear during this period. Therefore, STAG
transmits a packet containing RTS information. After STAI receives the
RTS directed to itself, it returns a packet containing CTS information at

115 JERaFRL 0 08, ormaten dessbed e SIS M B SIA .

N
réceives th rected 1o ata packet a

1 tALthis fime S TAG describes 8l theACK dyne padion okibe dala1 -ack) .

packet information indicating it desires that ACK should be returned by
Atdeldy AGKn(DekACK). ATH{e sdoe:timesSTAG dekeribgs ik theiMonedBit ion
portion information indicating that more transmit data unit is stored. This

indavrideketis RCERRELR ST WO &rfr FURReR S PAG UGS Stored.

whether STAG can complete transmjssion.within the period indicated in
TR O stoR Tk in e B & oGt B STAI ARG T3 EraG

continsepisly. fransiyits gata;packets, startingattimesFAoln the examplgs1ete
illustrated in the figure, STAG judges that, if it transmits the next data

t rpacket dtcamcoimplete data transmissioniwithine the pertoel ihdicatedm field
_ the Duration field in the CTS. Then, STAG further transmits a stored data
10 EftirectedtBSTAP T A T4 W histien S TAG désehbés Fviiet RerRuS LY

BRI L e e o gl cesrEs gt ACK o
illustrated in the figure, STAO0 judges that, if it transmits
the next data packet, it can complete data transmission within
the period indicated in the Duration field in the CTS. Then,
STAO further transmits a stored data unit directed to STAl at
time T4. At this time, STAOD describes in the ACK Type portion
of the data packet information indicating it desires that ACK
should be returned by immediate ACK (Im~ACK). At the same time,
STAC describes in the More Bit portion information indicating
a transmit data unit is not stored any more. This data packet
is received by STAl without error.

When STAl receives the data packet, it recognizes that
it is desired to immediately transmit an ACK, from the ACK Type
portion in the DATA SMH. Then, STAl returns an immediate ACK
(Im-ACK) packet corresponding te the relevant data flow at time
T5.

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

time indicated by arcuate arrow in FIG. §.



STAG describes in the More Bit portion information indicating a transmit
data unit is not stored any more. This data packet is received by STA1
without error. When STAL receives the data packet, it recognizes that it is
desired to immediately transmit an ACK, from the ACK Type portion in
the DATA SMH. Then, STA1 returns an immediate ACK (Im-ACK) packet
corresponding to the relevant data flow at time T5. In this example of
application, the Duration field in each packet is set so that it indicates the
time period until the time indicated by arcuate arrow in FIG. 8. 82 E-5.

=_ Eifth.Example.of éicgtforhg (-1 Ulustrates the fifth example of
“‘apphvatmﬁvf"tra@g' I mmmg—aﬁobrémvm‘p i Vi rocedures in a wireless

commuicatmn: sysiemr-ancosding 40 the presenbinvestior. g fipuse alse of
illustrates an example in which two data units are transmitted from STAO

t regnSTAL Hhrthis examplel #ehimber ofpdaaihitssshichican be wireless
transmitted in one packet is limited to one. With respect to both the data

COTAits! hﬁ%ﬁ%ﬁesﬁ(@ R‘?g‘ EFESTEH: B d the PanEmfiteT Statdh & Perfitted THe
£ ig’u EQ”H@%%“%W f@éggtt%%cﬁeﬁse ?{E g[ai§ EH%F&VQC@% r%écyfa units are

transmitting data units at time TO, and starts backoff count in accordance
t rwiththe ESMA-procetureder acguitingitiansimissiomfighte Therkagkefber of

count is completed at Tl, and it is confirmed that the medium is clear
dad@ringthiss pefid@iT iarefdre, STAGahsmils arpacket kopkdihingsRT$mited
t‘oincg%emati%nith respect to both the data uhits, immediate ACK is
specified, and the transmitter station is permitted to
continucusly transmit packets.

STAQO starts the procedure for transmitting data units at
time TO, and starts backoff count in accordance with the CSMA
procedure for acquiring transmission right. The backoff count
is completed at 11, and it is confirmed that the medium is clear
during this period. Therefore, STA0 transmits a packet
containing RTS information.

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

After STAD receives the (TS 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, STAC adds RTS

information for transmitting another data unit. That is, STAO



After STAIl receives the RTS directed to itself, it returns a packet
containing CTS information at time T2 based on the information
described in the RTS SMH. After ST#&O receives the CTS directed to
itself, it transmits a data packet at time T3. At this time, STAO describes
in the ACK Type portion of the data packet information indicating it
desires that ACK should be returned by immediate ACK. At the same

time, STAO describes in the More Bit portion information that more. |
= R eta Gnie RS SE UGy, STAG ARE RS RfoRReon Torts data

palfR0EMAng anather dajp, un T3t 3, RTAO 83, fransmits a data packet
with the RTS multiplexed. This data packet is received by STA1 without

error sSTAIl recognizesibat the data paeketicondains=RkStinfornatidms RTS
and then tries to transmit a packet containing CTS information. At this
infimenSTAbrefers lORFS Sequente dntERTS1IReECEHIEHMAPY AR thdreBy-TS

_ recognizes that STAO has not recognized the acknowledgement of the
L T previoddly YBAGNEH T hah PL TAA/dBRISS t TelGd AGK® and RTS

relRiqrMALIQA 1 @ﬁ@@ﬁ%@&r‘%‘&%@@%n@éé”@?{%@%@;‘é@% ST8dognized

generates a receive data unit candidate list based on the information

thdescrbed inetheeREHt SV Hh Atthisstime, (ST Akdeletesithe alteathed. Then,
received packet from the receive data unit candidate list to update the list,
STapdtheh dendrated CTSinforhatidm Fupther ms ACRafomistion o gmAIN ing
describes the ACK information corresponding to the data flow s%e ified
n

CThy tRd PECEVELRTS Midristion. Thus, STAT valiffish pacicet Containhg ™™ ¢
caf&iinfarmatiop w_sr%‘{ SJpfermation: {6, &G T3 Racket with anACK e rrg

multiplexed) at time T4.
SMH. At this time, STAl deletes the already received packset
from the receive data unit candidate list to update the list,
and then generates CTS information., Further, asACKinformation,
STA1l describes the ACK information corresponding to the data
flow specified by the received RTS information. Thus, STAl
returns a packet containing ACK information and CTS information
{(i.e. a CTS packet.with an ACK multiplexed) at time T4.
After STAD receives the packet containing ACK information
and CTS informaticn, it tries to transmit a data unit based on
the CTS information. Basedon the ACK information, STAO deletes
the data unit already received by STALl from the transmit data
unitcandidate listitholds. Then, STACgeneratesanewtransmit
ldata unit candidate list, and determines a transmit data unit
based on this new list. At this time, STAU 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



After STAO receives the packet containing ACK information and CTS
information, it tries to transmit a data unit based on the CTS information.
Based on the ACK information, STA@4eletes the data unit already
received by STAL from the transmit data unit candidate list it holds. Then,
STAO generates anew transmit data unit candidate list, and determines a
transmit data unit based on this new list. At this time, STAO describes in

. the ACKT p?}gortion of the data packet information indicating it desires

u

AFAEK $hduld beretlithed By immediate ABK Kbtfd st tiins FrsGent
argegcriies insthedvare Rit portion,information, 84, indicating thata data.unif ;.
to be transmitted is not present anymore.”"STAG transmits the thus
TSgenerated data packet at time T5. When STAI receives the data packet
with ACK information multiplexed, it recognizes that it is desired to
immediagaly StFarsmit EHIAER , e didrastpeditdsponding ACKnformation

informati ket at time T6. In thi le of application, the Durati
el T BALH patket ESAUSb AR ihtlcates e fi giod ndfHE et

trpdicated by arguate gﬁ@%&'ﬁ_&%&ﬁ%m%g@aeamg%&t%%%%im
transmitted at time T6, zero indicating NULL is placed. E-6. Sixth
pakexampletof Apptication FIG. 10 illustrates the sixth example of application
of transmitting and receiving procedures in a wireless communication
systerhTaEE0rAifg W theepréseRPihvEAlidR I Thishfighve Hlustatés ahd in each

example of two-way communication, wherein ,
pagketpls set scyt%at %t %n lcates the time period until the

time indicated by arcuate arrow in FIG. 9. As the Duration value

of the packet transmitted at time T6, zero indicating NULL is

placed.

E-6. Sixth Example of Application

FIG. 10 illustrates the sixth example of application of
transmitting and receiving procedures in a wireless
communication system according to the present invention. This
figure illustrates an example of two-way communication wherein
two data wunits are transmitted from STA0 te STA1l and
simultaneously two dataunits are transmitted from STAL to STAQ.
Inthisexample, the number of dataunits which canbe transmitted
in one packet is limited tc one, and it is permitted to multiplex
RTS into CTS.

STAO starts the procedure for transmitting data units at
time TO, and starts backoff count in accordance with the CSMA
procedure for acquiring transmissicn right. The backeff count

is completed at T1l, and it is confirmed that the medium is clear



two data units are transmitted from STAG to STA1 and simultaneously
two data units are transmitted from STAL to STAG. In this example, the
number of data units which can be tggnsmitted in one packet is limited to
one, and it is permitted to multiplex RTS into CTS. STAG starts the
procedure for transmitting data units at time TO, and starts backoff count
in accordance with the CSMA procedure for acquiring transmission right.
The backoff count is completed at Ti, and it is confirmed that the medium

durs pidar gyt YuritithiEperiod FHETERFE STAT lanshfid Hpdckef  Packet
coéeﬂ@ljﬂiﬂ% RES informafion.; i the RTS/ET %RM%?CPP@QIGQ%{%%%@E% in the

MH, information is set which indicates that RTS may be tiplexed into
rTE TS fternFAhEacpitesithe S dnfeumation: it cetusrs anpackets may be
containing CTS information at time T2 based on the information
mu deserilsedein thetRTSBMH. At this time, STAL recognizes from the
RTS/CTS Mux portion in the RTS SMH that RTS may be multiplexed into
CTS HHic holtl GatE RIS ATeSen 5 STAD! TRBRIGRS STAL Foturns 2

paSE@%r?EeoSn@ﬁA'ﬂ%mﬁt@ on flanRitting these,oata units 19.3TAOAS the

a result, a packet containing CTS information and RTS inf ormation (i. e.
in8& TS pasketawith andRES multiplexed) is teamsmitted: Aftgl STAGne, STAL

receives the packet containing CTS information and RTS information, it
regriegtoarendmitia thea Biit aCtIMeIURS hased on the CTS RifsrHltlonhAt RTS

this time, STAO describes in the ACK Type portion of the data packet
ma B At irAEEtRG EThifebinat ACK EnBAUTR fdimaiy s o1 rected

toimga%qj?‘te A%f%fore, STA1l generates RTS information for
transmitting these data units to STA0. As a result, a packet
containing CTS informationandRTS information (i.e. aCTS packet
with an RTS multiplexed) is transmitted.

After STAO receives the packet containing CTS information
and RTS information, it tries to transmit a data unit at time
T3 based on the CTS information. At this time, STAO describes
intheACKTypeportionbfthedatapacketinformationindicating
it desires that ACK should be returned by immediate ACK. At
the same time, STAO describes in the More Bit portion information
indicating that more transmit data unit is stcecred. Further,
STAO adds RTS information ior transmitting another data unit.
Since RTS information is also contained in the receive packet,
STAO generates CTS information in response thereto, and adds
the CTS information.

As a result, a packet in which data, the RTS information,
and the CTS information aremultiplexed is transmitted from STAO

at time T3. (That is, a data packet in which CTS in response



the same time, STAO describes in the More Bit portion information
indicating that more transmit data unit is stored. Further, STAO adds RTS
information for transmitting another glata unit. Since RTS information is
also contained in the receive packet, STAO generates CTS information in
response thereto, and adds the CTS information. As a result, a packet in
which data, the RTS information, and the CTS information are
multiplexed is tr ed from STAO at time T3. (That is, data@acket

to R G S TA bbb TR T A S e A S FT S RSP R e 2
un _Qe 3%%5%19?9& ata. upit ace multiplexed;is transmitied.) @%Qaﬁa@&!@t is

Is received by STAI without error. STAL receives the packet with the data,
re RIS domnatirs 1and ES mfermation multiplexed, and recognizes that

this packet contains RTS information. Then, STA1 tries to transmit a

packef Ebrtaning’€ TS inforraticr: Atthis fifme, BTA &S forpgmation,

Seguence and RTS Received. MAP, and thereby recognizes that STAO
o R TR Lo T ek hBHELE b o T At Uit roviblesy B2 ket

cotBCaYeOx ThUS, STAL decides guncludeAGK: informatien In, the;packel e

containing CTS information. Further, STAI generates a receive data unit
cogandidaie;listiizasedronithea informationtdaseribeddn thva RTS-SMH.ALRIRTS

time, STAI deletes the already received packet from the receive data unit
Seguadidate nsRBUBgsR i disiAdndaRentdenerdigsreTSIRfbrmatiohat STAD

Further, as ACK informatian, STA1 describes the ACK information .
ha o oA O e Gt N SSSI B A by R T & Smrkaioh ™ €

ngyﬂgﬁéﬁg—r%é@ﬂ{?&?? tha%Hl?sF,’aC@ACP“%@émes to include ACK
| information in the packet containing CTS information. Further,
STA1l generates a recelive data unit candidate list based on the
informationdescribed in the RTS SMH. At this time, STAl deletes
the already received packet fromthe receive data unit candidate
list to update the list, and then generates CTS information.
Further, as ACK information, STALl 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 data unit as well based on the
CTS information. STAl describes in the ACK Type portion in the
DATA SMH information indicating it desires that ACK should be
returnaed by immediate ACK. At the same time, STAl describes
intheMore Bit portioninformationindicatingthat more transmit
data unit is stored. Further, STAl adds RTS information for
transmitting another data unit.
Thug, STAl returns a packet containing ACK informaticn,

CTS information, a data unlit, and RTS information at time T4,



CTS information, and transmits a data unit as well based on the CTS
information. STA1 describes in the ACK Type portion in the DATA SMH
information indicating it desires thatgdCK should be returned by
immediate ACK. At the same time, STA1 describes in the More Bit
portion information indicating that more transmit data unit is stored.
Further, STAI adds RTS information for transmitting another data unit.
Thus, STAL returns a packet containing ACK information, CT

S,
Thaktoriation:a dita uhit 5656 RS fhibAARGSH &Ctimesr 4 87 Thit & STAPT?
pacrﬁ%'ﬁpk%eé?%cq.gos}{gesmsf_tﬁs following; a.data packetin response o they

reception o om STAG; a CTS in response to an RTS from STAG;
re ARES fartransmitting thesssubgequentdatarmit,fand anrAfdnitting the
corresponding to the reception of a data unit from STAG. STAG receives
sultise paeket dertaining ACKiAfermaAlibne CMSe #iformatich ta d4tg wsc el on
RTS information, and tries to. transmit a data unit based on the CTS

of iffofiihfon Bdsed O the ALK information in the received packet, STAG"
deletes fhe data;unitalrpady received by STALfrom.ihe trapsmit.data ynitrs

candidate list it holds. Then, STAG generates a néw transmit data unit

in cangligate list, and determines, a ragsmitdata. ubitrhasedrgn thisinewiist to
At this time, STAG describes in the ACK Type portion of the data packet

t rénformation thdicatineiit desires tivat AOK ShBEId-bd pstupieopy Based on
immediate ACK. At the same time, STAG describes. in the Mor

Bit
chgchtih MR- HuicAtng that & GBtd Btk BETanshiidd (enGE s the
aaPLESENt a0y Jaate, Furher. 2iacs § EAR extagied fhe new dafaunitirgmy s «

candidate list it holds. Then, STAO generates a new transmit
data unit candidate list, and determines a transmit data unit
based on this new list. At this time, STA(Q describes in the
ACK Type portion of the data packet information indicating it
desires that ACK should be returned by immediate ACK. At the
same time, STAO describes in the More Bit portion information
indicating that a data unit to be transmitted is not present
any more. Further, since STAO extracted the new data unit from
the received packet without error, it decides to return ACK
informatioen. Further, since the received packet contains RTS
information as well, STA0 generates CTS informaticn
corresponding thereto, and also decides to transmit the CTS
information. The generating procedure for CTS information is
the same as described above; therefore, its description will
be omitted here.

Thus, STAO returns the packet containing a data unit, ACK

information, and CTS information at time T5. That is, STAO



the received packet without error, it decides to return ACK information.
Further, since the received packet contains RTS information as well,
STAG generates CTS information cegresponding thereto, and also
decides to transmit the CTS information. The generating procedure for
CTS information is the same as described above; therefore, its
description will be omitted here. Thus, STAG returns the packet

taini t it, ACK inf , and CTS information at time T5.
o T Rt SR TG e AIBRIL Mk o se
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and an ACK correspondlng to a data unit received form STAL1. When
anSARE receivesphepacketicontaininga datdinite ACK drforrvatiorns @,

CTS information, it extracts the data unit, and decides to transmit ACK

inforrfdtioh Thfrespopdinitrthere® PEOKREr AR STINIG ecogriizesihdt ACK

t contains CTS jnformation and ACK informat dates th
SRR i (e AT BARGA B 16 ACK THBARTS PR ri

an§tﬁ%:gﬁ99%§ﬁgggﬁ@ﬂlk@@@ﬁ%ﬂﬂﬂfﬁﬂ@@ﬁQﬁsggf¥k &E&§ng‘thereto

information. Thus, STA1 returns a packet containing ACK information and
Fuattata unitee. adata packetwithethe AGK of-the dada ksit received ns CTs

from STAO multiplexed) at time T6. After STAO receives the packet
Ingemariig ACKthHNalBA C&Fd: & Halta uhlt, itPefeEs o theACleTgpé t data

ortion e DATA SMH, an there nizes that it is desired to
A b BT A AL FHort Tt R ot hE H €1 Febom T ACK ™A1

deETHQEQBQPQEQ%fﬁgmgtaunztaswellbasedontheCTSlnformation.

Thus, STAl returns a packet containing ACK information and a
dataunit(i.e.adatapaqketwiththeACKofthedataunitreceived
from STAC multiplexed) at time T6.

After STAQ receives the packet containing ACK information
and a data unit, it refers to the ACK Type portion in the DATA
SMH, and thereby recognizes that it is desired to immediately
transmit an ACK. Then, STA0 returns a corresponding ACK
information pécket at time T7.

In the above example, the Duration field in each packet
issetSothatitindicatesthetimeperioduntilthetimeindicatedr
by arcuate arrow in FIG. 10. Since the data length is determined
beforehandwhenCTS informationisgenerated, eachDurationvalue
can be set.

Whether RTS information or ACK information is multiplexed
in a returned packet is unknown; therefore, Duration cannot be
exactly specified sometimes. In preparation for such a case,

a slightly larger value allowing amargin is set for the Duration



In the above example, the Duration field in each packet is set so that it
indicates the time period until the time indicated by arcuate arrow in FIG.
10. Since the data length is determied beforehandwhenCTS information
is generated, each Duration value can be set. Whether RTS information
or ACK information is multiplexed in a returned packet is unknown;
therefore, Duration cannot be exactly specified sometimes. In preparation
for such a case, a slightly larger value allowing a margin is set for the

V3 Biffaffoh'86 “V4iGe sometimes. Further, there are cases where a Duration

valueis,sef Qn the assumption that RT3 information, or, AGK i@fﬁ@st@l% IS 0 ¢

not multiplexed and an actual packet is transmitted over a period™ slightly

on lengerdbanthe DuratiomvalnesSinge dhe.tenghh of thisdrformadiends neh is
so large, however, great loss will not result. As the Duration value of the

nopacket iahsmittedrat time Ct8izbrodndieating NULLsIs Placadiolethe: period
above-mentioned embodiments E-I tcTE-6, it is judged whether to_set

S 1At AT ARG R T8 iy bé midlipiEied Snto CISSnthg Length of
en R UG Muxspotipn in 1he RTS.SMH. Hhis Ludgmept. can alsg be made,

e
based on the history of communication between RTS transmitting station

re @ndistation asitsislestinationyanthe packatsgeegived-framdhe stalioR % ime
the destination of the relevant RTS in the past. Referring to the relevant

T8 drawings 1 aéscraptionawillibelgiven béwetd .some examples in which
control is carried out in accordance with whether the station as the

destintibhoP RTEHGIAS babit d&sifestoBransmit td the k1 +t 15 Judged

whether to set “information indicating RTS may be multiplexed
intoCTS” inthe RTS/CTSMuxportionintheRTSSMH. This judgment
can alsc be made based on the history of communication between
RTS transmitting station and station as its destination, or the
packets received from the station as the destination of the
reievant RTS in the past. Referring to the relevant drawings,
descriptionwill be givenbelow to some examples inwhich control
is carried out in accordance with whether the station as the
destination of RTS holds data it desires to transmit to the RTS
transmitting station or not.

In the example illustrated in FIG. 24, STAl transmits RTS
(PO), STAQ returns CTS (P1l)}, STAL transmits DATA (P2}, and STAQ
returns ACK (P3}).

Here, it is assumed that, in the More RBit portion in the
DATA SMH of the packet PZ containing DATA, it is described that
STAl still holds data directed to STAO.

STAO holds the information in the More Bit portion of data

most recently received from STALl, and can thereby recognize that



transmitting station or not. In the example illustrated in FIG. 24, STA1
transmits RTS (PO), STAO returns CTS (PI), STAI transmits DATA (P2),
and STAO returns ACK (P3). Here,dbis assumed that, in the More Bit
portion in the DATA SMH of the packet P2 containing DATA, itis
described that STAI still holds data directed to STAG. STAO holds the
information in the More Bit portion of data most recently received from

STA1L, and can thereby recognize that 90 STAI holds data STA1 desires
SThY raAdhift (B EPAS TR BTIRS HeyniZesthar STAT hbfdsSd4id directed to

STAQ fV@FﬁOSIé&Rg%i%%gHSﬁ? RTSHR.STA dié_sggsﬁgtgg?f@%%@o STAO

Mux “portion in the Information indicating tha may be
whépultiplexed piostGT 8s' B radiltustrates a cases where thisRTS1iS /cTs Mux

transmitted as P4. In response thereto, STAI returns a packet containing
pPOGTS antrRTSSMH réldted im o onamtdata tiamshuisgiongthatds; Blfhcker be

(P5) wherein a CTS is multiplexed into an RTS. Then, STAG transmits a
muhh cRt Ak Mg uatan response to the received CTS SMH and a CTS

SMHECPér.ezpmdﬂ@C%;% the received %T %g’ tha %Sy’ A%]ksgtéfa@lsmmed

wherein data and CTS are multiplexe ubsequen ansmits a

as [agket cantainipeg MKSMHe eoryesponding @ thesrecqived data-and datd ng
corresponding to the received CTS SMH, that is, a packet (P7) wherein

CTYaradnd ACKAreamaltiptéxed. Fusthew STAC:transmits bspdcket (BBt is,
containing ACK SMH corresponding to the received data. In the example

2 Hiifated i FIBD 95542 thd Bxamph - tipLlexed into an RTS. "Then,

STAO transmits a packet containing data in response to the
received CTS SMH and a CTS SMH corresponding to the received
RTS SMH, that is, apacket (P6) whereindataandCTSaremultiplexed.
Subsequently, STAl transmits a packet containing ACK SMH
corresponding to the received data and data corresponding to
the received CTS SMH, that is, a packet (P7) wherein data and
ACK are multiplexed. Further, STAQO transmits a packet (P8)

containing 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
CTs (P1l), STAR1 transmits 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 STAD.

STAO holds the information in the More Bit portion of data
most recently received from STAL, and can thereby recognize that
STAl holds data STAL desires to transmit to STAO.

Inthis case, the following can occur even if data directed



illustrated in FIG. 24, STAIl transmits RTS (PO), STAG returns CTS (P1),
STAI transmits DATA (P2) , and STAO returns ACK (P3). Here, it is
assumed that, in the More Bit portiogin the DATA SMH of the packet P2
containing DATA, it is described that STAL1 still holds data directed to
STAG. STAG holds the information in the More Bit portion of data most
recently received from STAL, and can thereby recognize that STA1 holds
data STAI desires to transmit to STAO. In this case, the following can

Lo getlirevén Ffatk BFEERY 91 1o °SFAl iERoEpRRent iSRRG Detaiise STAL
STAI hoLdg_ ata STA],C _dg(s}ir E?Otrar}ﬁfﬁli to,STAQ, STAO tra itsw%ne

Tansits rein

d o .
“RTS Wheérein "nformation in icating that RTS may be muI%BIexe into

1 ey miseseldn thet RIS/ Gl Muepertiondn $he KT8 SMB: Akthis times crs~
STAG writes in the other fields in the RTS SMH information indicating
is that STTAOHRa& 6 Hats thuramsmit. iThisiRTSHs RAGNIME RTS8 whichdstime,

different from the RTS proper which requests data transmission of the

STRfsHitatiohof  @atatfanehiiiort. ‘GtheF siffodritingtstatidid thad eFpation

. __receive this dumm lg‘%gr, ng there gtset,@n AV and refrain from
m?r]é(r:l%\}énjfs%?or? gﬁf@ f%rt e §aratl%cr}1 escribed in tﬁ%rﬁ%g Since the other

surrounding:stations setiaimfrontrangmisaionsitisraasiender 8Tt he rTs

transmit RTS for transmitting the subsequent data unit. That is, STAO
propasmitsiadunemy ®RTS; aled eah thereby smake itdasibefaledTAltet ion of

acquire RTS transmission right. As a result, STAG can efficiently receive

datie SubSBgliermt et unit STAY e 128 ik afe’ ol 045t wHed® thigl Al
regggggyéggélaummy'RTS, and thereby set an NAV and refrain from

transmission only for the Duration described in the RTS. Since
the other surrounding stations refrain from transmission, it
iseasier for STAl totransmit RTS for transmitting the subseguent
data unit. That is, STAO transmits a durmmy RTS, and can thereby
make it easier for STAl to acguire RTS transmission right. As
a result, STAO can efficiently receive the subsequent data unit
from STAL.

FIG. 25 illustrates a case where this dummy RTS is
transmitted as P4. In response thereto, STALl performs the
operationof transmitting the subsequent data unit in accordance
with the ordinary RTS/CTS procedure. Specifically, STAl
returns a packet (P3) containing RTS SMH related to its own data
transmission, and STAO transmits a packet (P€) containing CTS
SMH corresponding to the received RTS SMH. STAl transmits a
packet (P7) containing data corresponding to the received CTS
SMH, and STAO0 transmits a packet (P8B) containing ACK SMH

corresponding to the received data.



transmitted as P4. In response thereto, STA1 performs the operation of
transmitting the subsequent data unit in accordance with the ordinary
RTS/CTS procedure. Specifically, SFAL1 returns a packet (P5) containing
RTS SMH related to its own data transmission, and STAG transmits a
packet (P6) containing CTS SMH corresponding to the received RTS
SMH. STAL transmits a packet (P7) containing data corresponding to the

received CTS SMH, and STAG transmits a packet (P8) containing ACK
SMH! Botfe’ gorfifiy - el retefvetiedhta 921t thé e |- HBSFREH TR TS

{P(\?\)I.Gﬁg%g(ﬁl :%az'lng@l{“igz-lc-:sarfrggégls‘i}-éa‘e a‘ggt E% %E.iznr@)??lv%gwever,
ithout error! However, a problem arises. During this period of time,

a pebRPntarpreted . therratipn field in.a pagkek tiansa)itiedfrom arethekteq
station (hidden terminal (not shown) for STAI), and thereby has set an
th& AV rZheérefofe,eSTAG canrot keturnaeCF:8i STAG feceivesthbeRES at ion

packet (PO), and thereby recognizes that STA1 holds data STAL desires
(hisittaRshSTARS In fvd exampld-ifustraied In FIGnIs By Aty d Ripract an

andlt. A0LEIebY.STAO ecognizes al STAI hasihe subsgquentdaa. . o1,

unit. e examp ustrate IS rentin that:" ST receives

rT@NRER&om STA andtherebyiesognizes thatST A has the subsaqueniat a
data unit. In the latter, STAO sets an NAV and thus cannot return a CTS.
STHherefore; ¢ough $TAhkas thesBabsequent data unit, its data

transmission operation is stopped. In this case, the following can occur

even T UABEAREEM o STAISS Tt frésenfihSTAD: Fddause sTNpre bit,
ané’v%{gfg%%t%ysg%ge%g%%5%?%2%”1&%81:51&‘%%1%Té,eékaé‘sé%ss%%@n data
unit. The example illustrated in FIG. 26 is different in that:
STAO receives an RTS from STALl and thereby recognizes that STAL
has the subsequent data unit. In the latter, STAD sets an NAV
and thus cannot return a CT3. Therefore, though 5TAl has the
subsegquent dataunit, itsdatatransmissionoperationis stopped.
In this case, the following can occur even if data directed

to STAl is not present in STAO0: because STAL holds data STAL
desires to transmit to STAO, STA0 transmits an RTS wherein
“information indicating that RTS may be multiplexed into CTS”
is set in the RTS/CTS Mux portion in the RTS SMH. At this time,
STAQ0 writes in the other fields in the RTS SMH information
indicating that STAQ has no data to transmit. (If data directed
to STAL is present in STAO, the same operation takes place though
this is not shown in the figure. That is, STAQ0 transmits an
RTS wherein “information indicating that RTS may be multiplexed
into CTS8” is set in the RTS/CTS Mux portion in the RTS SMH.)

This RTS is a dummy RTS which is different from the RTS



"information indicating 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 infermation indicating that STAG has no
data to transmit. (If data directed to STAL is present in STAG, the same
operation takes place though this is not shown in the figure. That is,
STAO transmits an RTS wherein " information indicating that RTS may be

multiplexed into CTS" is set in the RTS/CTS Mux portion in the RTS _
PTEMA:) THRIRTER dtinih§ 1S Whithis diffefehtftbm the RFS®a7e this

roper..When other_surr [ [ tha ive this_dum
oy et LR B el o A biort B oy e
t heSWEoMWing stationyrefigia from ranserission, itiseasiehfon STALWY, it is
transmit RTS for transmitting the subsequent data unit. That is, STAO
eahamsniits Sddrhmy RT8nand tdilthdrebyt makeniti sasiecfeh STl equent
acquire RTS transmission right. As a result, STAO can efficiently receive

da il sequBit datd unit Yo STAN(Shme a8 HBBYE HIGH 26 frdiidies 8°Y
ma ;QS‘S%WQQ%_%‘%S R &5 ?”%n'gé‘%ﬁ%%%ﬁ ‘Esﬁpa?{‘sszﬁgggﬁe&% PIfe . as

performs the operation of transmitting the subsequent data unit in
a raggordangeaith the carginary iRTS/CES precedue. SspacfigallycSIMa unit
returns a packet (P5) containing RTS SMH related to its own data
froransiifidsidrszarmd 8TAGwanrsmits a packet (P6) containing CTS SMH
corre5£ondin to the received RTS SMH, STAI transmits a packet (P7)

contdiffng d&at doiedpthiiity fo e Fetldiad TS SN A ‘SraemLt ted
as tﬁ?&‘?'m'(ﬁfna packet (E9) £RataIng AGHK PMHL cortespopding o dhe s o of
received data.
transmitting the subseguent data unit in accordance with the
ordinary RTS/CTS procedure. Specifically, STAl returns a
packet (PH) containing RTS SMH related to its own data
transmission, and STAO transmits a packet (P6) containing CTS
SMH corresponding tce the received RTS SMH. STALl transmits a
packet (P7} containing data corresponding to the received CTS
SMH, and STA0 transmits a packet (P8} containing ACK SMH
corresponding to the received data.
As anexample of utilizationdifferent fromthe foregoing,

“information indicating that RTS may be multiplexed into CTS”

may be always set in the RTS/CTS Mux portion in the RTS SMH.

F. Procedure for Acknowledgement of Sequence Number

FIG. 11 illustrates the acknowledgement procedure related
to data other than data flow 0 assumed in the present invention.
The figure shows a concrete example of the interaction of

individual fields which occurs when selective acknowledgement



As an example of utilization different from the foregoing, "information
indicating that RTS may be multiplexed into CTS" may be always set in
the RTS/CTS Mux portion in the RT§SMH. F. Procedure for
Acknowledgement of Sequence Number FIG. 11 illustrates the
acknowledgement procedure related to data other than data flow O
assumed in the present invention. The figure shows a concrete example
of the interaction of individual fields which occurs when selective

15 aERAdWIBHgENiENt 94118 cAMFRIBRIR. Fiie BXANPIE iS'61F P ASSTmtisht the

re{L1hE, RECCNORMAR ikl s consiuled of four bis ot the puRese o ..
S|mpl Ing the exp anatlon however epresen inven IOI’] IS not linmte

of 19 thisconstitilion. d he.datatransemitting ead-ranspits gatasunits ofvention
sequence numbers "0," "1," "2," and "3" from the transmit data unit
is candidatedistel iscassumied thah tHei dataiunit #2 is received with an error

therein. In the ACK Sequence field in the acknowledgement ACK
returdetf AR BEENERENINg ere ) E WG hBR AR S Iat the 4ta %ﬁi%@“ce

bR L0 € coudbe completel gceied i BiRCet Ve daa N0 f2uns ¢
ich'is thé data unit subsequent to #1 {aken as the basis

can%%ﬂ% plaged in the Received MAR field: K199t H‘Qﬂﬁﬂ?%ﬂ"@s received
following: the reception of the data unit #2 failed (0) ; that of the data unit

wi#3 succeedsd: (thethatof.the data unit #4 failed (0) ; and that of the data
unit #S also failed (0). When the data transmitting end receives this, it

recogifizesl that ttfe BRIUFREDE bp 3 #1 Werd RsceRelinsHt HA%FIE kit ACK

returned by the data receiving end, “1,” which indicates that
thedataunitsofupto#lcouldbecompletely received, isplaced.
With the data unit #2 which is the data unit subsequent to #1
taken as the basis (as MSB), “0100” is placed in the Received
MAP field. ™010G” indicates the following: the reception of
the data unit #2 failed {D); that of the data unit #3 succeeded
{1); that of the data unit #4 failed (0); and that of the data
unit #5 also failed (0).

Whenthedatatransmittingend receivesthis, it recognizes
that the data units of up to #1 were received and the data unit
#3 was also received. In the next data transmission, the data
transmitting end deletes them from the transmit data unit
candidate list, and transmits the data units of sequence numbers
W2, N, 7 N5, and Y6."” It is assumed that the data units #4
and #5 are received with an error therein.

In the ACK Seqguence field in the acknowledgement ACK
returned by the data receiving end, “3,” which indicates that

thedataunitsofup to#3 couldbe completely received, isplaced.



#3 was also received. In the next data transmission, the data transmitting
end deletes them from the transmit data unit candidate list, and transmits
the data units of sequence numbersg®2," "4," "5," and "6." It is assumed
that the data units #4 and #5 are received with an error therein. In the
ACK Sequence field in the acknowledgement ACK returned by the data
receiving end, "3," which indicates that the data units of up to #3 could be

. completely received, is placed. 95 With the data unit #4 which is the data

Wlﬁ%it%s%yaaén%iﬁs takeh kehthebddis (EamsBynido Btk pradedtinto #3

< EEPhR M i S, e bl e egptnc

e data un at of the'data uni also “tha

uathe dataunit ¥gsugeeeded (L and that ofdhe Aatadnitét/falledd@: s on of
Thus, the ACK Sequence field and the Received MAP are used together,

thanththereby ARQ fAutbmati© Repdat retjuesty iscaried iaut ¥f thesdafailed
transmitting end does not support selective acknowledgement, the

(Otaliowing prdcddife feiakeinwheth bt THECIFESIGA ACK andiipdatedtiet the

Eﬁ list, it disregards Received MAP. If the data

g ,tcransmit da#a} ugit cimgid:ilJ
ata unit alle . . .
receiving end doés not support selective acknowledgement, the following

proceduse isdakencik dnes notdy tq decods dherdatac\iait Wth @Ry ek ysed

therein and the subsequent pieces of data for linkage with the ACK
to@eguemncedieldt hrd placédZeld intalhthel bitBegfthe Reeived MAP digkd-ied

Thus, even if communication is carried out between a communication
OUkationtwhith Stigisoris SelettVe" BeRnBMEdlRMeRCan® BRIYMHURRBtIOR L Ve
acEE%@EéN&%%gggfn%hg“%ollowing procedure is taken: when it
receives an ACK and updates the transmit data unit candidate
list, it disregards Received MAP. If the data receivihg end
does not support selective acknowledgement, the following
procedure is taken: it does not try to decode the data unit with
an error therein and the subsequent pieces of data for linkage
with the ACK Sequence field, and places zerc in all the bits
of the ReceivedMAP field. Thus, even if communicationiscarried
out between a communication statlon which supports selective

acknowledgement and a communication station which does not, the

communication can be maintained without failure.

G. Procedure for Acknowledgement of Sequence Number with RTS/CTS

Procedure Used Together

FIG. 12 illustrates another concrete example of the
interaction of individual fields which occurs when selective
acknowledgement iscarriedout withRTS/CTSused together. Here,

to give description with attention focused only on the portions



communication can be maintained without failure. G. Procedure for
Acknowledgement of Sequence Number with RTS/CTS Procedure Used
To ether FIG. 12 illustrates another ggncrete example of the interaction of
individual fields which occurs when selective acknowledgement is carried
out with RTS/CTS used together. Here, to give description with attention
focused only on the portions 96 related to the sequence number and the
Received MAP, other fields will not be mentioned. However, in reality,

re lpbEsibrs MRiRG ISRHRF RS RGFTH 4N BeRAiBEd BrdiihEre Calecaishie L ds

w3 C2ied Ut The example is 0n the assumption that the Recelved MAP,
ield is constituted of four bits for the purposé of simpYifyiﬁg {he e

ot gxplanation; howeyer, thedrgsentinyentian ishatdimiteds 10thisso carried
constitution. With respect to RTS SMH, this example is on the
oulassuftiptiomthapthe first onfotinth exasmplp tof wonstitutioniis &daptedtheia P

_ data transmitting end transmits an RTS which indicates that the data units
Ligtdetpi&iE B gl fpunb g for the Higed hWetidimshit ying

ta it candidate. list. At this time, in the RTS Sequence field in the RT,
e A G S Bl M g e e i e e Fed

t o Raceivee, MAR field: c8000iistaced which indicates thafall the dataanp 1o
units #4 to #7 are transmit candidates. Since all the data units indicated by
istherRTS have notnpédeivediyetthe datafreceiving end does hotaretuip b of

ACK but returns a CTS and waits for incoming data units. It is assumed

CoRdtHhE thER (hits #4ANESS: are received

The data transmitting end transmits an RTS which indicates
that the data units of sequence numbers “3,7 “4,7 25,7 “g,” _,
are entered in the transmit data unit candidate list. At this
- time, in the RTS Sequence field in the RTS SMH, “3” is piaced
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 transmit candidates.

Since all the data units indicated by the RTS have not
received yet, the data receiving end does not return an ACK but
returns a CTS and waits for incoming data units.

It is assumed that the data units #4 and #5 are received
with an error therein. Further, it is assumed that delay ACK
is specified for these data. Because of delayACK, the receiving
end does not immediately return an ACK.

To further transmit data, the data transmitting 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



with an error therein. Further, it is assumed that delay ACK is specified
for these data. Because of delayACK, the receiving end does not
immediately return an ACK. To further transmit data, the data transmitting
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 97 in the RTS SMH, "3" is
placed which indicates the leading data unit, and in the RTS Received

innike, KIG06 8 placed Whigh fdicates’ tHat ke Yabruhlis s dirgreiata
un g'g \? Sarylié %arlnglfri(iez{éelss ﬁ{iencc eez i3 Oerréﬁ'] f]?th & 5’ & E?Dl‘m itss; rﬁ)gpé%agtsgdxg)gﬂne 1'?1}';1% cates

e beéna y received, the data receiving end a
+hiformationhahen itretuwins 3 GUS.cAt this tinpe, Brisplaced daithe ACK s .
SEQUENCE field in the ACK SMH, indicating that the data units of up to
#3 cobiichbe compietely tereivbat ¥Vithnthes dateddwia#4 avhich IShthefdatahave
unit subsequent to "3" taken as the basis (as MSB) , "0010" is placed in

begiy RetERREMAREREIHY*0010" MilicAR5the TERSWiRg the FE¥ptRATT ACK
. dat it #4 fail 0).; that of t t it #5 .also failed (Q)., that _of
1ng:<§ra1%%fgfl ggerafl :?g Qg%%i?xsoa@rga}a %&élassglgie?, (03) é%oy)).?aced

a unit succeede »and that of t ata unit is faile

inWhen fhecdatetnangmitting end raceivesAhig, ikyecodnizes: dhatihedaia the
units of up to #3 were received and the data unit #6 was also received. In

datie nexttdata framsmission ctheldhtac travsmitting endrdetetesdhiem o the
the transmit data unit candidate list, and further transmits the data units of

daggqignide Huribére™ 4,55 o7%ed i Vg fasdthoiP theeE T ShiRformatighen as
the basis (as MSB), “0010” is placed in the Received MAP field.
“0010” indicates the following: the reception of the data unit
#4 failed (0); that of the data unit #5 also failed (0}; that
cf the data unit #6 succeeded {1); and that of the data unit
#7 is failed (0).

Whenthedata transmittingendreceivesthis, it recognizes
that the data units of up to #3 were received and the data unit
#6 was also received. In the next data transmission, the data
transmitting end deletes them from the transmit data unit
candidate list, and further transmits the data units of sequence
numbers “4," 5,7 7,7 and “8” based on the CTS information.

Thus, the RTS Sequence field and the RTS Received MAP field
are used, and further multiplexing of the CTS SMH and the ACK
SMH is used together. Thereby, data can be transmitted and
received without failure.

If the data transmitting end does not support selective
acknowledgement, the following procedure can be taken: the

transmitting end always places zero in all the bits of the RTS



Thus, the RTS Sequence field and the RTS Received MAP field are
used, and further multiplexing of the CTS SMH and the ACK SMH is used
together. Thereby, data can be transygitted and received without failure. If
the data transmitting end does not support selective acknowledgement,
the following procedure can be taken: the transmitting end always places
zero in all the bits of the RTS 98 Received MAP field, and, when it
receives an ACK and updates the transmit data unit candidate list, it

Regiagatad e Rettired Map etk dhtd REEVIfFeAT dOBE ot duppsirtes
en@sledtivenacknowledoement, dt can disregard the RT3 Reqelved MAR .o veq
Thus, even if communication is carried out between a communication
Mastation wvhich: supposts:seledtiverackagwledgemenbant:a peIpMURISation i ve
station which does not, the communication can be maintained without
actailore. ¢4 ddtilizationidf CIS Sicred Seridrice 81 BsesofRidldgWith Thus,
RTS/CTS Procedure Used Together FIG. 13 illustrates an example of

©V gatat tranHittiy Gk feteiving Procktitréd\vhBrH tefay?AERTP A & Tor
st 57 2 T SRIPERIUS, e ppaled il seclon dVeR ArserION N and »

attention focused on handling of each sequence numb the use
coffuithe Stared-Sequancerfigldiinthe CESHSMH.rHhe exampie isanithe can be
assumption that the RTS Received MAP and Received MAP fields are
mapothacomsttuted b four Bits Lfor ¢he purpose of simplifying the explanation;
however, the subject matter of the present invention is not limited to this
constitution. Further, it is assumed that the number of the

H. Utilization of CTS Stored Segquence and Uses of Fields with

RTS/CTS Procedure Used Together

FIG. 13 illustrates an example of data transmitting and
receiving procedures wherein delay ACK and the RTS/CTS procedure
are applied. This section gives description with attention
focused on the handling of each sequence number and the use of
the Stored Seguence field in the CTS SMH.

The example is on the assumption that the RTS Received
MAP and Received MAP fields are both constituted of four bits
for the purpose cf simplifying the explanation; however, the
subject matter cof the present 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.



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 willpbe 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. 99 Prior to data transmission, the data transmitting end
transmits RTS(1). It indicates that the data units of sequence numbers "3,

" g, FI5 0 Bnb6 5T effered L the tdhsnit Gard2rit dclaRe st ag end
el e (Phat s "2 plaged i, the RIS Sequence fofl, and:poo0iie .

ace Received MAP field. Further, the data transmitting

numelfies that-itdesiressthatdhis date tiarsmission-shauld-be completedkiniata
255-unit time on the grounds of the data transmitting end. (That is, "255"
unig-pleed inltteMaxsDuedtioifield) FRwether (thea taistralShittingeheced in-

natifies that the lengths of the data units it is about to transmit are 200,
R0 S Gritityds, TRSpoRiiily, (TS OSo e paced e ce i ved

ua bEPYIND; "20%(s, placed inlengthl, "1007 s placed jn.Lengthz, and 180" is, .
Y e

placed In Lengt The time that lapses before the transmission of a

it GBS frapsmitted in respanse-orthis RES is somplated isisek te dQrinit ed in
time, and "40" is written in the Duration field. After receiving this, the data

25 petBiviigeéing: retutis: QTS Y js Afthisditvel it detenwinestaterctass. 1 akThat
the transmission rate for data reception in accordance with the

12 ahove-merttiofed® procedure) andotifies ot #i5. (riatis, »1" lsiplaked in the
da BNE)HFS%“@M}E‘S QQE?JSE%‘;Y!{‘QSeQQQ?@ﬁ@'T%%H{‘?}E ét of the dataunits

it is about to transmit are 200, 20, 100, and 80 unit bytes,
respectively. {That is, “200” is placed in LengthO; “20” is
placed in Lengthl; "100” is placed in Length2; and “80” is placed
in Length3.) The time that lapses before the transmission of
a CTS transmitted in response to this RTS is completed is set
to 40-unit time, and “40” is written in the Duration field.

After receivingthis, thedatareceivingendreturnsCTS{1}.
At this time, it determines rate class 1 as the transmission
rate for data reception in accordance with the above~mentioned
procedure, and notifies of this. (That is, “1” is placed in
RATE) . Further, the data receiving end determines that it
receives the data units #3, #4, #5, and #6 in accordance with
the above-mentioned procedure, andnotifies that the time period
required for completing the reception of them is 240-unit time.
(That is, “240” is placed in Duration.) Further, the data
receiving end holds the lengths of the data units of up to #6

which it determined to receive in this transaction. Then, it



receives the data units #3, #4, #5, and #6 in accordance with the
above-mentioned procedure, and notifies that the time period required for
completing the reception of them isj240-unit time. (That is, "240" is placed
in Duration.) Further, the data receiving end holds the lengths of the data
units of up to #6 which it determined to receive in this transaction. Then, it
100 notifies that it has held information on the lengths of the data units of
up to #6. (That is, "6" is placed in Stored Sequence. ) After receiving this

notHd Bt HAREnTEiRG BtPHEnSHHR Ak o). AR thistinte) Hratsuhizes data
um{la%t gf%tr@g%t th% Tq'?é@ H@ES #%,f#fs%lggg(?Qgtglg%?QgCglee ence. )

transmission rate class 1, in accordance with the above-mentione
procedurer Thene iitransalitssthese-infarmation aé ransmissiond ate £SHassi s
1. Since delayACK is specified, "0" is placed in the Duration field.
Datrytthes, thetdataitraidmiting lendeholds Seggenbe huhtber® teportediy the
the Stored Sequence in the CTS so that it can refer to the number when it

data Wit SR TS neke timfd 9t 19 ASUEdTREhE RiatbRERTHg e Baha t e
o1 £xtract oply the data upits; of sequence numbers 37 and 6. However, ¢\

the data transmitting end cannot confirm whether data reception

it sueeeeded-er nok abthis pointof time. J© furtheransmitdata yoitsithes 1.
data transmitting end transmits RTS(2) At this time, the data units of

Sigequnbayddibesssrcigfiegl; B0 1 aelant@ed intthe ansmitdatiie ld.
unjt candidate list. When CTS ‘1ghw,as received before, it was reported by

FusiStrsddients tat “Hiieh .%lé}%éﬂag‘tamfgsolgﬁﬁfbe%é%@ber 6
reﬂ%‘g@& %9@1@5'%1:Jpg&e@é%dgﬁ%g]aﬂp%he CTS so that it can refer

to the number when it transmits an RTS next time.

It is assumed that the data receiving end can extract only
the data units of sequence numbers “3” and “6.” However, the
data transmitting end cannot confirm whether data reception
succeeded or not, at this point of time.

To further transmit data units, the data transmitting end
transmits RTS(2). At this time, the data units of seguence
numbers “3,7 W4, 25,7 “g,” .. are entered in the transmit data
unit candidate list. When CTS(1l) was received before, it was
reported by Stored Sequence that “the lengths of the data units
cf up to sequence number 6 are held.” Therefore, information
isdescribedwhich is related to the dataunits of higher sequence
numbers than 6 in the transmit data unit candidate list. More
specifically, the data transmitting end notifies that the data
units of 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; “160” is placed



is described which is related to the data units of higher sequence
numbers than 6 in the transmit data unit candidate list. More specifically,
the data transmitting end notifies thag the data units of sequence numbers
"7 "and "8" are entered and also notifies of their lengths. (That is, "7" is
placed in the RTS Sequence field; "0000" is placed in RTS Received
MAP; "160" is placed 101 in LengthO; "120" is placed in Lengthl; "0" is

‘ Elaced in Length2; and "0" is placed in Length3.) That Length2 and

10 LgRgthB Gre tiffesRR&CFah Mt B Eandidated e biRpavbrobenath:
nits,, with lengths of 160.and Further, the data trapsmitting en

anéjnoti ies ]fhsatplrti gsﬁrgesltﬁaﬁ%éﬁ%%a’t%an%ﬁn%%%io%lesrh%uﬁlc? baenc(::lon%Sfé% F?\ are

0 nd25-Enit dimean the graundsiakthe daty; yaprsmitting end-(That i$at2Panits

is placed in the Max Duration field.) Further, the time that lapses before
withe trangiiissiod f @Casdra@smitteduintrbsponsette thistRTSisnsmitting
completed is- set to 40-unit time, and "40" is written in the Duration field.

endh\fgtrebbRinglis, Hedftd FéRivi ehB & RS ETS TR AT HHisHime o 1d

e Ns e determyined fate, class, 2 as, the ansmission et for data o,
recep}%lon, in ‘accordance with the above-mentione procedure. That'is

tradsigitacedyin RATE (TS SMH)Frther the dateraceiing8N8u rat i on
determines that it receives the data units of sequence numbers "4," "5,"

fiahd. 7" Muactordancdwitiithe dbove-entioncedepiocedtie; andmotifiesion
that the time period required for completing the reception of them is ‘

of Jpd-dnit fir@ Edt 7€ #200" IEHBESF Sn Burktios) Rifnés thedateted is”

se{FEMAA gnd halds, e lengthpoof the data ylts QLUPR LRI £ie1a.

Afterreceivingthis, thedatareceivingendreturnsCTS(2}.
At this time, 1t notifies that it determined rate class 2 as
the transmission rate for data reception, in accordance with
the above-mentioned procedure. {(That is, “27 is placed in RATE
in CTS SMH.) Further, the data receiving end determines that
it receives the data units of seguence numbers “4,” “5,” and
"7 in accordance with the above-mentioned procedure, and
notifies that the time period reguired for completing the
reception of them is 200-unit time. (That is, “200” is placed
in Duration.) Further, the data receivingend holds the lengths
of the data units of up to #7 which it determined to receive
in this ftransaction. Then, it notifies that it has held
information on the lengths of the data units of up to #7. (That
is, “77” is placed in Stored Seguence in CTS SMH.)  Further, the
data receiving end determines to return ACK information as well,

in accordance with the above-mentioned procedure, and notifies

that it could completely receive the data units of up to #3 and



in this transaction. Then, it notifies that it has held information on the
lengths of the data units of up to #7. (That is, "7" is placed in Stored
Sequence in CTS SMH. ) Further, ther data receiving end determines to
return ACK information as well, in accordance with the above-mentioned
procedure, and notifies that it could completely receive the data units of
up to #3 and 102 could receive the data unit #6. (That is, "3" is placed in

ACK Sequence in ACK SMH, and "0010" is placed in_Received MAP.)
counlftb BTy ThTE, ﬂ?@&a‘rﬁ‘ﬁrﬁn%ﬁﬁtﬁané}%Etréﬁsmité Dta2)? Shitee » ACK

se Gl Information isipcluded, atdhis me, it upgates the transmit dala willp
lal(:Fate 1PlS

an t In accordance with” the above-mentioned procedure.

Thergaiter;, the data; rargmiting eadirecognizes:that it cag dansmithieni ts

data units #4, #5, and #7 at the specified transmission rate class 2, and
Datteafidinits thiene.cF e sincerdeldy ACKS istspelifitet] /02is Placedithe 1t

Duration field. Further, the data t,ransmitting end_holds sequence number

updgt fshbted By IS Tordd Sedfidhce” I AT TS do thafirear i@ e "
th@“ﬂ%ﬁ%ﬁ%F%@Egﬁgﬁgﬁs‘g%?@@&ﬁ%&ﬁme-T%ﬂ&ﬁ@ﬁ%@%@?“tW%% data

uni ata transmitting transmits RTS(3). At this time, it describes

+ ranformatian yelaled-tothgrdata wnits:-af highes seguense numhersittan fnits
which is the Stored Sequence held when CTS(2) was received, in the

#4 trafsmis gata Urdttcdrididateslist fMerk specificdllys then dad franbasiting and
end notifies that the data unit of sequence number "8" is entered and also |

ErBfes 5t HY fBhgtht (FiatRs; "8 R flaled MYRTS Skyudite’ fogtitr is Y
plggﬁg%ﬂgggg;BS%%W§%n field. Further, the data transmitting

end holds sequence number “7” reported by the Stored Sequence
in the CTS so that it can refer to the number when it transmits
an RTS next time.

To further transmit data units, the data transmitting end
transmits RTS(3). At this time, it describes information
related to the data units of higher seguence numbers than 7,
which is the Stored Sequence held when CTS(2) was received, in
the transmit data unit candidate list. More specifically, the
data transmitting end notifies that the data unit of sequence
number “8” is entered and also notifies of its length. (That
is, “8” isplaced inRTS Sequence; “"0000” isplaced in RTS Received
MAP; “120” is placed in LengthO; “0” is placed in Lengthl; “0”
is placed in Length2; and “0” is placed in Length3.) Further,
the data transmitting end notifies that it desires that this
data transmission should be completed in 255-unit time on the
grounds of the data transmitting end. (That is, “255” is placed

in Max Duration.) Further, the time that lapses before the



MAP; "120" is placed in LengthO; "0" is placed in Lengthl; "0" is placed in
Length2; and "0" is placed in Length3.) Further, the data transmitting end
notifies that it desires that this datagransmission should be completed in
255-unit time on the grounds of the data transmitting end. (That is, "255"
is placed in Max Duration.) Further, the time that lapses before the 103
transmission of a CTS transmitted in response to this RTS is set to
40-unit time, and "40" is written in Duration. Thus, the transmitter and the

trar%@ﬁva?g@ﬁtr%fﬂadgw thé F8SPECEE atRet RERMRS AridPrefbritd &dch 15
set er %Beaders @Q%éherebéé de%mlne the dettﬁlés of. - pr égﬁagggg the

outCome oP receive péckets As a resut even | elay ACK'is used
togetharsLepgth infarmationds prexantacdiroa-baing uselassivissgacifieds in
in RTS, and thus the efficiency is enhanced. I. Transmitting and Receiving
thePrecgoures for Jzaffie thheughe TCPaFIG r 84 #lustratesdn @xample dfahders
sequence in which traffic is transmitted and received through TCP/IP in

ancperdaRde AniR %%Wé%o@%&é@&@&dﬁ@ﬁ%%ﬁ@séﬁt i ritisheome
Even if commu ion is, Qf one ter f I| tio
of returned %y%ﬁegf %Iaye%%yp%ca I%\/I%%]é@ry twnygzlgment%% %n it Is brcj)ﬁgrliltsed

todeterdbe formefrasymmetical twe-waycemmadrisationcin eiMAG dayetss1y
The figure illustrates an example in which delay ACK is applied;

spandlfiplestingrofi§ith packetsasRTS; GIS, 1DAFA¢ Bnd ACK Isxperaditted;
and these are used together. In conventional transmitting and receiving _
procedures through TCP, packets equivalent to 24 times in total are

I. Transmitting and Receiving Procedures for Traffic through

TCP

FIG. 14 illustrates an example of the sequence in which
traffic is transmitted and received through TCP/IP in accordance
with the MAC procedure according to the present invention. Even
if communication is of one way in terms of application, ACK is
returned by the TCP layer typically every two segments, and it
is brought into the form of asymmetrical two-way communication
in the MAC layer. The figure illustrates an example in which
delay ACK is applied; multiplexing of such packets as RTS, CTS,
DATA, and ACK is permitted; and these are used together.

In conventional transmitting and receiving procedures
through TCP, packets equivalent to 24 times in total are
transmitted and received in the MAC layer to transmit five
segments Datal to Datad, as illustrated in FIG. 20. Thus, the
processing is complicated and redundant.

In the transmitting and receiving procedures according

to the present invention, packets equivalent to 15 times in total



transmitted and received in the MAC layer to transmit five segments
DataO to Data4, as illustrated in FIG. 20. Thus, the processing is
complicated and redundant. In the transmitting and receiving procedures
according to the present invention, packets equivalent to 15 times in total
104 are transmitted and received in the MAC layer to transmit seven
segments DataO to Data6, as illustrated in FIG. 14. As is obvious from the
foregoing as well, it will be understood that, in the transmitting and

AT FotdifMy hrbEEAUREY” drording to the Preséntinveriibn! the prEcassin®even
scIEMAC layer s simpiifiedcand its oyerheads can bg sighificantly,

educed. Up to this point, the present invention has been described in

details sgefesring-tpitbespeeifin embodimentgotinwewer, kel OPviDUsHhatl pe

those skilled in the aft can make modifications to or substitutions for the
undmbotimentswithodindépartingarom Ltheistopersf thegsrésemdnpentsiures

In this specification, description has been given to the embodiments

AC R IRPARPIVING Heielent ihVehtiofts a&S\stehy Wistdin thee MAC layer
is%ﬁ%ﬁg SeRrogedure andthe, aceess method pased an, £SMA.ar 1lisee<9uced.

together in a wireless network in accordance with the IEEE8O2.

standapd: Hawevepdha spbjeet madtes of the vereseatimentioneis Nekcribed
limited to this. For example, the present invention can be similarly applied

intgeHeafollowind esysienist a dysteArwhélgis tiRTS/CTStprocedareiger, it
used together with a random access method other than CSMA; and a

18 QRO HECeda sy BRATIT Adoradnte Wit Gthér raquiteriants then cations
toirgg%%%%zt}%ulgi%pét’fgiz? %%%Cigﬁ@j)%g@é?mge§jt_lg%g{lets%@parting from

the scope of the present invention.

In this specification, description has been given to the
emboediments 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 IEEE802.11 standard. However, the subject matter of the
present invention is not limited to this. For example, the
present invention can be similarly applied to the following
systems: a system wherein the RTS/CTS procedure is used together
with a random access method other than CSMA; and a random access
system in accordance with other requirements than in IEEE802.11.

In short, this specification discloses the present
invention in the form of exemplification, and the contents of
this specification should not be interpreted in a restrictive
manner. The scope of the present invention, therefore, is to

be determined solely by the following claims.



invention in the form of exemplification, and the contents of this
specification should not be interpreted in a restrictive manner. The scope
of the present invention, therefore, is to be determined solely by the
following claims. 105 CLAIMS 1. A wireless communication system for
transmitting and receiving a pluralit§of data units in which sequence
numbers are assigned to transmit data units to identify the data units,
cr.axkgrein, if selective acknowledgement is applied: the receiving
communication station is operable to describe in reception

acknowledgerhaht fifforntAIBH KEK* the Seqdhte MimberdBredrhbigels™d
regeceivad datd unitslfry thd ofder ofseguencewiimbersgndizie mapbers are

== dnfarmation reprasenteghby mapping the state; ef regeptign of data.of the
subgggggp}l sequence numt()aerasc]i:ntowrelfétlve bit positions frorg‘the
seqtiehce numbers S aid 1S’ dparabfe’to fraRemit the irffdrmiation, wherein,
if setectives aeknbndedgamentds Wepliett 2hé orecedvingeanaé trarsmittisg ribe
in COABERHIcatian:stalionsple-operabie-ta. addinfermation indicating a
causal data}flow to transmit data andcacknowledegement. 2. Tge Cyvireless, .

. Lhe se%uence mmgzers OC comf_ue Ll}é.r?celve . at? FHLLS
communication system according to Claim 1,” wherein the receiver station
which dées-hbt StPPore Selsstive Hrkrswietgerient is operable to
transmit saidtbitmap: itfermatiomwith zeresetdar all theabits©f the bitsrare
map flec@' Sfe-gg%ﬂlg%leg‘% cgmupic a*tclgg Sé@%%@q%%%%rdIsneCZquoercl:clglmn%rhbers

into relative bit positions from the seguence numbers,
and
is operable to transmit the information,
wherein, 1f selective acknowledgement is applied, the
recelving and iransmitting communication stations are cperable to
add 1information indicating a causal data flow to transmit data

and acknowledgement.

2. The wireless communication system according to Claim 1,
wherein the receiver station which does not support
selective acknowledgement 1s operable to transmit said kit map

information with zero set for all the bits of the bit map field.

3. The wireless communication system according te Claim 1,

wherein, with respect to at least one data flow, the ARQ
system 4In which seguence numbers are not assigned is adopted,
and, when Link session 1s established, data is transmitted and
received through the data flow, and thereby the sequence numbers
of the transmitter station and the receiver station are

synchronized with each other,



wherein, with respect to at least one data flow, the ARC system in which

sequence numbers are not assigned is adopted, and, when Link session

is established, data is transmitted and received through the data flow, and

thereby the sequence numbers of the transmitter station and the receiver

station are synchronized with each!8fher. 106 4. A wireless

communication device for transmitting and receiving a plurality of data

unitg in whigh sequence nymbers ake assigned.to ransmitdata: units fo ..«
. identifX the data units, cqmgrigin : an ACK information transmittin
‘eﬁégﬁs%vﬁcﬁfﬁrgei]lééﬁv%“ ackmow éﬁ‘dg‘gmlerht‘fgféf)]ﬁliéa?ﬁ?%%rgﬁ’g? re are
as gegeribe iva Teeeplioh agkhawletfement infotaraticly ACKe theéssequences,
compmbers;of completely received data units in the order of sequence

numgnerﬁ%%d bit ma ugformatlon gepr,es_ente(gfln ggnrgaegl_?gnthe state of

. ign, Lransmittin Ftive
receptlon (0]

data of the S sequent sequence Alimbérs fhto refative
ACHHEIHGTS FiefT the Sequasiice ABmbers in ckesponse totdatadreception, a2
re i pperable-iombransmitthe dnformation.;and adgeacket transmitting means
which, It selggtive agkagwiedaement s appiied. 13 operale 20,20, , o+
information indicating a causal data flow when 1%ra smﬁtlng dataand an
acknowl&d§em it reshoiise i3 data reesptiodRfansmission. S. The
wireless cammunigatiornt device ascareing e faim 4y whekeingif said state
ACK information ragsmyiffing means does nofsupportselegive .. | ez
acknowledgement, it Is operable to transmit
int¢ relative bit positions from the seqguence numbers in
respense to data reception, and

is operable to transmit the information, and

& packet transmitting means which, if selective
acknowledgement 1is applied, 1s operabple to add information
indicating a causal data flow when transmitting data and an

acknowledgement in response to data reception/transmission.

5. The wireless communication device according to Claim 4,

wherein, if said ACK information transmitting means does
not support sslective acknowledgement, it is operable to transmit
szid bit map information with zero set for all the bits of the

bit map field.

€. The wireless communication device according <o Claim 4,

wherein, with respect to at least one data flow, the ARQD
system in which seguence numbers are not assigned is adopted,
and, when Link session is established, data is transmitted and
received through the data flow, and thereby +the communication
device synchronizes its sequence numbers with those of the

station on the other end.



said bit map information with zero set for all the bits of the bit map field. 6.
The wireless communication device according to Claim 4, wherein, with
respect to at least one data flow, the ARQ system in which sequence
numbers are not assigned is adopted, and, when Link session is
established, data is transmitted anciopeceived through the data flow, and
thereby the communication device synchronizes its sequence numbers
withrthose Gfithel statiopainine @thecendd@iod . AWireleSs smitr:ng and
reSOMILnication.method for fransmitting and receiving a plurality of data
units, comptrising the steps of: assigning s"’eqlfence‘nUm ers to transniit
daté& Efits 0" e Fify PR GataRHiteS Tnd, if seleetiveracknWelezlgemnéntis to
iqapplied, describing inraceptioaragknawledgesmentinformatian AGK-the ;s
sppfauence numbers of completely received data units in the order of
sequence number, and bit map information represented by mapping the
stateTiTetRbtoNn 6f datLof the stibetiiietii eettince: fmbets nforx :
relative bittpesitiensdrom themsequende dwmbets iy respeasedodata units
reception, and tragsmiting.the infaumation, and 108 adding information

indicating a causal data flow when transmitting transmit data and an &
acknowledgefieht iTesponseTo taea traifdineiSividceplionmaeming  the
computergiragraim deseribédhin afcoyputersrieadablesubsequent sequence

numbers into relative bit positions from the seguence
numpers in response to data reception, and

transmitting the information; and



format for carrying out on a computer system the control of

communicating operation for transmitting and receiving a plurality of data

units, the computer program comprising the steps of: assigning sequence

numbers to transmit data units to identify the data units, and, if selective

acknowledgement is applied, desclr%ng in reception acknowledgement

information ACK: the sequence numbers of completely received data

units in the order of sequence number, and bit map information

repieaenied by mapping the stgte of ygeeption of data of ihe supsequent, .

sequence numbers into relative bit posifions from the sequence numbers
ErRTRShore fordatiHrecetitivh, #d FanSmithAGRRIATGRiation “f8 0T
da addingnisfarmatior iadatingha causal data flow when transmitting

transmit data and an acknowledgement in response to data

transmission/reception. 110 Wireless Communication System, Wireless

CorimufiicdtfSF D&vicARE Wire R&E CoRFAuUNiCatidn Metbit sAngeadable
fom@empdter PregramnABSTRAGCT Accesscoatroldyasethon GSMAr-igrcl of

corfayRrally:carried.out with the RTS/CT.S method used together Ifthe .

1 BT:%/%TS?p;ocedure IS uf_sed together, CTS information is transmitted in
e ponse 0 theTeteption of RTSinfGr&tioR” afd W&iaTs comprising cthe

steps of:
assigning sequence numbers to transmit data units to
identify the data units, and, 1if selective acknowledgement is
applied,
describing in reception acknowledgement information ACK:
the seguence numbers of completely received data
units in the order of sequence numbsar, and
bit map information represented by mapping the
state of reception of data of the subsegusnt sequence
numbers into relative bit positions from the seguence
numbers in response to data reception, and

transmitting the information: and



transmitted in response to the reception of CTS. The CTS transmitting
station measures the quality of RTS receive signal, and thereby
determines a transmission rate at which it can receive and notifies a
station as the destination of CTS. The station as the destination of CTS
transmits data in response to CTS mformation. As the transmission rate
for this data, the transmission rate indicated in the RATE field in CTS is
applied. Figures 5(1) and 5(2)

adding information indicating & «causal data flow when
transmitting transmit data and an acknowliedgement in response to

dats transmission/reception.



110

Wireless Communication System, Wireless Communication
Device And Wireless Communication Method, And Computer

Program
ABRSTRACT

Access control based on CSMA is favorably carried out with
the RTS/CTS method used together. If the RTS/CTS procedure
is used togethér, CTS information is transmitted in
response to the reception of RTS information, and data is
transmitted in response to the reception of CTS. The CTS
transmitting station measures the guality of RTS receive
signal, and thereby determines a transmission rate at which
it can receive and notifies a station as the destination of
CTS. The station as the destination of CTS transmits data
in response to CTS information. As the transmission rate

for this data, the transmission rate indicated in the RATE

field in CTS is applied.

Figures 5{1) and 5(2)



