7 January 2004 1 DATA COVMUNI CATI ON METHOD BACKGROUND 1. Field of the

| nventi on The present invention relates to a data comuni caf8rY mttod
(wireless digital conmunication nmethod) in which error control is carried
out based on an automatic repeat request system 2. Background of the

I nvention As an error control nmethod in data communication, there has been
proposed an error control nethod in anlautomatic repeat request (ARQ

Aut omat i c. Repeat Request or Autonmatic Request for Repetition) system
According to the error control nethod based on the automatic repeat

request system if a data PABACONMPHIFATIN HIBHRL transnission side to a

reception side contains an error, the data franme is'again transmtted from
the transmi ssion side to the reception side on the basis of the repeat
request issued fromthe reception side to the transm ssion side. Various
nmet hods- have been proposed as the error control nethod of the automatic
repeat request system Now, a prior art exanple of an automatic repeat
request error control nethod of a selective repeat (hereinafter referred
to as SR) systemw || hereinafterdgﬁggﬁé ribed. The sel ective repeat

request system theoretically req ffer menory having an unlimted

capaci t L. FIBLG ofS4hd $yGdMdns not enployed normally, but its inproved
type is utilized. An automatic repeat request error control method of a 7
January 2004 2 The present invention relates to a data communication method

(wireless digital communication method) in which error control is
carried out based on an automatic repeat request system.
2. Background of the Invention

As an error control method in data communication, there has
been proposed an error control method in an automatic repeat request
(ARQ: Automatic Repeat Request or Automatic Request for Repetition)
system. According to the error control method based on the
automatic repeat request system, if a data frame transmitted from a
transmission side to a reception side contains an error, tﬁe data
frame is again transmitted from the transmission side to the
reception side on the basis of the repeat request issued from the
reception side to the transmission side.

Various methods have been proposed as the error control
method of the automatic repeat request system. Now, a prior art
example of an automatic repeat request error control method of a
selective repeat (hereinafter referred to as SR) system will
hereinafter be described. The selective repeat request system
theoretically requires a buffer memory having an ﬁnlimited capacity.
Thus, such system is not employed normally, but its improved type is

utilized. An automatic repeat request error control method of a



primitive SR systemwi |l hereinafter be described for making explanation
easy. Initially, an exanple of an arrangenent of an ARQ’f PYaRB2f% 29 ch a
data franme and a feedback frame have an identical format w |l be described
with reference to FIG 1. The ARQ franme includes each data of a

transm ssion data franme length A of 16 bits, for exanple, a transm ssion
data B of 584 bits, for exanple, a transm ssion data frame nunber C of 8
bits, for exanple, and a repeat request frame nunber D of 8 bits, for
exanple, and the frane is further atlded with an error detecting code E of
16 bits, .for. example. This error detecting code E serves for detecting an
error %F'&ﬁl‘é%r‘FRbéyﬁB?Fﬂ &iidéd hpreinaltent be edgsarfibeliefalatmakifdfie transni ssion
data | il e a value of the data anmount of the transm ssion data
B, e.g%vg?ﬁte%ﬁ?re%%b to 584 ina bit unit. In this case, .the data anmount

thereof is 584diittiallfhean loxARpM: SSt ¥p LEA e i ndi.cates a frame
nunber “%:‘l a frane to be trans%i tted, and %éggg?héf %JI{TT%%P @%ﬁ’{ne[ ake a
nunber ¥r-Gh & daFa frame me ee feeadbaciydesine f e anu it 0l S fotmdd zed i n a

f eedba f Q. transmtted, fromthe reception side to the
transm%g%}o%@r%s %J'ggﬁdmﬁ{}‘ CTAPTERR t@ FlGnel nuAberiRg frameaimcludat i s

expect eGchOdahe Jeaet ¥esh e AN ption.side, j.e., the earliest
frame nunber that has not bté'gﬁ ?ée%gi%ggigy}é%gg%hg eFr Gr%&ﬁf’ec’f?’%g code E is

ar r ang&¥a@gle, GREraTyBisTionRddtadanty 5eiebids basede ity advi ce of an 1 TU
(1 nterq:%tainonal . Tel.econmuni cation(i% Union) - T (16 bits). The CRCis
ef f ect i v T BT S19& SRF7 niFale armBer bMfafnbits n farr expmpieof ab@4 bits, i.e.,

:[]gﬁua: ?gggiffﬁﬂe%hef{'&@mﬁkoﬂ c?@tsabh.gg,gtporAetxgmé ee, ra% e‘g}ge rfer%JLtllgSt !
is further added with an error detecting code E of 16 bits, for
example. This error detecting code E serves for detecting an error
which can be contained in the entirety of the data. ‘

‘The transmission data length A can take-a value of the data .
amount of the transmission data B, e.9., values from 0 to 584 in a
bit unit. In this case, the data amount thereof is 584 bits. The
transmission frame number C indicates a frame number of a frame to
be transmitted, and hence the number can take a number from 1‘to
255. The repeat request frame number D is utilized in a feedback
frame to be transmitted from the reception side to the transmission
side, and it indicates a'frame number of a frame that ié expected to
be received next on the reception side, i.e.; the earliest frame
number that has not been received yet.

The error detecting code E is arranged as a CRC {Cyclic
Redundancy check) based on an advice of an ITU (International
Telecommunication(s) Union) - T (16 bits). The CRC is effective for
detecting an error contained in a region of 624 bits, i.e., the

region from the transmission data length A to the repeat request



3 frane' nunmber D. Now, a manner for transmtting an ARQ frane based on the
SR system when the transnission frane can be transmtted@PEArY 49%r e

wi Il be described with reference to FIG 2.below. As shown in FIG 2,
rectangul ar frames, each having a nuperal ‘witten therein, arrayed on the
transm ssion side depict transm ssion franes, and each nuneral witten
therein designates a frane nunber. Rectangular franes arrayed on the
reception side depict repeat request_franes, and each nuneral witten in
each of them al so designates a frame3 nunber. Although a data frame is
origi naéxl transmtted fromthe transm ssion side to the reception side,
there i PP Pane originally transnitted fromthe reception side to

t he transmni ssi i i carr.ied out _on the transm ssion side are
as foll ow (1)ﬁ%"t r%aﬁlgrrhn%g%ﬁggﬁsemﬁrt&ﬁgn‘?gmf§Pﬂ% hasedsAnthe SR

transm sgiten vhamihel trdnsmi g530hi BHAMS dn £&) tANRSH frape.of a repeat
request frame nunber, 2 is received fror?ﬂhe rélcept?%?]l%slltéeggll'ﬁ%? it is

det er ni ¥idd PRafesHebed, wihizafiesante dme FIGH s2 dmrloect | ys r<owhves M.t he
receptipn si transmssion frang 4 is transmtted next. (3) A feedback
frane o?' 611:% r gg%%@arregﬁgg?s‘f ATR hﬁm 2 puperak agdtyer theyedn, it is

Fecepti on o ATy Sranefl SoRe 118 Wortch L r BBl 13RS (T A f eedback
frame dtadhhaurepthvrisyer sthenednedesigreates 3a 7 kU AldbA004 Rectangular
frames arrayed on the reception side depict repeat request frames,
and each numeral written in.each of them also designates a frame
number. Although a data frame is originally transmitted from the
transmission side to the reception side, there is no data frame
originally transmitted from the reception side to the transmission

side.

Operations carried out on the transmission side are as

follow:

(1) A transmitter on the transmission side transmits
transmission frames 1, 2, 3 continuously.

(2) A feedback frame of a repeat request frame number, 2 is
received from the reception side. Thus, it is determined that the
tranaﬁission frame 1 is correctly received on the reception side. A
transmission frame 4 is transmitted next.

(3) A feedback frame of a repeat request frame number, 3 is
received. Thus, it is determined that the transmission frame 2 is
correctly received on the reception side., A transmission frame 5 is

transmitted next.

(4) A feedback frame of the repeat request frame number, 3



4 againis received. Thus, it is determned that the transm ssion frane 3
does not correctly reach the reception side. Therefore, % Wenuarardifidssi on
frame 3 is again transmtted. (5) A feedback frane of the repeat request
frame nunber, 3 is again received. Thus, it is also determned that the
transm ssion frame 3 does not correctly reach the reception side. However,
since the transmssion frame 3 has been already retransmtted, a
transmssion frame 6 is transmtted next. (6) A feedback frame of the
repeat request frane nunber, 3 1is %gai n received. Thus, it is determ ned
that the transmssion frane 3 does not correctly reach the reception side.
Howeve¥d218 pgereqeizets arfBmisssiibnis rdaterdined Weenthe riemoypmissiensnitted, a

transm.ssi.o r ane is transmtted next. (7). A feedback frame of a repeat
r equeglsa?"re ageé%%srrﬁlgfz', c%q%cq" eﬁﬁ?éé&?‘%ﬁﬁgép"toq §l§%t erehBie $ratthhe
transnissiseiss IBTade $ is 2gaQh! €Fddhikeagh the reception side. Operations
carried out on the reception’side are as follow. (1) Wien a receiver on

t he reception(s] dé feedbawls firhmet ofindr@ sepeat freguest foameeatihlyer t e
feedback frame of the repeat request franme nunber, 2 is transmtted as a

r epeatt &J3eBt TETHVEL- t iE L8ceisfdetrerningss tbﬂf‘é %heansni ssion frane 2
e 3
corr et pert B8 §,£6403EK s f § AP ntgftf %gﬁ%&?&?&ﬁ%ﬁ%‘?@ gﬁ{:‘%é%@%“%’%é 3 IS

transmtted as a repeat reques ttan S
recei visswaveeQr ¢ Brodd YheTheandrepeabnr SXHies 3 haanmediuabesadyd i s transnitted

with the feedback frane. 7 January 2004
retransmitted, a transmission frame 6 is transmitted next.

(6) A feedback frame of the repeat request frame number, 3
is again received. Thus, it is determined that the transmission
frame 3 does not correctly reach the reception side. However, since
the transmission frame 3 has been already retransmitted, a
transmission frame 7 is transmitted next.

(7) A feedback frame of a repeat request frame number, 6 is '

received. Thus, it is determined that the transmission frames 3, 4,

5 correctly reach the reception side.

Operations carried out on the reception side are as follow:

(1) When a receiver on the reception side receives the
“transmission frame 1 correctly, the féedback frame of the repeat.
request frame number, 2 is transmitted as a repeat request frame.

When the receiver receives the transmission frame 2
'correctly, the feedback frame of the repeat request frame number, 3
is transmifted as a repeat reguest frame.

(2) The transmission frame 3 is received incorrectly. The

repeat request frame number, 3 is transmitted with the feedback

frame.



5 (3) The transm ssion franes 4, 5 are correctly received. Since the
transm ssion frame 3 has not been reached, the feedback 7 Teanernf2ilde
repeat request frame nunber, 3 is transmtted. (4) The transm ssion framne
3, which is again transmtted as the retransmtted frane, is correctly
received. Since the transm ssion frame 5 has been correctly received so
far, a feedback franme with the repeat request frane nunber, 6 is
transmitted as a frame that is expected to be received next on the
reception side. As described above, Accor di ng to the error control nethod
of the autona(tj'tc &ﬁgeat request s%stem based on the SR system the
transmitter onthe P arARCILFBIPLiTFETRE 41 2n&FP 1 EPTHEHAY aleFaived -

cont i Nigauskycht tidankhid SR ¥esnd e hfalgeﬁ&?]fﬂételf{'\r 2OE-AT ¢ %i Rgdial a frame

reaches the reception side incorrectly. e transitter  Tecelves

i nf or réfiriama ¢hdihearepeatoireqast timnker aambdigs 3r eactethsniinesar ectly, then it
transmts the data_frane a?n'z%i n, In this_ manner, the comunication system
is controlled % r SBBVETANSIAERERRISLT2HGt B tWHHAENLS SAGHTF Lo tedams i ssi on

e L kNPl AEEAL0Ra A, ML | EldIckDS ARONGEEAS S dRactbed Wi

reference to IS assune e Teedb can be

t r ansnitiraeeni$0ion Feant 65 @Rk B iR rbetiPa-ddedsdi &5 iR, Sh dediphhput
failure, the feedback frane naturally can be transmtted with failure in

the. ddPEgl withatdei 5epeAt pagnest frameanephars Shisugransiitbedlaschri c- wave
nsm ssi on_based on the SR system

Phon Orerhe R 8 DRARSe ol BE Foiiha (Heie i P 6oPCRR™ SIS | bad w t
reference to FIG 3. 7 January 2004 6
As described above, according to the error control method of
the automatic repeat request system based on the SR system, the
transmitter on the transmission side is transmitting data frames
continuously until it receives the feedback frame indicating that a
frame reaches the reception side incorrectly. If the transmitter
receives information indicativg of that the frame has reached
incorrectly, then it transmits the data frame again. 1In this
manner, the communication system is controlled to recover erroneous
data transmission from the transmission side to the reception side.
While in the above-.case described with reference to FIG. 2,
it is assumed that the feedback frame can be transmitted from the
reception side to the transmission side without failure, the
feedback frame naturally can be transmitted with failure in the.
actual transmission path, i.e., a space through which electric wave
propagateé. ﬁow, a manner of the ARQ transmission based on the SR
system when the feedback frame is failed to be transmitted will be

described with reference to FIG. 3.



Operations carried out on the transm ssion side are as follow (1) The
transnission frames 1, 2, 3 are transmtted continuouslyJapRyrqidddeedback
franme of a repeat request franme nunber, 2 is received fromthe reception
side. Thus, it is determined that the transmssion frame 1 correctly
reaches the reception side, and the transm ssion frame 4 is transmtted.
(3) The feedback franme of the repeat request frame nunber, 3 is received.
Thus, it is determined that the transm ssion frane 2 correctly reaches the
reception side, and the transmissiof frame 5 is transnmitted. (4) A

f eedback franme of the repeat request nunber, 4 is not received. Thus, it

i s presumed t RBETRHOMS, SRERIALiQY PRathe ¥rghamisstioposidetdrg agach, and

hence, gdhg,f.r ansm ssion frame 3 is again transmitted. (5) A feedback frane
of the repeat request frame nunmber, 5 is received. Thus, it is determ ned

that the trangh) ssian thiaasRbssion 4rlave 1600r egtdpe nearhied.tLe reception
side. Therefore, the transmssion frame 6 is transmtted. (6) A feedback
frame ‘Bqntilﬁ‘élol"%%ﬁéat request frame nunber, 6 is received. Thus, it is

determ: ned _thgﬁ)th}g‘ltrf%réagi sgi on fraEre 5 hgs correctly reached the
reception side;’and" T RETPansisEPoR 13 @S2y TeIUSsEnEFNe Symbekt 2
Oper at i®Neceaved eV it RN rbBE I RICREHON Sihde, 24 € 35 ghbl®Med ¢ The
transm ssion frames 1, 2, 3, 4 and 5 are correctly 9§anuary {2%%4 7
the transmission frame 1 correctly reaches the reception side, and
the transmission frame 4 is transmitted.
(3) The feedback frame of the repeat request frame number,
3 is received. Thus, it is determined that the transmission frame 2
correctly reaches the reception side, and the transmission frame 5
is transmitted. .
(4) A feedback frame of the repeat request number, 4 is not
received. Thus, it is presumed that the'transmission frame 3 did
not correctly reach, and hence the transmission frame 3 is again
transmitted.
(5} A feedback fréme of the repeat request frame number, 5
is received. Thus, it is determined that the transmission frames 3,
4 have correctly reached the reception side. Therefore, the

transmission frame 6 is transmitted.
(6) A feedback frame of the repeat request frame number, 6
is received. Thus, it is determined that the transmission frame 5

has correctly reached the reception side, and the transmission frame

7 is transmitted next.

Operations carried out on the reception side are as follow:

(1) The transmission frames 1, 2, 3, 4 and 5 are correctly



recei ved. The feedback franmes of repeat request franme nunbers, 2, 3, 4, 5
and 6 are respectively transmtted. (2) The transm ssi ori fleaper® 3&4agai n
correctly received. Since the transm ssion frane 3 has been al ready
received, the received transmssion frame 3 received in an overl apping
fashion is discarded. The feedback frane of the repeat request frame
nunber, 6 is transmtted. As described above, according to the SR system
of the prior art exanple, when the feedback frane is failed to be
transmtted, |eading to presunption that the corresponding transn ssion

frame isecdivealr emid ¥ebaELN ada08st HE 98N SHl | thg.data, frame is
transmtted in an overl appi ng fasﬁi on fromt ée(fdte%gng%g’g%ino fde 490 the

recept i dn %i dedhd) & Fireerespadid veiyt t1dmmmitheddat a frame has been correctly

transmtted fr?#n Lgf?ﬁet Eansm’_ssi,on side to the reception side. inthis
case, the ARQ ffh s ChPRSNGEdCBasE IR dSfagain goprestsomennaivat. on

syst em @ndieshé | e Theref qr t S | S _reguest to permt
data transm ssion nos'?agﬁlg?/nf romt eﬁast rﬂél%ngJ;%?eJOH gFS%JqY%dS't% ©reception

si de burecsiyedf transmissieneftdren 3sieeeivedt e id ARSI apHOTy FadRist @ ti Ne.
Accordicgﬁgl , .the data frame transmtted fromthe transm ssion side to the
recept i érg@d. ande feefeaglp farmer afiebher Zapedt tregubsbnftdre nemegpt,i gn si de
to the jd rgngphssifn side have a conmon format. Therefore, even if there is
no transm ssion data to be transmtted fromthe reception side with the
feedback frame, upon transm ssion fromthe reception side to the

transm ssion side, extra information (redundant portion of data) 7 January
2004 8 As described above, according to the SR system of the prior

art example, when the feedback frame is failed to be transmitted,
leading to presumption that the corresponding transmission frame is
incorrectly received on the transmission side, the data frame is’
transmitted in an overlapping fashion from the transmission side to
the reception side in spite of the fact that the data frame has been
correctly transmitted from the transmission side to the reception
side. \

In this case, the ARQ frame is arranged based on a full
duplex communication system as described above. Therefore, £he
system is requested to permit data transmission not only from the
trénsmission side to the reception side but also from the reception
side to the transmission side at a time. Accordingly, the data
frame transmitted from the transmission side to the reception side
and the feedback frame transmitted from the reception side to the
transmission side have a common format. Therefore, even if there is
no transmission data to be transmitted from the reception side with
the feedback frame, upon transmission from the reception side to the

transmission side, extra information (redundant portion of data)



such as "transm ssion data length", "transm ssion data", transm ssion
frame nunber"” and so on have to be included in the feedbaekubhramdidor

mai ntai ni ng the frame arrangenent described with reference to FIG 1.
Which fact leads to a drawback that the reception rate at the transm ssion
side is lowered, resulting in Ilowering of throughput. In general, a
communi cation protocol is designed to permit the full duplex comunication
to be executable. However, in an a%%ual practice, comrunication is often
acconplished in a half duplex fashitn, i.e., data delivery confirmation is

ef f ect gghH Rsan -hy=ste ' «~and hence it is not always necessary
to transpoft Egéa B§¥%ﬁé @%%%E%égg?rhner?P%$H§ﬁﬁ?nrBﬁﬁ%t1on side at a

time. Gerefisstenifirame nmessit abhbdesd ol MRe thad RneEEARYLi Y Rrspite of the
fact that the feedback frame is not always requested to transport
t r ansnt ARGk gRFANe QL Reintainiagdhke txameuaratdementedbotibedwiigh t he

data fgamabE tted fr he _t smssion side to the reception side
and the feegbaggéﬁfgﬁeqfra‘%?rﬁh} %zeag{:ﬁ,]%aﬁst %’8 fé a5k Ehdfe ¥ t he

tr ansniesipioni fetdane t88  Haniiicakod of il is“mxtefda}@%éﬂi%g ?ﬁt a to
be' transported by the data frame or the feedback frame 1s greatly shorter
(LB, i%owenéaq af thmoughpati ength) than a predeternined data length (LBOis

taken as the #SQﬁ&QnﬁﬁjCh derives fromthe fornat), ~also reception rate is
| ower ed upon TFaheiRiEeirof SPTHICHETITH QFOEer! s desianeed gt Rermis -

i Nt at Rl hbpick OMMRR:GRATES b WO INCr @10 Gey | L) 8@ general
obj ect of the present invention to provide an 1 nproved cormufifcati on
met hod2@fikIc prachicsat icommdn Jeatiany i208%ken accomplished in a half

duplex fashion, i.e., data delivery confirmation is effected in a

step-by-step fashion, and hence it is not always necessary to

transport data by the feedback frame from the reception side at a

time. Therefore, it is undesirable to lower the throughput in spite

of the fact that the feedback frame is not always requested to

transport transmission data.

Further, in a data qommunication method in which the data
frame transmitted from the transmission side to the reception side
and the feedback frame transmitted from the reception side to the
transmission side have an identical format, when transmission data

to be transported by the data-frame or the feedback frame is greatly

shorter (LB, is taken as its data length) than a predetermined data
length (LBy; is taken as the length which derives from the format),

also reception rate is lowered upon transmission with the

predetermined data length LBy maintained as it is.

SUMMARY OF THE INVENTION
Therefore, it is a general object of the present invention

to provide an improved communication method and communication



9 apparatus in which the aforesaid shortcom ngs and di sadvant ages
encountered with the prior art can be elimnated. Mre dpdentacaldopsd it is
an object of the present invention to propose a comunication nethod
utilized for comunication in which the data frane transmtted fromthe
transm ssion side to the reception side and the feedback frane transmtted
fromthe reception side to the transm ssion side have an identical format,
wherein even if there is no substantial transm ssion data to be transported
by the feedback franme fromthe recepti on side, the feedback frame can be

t ' :t.h [ ' to t tr | SSi id i t hout
changi ne ERes 1oy oy i e BBodeceler Pudioaes B8 it o3 e Riimoastapt | on rate.

I't is aeothenteisideeitivftieh@rpoesant chiVestdiaRihQedi Opose a communi cation
met hod utilized for conmunication in which the data frame transmtted from
the transmi ssi 81Pr8i Heeqifichdly ecidptiisonn sehiiectand thee presdiacilaovenaien

the tr. ] 1Y ectptisonn siisctand v preodsacinnt
| dont 1 ca” PRI, Cneb By 20y Btied "o U BPF hmpdnaticts lon aata to

be transpachethdyatherfaribaaksni (e £00m (iR LA R S0P ol D
transm ssion data to be transported by the data frane on t%e transm ssi on

si de, | FesAPFiaY sidpaand tbepfeddiankritnade dataashetegdd frohethd hedbpedhack

frame or..t;he ta, frame. is arra d to be fransnmitted fromthe reception
si de tosﬁBEet? ?‘a?i‘r‘?sﬁwré%?f% SdPHeS ‘?eg ?ﬂﬂaﬁw P ldenASRT SSIRT sYRRFais evRn

recepti aF thége W hBOMbLIRARYE DO Emb 0L 1B 2f.at dilliee%q:gﬁg ol ¥R, OF the

data frane and |owering the reception rate. According t0 one aspgct of the
present thavéerdhaek fhame firon phewategtionatiiest et fueaibatk! fzad tean
Connunl%%t%gghéﬁl€gghcgggh(ﬁ%%areception side to the transmission side
without changing the format of the feedback frame and lowering the
reception rate.

It is another object of the present invention to propose a
communication method utilized for communication in which the data
frame transmitted from the transmission side to the reception side
and the feedback frame transﬁitted from the reception side to the
transmission side ha%e an identical format, wherein if the data
‘length of the transmission data to be transported by the feedback
frame on the reception side or the transmission data to be
tfansported by the data frame on the transmission side, is shorter
than the predetermined data léngth, then the feedback frame or the
data frame is arranged to be transmitted from the reception side to
the transmission side or from the transmission side to the reception
side without changing the format of the feedback frame or the data
frame and lowéring the reception rate.

According to one aspect of the present invention, there is

provided a data structure utilized for communication in which a data




7 January 2004 10 frane transmtted froma transmtter and a feedback
frame fedback froma receiver have an identical format,7 Wianern 2004
redundant portion of the feedback frame is substituted with a
predetermned bit stream According to a second aspect of the present

i nvention, there is provided a comunication nethod utilized for.

comuni cation in which a data franme transmtted froma transmtter and a
feedback frame fedback froma receiver have an identical fornmat,
conprising a step of substituting pgredundant portion of the feedback
frame Héntge 2 gredeteoe{:[rg ned bit stream upon form ng the feedback frane
cont ai NT NG sUBSTANTTSH TRROR netdnsiteee i Agfessibackhframeafpdbaciof t he

pr esenfréom e Hebeived MR ahSidd Qv QQdf@rnfa ' ign thod utilized for
conmuni cation in which aada%a fré:rre trang:m{;éé’ge%r %rrf%&fnr%ogﬂgm tter and a
f eedbaPRrtigrams thelbtasdbhrknfranedei vebstitveeanvitheat peadetheefifia and al so

utili zggtbgltthe transmtter which receives the feedback frame from the
recei ver, coﬁ?ﬁfrﬁ'si ng steps of determ ning whether or not a redundant

portion of thg.kegg fra 1tted fromthe receiver consists of a
first predeterm nedgg?ct%ostgr %%%l{cg%%%éﬁbo itglﬁt?]ff’ggeé‘ﬁof‘wé?mi‘%unﬁ‘a%ﬁe portion

of theif eudbededf aasmmainiestishakthBat utAduRdaRtr RRAEMLAN-M; LY &, second
r

pr edet e#;m' ned bit stream if it is determ ned that that edundant portion
of t he"PERIFadR 2 FEARe CABFBILtast frpe 4 itrenspiedet andi actbedbhckt r eam

cormuny o dstealk! il SFbe Diar PBrE B AEs b oFReC R TAS il & F 1 ane
transnmstépdf sabkoitd@niyTht FeduMhtapbedRACK the feedback frame with

a predetermined bit stream upon forming the feedback frame

containing substantial information.

According to a third aspect of the present invention, there
is provided a communication method utilized for communication in
which a data frame transmitted from a transmitter and a feedback
frame-fedbagk from a receiver have an identical format and also
utilized by the transmitter which receives the feedback frame from
the receiver, comprising steps of determining whether or not a
redundant portion'of the feedback frame transmitted from the
reqeiver consists of a first predetermined bit stream, and
substituting another redundant portion of the feedback frame other
than that redundant portion with a second predetermined bit stream
if it is determined that that redundant portion of the feedback
frame consists of the first predetermined bit stream.

According to a fourth aspect of the present invention, there
is provided a communication apparatus utilized for communicétion in
which a data frame transmitted from a transmitter and a feedback

frame fedback from a receiver have an identical format, comprising a




frame. fedback froma receiver have an identical format, conprising a 7
January 2004 11 feedback frane input term nal neans for7 Penngrg Wil ed
with the feedback frane, a determ ning neans for determ ning whether or
not a redundant portion of the feedback frane consists of a first
predetermned bit stream a second predetermned bit stream generating
means for generating a second predetermned bit stream substituting neans
for substituting another redundant portion of the feedback frane other

t han that redundant portion with a gecond predetermned bit streamif it

S dete£nnggg tgat t hat redundant ortion of the feedback frane consists
of the YETERCE St ADPHEJES I Rad; eaRs Lo%qPaing rsupplied eskthngbeeans f or

det ect | AbARAT £ 2ind [ 2 BBLOHIRGShEMR AHPBLLEMITAD SALASUBS UL NO
ion,

means. According to a fifth aspect of the present I'nven Phefd 3 s
provi dededurglamrupéciEitcno of aplparfatedbadk i fiaed cbasiamagnacaid@n in which a
data frane, transmited froma transmtter and a feedback frane fedback

from a PECEGEPIRe] P stERMd GaFersriRiedesapRinghditantegmmenna f or
: T & an ) Cved st onal ;
ransm §did}g+3nd hELR! \fbgg%@né%c%llgamgvgeco%dr ﬁ%%c}lse\%/ﬁ:e rﬂlﬁ%g g&fmﬁhglﬁ:g%?exgzgggl ng

means fOr proceSsing a recéive nal, a 't
nmeans fsubgiridoessg ngeamst FOASFABIUIRGLivG HiRdthe@NEdiIRBE DAL i9hIBR the

rocessing, neans for processing a .baseband signal, erein sai aseban
p g f p g b band gnal, wh db band
si gnal Protheski fgame gtder sthan tdagegedendanre parttavith & resvendnput
termn '&?-miﬁ’é I,n %ulgp.lf'oe with the.feedback frame, a determning
L 4. 3

means r etermnin e r n n eedbac

Rty R Aref R A0 QeI naa o RS AABE  codback
frame parsicht 6£0fhél fdekibhcR! Bileice bBhOLS DI She SAPstapsesand RhEdet er mi ned
bit stream generating neans for generating a second predeterm ned

bit stream, and an error detecting means for detecting an error in

an output signal supplied from said substituting méans.

According to a fifth aspect of the present invention, there

is provided'a communication apparatus utilized for communication in -

which a data frame transmitted from a transmitter and a feedback

frame fedback from a receiver have an identical format, comprising

an antenna for transmitting and receiving a radio wave, a received

signal processing means for processing a received signal, a

transmittigg signal processing means for processing a transmitting

signal, and a baseband signal processing means for processing a

baseband signal, wherein said baseband signal processing means is

arranged to have a feedback frame input terminal means for being

supplied with the feedback frame; a determining means for

determining whether or not a redundant portion of the feedback.frame

consists of a first predetermined bit stream, a second predetermined

bit stream generating means for generating a second predetermined

bit stream, a substituting means for substituting another redundant

portion of the feedback frame other than that redundant portion with




bit stream a substituting neans for substituting another redundant

portion of the feedback frame other than that redundant perthuenyvdddd 7
January 2004 12 a second predeternmned bit streamif it is determ ned that
that redundant portion of the feedback frane consists of the first
predeterm ned bit stream and an error detecting neans for detecting an
error in a signal supplied fromthe substituting nmeans. The above and ot her
obj ects, features, and advant ages jf the present invention will becone
apparent fromthe follow ng detail ¢ description of an illustrative

enbodi . naead i conj unction W th the accoppanying
dr awi r?grgrg ,ELEP%& %ﬁkﬁ%ﬁégg%fbg%eﬁ%ge%d%ﬁgl 35 o %t%fg‘&aeaotl}a&eﬁgg?y the sane
or si meldandpat tporitiohhef Ry @ealibuérVranBREEs 1E3CRE PIAOY 05+ THE DRAW NGS

FIG 1 is a schematic diagram show ng an exanple of an arrangenent of an -
ARQ f BEfdeterpinesl bitysEreatamndhani enyrar dahecringf meanmsivrt tehecRQ fr ames
based RV e t.rangsm ssi.on frane i.s_erroneously
transrﬁ?ﬁ% ?§§%§§§§§&g %fpgjglrlg%] g ShiHS §URERHMEI9e TP&smi tting ARQ
frames based e aboSB sHStAURMEB L6 f eRdPALks ra%ﬁeahéarﬁ{?%lgge&f"séﬁé

e of an

transmtted;, FIG 4 is a schematic diagram show ng an exa
ar r andeiesgnt oinerftdeabuikl fremmpeasppaxtintg firomt tie [Hoesening @eeniian; FIG 5

is af {_show_ng. rocess for formng a feedback frame, FIG 6 is a
fl owc t#ae%;é%gﬁéj\i\?rhé) a?Br 6?%‘2?%”%%%‘?%%“%8“““ to be read in

conjunction with the accompanying drawings, in ﬁhich like reference
numerals are used to identify the same or similar parts in the

several views.
ERIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing an example of an
arrangement of an ARQ frame:;

FIG. 2 is a diagram showing a mannér of transmitting ARQ
frames based on an SR system when a transmission frame is
erroneously traﬁsmitted; \ |

FIG. 3 is a diagram showing a manner of transmitting ARQ
frames based on an SR system when the feedback frame is erroneously
transmitted;

. FIG. 4 is a schematic diagram showing an example of an
arrangement of a feedback frame according to the present invention;

FIG. 5 is a flowchart showing a process for forming a
feedback frame;

FIG. 6 is a flowchart showing a process for receiving and
processing the feedback frame;

FIG. 7 is a schematic block diagram showing an example of an

error detecting apparatus for detecting an error in the feedback



processi ng the feedback frame; FIG 7 is a schematic bl ock di agram show ng
an exanple of an error detecting apparatus for detectingJanuerya@0ddn the
feedback 7 January 2004 13 frame according to the present invention; FIGS.
8A and 8B are diagramnms useful for conparison between the present invention
and the prior art exanple in length of an effective portion of the .
feedback frame; FIG 9 is a table useful for:conparison between the present
i nvention and the prior art exanple in a reception rate of a feedback
frame when the feedback frame transports no substantial transm ssion data;

FIG 10_is a schecﬂi’atic bl ock di agram showi ng an arrangenent of a
comuni % ACTRIHNFa ko i MICFEnt GIRYENEAORhe present invention s

applied; FIG fdcdssd anbes@ldre &i@@fﬁ?ﬂﬁggf\&f&o‘}nc xg%[gils%noget?%en

arrangenent of a feedback franme accor g to the pre I'nvention,
wher ei nthéereeenbairivehtior @ehtthensriitbarantxaiplier ansrémpdnossdat a; and
FIG 12 is a.schematic block di agram showi ng an error detecting apparatus

for detBttFHGVEPITHSR PR it feedbadleil@Mghe or the data frame according
toth t o . . T | PT THE PREFERRED ENBCODI MENT
> tnbont mont EFSY M lis08. catnlldeEb Pede ot atl sdn Debucdi she (aeatog with

An enbodi ment of the pr I NVENtToN w €reina

ref er engpvdm:ibheand cRPpRied dravkansie Al ARR @ onl £4¢@ Jer gnsmitted from
the transm ssion side to the reception side and an ARQ feedback frane
t ransmi feedPackoframe whesephe dieedback tframeetransports no substantial

transmission data;

FIG. 10 is a schematic block diagram showing an arrangement
of a communication terminal apparatus to which the present invention
is applied;

FIG. 11 is a schematicrdiagram showing an example of an
arrangement of a feedback frame according to the present invention,
wherein the feedback frame contains substantial transmission data;
and

FIG. 12 is a schematic block diagram showing an error
detecting apparatus for detecting an error in the feedback frame or
the data frame according to the present invention. |

DETAILED DESCRIPTION OF TH-E PREFERRED EMBODIMENTS

An embodiment of the present invention will hereinafter be
described with reference to the accompanied drawings. An ARQ data
frame transmitted from the transmission side to the reception side
and an ARQ feedback frame transmitted from the reception side to the
transmission side have an identical format. As has been described
with reference to FIG. 1, the format includes a transmission data
frame length A of 16 bits, for example, transmission data B of 584

bits, for example, a transmission data frame number C of 8 bits, for




transm ssion side have an identical format. As has been described with
reference to FIG 1, the format includes a transm ssion daeavaty @a0@4l engt h
A of 16 bits, for exanple, transmi ssion data B of 584 bits, for exanple, a
transm ssion data franme nunber C of 8 bits, for 7 January 2004 14 exanpl e,
and a repeat request frame nunber D of 8 bits, for exanple, and the format
Is further added with an error detecting code E of 16 bits, for exanple,
serving for the entirety of data. The transm ssion data |length A can take a
val ue of the data anount of the tysansm ssion data B, e.g., values fromO
to 584 in bit.unit. In this ca t he data anount thereof is 584 bits.
S

The  tamples 408, o PSRBT ARSPSE LTARC BEBESE, Bt PhnE PiffhofoBeXAmBians o be

transmidd efle( fofmat iEOMAHYr halifd 2pRh afNerfiPaBtetEAHEShal " umber D
is used in a feedback frane transm’ttedafromthe r%ceptlon s}iﬁa@ tlg t he

t r ansrivibsi, ofos| ekampded $ervindi Careshea ehtaretnwrbdataf a frame that is
expected to bggreceived on the reception side (the oldest frame nunber

that has not PEERLTRPT, Safa By PoFanydiddet Ankp i efEthe dataanged as
a CRC 4ot 65 ﬁ@@ﬂﬁgﬂs%?LFgo§,e.£§)§?dvﬂglegh%r%r-re[bb (fnLglnat i.ona

Tel econmuni cation(s) Union) - 16 bit as descri ove. region in
whi ch bite uBRE. | sSTrapplisedags, aheeghed adouaR4tiicdsl LOMINSick[ anga SSi on
data length.A to the repeat request frame nunber D. Next, the format of the

f eedbati TFRFEI D HETPr ANURART CedP17B1RS ReTF AL PUNBAT P& £papdeto
Transnis i QR sl fedM Iel_gll;)e feseh Bed; tZEFSEf efl}%n(f-’gg%%?gge?ﬁeggt he format

of the feedback fra ffers in values“df 'the tran F€ngth - A,
t r ansmwsiconDdas ausdd dnda focanmrkssiaR ftrafBnivtdaeFrém €RPeBEMG RN Whet her

or not there is
side to the transmission side, and it indicates a frame number of a
frame that is expected to be received on the reception éide {the
oldest frame number that has not been received yet).

The error detecting code E is arranged as a CRC (Cyclic
Redundancy Check) code based on the ITU (International
Telecommunication(s) Union) - T (16 bits) as described above. A
region in which the CRC is applied is a region of 624 bits from the
transmission data length A to the repeat request frame number D.

' Next, the format of the feedback frame to be transmitted
from the reception side to the transmission side will be described
wiﬁh reference to FIG. 4. The format of the feedback frame differs
in values of the transmission data length A, transmission data B and
transmission frame number C, depending on whether or not there is
transmission data to_be_transmitted with the feedback frame. FIG. 5
is a flowchart showing a process for forming a féedback frame. If
there is transmission data to be transmitted with the feedback frame
on the reception side, the feedback frame thereof takes the values

described with reference to FIG. 1, and is directly transmitted from




transmssion data to be transmtted with the feedback frane. FIG 5 is a
fl omchart showing a process for form ng a feedback franmg Jehuathert®4 s
transm ssion data to be transmitted with the feedback frane on the
reception side, the feedback frame thereof takes the values described with
reference to FIG 1, and is directly transmtted from7 January 2004 15

the reception side to the transm ssion side. |If there is no transm ssion
data to be transmtted with the feedback frane on the reception side, the
data of the transmi ssion data |engts A of 16 bits, the transm ssion data B

of 584 hits and the transmi ssion frame nunmber C of 8 bits are data
unr el atBif FECPERIHSdRe; #0 dmtranspissieguaider portion of data).

Th f th t.h. al|l Th; t t
(rane nunber B i Hegents 18 Hanbi S5 Wil 4o B8 Beananiiined €l thied of
t he daf@dmﬁckh&arﬁeaaantﬁélﬁbéﬂﬁ&anl SRE,h ¢ fe 0da kb ol £1§e t%éag %{@ﬁ%{{‘ ssion

data B of 584 bits and the transm ssion frame number Its whi ch
are subfiat® dPRAMIA RTalf Bitsbs thehtrarspdssior qlasst Bfoﬁmti biebemdD, and the

error £ code E_.of 16 bit erving.for the entirety of data of 624
bits. #ﬁ ?: %gg%ﬁcsk PP AR rﬁnlﬁ’ﬁznét‘?f\élc? %FF%n?’f%éaFéc‘éfltﬁqlé‘%eglm to t he

t o) 10 f
and proceseing. Ch Fovahalk e X0 Bele o b At AaKI cn i <

i || ust r%ﬁ%éllnsmﬁltﬂtedswnperaaﬂedems .aca.'hed&ﬁmt\/\ncé@uédiﬁ fRERAE aifbedl the
-flowch 5 51( é thereby detecting an error in the feedback frane
recei ved Sn"tRe 1% dﬁsr}FSm % fbe ferbackefraiserist Pompased: hE Erer or

det ect i dig:aaPPAE L UsraWishli s Do BG4I P hog! Cefd ThGimissibn FIG 7,
reference nunmeral 1 reprzsents an ettt Blot £ HiRACCLA® drhfimdss ol

data B of 584 bits and the transmission frame number C of 8 blts,
which are substituted with all zeros, the repeat request frame
number D, and the error detecting code E of 16 bits serving for the
entirety of data of 624 bits. The feedback frame is transmitted
from the reception side to the transmission side.

FIG. 6 is a flowchart‘showing a process for receiving and
processing the feedback frame. An error detecting apparatus, which
is jillustrated in FIG. 7, is operated in accordancé with the process
of the flowchart in FIG. 6, thereby detecting an error in the
fegdback frame‘received on the transmission side. WNow, the
operation of the error detecting apparatus will be described with
reference tp FIG. 7. 1In FIG. 7, reference numeral 1 represents an
all zero checking circuit, 3 an error detecting circuit, 8 a zero
generatdr, 7 a changeover switch for carrying out switching action
across an input terminal 6 and the zero generator 8 so that the
error detecting circuit 3 is supplied with a data row from the input
terminal and a data row of all zeros from the zero generators. The

changeover switch 7 is controlled by a control signal supplied from




all zero checking circuit, 3 an error detecting circuit, 8 a zero
generator, 7 a changeover switch for carrying out sw tchi ggnagiy @oo4acr 0Ss
an input terminal 6 and the zero generator 8 so that the error detecting
circuit 3 is supplied with a data row fromthe input termnal and a .data
row of all zeros fromthe zero generators. The changeover switch 7 is
controlled by a control signal supplied from7 January 2004 16 the al

zero checking circuit 1 to a control termnal 2. Data rows (bit strings)
fromD640 (MsSB) to D1 (LSB) constitguti ng the feedback frame are supplied
to the input termnal 6 sequentially, and the data rows are supplied to an
FF ci r 8B t2iR0o2gro ahecking simgwitofl. foshiddntredi semwinahi eh i s conposed of

sixteen D ty lLp-flop,.cifcuit hereinafter- sinmply referred to as FF
circuits) RO, Bﬁfg i-gws (%ﬂf, SE&%‘%S n%E‘&?e‘b&Pn(ﬂs’éhs@a@é f&€Bion. in this
fi gur ecohdieitiatiagr ene | fecabBhE ' =han LrectiQp.,. \Wen, data of
D6?10 tgoD625 of:L %6 bits for {:ﬁgr%n%arﬁg% i@%ﬁgga?%dé ee%ébﬁg,&zeal}mé‘ng}o ed in

t he FFSEAyeniiiad lRicand the, deherrdws ase detmritiedeto vietHreeitdei t&bagef D640

to D62? ggéééﬂl zeros or_at least one circuit is stored with one unity, by
the al F ZEFo- SHBERI Ry @ SPAEL) FedshstoRhich denpeseesast ofnsibrresa &-or t he

l'i ke. kfpd e idatea, ik o2 : it:18.d rm t hat_t he feedback
frame %%nt ai (r% nopgtgfra&v%kl?fl gﬁﬁeﬁlﬁg%ggt%@ raé’ %% e%ﬁﬁ%eggr 88, Fthen it is

det er nFheguitsat ROWeRT eadbacRldy S conhedtsl dat a.ca¥ieel FabSidigt eggi ned

t hat thﬁ.da a D625 to D640 of the data length A are all zeros by the al
zero chbtki Prcthe data geN ifeshifhadgtoide deft-diend déneecian.t he error

det ect gy Gd@Ubk bBad NS DsIBUSs LR 108! £ & %:ih(tjaetirgnse}nips%riggddé)ga the data row
D640 to D625 of .

length A are stored in the FF circuits R15 to RO, then it is

determined whether the data of D640 to D625 are all Zeros or at

least one circuit is stored with one unity, by the all zero checking

circuit 1 which is composed of an OR gate or the like. If the data

are all zeros, then it is determined that the feedback frame

contains no data while if the data are not all zeros, then it is

determined that the feedback frame conﬁains data.

When it is determined that the data D625 to D640 of the data
length A are all zeros by the all zero checking circuit 1, then the
chgngeover switch 7 connects the error detecting circuit to the
input terminal 6 side in a period of the data row D640 to D625 of
the transmission data length A, a period of the data row D624 to D17
of the repeat request frame number D, and a period of the data row
of D16 to D1l of the error'detecting code E, out of the data rows
D640 to D1 of the feedback frame supplied from the input terminal 6,
whereby the daté rows are supplied through the changeover switch 7
to the error detecting circuit 3 unconditionally. On the other

hand, during a period of data row D624 to D33 of the transmission



the transm ssion data length A a period of the data row D624 to D17 of the
repeat request franme nunber D, and a period of the data t @anuety @i o Dl
of the error detecting code E, out of the data rows D640 to D1 of the

f eedback frame supplied fromthe input termnal 6, whereby the data rows
are supplied through the changeover switch 7 to the error detecting
circuit 3 unconditionally. On the other hand, during a period of data row
D624 to D33 of the transmi ssion 7 January 2004 17 data B and a period of
data row D32 to D25 of the transm Ssion frame nunber C, the changeover

switch ts the errar detecti circuit to the zero generator 8

si de, \ﬂ%ggcel%y%%;ae[goped%toé{ f’%oﬂﬁ‘—hemwzg’gﬁ R PeraPhrthe travgBiision £5Nhe error
det ect innghéi I@Uithe 3chaRROWEE Caliton Hf cbifedRt @R élaédroﬁe{é’iéi'ntg of the all
zero checking circuit 1 is that the data are all zeros, that “is, the

t r ansmcdstuit det b8 somt gensraom®t 8ide hevidakbyr savdaadat ordadenef t he
transm_ssion dat %ﬁg an.d data.tow D32 to D25 of the transm ssion frane
S

nunber “€-8r THGE bt isPBPHrJe%tton that orTAT Setesking CEFAREE the- error
detecting cod%ﬁegi@j_cglll'%} _Ifl@hg)lc{e%egggéast- hgeg‘%;groit %gﬁl(iﬂ. )é‘r%om al of the

error detecting circuit I'S express 6+ herefore, 16
FF ci r chietkii@DciSicpit Sl5sathatornedatd hie aldasepse, ftashi 90, ad
exclusive-OR circuits ERL, ER2 and-ER3 are inserted. and added at the out put
side JFAPARLEROY Fath B sP5tapat iedathe He dataurew PE24 BdP3312f Dbet ween

L £ B suda ) o BRREELANS) Yo P By PO o 1O
excl usifirem@Rmwilerut afRhgainwehisdt ietbusiingr @Beapef aflil0rets. carried out.
An out put thereof is fedback to the exclusive-OR
Since the -error detecting code is of “ITU-T 16 bits CRC",

the generative éolynomial of the error detecting circuit 3 is

expressed as X16 + X12 + X5 + 1. Therefore, 16 FF circuits S0, SI,

..., S15 are connected in a cascade fashion, and exclusive-0OR

circuits ERl,_ERé and ER3 are inserted and added at the output side

of the FF Circuit‘sls, between the FF circuits S11 and S12, between

the FF circuits 4 and 5, respectively. Then, an output of the FF

circuit S15 and an output of the changeover switch 7 are supplied to

the exclusive-OR circuit ER1 in which exclusive-OR operation is

carried out. An output thereof is fedback to the exciusive-OR

cifcuits_ERz, ER3 and the FF circuit S0. The exclusive-OR circuit

ER3 carries out exclusive-OR operation on an output of the FF

circuit S4 and an-output of the exclusive;OR circuit ER 1, and an

output thereof is supplied to the FF circuit §5. Further, the

exclusive-OR circuit ER2 carries out exclusive-OR operation on an

output of the FF circuit $11 and an output of the exclusive-OR

circuit ER 1, and an output thereof is supplied to the FF circuit

512. Outputs of the respective FF circuits S0, S1, ..., S15 are




circuits ER2, ER3 and the FF circuit $0. The exclusive-OR circuit ER3
carries out exclusive-OR operation on an output of the FFJapharwi20034 and
an out put of the exclusive-OR circuit ER 1, and an output thereof is
supplied to the FF circuit 55. Further, the exclusive-OR circuit ER2
carries out exclusive-OR operation on an output of the FF circuit S11 and
an output of the exclusive-OR circuit ER 1, and an output thereof is
supplied to the FF circuit S12. Qutputs of the respective FF circuits SO
S1, ..., S15 are 7 January 2004 18 gupplied to the all zero detecting
circui% 4R$oq¥osed of an OR gate or the |like and an output indicative of
the det@PRIHELi'Gh*PS abbrsraedetactingoaiyutitt or commsed. oByad Ik yaye data of

t he FForCiheU 41& t e.shifted in the right-hand direction in the
figur e imitiall ygg)c{ ?%%%%Bﬁ{;tle'b&tc&tcfﬂ% Y e, fereningtion 95 as an

i ni tialobkalined andnt bermal teFmdaia s o Dl.qf a.feedhack frame from
the input termnal 6 arpgﬂjsequent i aISI ymgggcﬁ% ggyf h]dréc))cl?gﬁf ?‘ﬁ% xcl usi ve- OR

ci rcui FERIESD ShEorE TiareurhiS@dtint hie fiightt-hatRgH.redtiéhad kgE POi Nt
after tdie,last data DI is inputted to the FF circuit SO and then outputted
fromthe ™FF circuit S15, the result of the error detection is stored in

the FF circui tmi®Qalipy Skl Ru e respectiye FF circuits SO
S1, ..., .S15 arel a?lpyzeré'g,i?%en |t£(|§s‘9{ eterﬁf‘ﬁ%‘g"ttshﬁg S iFafa ¥dnt ai ns

no errdPifkt} galpp, tard chepeastar easat rék ID620r 86, b1 BNl Eeddbalet r m ned
t hat tt}@amga%]%)mcg tains an error. The error control nmethod in the automatic
repeat teques Sgt‘b‘?ﬁ"itntﬁﬁ%l%@i &C BT 9 eSemsasiabls tsuppdipd ayeduby t he prior

art the exclusive-OR circuit ER1 to the FF circuit S0 at the first
stage. At the time point after the last data D1 is inputted to the
FF circuit S0 and then outputted from the FF circuit S15, the result
of the error detection is stored in the FF circuits S0 to S16. If
outputs of the respective FF circuits 50, 81, ..., 815 are all
zeros, then it is determined that the data contains no error while
if the outputs are not all zeros, then it is determined that the
data contains an error.

The error control method in the automatic repeat reguest

system in the selective repeat system employed by the prior art

described with reference to FIG. 2 and FIG. 3 is also applied to the

mode of the implementation. On the recéptién side, the repeat
requést frame number of the feedback frame is a frame number of.a
frame that has not-beep received yet and is expected to be
transmitted next from the‘tranémission side to the reception side.
If the determination output from the error detecting apparatus
indicates that there is no error, then the frame number, of which
frame is desired to be transmitted next from the traﬂsmission Qide

to the reception side, is consecutively increased. But if the



described with reference to FIG 2 and FIG 3 is also applied to the node
of the inplenmentation. On the reception side, the repeat7 Jagguesgtzdosanme
nunber of the feedback franme is a frane nunber of a frane that has not
been received yet and is expected to be transmtted next fromthe

transm ssion side to the reception side. |If the determ nation output from
the error detecting apparatus indicates that there is no error, then the
frame nunber, of which frame is desired to be transmitted next fromthe
transm ssion side to the receptionjside, is consecutively increased. But
if the 7 January 2004 19 determ nation output fromthe error detecting
appar atdegeirmiinaiakors outpat frvar €hé Serrbredbéct e Bppiaath@PeadidAguest nunber
is repeated _at the sanme frame nunber. As shown in FIG 8A, the effective
f eedback ¥ ZHETS 5 RE ehle dtenhtheepeat n¥auestt auiher iactemesethe

transm’daz_fit%_ gﬁ\éanflfﬁglg?ﬁ%the repeat frame request nunber D and the

error ecting ‘32 bits. Thus, the nunber of bits is
remarkabl y r edacethowasif OFFEr @dl, Wikid detecbive MedbBECO s e {eqdpack frame
of the prior art exanmple shown in FIG 8B, i.e., 640 bits, and hence the

recept iTHler 8ty abiowef bmpfirmsintation inclndesnritabltyansmissied. dather ef or e,

reducti I he total throughput of ARQ due to an error of the feedback
frame c%rqllgti):g Ir:éliflg:véﬁpeﬁ{léor@%‘es REARSSE JYRBST iR GRdpehewasrort grtecting

above- -iageti hest 32TBeEs e Nfhud) dehd endibe?! ofri¢aX iﬁ%?ﬁr&gﬁ%ﬁ%&t&ggd rates
when there is no transm ssion data contained in the feedba ranme. In
this ta @OélaalrQC_i ofith| €he Bit unbenssiimbe foedbachke franepifi ORe IEtierdoes not
'nvolve, A LRERRTd Yhoid! $n' Frd BRAME.SY Y0 ORLA "dn e A0
reception rate of the feedﬁack frame is remarkably improved.
Therefore, reduction in the total throughput of ARQ due to an error
of the feedback frame can be relieved.
FIG. 9 shows a comparison between the above-described
embodiment and the prior art example in reception rates when there
is no transmission data édntained in the feedback frame. 1In this
table chart of FIG. 9, it is assumed that the reception rate does
not involve a reception rate in a frame synchronizing fashion and
the error is a random error.
Incidentally, if p is taken as a bit error rate, the
reception rate R of a frame having a data length of j bits when a
random error is caused is expressed by the following equation, where
a bit reception rate in a frame synchronizing fashion is not

inveolved.
R= (1 - p)J

In the table chart of FIG. 9, the reception rate R is



the error is a randomerror. Incidentally, if pis taken as a bit error
rate, the reception rate R of a frane having a data | emgtianaéry diads when
a randomerror is caused is expressed by the foll ow ng equation, where a
bit reception rate in a frane synchroni zing fashion is not involved. R =
(1 - p)j Inthe table chart of FIG 9, the reception rate Ris 7 January
2004 20 calculated under condition that the bit error rate p is set to
10-5, -10-4, 10-3, 10-2, respectively, in the above equation, and the data
length is set toj = 32 in the enbodi®ment and j = 640 in the prior art
exanpl e n hey e .expressed on the percentage base. Now, the enbodi nent
o pt e ol

and the pri nfPRALion: shptrtdhe bitt ereerirasehprisometheo rmeept i on

rate Rmhen 1andam-er syl d. in a frame under condition that the bit
error rate i s 10-3, Wi ngleiég #s’rzqﬁreln‘{}l‘%/a& VFi GBI ION, dedhther dafarate in

t he phylsng&h &$reat ttoof =a3GRi kBe CAPBHINERL | Wi ke the peception rate
Is 52.7 %in the prior art exanple, the rece&p)rﬁ n rgffoe llmstglgnﬁlﬁggbly

i mprovédt §FABke 8 2 fhe¥arenssaressad oRutbéarerceheagarhngerent and t he
prior art exagple qLe ared with each other on the reception rate R
when random error t?‘s? Egﬁé%d“% ﬁn‘% rife PEAGE ralto RFRRPEM areacomparedi t error

rate i swit- 2achdtter oni Phéd PMREEE: SNVILHRN il.e the reception rate is
1.6 %in the prior art exanple, lé't%le re%%p i Oh T \aétglleld?'g 4TS etk B9 SEnpr oved,

or 72.5% Pnirage aimsisdi aenditivinGthao the dischermd rath! 06k odh aghash showi ng an

arrangeim a_.cqmmuni cation term nal apparatus such as a portable
telephoneahengiy “tfilzeg as a mean error rate in the physical circuit of

a mobile communication. While the reception rate is 52.7 % in the
prior art example, the reception rate is remarkably improved, or
96.8 % in the embodiment. Further, the embodiment and the prior art
egample are compared with each other on the reception rate R when
random error is caused in a frame under condition that the bit error
rate is 10-2, which is in a worse envirbnment. While the reception
rate is 1.6 % in the prior art example, the reception rate is
remarkably improved, or 72.5% in the embodiment.

FIG. 10 is a schematic block diagram showing an arrangement
of a communication terminal apparatus such as é portable telephone
orrthe like to which the present invention is applied. As shown in
FIG. 10, a speech of a user is picked up by a microphone 10A. The
picked-up speech is supplied to a speech signal processing unit 10B
in which it is converted into a speech signal. The speech signal is
supplied through a baseband digital signal processing circuit 10C, a
TDMA/TDD processing circuit 10D, a modulation unit 10E, and an RF
unit sequentially to an antenna 10H. Then, a transmission frame
converted from the speech signal is transmitted from the antenna

104, Conversely, when the communication apparatus receives a. signal




or the Tike to which the present invention is applied. As shown in FIG
10, a speech of a user is picked up by a microphone 10A7 FRBUaH ALE4- up
speech is supplied to a speech signal processing unit 10B in which it is
converted into a speech signal. The speech signal is supplied through a
baseband digital signal processing circuit 10C, a TDMA TDD processing
circuit 10D, a nodulation unit 10E, and an RF unit sequentially to an
antenna 10H. Then, a transmission frame converted fromthe speech signal
is transmitted fromthe antenna |0Og, Conversely, when the conmmunication
apparatus receives a. signal 7 January 2004 21 of a feedback frane by
nmeans off théeaiRFindrene by Heeanscef vilie singaaha 10fH,t hhe f nadlived digha® i S

suppl i 0 it 10F, -a nodul atjion unit 101, the TDWVA/ TDD
pr oces?igfngﬁ%i ?%é%%ﬁmﬁdﬁ FEPPEARY AR PUER gF b RFs 1Bkl L4FoBessi ng ci rcui t

10C t o ddm>dapeeidh Singkalox prw&gﬁgmwiﬁrogg&%ﬂ%@#ﬁg# t]toir?s ég@;ﬁ,‘rted into

a speech signal to be supplied to a speaker 1 é r 10J
enmanat ¢asebagd digideddhgnehausivesTirg abioveitebia itoedhé nyRidkh 08 drfal

i npl e Lpn. the.b band di gital, K signal processing circuit of the
cormuni%aot%%gﬁkﬁ%rurﬁlﬁaﬁagpb’ér‘ﬁl : anl%aFé%WSFE%d dévker ansreechy pigprdr ttabl e

el ephase suppl o6 (318 'sp@é&ép%la.haﬂﬁéfﬁp%@efﬁﬁ&g@%@% aranen 2

frequency is 1.9 , a transfer rate is se N2%8S & mobi | e

speed dfonnesppedinmispeethl epiiznabbse atmuraded o hen% kAT 15 (1Rp1 SRdnteal ki Ng
'speed of %hmagg i f am grror is caused at 10 dB or below froma val ue at
the nmedihirtCoPasehanshdipital isignal, pepcessdagyvairayétontsthie ms (384 bits),

wWhi ch  deidnu®i¥hE B 13 rh@hE B RFaEPA0I 11Ty (592 bits) of the feedback
frame. Therefore, the system's tolerable against all errors

In case of a compromise type portable telephone system (PHS:
personal handy-phone system}, i.e., when a frequency is 1.9 GHz, a
transfer rate is set to 32 kbps, and a mobile speed of the portable
telephone is assumed to be 5 km/h (normal walking speed of a man),
if an error is caused at 10 dB or below from a value at the median
of the phasing, its error interval becomes 12 ms (384 bits), which
falls within a correction capability (592 bits) of the feedback
frame. Therefore, the system is tolerable against all errors
between a total of 592 bits of the transmission data and the
transmission frame number even if a burst error is caused. Thus, it
is possible to satisfactbrily cope with a burst error.

While in the above-described embodiments, the data unrelated
to the feedback information in the feedback frame to be transmitted
from the ;eception side to the transmission side and the feedback
frame received on the transmission side are substituted with all
zeros as a predetermined fixed pattern, these data may be
substituted with all ones. 1In either of the cases, the substitution

can be made with ease and an arrahgement of a fixed pattern



between a total of 592 bits of the transm ssion data and the transm ssion
frame nunber even if a burst error is caused. Thus, it 7 gapassibte4o
satisfactorily cope with.a burst error. while in the above-descri bed

enbodi nents, the data unrelated to the feedback information in the
feedback frame to be transmtted fromthe reception side to the

transm ssion side and the feedback frane received on the transm ssion side
are substituted with all zeros as a predeterm ned fixed pattern, these
data may be substituted with all ones. In either of the cases, the
substitution can be made with eas® and an arrangenent of a fixed pattern 7
Januar §eBRI-OF 2begnnasr 4iBPldecdmeedditizing. vhniaudibiitopat vermisOBshs t

patter ther ILL.zeros or all_ones (e.g., 1010... or the like) can
be errg %lge q ﬁﬁ%{;‘%r&lrﬁab%eméeosoJS'gnbo]oq nt Batd%RLike) reds®essi on dat a

| engt hempitvy@dd@.i s a portion of initial data of the. data row of the
feedback franme, is enployed as discrimnating data for discrimnating

whet her t her eWhile rimshesgbove dabadimentotdatdadh a exahbsiyeion yseful for

di scri T%ﬁ'a%ﬂ on ma% be provided at ,the initial portion or a portion near
the initiar pSPtrinif PRECIVLMadRitink Caita. ofishe dahat ey ofnbbeli ment of

the preseabadkn¥eahd 0N sMelbidfea 46SEEL .né@iﬁgéa%%z%?f rane transmtted

fromthe transm ssion side to the reception’s he an ARQ f eedback
frame gisgivinpbing ndwthehetharepti tramirdestiont ditcd b2NEOL SH@Q Si de have an
identical  forpat. As has been described with reference to FIG 1, the

f or mat ex‘f’n‘bﬁw&gg Wt $AF dissrimdpatiomFayl bagerevidefl 46 tiiet dnifinl

exa”p|§ortion or a portion near the initial portion of the feedback
pattern.

Next, another embodiment of the present invention will be
described. An ARQ data frame transmitted from the transmission side
to the reception side and the an ARQ feedback frame transmitted fromA
the reception side to the transmission side have an identical
format. As has beén described.with reference to FIG. 1, the format
includes a transmission data frame length A of 16 bits, for example,
transmission data B of 584 bits, for example, a transmission data
frame number C of 8 bits, for example, and a repeat request frame
number (this data can be omitted) D of 8 bits, for example, and the
format is further added with an error detecting code E of 16 bits,
for example, serving for the entirefy of data.

The transmission data length A can take values of the data
amount of the transmiésion data B, e.qg., values from 0 to 584 in a
bit unit, for example. 1In this case, the data amount thereof is 584
bits. The transmission frame number C indicates a frame number that
should be transmitted (e.g., from 0 or 1 to 255). The repeat

request frame number D is utilized in a feedback frame to be



transm-ssion data B of 584 bits, for exanple, a transm ssion data frane
nunber C of 8 bits, for exanple, and a repeat request fr7agenusyrizo4(this
data can be omtted) D of 8 bits, for exanple, and the format is further
added with an error detecting code E of 16 bits, for exanple, serving for
the entirety of data. The transm ssion data |l ength A can take val ues of the
data anmpount of the transm ssion data B, e.g., values fromO to 584 in a
bit unit, for exanple. In this case, the data anount thereof is 584 bits.
The transm ssion frame nunber C indhgates a frame nunber that should be
transmtted (e.g., fromO or 1 to 255). The repeat request frane nunber D
i s uti|PASEMEted fizombhbk Tacapsion disle7 tdarhmityalOfiksidn sidnsmnkt ed from

t he recgpi;i [ t tra 1 ssion side, and it indicates a frame
nunber "?L&altcgiegée%gfec 8d9€"6bebrer%?’g%eﬁ/ee§98ﬁt?$é:o PECEFSIFRISPREDE he ol dest
frame needepribhagideasthetoRean ' Ch qve, the
error detecting codeS(E enpl oys Fﬁgﬂé F@%b?il"la'é afG ??rgt% gfegﬁﬂléea%-’«‘fegode, for
exanpl e¥®% «region in which the CRCis applied is a region of 624 bits from
the transm ssign . data length A to the repeat request franme nunber D. Next,
a feedback fra%% qersgﬁ%ﬁ?‘gt Yer ofhe HFXPECEPETANgi erde Eoerpkovs aheni ssi on

si de oryfatacf [ pere,;tkangm r he . _t 1.Ssipn si.de to the reception
si de will b'ertescriltt;:Eg é\ﬂ%ﬁ@?g e(?é:gl%:'e%tog é}?%&mfi. #)r{etgﬁf’g Jc’hé‘%‘,lcpf a

.data. then§RA i®appdlietoigh regibs @h 62rbbitdraroflatie eRgtRisdi@m exanpl e,
10 byte WBgﬁbits, a l|length longer or shorter than that | ength can be
nat ur al $3F3%ABPeYR P toothe Heenastdbagwestr fFane mumbanski ssi on data BX to be

transported ONMgext, a feedback frame transmitted from the reception side
to the transmission side or data frame transmitted from the
transmission side to the reception side will be described with
reference to FIG. 11. 1In this case, if a data length LBy (althoﬁgh
it is an arbitrary data length, for example, 10 byte = 80 bits, a
length longer or shorter than that length can be naturally employed)
of the feedback frame or transmission data B, to be transported on
the data frame is shorter than a predetermined data length LB,
(e.g., 584 bits) which is predetermined in the ARQ data frame, then

transmission data B, is allocated to a portion (D33 to D112) of an
arbitrary data length LB, within a region of transmission data B
(D33 to D624) (see FIG. 11) of which data length is LB, while a

fixed pattern (e.g., all zeros) (all ones and other various patterns
other than all zeros and all ones can be employed) is allocated to

the remaining data length {(LB; - LBy) {584 - 80 = 504 (bits})} (see

FIG. 11) other than the effective data. The number 80, which is the

data length LBy (80 bits) of the transmission data By, is converted

into a binary digit and allocated to the transmission data length A




the data frame is shorter than a predeterm ned data |ength LBO (e.g., 584
bits) which is predetermned in the ARQ data franme, therw Janaasyi Zmi4on data
B, is allocated to a portion (D33 to D112) of an arbitrary data |length
LB,, within a region of transm ssion data B (D33 to D624) (see FIG 11) of
which data length is LBOwhile a fixed pattern (e.g., all zeros) (all ones
and ot her various patterns other than all zeros and all ones can be
enployed) is allocated to the remaining data length (LBO - LB,) {584 - 80
= 504 (bits)} (see FIG 11) other tdfan the effective data. The nunber 80,
which is the data length LS, (80 bits) of the transm ssion data B., is
conver PEdthe ARG dath fxiepedi Byt thedway) odet edabsnidsd ohr apsnd Sambar dat a

| engt h Y/ 2004 24 _of the ARQ data franme. By the way, the
trans maﬁgi%hr%a?gg%t nrger%gftcfraé??d NERRSY hEIE AEEARESD fpakke RIMBARTD are

ar r angasnidr tdoewihel dedior1 BBANAICH Qe ¥BAl, eSS kRed Wi th reference to FIG 1.
Then, the error detecting code E Is acm%d ?oir:lf)?“nel'en P%rgt ;q/;hgf % A B C

and D. dstR¥tingeapde|E fisardded fidre tiatentiveny o8 daw@nani b} ad dhgom t he
reception si d% tﬁ %he trﬁnsrri ssion side or fromthe transmssion side to
the reception-SFfetecrbacketeane @1 thaiate frake by trhesuitted frame s

subj ectgd £ : ect r t [ ata l.ength IBX (80 bits) indicated
by the dat a&:legﬁ%jt&ﬁ éAﬂi(genftt{:3 h%g rtgr%éﬁlﬁgggﬁonn ilgg ot %—Iﬁ’g‘ gﬁ%c‘é‘fﬁ‘isﬁ‘ﬁs?r%.

Dependside o tthe dateptiengsbdd B, Thheresfivedatac@bhor Beaki X§d Lhat & region
(D113 to D6(2)1_4fs) of a data length (LBO - LBX) {584 - 80 = 504 (bit?ﬁ] W t hin
the refFdme df FHRI®GEATk FPsdetprtdanafon dehecwing atat AeothierLr heso t he
effect{ive data.BX with the data Iength of LBX are provided, are

subst i PiteY ’xﬁ%llﬁal:% byhhe- gt diepglh X joreghpatransmiEshion zeides pr the

Ther ea}é@ém‘-itc;ﬁesfiﬁggb Eb%%)e];)glfﬁ@ oq tthgedata length LBy thereof, data on

the fixed pattern region (D113 to D624) of a data length (LB, - LB)

{584 - 80 = 504 (bits)} within the region of the transmission data

B, on which data other than the effective data By with the data
length of LBy are provided, are substituted with the above~described

fixed pattern (all zeros). Théreafter, the feedback frame or the
data frame, a part of which is substituted with a fixed pattern, is
supplied to the error detecting circuit to detect whether there is |
an error or not.

. Next, description will be made on the error detecting
apparatus for detecting an error in the feedback frame or the data
frame which is received on the transmission side or the reception
side with reference to FIG. 12. By the way, parts in FIG. 12
corresponding to those in FIG. 7 are attached with the éame
reference numerals and overlapping explanation thereof will be
omitted. Reference numeral 3 represents the error detecting

circuit, 8 the zero generator, 7 the changeover switch for switching



data frane, a part of which is substituted with a fixed pattern, is
supplied to the error detecting circuit to detect whether Jaheseyixsiosan
error or not. Next, description will be nade on the error detecting
apparatus for detecting an error in the feedback frane or the data franme
which is received on the transm ssion side or the reception side with
reference to FIG 12. By the way, parts in FIG 12 corresponding to those
in FIG 7 are attached with the sanme reference nunerals and overl appi ng
expl anation thereof will be omtted. ,Reference nuneral 3 represents the
error detectin circuit, 8 the zero 6 nerator, 7 the changeover switch for
swi t chi AFEPEIahtfaryPibolermsinadc foard tihe zepoutgdneratonls Goaprat h§ezer o

gener at Q8 rSQeidlal ntngs - &14,0r, detecting circuit 3 is supplied with data
rows fromthe ?tthput n'%t g’r'xr-ngunléﬁ 3618r8‘&P£1&%F10V\7§“b1‘5a§PI TG $EORr g timpuker o

gener at ater@inancds ok0datdatded @R0LD: ARl Gt | IHeC Y O helle, changeover
swwtch 7 is controlled by a control si gng s&%ﬁl ?%%pf egﬁrf‘ﬁ%r Ic;éa{t g“‘?engt h
detecti g & figtd tlengthodetretdogt cototiar tonal Th: chbRgetited EQYEdbizt 18t Ti ngs)
constituytin e. f.eedback frame or the_data frame are supplied to the
i nput tﬁ"l‘rﬁt%%w%d, B¥h & SRV HeFhgnal rsippd iedntran, the edataf denytine D640 ( VBB)

to D (lg2Bhetd; idab@er PV 4 pRl i to the FEF circuit RO, or a first
stage of the s |Cflt regi steéros\}\:/ﬁgcﬁ&_ll&%% ogﬁﬁlﬁubé\‘l t6 D--type flip-flop

circuits (herefhvafdase sowpibitr eteingd tendsiddeinl’ €l tf)eeBQac}ﬁ]fram ., Rl4,
RIS conne¢ ed_in a cascade fashion. The data is Shifted in the Feft- hand
directi &F FRStIRES TFaRe. 2umEnpPéspdctd whedinputDE4oni mmIDGE25théreby6 bits of

the traneihgshofb’al Boh€0GH 19" £rat W%pbdb {1€n o b1 (LSB). The
data row is supplied to the FF circuit RO, or a first stage of the
shift register which is formed of 16 D-type flip-flop circuits
(hereinafter simply referred to as FF circuit) RO, R1, ..., R14, R15
connected in a cascade fashion. The data is shifted in the left-
hand direction in the figure. When respective data D640 to D625 of
16 bits of the transmission data length A are stored in the FF
circuits R15 to RO, the respective data D640 to D625 are supplied to

the data length detecting circuit 10 to detect the data length LB,.

The changeover switch 7 is controlled by the data length

detecting circuit 10 based on the detecting data length LBy. During

a period in which the supplied data is the data row (invalid data
row) D624 to D113 of the data length (IBy -~ LBy) of the transmission
data B of the received feedback frame or the data frame, the
changeover switch 7 is turned to the zero detector 8 side, whereby
the zero data row from the zero detector 8 are supplied to the error
detecting circuit 3. During a period other than the above, the
c¢hangeover switch 7 is turned to the input terminal 6 side, whereby

the data row D640 to D625 and D112 to Dl are directly supplied to



circuits R15 to RO, the respective data D640 to D625 are supplied to the
data | ength detecting circuit 10 to detect the data |engtlyahBaey Boo4
changeover switch 7 is controlled by the data length detecting circuit 10
based on the detecting data |l ength LBX. During a period in which the
supplied data is the data row (invalid data row) D624 to D113 of the data
|l ength (LBO - LBX) of the transm ssion data B of the received feedback
frame or the data franme, the change%er switch 7 is turned to the zero
detector 8 side, whereby the zero ddta row fromthe zero detector 8 are
supplied to the error detecting circuit 3. During a period other than the
above, WReCr¥Pn fgbeebing witrehi® 3s turned to the input termnal 6 side,
wher eby the %}%%i?ow 40 Lo . 625 and D112 to D1 are directly supplied to
7 January 200 neterrorRiefiRtd ey éirvatid datspess)f D62t |tg Dha data row

(inval iigh dnéardg@wh HF2dnd faalE&lg%n%&Bt(g,go [_ﬁ ingC‘gi![‘%gngat a length (LBO -

LBX) within the transm ssion t RAFRCRMFSRD or data

frame alagasBbst idhdt edeedd rabl Z& OSan h rangenent and operation of the
error detecting circuit 3 of Fhe errorzd(g]fgc{caﬁangr%'%frr% gubshityted 12 s

sim | amitB ahhtzegbs.the error detecting apparatus of FIG 7. Therefore,
they will not be (]:I__escri bed. The effective feedback frame or the effective
data frame in —FhaTERRIRSTE AN RRARIS 18D o fheo PTIGE dsitestivhy ciricainbt ai ned

by sulyt pacthd @G Aie 1689 - (€.9., 504 bits) within the
transm ssion data B ??%@rﬁ% g %}F&fél}zg%gst ﬁ%%%ﬂgzbﬁfss’d‘fll@ﬁet?e‘éﬁtv@ﬁ
f eedbadkef earey detdating rapparafitsisor ¥he. byl nwEbetois, KR K2R Yior

be described.

The effective feedback frame or the effective data frame in

the embodiment becomes a frame of 136 bits which is obtained by
subtracting the data length (LBo — LBy) (e.g., 504 bits) within the

transmission data B from the bit length of 640 bits of the received
feedback frame or data frame. Thus, the bit number is remarkably
reduced as compared with the bit number (640 bits) of the feedback
frame or the data frame in the prior art example shown in FIG. 8B,
and hence the reception rate of the feedback frame or the data frame
is remarkably increased. Therefore, reduction in the total
throughput of ARQ due to an error of the feedback frame or the data
frame can be relieved.

According to the present invention, in a data communication
in which a data frame transmitted from the transmission side to the
reception side and a feedback frame transmitted from the reception
side to the transmission side are arranged to have an identical
format, and this format includes at least transmission data length,
transmission data, a data frame number and a repeat request frame

number, and is added with an error detection code for the entirety



reduced as conpared with the bit nunber (640 bits) of the feedback frane
or the data frame in the prior art exanple shown in FI G7 8Bnuapg dvance the
reception rate of the feedback frame or the data frame is renmarkably

i ncreased. Therefore, reduction in the total throughput of ARQ due to an
error of the feedback frame or the data frame can be relieved. According
to the present invention, in a data conmunication in which a data frane
transmtted fromthe transm ssion siqg to the reception side and a
feedback frame transmtted fromthe reception side to the transm ssion

side are %rraréged t.o have an identical format, and this format includes at
| east tPardi 9€%n idatherenist RO subshnkiali eransadssion dita tedme number and

a repeatra2guesda haBe BLHILK | 5,.@ .th.an eryor detection code
for the rerrlfé?‘r ety 7y§anﬁary 5664 gg&(l)‘% %tnhgg(gg'f%\ge%itfo?hséﬁ%e'i §gﬁ% stanti al

transnidsizonideba feedbackt frnmpanheskduaryneo fnedaapkek ra8 uaing Na reception
si de, tJ:Ftef‘n the data of the feedback franme unnecessary to be fedback
i ncl udi HR§S4t the danspdssion farps iergttuathe| eratsmisshen tdatas and siten data and

the d fr Lihin.the _feedback frame, are substituted with a

pr edet Zé%anéggﬁ?xeg %éft p%%%?n grg%ﬁu:fn&g, R+ GredBrRetitaged ofeh for t he

enti r etpredfetehmi s Fiksdagadrhher gid-oaFeep, &rh%rESEdrﬁ)é‘c‘ééztiPéaz%‘%dear ranged
si de

as described above is transmitted fromthe reception €
t ransm 5% dheserfelretive péf e dath i#iegdsieds theretsubsThen j alhed fitadbiarkbe

-transpohtag% By dhe. f eedgack frame on the reception side, the feedback |
frame can be %ra m 'te e??%’rﬁe?hgbo‘feeéépﬁrﬁﬁs%’rt&@dt TP eher apseREionon si de
wi t houtsithangi e thiansel S8ion @iabhe fiRadback, f1ARe200d Quer i ng the
reception rate. ’

substantial data to be transported by the feedback frame on the

reception side, the feedback frame can be transmitted from the

reception side to the transmission side without changing the format

of the feedback frame and lowering ‘the reception rate.

According to the present invention, if it is detected on the
transmission side that the received feedback frame contains no
substantial transmission data, then at least a part of data in a
region of the received feedback frame in which substitution has been
made with the fixed pattern, is again substituted with the
predetermined fixed pattern, and thereafter error detection is
carried out. Therefore, the transmitter can process the received
feedback frame without lowering the reception rate.

Accordipg to the present invehtion, the fixed pattern is a
pattern of all zefbs or all ones. Therefore, data unnecessary to be
fedback can be substituted with ease on the reception side and the
transmission side, and the generator of the fixed pattern can be

simply arranged.

hccording to the present invention, in a data communication




According to the present invention, if it is detected on the transm ssion
side that the received feedback franme contains no substamznabkr{r20Tsim SSion
data, then at |least a part of data in a region of the received feedback
frame in which substitution has been nmade with the fixed pattern, is again
substituted with the predetermned fixed pattern, and thereafter error
detection is carried out. Therefore, the transmtter can process the

recei ved feedback frane without |owering the reception rate. According to
the present invention, the fixed pat2&rn is a pattern of all zeros or all
ones. Therefore, data unnecessary to be fedback can be substituted with
ease o™t KBi¢hddwt Aaha sfrpmeatdandmittedafison SheobransiGssasd s generator of

the fi :N_C e i nply arranged. According to the present
i nvent f&g% P%épgt& at gg]%% anshieEs; %/%%i{b?cgaﬁﬁ%fv%/ tygpambig-adn fwpin cthet he dat a

frane treenpeidd eddbr 09 4iRe trhABRESSNOR: 8L GG d O Lhe. f §5epLion side and the
f eedback frane transmitted fromthe re%ep?ale‘rc?nggf%ggetdc’) Phed¥s &fsni ssi on

si de ardeRFigHgd@rmat hawel &hisi femtatcdhclwdemar Bagst Riasnf @¢RL s bl udes at
|l east eagh data of dtge transm ssion data | ength, transm ssion data and the
data frame  humar 1953 4G tha JEERRATIES AR cdater andt et idemactend or t he

entiretgwmbef, td4ie gat transm ssion _data of a predeterm ned data | ength
within the feedbagﬁ ?‘?%éndggﬁltgha%‘?%%g’é ! %"e“c%‘nﬁ%%gof%&r therentireky data

f or med of the aiehe, sshentratsmistion drli bEad Yordabie BN a8 P Tyt Nan the
-predeter.n‘éned data | ength and a fixed pattern having a data ﬁgngth whi ch
i s prodd&EdY® piPss f6efEReH fFampeinrainangeq dathe temgoded broartditive

predet @abhneskiat 3£ BRI skBEn LEAS TS Oeprbq.%trgrgr eglaq}ah lierslgth shorter
than the predetermined data length and a fixed pattern having a data-
length which is produced by subtracting the arbitrary data length
from the predetermined data length, the transmission data lengtﬁ-is
set to the arbitrary data 1eﬂgth, and thereafter an error detecting
code for the entirety of data is added therewith. Then, the
feedback frame arranged as described above is transmitted from the
reception side to the transmission side. Therefore, if the data
length of the transmission data to be transported by the feedback
frame on the reception side is shorter than the predetermined data
1eggth which derives from the format of the frame, the feedback
frame can be transmitted from the reception side to the transmission
side without changing the format of the feedback frame and lowering
the reception rate.

According to the present invention, when the transmitter
receives the feedback frame which has been arranged as described
above, the data in the fixed pattern region having a data length,
which is produced by subtracting the arbitrary data length detected

in accordance with the transmission data length from the



set to the arbitrary data length, and thereafter an error detecting code
for the entirety of data is added therewith. Then, the 7 &edback F0ne
arranged as descri bed above is transnmitted fromthe reception side to the
transm ssion side. Therefore, if the data |ength of the transm ssion data
to be transported by the feedback frame on the reception side is shorter
than the predeterm ned data |ength which derives fromthe format of the
frame, the feedback franme can be transmtted fromthe reception side to
the transm ssion side wthout changssg the format of the feedback frame

and Iomer%#%g? the reception rate. According to the present invention, when
the trahs Epined datgelendid Pdotbadicansaies it dathaswiddem she anged as

descri bgghe Qv i n j attern,region having a data
l ength, which ?%%%*‘%ﬁ?‘é%“%&i%ﬁ?%ﬁ%ﬁé {’h‘g" ancrhﬁi gF%&%t%ﬁtlag?‘eﬁg‘Fﬁ
det ect epattiernacand ddrgeattéh difiert canwBL3Ishomks dald. | epw i drem iihe 7 :
January_2004 29 predeterm ned data |ength of the transm ssion data, within
the rete7Ragks EEtitadiecriver hys thapbransmisteniadn beeppoasisedr on nae f i xed

patterng - ang ter ror correctiqn is made. Therefore, the feedback
frame recel veggﬁéﬁt léi%t }"g%%?ﬁ“t t(ig?"eﬁhr?g %&epF%‘é%ts‘é’& 5&t%he transnission

side wi thout | pueidf@cbBRibas YRlrabrd fldtbod HAMIrLd o¢e8hd | RALPEST §LLED.
enbodi mrents of the invention with .reference to the acconpanying draw ngs,
it is tEeiRFenAackR tidsd achampantiagi dvarnimgsn it imottol bai tretbristobdathapr eci se
-enbodi iq’;}gn;:ggrf isvag' ops ch nges and nodjfications could be effected
therei n by one skil|'&d™Pr tHE Ri PHFUPTREEEE BRgdimen: e SRAY i t or

e
scope ofativws thaeRsd Qﬂdaﬁqcﬂﬁfﬂd&%goﬁél ddi8 aepR et 6l Al rein by one

skilled in the art without departing from the spirit or scope of the

invention as defined in the appended claims.




7 January 2004 30 What is clainmed is: 1. A data structure utilized for
comuni cation in which a data frane transmtted from a7 gaasaty tzo4and a
feedback frame fedback froma receiver have an identical fornmat,
characterized in that a redundant portion of the feedback frame is
substituted with a predetermned bit stream 2. Data structure as clained
inclaiml, wherein said predetermned bit streamconsists of all zeros.
3. Data structure as clained in claiml, wherein -said predeterm ned bit
stream consists of all ones. 4. A communi cation nethod as clained in claim
1, wherein said identical format conprises a transm ssion data | ength,
transm ssion data, a nunber ofthatabsmsiasmen fgane, a nunber of the frame
to be retransmtted and an error detection code, and said redundant portion
of the feedback frame conprises said transm ssion data |length, said
transm ssion data and said nunber of transm ssion frane. 5. A

comuni cation nethod utilized for comrunication in which a data frane

transmitted frbm & dagassttdaurendtfl{Redlas kconfxr[u?ﬁ@a@%qp%%kwﬂ
recelvq£ haye_an identical format, conprising a step o 7 January 2004 31

subst i tTfPngTaRT ShARIEAL LR rixamn aotranamiftsed barmk of FaedbarntEahné Ng NO

subst antdddack NERdaL a recel ed data frame with a predeterm ned
bit stream upon forn#%%e?ﬁgy?éengBKl a format, characterized in

that a redundant portion of the feedback frame is substituted with a

predetermined bit stream.

2. Data structure as claimed in claim 1, wherein

said predetermined bit stream consists of all zeros.

3. Data structure as claimed in claim 1, wherein

said predetermined bit stream consists of all ones.

4. A communication method as claimed in claim 1, wherein

said identical format comprises a transmission data length,
transmission data, a number of transmission frame, a number of the
ﬁrame to be retransmitted and an error detection code, and

said redundant portion of the feedback frame comprises said

transmission data length, said transmission data and said number of

transmission frame.

5. A communication method utilized for communication in
which a data frame transmitted from a transmitter and a feedback

frame fedback from a receiver have an identical format, comprising a

step of:




containing the substantial information. 6. A communication nethod as
claimed in claim5, wherein said predeterm ned bit streamaeeasy stesof all
zeros. 7. A comunication nmethod as clainmed in claim5, wherein said
predeterm ned bit stream consists of all ones. 8 A comunication nethod as
claimed in claim5, wherein said identical format conprises a transm ssion
data length, transm ssion data, a nunber of a transm ssion frane, a nunber
of a frame to be retransnmtted and an error detecting code, and said
redundant portion of said feedback fBane conprises said transm ssion data
| ength, said transnm ssion data and said nunber of a transm ssion frame. 9.
A comuni cat i ofubftitysingia icesyndent corrion cef ithe feedbadki chame data frane

t ' s t itter .and a feedback f f edback f i
nave. are o oA o shABEA e BBE-h R RORy L aPReYahdnte Broocoiving

sai d f eerthaek pteddierinifen R sR¢8hN QiporC @BPHI & R¥eSE S efgher m ni ng
whet her or not a redundant portion of the feedback frane transmtted from
sai d r eglhpdpieg s sybatantigly dnfopraddener ni ned bit stream and 7 January
2004 32 substituting another redundant portion of said feedback frame
ot her than that redundant portion with a second predeterm ned bit stream

if it is detergin . e glq%pt p ' . f.eedpack. frame
consists of t h? f?gsc{oggﬁnel%ﬁ?éezﬁ?l ﬂg I tass1:8?%{'31“?71&il %& Eggjé%r?ﬂuﬁ THtt%n net hod

as clainmed in shid mredenheniziad bat| stgtdm ebnsidtd birr s11 pregdet er m ned bit
streamis fixed.

7. A communication method as claimed in claim 5, wherein

said predetermined bit stream consists of all ones.

8. A communication method as claimed in claim 5, wherein

said identical format comprises a transmission data length,
transmission data, a number of a transmission'frame, a number of a
frame to be retransmitted and an error detecting code, and

said redundant portion of said feedback frame comprises said
transmission data length, said transmission daté dand said number of

a transmission frame.

" 9. A communication_method utilized for communication in
-which a data frame transmitted from a transmitter and a feedback
frame fedback from a receiver have an identical format and also
utilized by said transmitter receiving said feedback frame from the
receiver, comprising steps of:
determining whether or not a redundant portion of the
feedback frame transmitted from said receiver congsists of a first

predetermined bit stream; and




11. A communication. nmethod as clained in claim9, wherein a |length of
said first predetermned bit streamis variable. 12. A cooaufieatioor net hod
as claimed in claim9, wherein said first predetermned bit stream
consists of all zeros. 13. A comuni cation nethod as clained in claim?9,
wherein said first predetermned bit streamconsists of all ones. 14. A
comuni cation nethod as clainmed in claim9, -wherein said second

predeterm ned bit stream consists of all zeros. 15. A comrunication net hod
as claimed in claim9, wherein sai ®3%econd predeterm ned bit stream
consists of all ones. 16. A comunication nethod as clainmed in claim9,
wherein sai dSheEwttuddngf apotdterc srpunday: gott s mifs sabd fiwidhatkengt h,

t } S.Si f ] SSi f , nmb f f
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sai d reggiRAaehmPOF 9100 sOfie bt o8 tRAC Kt APE s GHIRL ngtffén 'ogaéﬁe of a part

of said transm ssion data |length, said transm ssion a and sard nunber
of t hefeedhaski §5qumn dongdets 195 thec fimsinircatibbarmimiddoBiasstdeamyed in claim
16, further conprising a step of detecting an error fromthe entirety of
the feedback frane after said substitution step has been executed. 18. A

f eedback {rangol eoeiathinAORAIGH USchbd |7 8Lty oMU Cat ign L0 whi ch a

data frame transmitted froma transmtter —an 3¢ ffE®+dback
froma receiverlérgth af sdbhtfioat ptedemirmiacditsistgeat eadl#agkgf rane i nput
termnal nmeans for being supplied with the feedback frane;

11. A communication method as claimed in claim 9, wherein

a length of said first predetermined bit stream is variable.

12. A communication method as claimed in claim 9, wherein

said first predetermined bit stream consists of all Zeros.

13. A communication method as claimed in claim 8, wherein

said first predetermined bit stream consists of all ones.

14. A communication method as claimed in claim 9, wherein

said second predetermined bit stream consists of all zeros.

15. A communication method as claimed in claim 9, wherein

said second predetermined bit stream consists of all ones.

16. A communication method as claimed in claim 9, wherein
said identical format comprises a transmission data length,
transmission data, a number of a transmission frame, a number of a

frame to be retransmitted and an error detecting code, and




determmni ng neans for determ ning whether or not a redundant portion of
the feedback frame consists of a first predeterm ned bit7 Jshneayn2&dcond
predeterm ned bit stream generating neans for generating a second
predeterm ned bit stream substituting nmeans for substituting another
redundant portion of said feedback franme other than that predeterm ned
portion wth the second predetermned bit streamif it is determ ned that
that redundant portion in the feedback frame consists of the first
predetermined bit stream and error d&tecting neans for detecting an error
In an output sigpal su glied fromsaid substituting nmeans. 7 January 2004
34 19. A feedﬁﬁg ‘f%‘ﬁﬁ‘?@ PERAGRAIRG appiaist fsedhac Siramel dowpribes mtls,

wher ei n1@adterRat B S ' I it . streamis fixed., 20. A
f eedback frane r egieli. v?drjlfg S%%%Z‘%réat%g’dtg%fﬁngg (r%tgd??nr?t%dl 3??{21 2GR TR a

| engt h édtzaind saidtnymbedeserificegdahini Sioaaftise. vari able. 21. A feedback
frame receiving apparatus as clainmed in claim 18, wherein said first
predeterm ned bit stream consists of all zeros. 22. A feedback frane

recei ving appajatu b oed. in aim18, wherein sajd first
pr edet er mi ned %?t :%%zbg&nh?%é%lr?ﬁoglsgﬂ‘%é a5 Flgmd 1p3claln dbdbierthiarame
recei vi oonmpipdngt ysstap efadelsbdilg &h A PolB erdhehe Bntirety of the

feedback frame after said substitution step has been executed.

18. A feedback frame receiving apparatus utilized for
communication in which a data frame transmitted from a transmitter
and a feedback frame fedback from a receiver have an identical

format, comprising:

feedback frame input terminal means for being supplied with
the feedback frame;

determining means for‘determining whether or not a redundant
portion of tbe feedback frame consists of a first predetermined bit

stream;

second predetermined bit stream generating means for
ggnerating a second predetermined bit stream;

substituting means for substituting another redundant
portion of said feedback fraﬁe other than that predetermined portion
with the second predetermined bit.stream if it is determined that
that redundant portion in the feedback frame consists of the first
predetermined bit stream, and ) |

error detecting means for detecting an error in an output

signal supplied from said substituting means.




said second predeterm ned bit stream consists of all zeros. 24. A feedback
frame receiving apparatus as clainmed in claim18, wherei asakdyssmond
predeterm ned bit stream consists of all ones. 25. A feedback frane
receiving apparatus as clained in claim18, wherein said identical format
conprises a transm ssion data |length, 7 January 2004 35 transm ssion data,
a nunber of a transm ssion franme, a nunber of a frame to be retransmtted
and an error detecting code, and said redundant portion of the feedback
frame conprises at least a part of said transm ssion data |ength, said
transnission data and said nunber of%the transmission frame. 26. A radio
communi cat i on1fPer nk nidedbpphr fitare wbobivady hppar&ieMasi 684iy kR Which a
dat a fr?ne H@ans itted froma transnmitter and a feedback frane fedback
from a"receiver "A&VE N i dentical format, conprising: an antenna for

transmtting gn i\ Qg A i, 0 e. . r.eceived signal, prqcessing nmeans
for processing g?é%%ﬁf%%ggé?gﬁgg% P?g%gﬁF?FPﬁglgﬁbﬁgFgﬁWOEgggﬁﬁa'neans for

processing a transmtting signal; and baseband signal processing neans for
processing a baseband signal, wherein said baseband signal processing
nmeans conpri sé9: fRAFIPRk Exans ppgeivingriapphrawensisf olatmiandnsuppl i ed

wth the{ qedbagk yame

a length of said first predetermined bit stream is variable.

21. & feedback frame receiving apparatus as claimed in

claim 18, wherein

said first predetermined bit stream consists of all Zeros.

22. B feedback frame receiving apparatus as claimed in

claim 18, wherein

said first predetermined bit stream is composed of all ones.

23. A feedback frame receiving apparatus as claimed in

claim 18, wherein

said second predetermined bit stream consists of all zeros.

24. A feedback frame receiving apparatus as claimed in

claim 18, wherein

said second predetermined bit stream consists of all ones.

25. A feedback frame receiving apparatus as claimed in

claim 18, wherein

said identical format comprises a transmission data length,



t he feedback frame consists of a first predetern ned bit7 Jahtgaym2omacond
predeterm ned bit stream generating neans for generating a second
predeterm ned bit stream substituting nmeans for substituting another
redundant portion of said feedback franme other than that redundant portion
7 January 2004 36 wth a second predetermned bit streamif it is

determ ned that that redundant portion of the feedback frame consists of
the first predeternmned bit stream 3nhd error detecting neans for
detecting_an error in a signal supplied fromsaid substituting neans.

DATA coﬁm ER fAA08 REEReCE ertmEIhsSOPOSUREE, nat herkéat af a

comuni gahh®dBkhegh i t t r.a transmtted fromthe
transnission side to I{ eswriggg%t@ginggi %regoarnggfﬁ%t”?geé’ﬂ’ﬂﬁcka‘?dr ane transmtted

fromthe receptsadd sédimdaqtt pertilonaBsNiissireBqshdle U, eacﬁrﬁﬁsgﬂg f of mat
jointly, to propose a data comunication nmethod in iC thefe is no

subst ant.PaFt FaPRrt ohsaids sRapmissdonydatie lbsgtibaciaitr anensiisthenr ecept i on

side, theysfapdlag i ransmtted fromthe reception side to the
transni ssion si gggém%%%{% gga% %&af‘ﬁ%l?%ﬂ’i‘atfrﬁe‘t he feedback frame and

| owering the reception rate. In the data comruni cation, the conmon fornmat
includes at |east each data of the .transm ssion data
26. A radio communication terminal apparatus utilized for

communication in which a data frame transmitted from a transmitter
and a feedback frame fedback from a receiver have an identical
format, comprising:
an antenna for transmitting and receiving a radio wave;
received signal processing means for processing a received
signal;
' transmitting signal processing means for processing a

transmitting signal; and

baseband signal processing means for processing a baseband
signal, wherein
said baseband signal processing means comprises:

feedback frame input terminal means for being supplied with

the feedback frame;

determining means for determining whether or not a redundant
portion of the feedback frame consists of a first predetermined bit
stream;

second predetermined bit stream generating means for

generating a second predetermined bit stream;

substituting means for substituting another redundant

portion of said feedback frame other than that redundant portion




| ength,- the transm ssion data, the data frame nunber and the repeat

request frame nunber, and is added with the error detecti gangee foou the
entirety of the data. If there is no substantial transm ssion data to be
transported by the feedback frame on the reception side, then the feedback
frame is arranged such that data unrelated to feedback information
including at |east the transm ssion data |ength, the transm ssion data and
the data frame nunber within the feedback frame, are substituted with the
predeterm ned fixed pattern, and thﬁéeafter an error detecting code for
the entirety of the data is added thereto. Then, the feedback frane is

transnvitlech skrond tpiedeteeRinhed Hiicdstinrt He 1€ NS HetShR he Rat dHQure 3
redundant portion of the feedback frame consists of the first
predetermined bit stream, and

error detecting means for detecting an error in a signal

supplied from said substituting means.






