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 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



2 prinmtive SR systemw || hereinafter be described for making

expl anation easy. Initially, an exanple of an arrangement J8PUaRY ARO% r ane
in which a data franme and a feedback frame have an identical format wll
be described with reference to FIG 1. The ARQ franme includes each data of
a transm ssion data frame 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.,

t he repeat request frame number D of 8 bits, for example, and the frame
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



region fromthe transm ssion data length A to the repeat request 7 January
2004 3 frame' number D. Now, a mamnner for transmitting anhYARGPFY aR%ased
on the SR system when the transmission frame can be transnitted with
failure wll be described with reference’to FIG 2 below. As shown in FIG
2, rectangul ar franes, each having a nuneral witten therein, arrayed on
the transm ssion side depict transm ssion franmes, and each nuneral witten
therein designates a frame nunber. Rectangular franmes arrayed on the
reception side depict repeat request3frarres, and each nuneral witten in
each of _.them al so designates a frane nunber. Although a data frane is

ori gi nati3Pe PURRSY *ed fromthe transnmission side to the reception side,

there is no dagg,fr Wl transmtted fromthe reception side to
the transnission saﬁﬁgpn%e}gii%%kﬁés%%%ﬁngda’b@%r“rrﬁﬂ% haseds A s fRsi de are

as fol |symteflyhdn tihantfhhdRissqBnt Bfad 2A8MHS SLR Sl ge&r OSMEL S ure
transm ssion frames 1, 2, 3 continuously. (2) A feedback Traig of a repeat

request¥¥lakg AesAEbedovith tefesenesl to FEGt h2 hedoept | B9 SHowd. idhug,. it is
deter rrizpeq:etcgglt1 & gransm ss'h?ﬁ frane 1 is correctly received on the
receptioh side. S AtranentssiGrr PAVEY & SURpERks yrdtten fdereina) A feedback

et or m nog L hat- LNG. tF oo Seain, BHR2 Klony e, EradsiiEalSy txeluctibn’  ne
r ecept i Hifhs paEeral MTdfben ssianeifr dewidhates a frame number. 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

transnission 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



transmtted next. (4) A feedback frame of the repeat request franme nunber,
3 7 January 2004 4 again is received. Thus, it is detern deduvehnat2Gide
transm ssion franme 3 does not correctly reach the reception side.
Therefore, the transmssion frane 3 is again transmtted. (5) A feedback
frame of the repeat request franme nunber, 3 1is again received. Thus, it is
al so determ ned that the transm ssion frame 3 does not correctly reach the
reception side. However, since the transm ssion frame 3 has been al ready
retransmitted, a transnission franme*6 is transmtted next. (6) A feedback
frame of the repeat request frame nunber, 3 is again received. Thus, it is
det er rA9%@ Lhareqeivets arf¥misssibnis fdederminedahanothe orrachliysi@ach t he

recept.j si,de. However, since_the transm ssjon frame 3 has been_ al ready
r et ranésm etg OF nt\ggaﬁgﬁ%cé:i é’nr??cg&hetth? FECER SR Pifey MRereters. Abfeedback
frame Wandni €PEH FradHestid LB L ImitBekS received. Thus, it is
determ ned that the transm ssion franmes 3, 4, 5 correctly reach the

reception si déd) Oferfeeibask daameedt dilte aapédte reemept i frangd dembexe, as fol | ow
(1) When a receiver on the reception side receives the transm ssion frane |

corr ectd P I2tRer $RBAck Firtiive 16f 1F melsepeserminadu &bt fehge nunber, 2 is
(ransrg {:3hi 8914 IARGA! 3 GOUICSbe! LaMRc Pl G rleeel el Jecpyes the
transm ssion frane correctly, the ee& ac rane 6? %B}IéL Peﬁé%‘?' request
frame mwdver, Sindes theabsaidriiedioaf frdm@Peahas aspeshiieade.
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.



(2) The transm ssion frame 3 is received incorrectly. The repeat request
frame nunber, 3 is transnmitted with the feedback frane.7 7ajdaauwardp02004 5
(3) The transm ssion frames 4, 5 are correctly received. Since the
transm ssion frame 3 has not been reached, the feedback frame of the
repeat request frame nunber, 3 is transmtted. (4) The transm ssion frane
3, which is again transmtted as the retransmtted frame, is correctly
received. Since the transm ssion franme 5 has been correctly received so
far, a feedback frame with the repé%t request frame nunber, 6 is

transmtted as 33 f&grre that i s, expected to be received next on the
reception side'>as THBSHHANSRHS SRy F La8RE of it T8 COHETERY oFeqaiteflel met hod

of theiagbopmd iteaheREM idnetrest SYakemdased egaéﬁ@a,s@{,éyféeedﬂackhe
al a ranes

transmtter on the transmssion side is transmtting d

cont i nfgaskyoiirithel repeateaeiquest timankeadilank, f3r asecifdingateag that a franme
reaches the reception side incorrectly. If the transmtter receives

i nformation i n‘tﬁ’ca?g9etjfﬁnsf“i’rﬁ§l‘?rhefrﬁfﬂan%f HEE che 48 RERIN HEBRTRdte]d a3 hen it

transmgs Fggrgfgﬁtg&@r@rﬁgai B écﬂ:,rteg%?% réri%red.tihsﬁir{.%%r ni cation system

is control to recover erroneous ransm §s the transm ssion

si de t arbheniecen Feansi Htas\hide ddi‘rb@@ly?%‘é@i@é& s8R, | Defhainhiy
reference to FIG 2, it is assuned that the feedback frane can be

transnifeEg THgmthRerepeate prBeS 6| franeonwhen,r 4ndsi wwinsmisteld ad shout
L b B AT B M BN o RS St L e
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.



propagates. Now, a manner of the ARQ transm ssion based on the SR system
when the feedback frame is failed to be transmtted will7 genugesciided with
reference to FIG 3. 7 January 2004 6 Operations carried out on the
transm ssion side are as follow (1) The transm ssion franes 1, 2, 3 are
transmtted continuously. (2) The feedback frame of a repeat request frane
nunber, 2 is received fromthe reception side. Thus, it is determ ned that
the transmission frame 1 correctly reaches the reception side, and the
transmission frame 4 is transmtted.® (3) The feedback frame of the repeat
request frame_nunber, 3 is received. Thus, it is determned that the
transni ssi on PPEFAEIONS:GRAFEER] PutegRhthe tHanpRbRRionORide dae and t he
transngssien frame 5 is transmitted. (4) A feedback frane of the repeat
request nunber, 4 is not received. Thus, it is presuned that the

transm ssi on {1Lpnertid dirdnBeis<Sidn eebhys neaeh, zad ReRRSnidddg transm ssion
frame 3 is again transmtted. (5 A feedback frame of the repeat request

frame TRAIIEOUSLY s received. Thus, it is determned that the transnission
frames 3, 4 ?gge ,lcrgerrf%%%d% re chedo%he reception side. Therefore, the
transmission ffame B IS EPARS TP EdoT (B)FeROAE RARAS T53e SPmPRe 2epeat
requesis ffcdBved PR the F8céBCRInY 89de Tutms! tid St AQLELAART Lhat the
transm ssi on frgnE_S
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 frame 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



has correctly reached the reception side, and the transm ssion frane 7 is
transmitted next. Operations carried out on the recepti oh Jsndernara)lds
follow, (1) The transmission frames 1, 2, 3, 4 and 5 are correctly 7
January 2004 7 received. The feedback franes of repeat request frane
nunbers, 2, 3, 4, 5 and 6 are respectively transmtted. (2) The

transm ssion frame 3 is again correctly received. Since the transm ssion
frame 3 has been already received, the received transm ssion frane 3
received in an overlapping fashion is discarded. The feedback frane of the

repeat remiiest.f rae raugbesk Ganbs &f %@B{:tf%ueé% Q?Erﬁvéliarﬁue gg? \ézgaback

according to the SR systemof the prior ™~ art ekXanpl €,

frane i¥r i Petind & I3&et respedtivedy tiamdiibgedo presunption that the
correspondi ng i%ansn?ﬁs%i on frame is incorrectly received on the

transm ssion stb, e GaRIISSIRR FEang 3aA8 93y coaTastw @ebapyidg f ashi on

fr om t hei ddeanhel exis@inasbeen [arkh FECSRERCRL LG OosRILe of the Tact that

the data frane has been <correctly transmt fii ssi on side

to the ¥essdpeflorrarsiniesion fhire Gaseceived ARG IVER1hSpiid 3AdR%Paged on a
full duypl ex comruni cati on system as descri bed above. %’herefore, the system
i s T eqUESIRIIED- pdhn feadback faamai oEitde mepeatn|npgleem fiwme huABE $Si ON

si de tojd hgahemfidLn side but also fromthe reception side to the

transm ssiorﬁl S|deéadt) a tinme. Accordingly, the data frame transmtted from
the transm ssion side to the reception side

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)



and the feedback frame transmtted fromthe reception side to the

transm ssion side have a cormon format. Therefore, even 7 WJahhere 44 no
transm ssion data to be transmtted fromthe reception side with the

f eedback franme, upon transmi ssion fromthe reception side to the

transm ssi on side, extra information (redundant portion of data) 7 January
2004 8 such as "transm ssion data |length", "transm ssion data"
transmission frame nunber” and so on have to be included in the feedback
frame for maintaining the franme arra%gerrent described with reference to

FIG lgudhiaeh«fagtsilieadsyt k,,that the . receptjon rate at the
transm ssi gn si de SI sggowrércg res% i'ng HLRANSIURGHAM g2 g‘? t hroughput I n

gener atraIHSMSHHWIMHeonumﬁ'OQQH E6 dieFagBets e RekThbeq tiherhy! | dupl ex
comunication to be executable. However, in an actual practice, '
conmunte&fask Fsamns tfew ﬂéé@wa@ﬁedhﬁﬁ rifr@mahrrardmmeex flesdvibed with , data

del i veryr HRRAELT PRIFQN §S eff C%tef J{e% &ogg,bc{ &’F’E’ fashi on, and hence it

is not always necessary to ranspor kdbB2k Heane from t he

receptiarergide fdtd atl ikAB. tldnARkeliSn didd 3sUNGIRSIdAD the
t hroughput in spite of the fact thaIt1 tlhe fgedback r;a%é&iljcs}n?fm?{lal way's

reques%@f?l‘-tléig 9fa¢f§[§mgtlpntansm ssion data. Further, in a data comunication

met hod in Whl %?eragl frarretransmttedfromthetransmssmn side to
the reception’si 4 FrEoREgGaEECy rpd:r‘?éof’?%rﬂsﬁnqeﬁéan‘?‘?d?ﬂ PREMHeCept i on-

side tend hei11t aepEdd TohRln S48 H2YLe éx%%ﬂ%h?ﬁé when Lransm ssion
data to be'transported by the data rame or efee 1Fﬂ<fran‘(ralls greatly
actual practice, communication is often 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



shorter- (LB, is taken as its data length) than a predeternmined data Iength
(LBO is taken as the length which derives fromthe formit yanuats@oodception
rate is |owered upon transnmission with the predetermned data |length LBO
mai ntained as it is. SUMVARY OF THE | NVENTION Therefore, it is a general
obj ect of the present invention to provide an inproved communication _
nmet hod and comruni cation 7 January 2004 9 apparatus in which the aforesaid
shortcom ngs and di sadvantages encountered with the prior art can be
elimnated. Mre specifically, it is%n object of the present :queﬂtlt(r)\n to
ropose Drgani h A4 f.or cormunl lon in i C e
gatg f rz?%i[‘a)g?r ans r%ﬁﬁdé%a} ;Egl% fgﬁ%é%graéﬁs rrgs TEREy R ‘%%ﬂ‘ﬁgg"?fﬁ@@ﬁfi on side
and t he eheeulivaied§ whelk theapsibt tad taanbdé ha inggeedd Oon side to the
transm ssion side have an identical format, wherein even if there is no
substanti al trdWERi SReBFigalhy oltbdst pareiimcteds byhe preséredbaektiomme from

the recept| i.de, backfra e _transmtted fromthe
recepti g-% Eeﬁosée 8 ﬁéﬁmrné%g%lgrsll%% hedy %tf:Cﬂlzt obPT FRRTYPAGEIRR A8r mat of the

feedbacmﬁeam;eaaatam&grah&uﬁ&aeemrhﬂeatteanéxﬁlgsaog”%fge g&gﬂ of
t he pr esent I nvention to propose a communi cation neth ut | ze

conmuni E&FPPRLIM S\hﬁ? cénd W@edﬁezdﬁamrérag%m?méﬂtéc: mﬁotnhettxét I’;r;?ﬂ:f&ﬁtﬁﬁ}[ ﬁn
side to si.de. an ac ranme transnmitte romthe
recepti Ohﬁgl 1lcsf?q-l !tﬁgnsrfarsfﬂ'gﬁl 2y ‘%eoﬁ'aéffad tifal JREal vhekaiat evether ei n

-:cf g Be %qt 8het @ Ho OfuldtAnk i 40 SIHa12h98s H3 %akl B6 Bd F1IROLLSL LY, e
ee acC

the feedback frame from 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.

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




frame on the reception side or the transm ssion data to be transported by
the data frame on the transm ssion side, is shorter thah ddneapyezi@iser m ned
data length, then the feedback frane or the data frame is arranged to be
transmtted fromthe reception side to the transm ssion side or fromthe
transm ssion" side to the reception side w thout changing the format of
the feedback frame or the data frane and |lowering the reception rate.
According to one aspect of the present invention, there is provided a data
structure utilized for conmunicatiomin which a data 7 January 2004 10

frame H_gﬂes 'tated.%r%{nfa transmtter and a feedback frane fedback froma
recei ver- have “JR™M deFd iTEOR R oFrARSIikRRY @nd a festihsghniragsfedbaclof t he

f ecdbagkor rarecbsvesiinive Hheshuiiiae? BLSHRI CLILASY WDpLosiream Accordi ng

to a second aspect of the present invention, ere is pro ed a
conmunPertiam ofethedfaddbarkefirder igosubetidatbONvith aWpi&detRAdhey f rame
transn]')h[_es froma transmtter and a feedback frame fedback froma
recei ver- hav& an identical format, conprising a step of substituting a

redundant por ty e frame w a _predetern ned bit stream
upon formi ng ?‘Egg%-gie%g%kgf rggér;%&i(@gﬁ S n&néggu%%‘%fﬁgi AVEHHAGP et e

Accor disgptaridetiharcbrasipgeht 0bn tiR@ hBR SN bR VESH ic%ﬁutmﬁﬂﬁét%.ogi ?n provi ded a
Ich a data

conmmuni cation nmethod utilized for conmunication in wh frame

t r ansnTRER & F8kRat¥ame $rrneBittat faonee dracknifieamant ealbtsaldbiem a

receiv \Y Ldentical format and also utilized by the transmtter
Lo o B\ B SO 120 2L Srentiled Y0nnt, 't LT

step of substituting a redundant portion of 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




the receiver, conprising steps of determ ning whether or not a redundant
portion of the feedback frame transmtted fromthe recéi venugonsitetds of a
first predetermned bit stream and substituting another redundant portion
of the feedback frame other than that redundant portion with a second
predetermned bit stream if it is determ ned that that redundant portion
of the feedback frane consists of the first predeterm ned bit stream
According to a fourth aspect of the present invention, there is provided a
communi cation apparatus utilized foailconmunication in which a data frane

transmijite f;(og a transmiter, and a feedback, K frane. fedback froma
recei ve eaﬁg\?g Fife PR TS ORRRE, med 5L Rging Auppdded wixhosha1 f eedback

frame | pgudbacr framd, HEaBeefRiniRG RAa [¥yriﬁgtgéﬂiﬁﬂhggggééﬁgifg%k frame, a

deterni ni ng means for determ ning whether or not a pot?5 8n of
t he feeddhuidahtapericiomsb$t sh@ffeadbackt framecdeheisisned Bi iyt eam a second
predeterm ped bit (it ream generati ng neans for generating a second

pr edet ePTHIEE B RS tHda fFredbn & SEEPRA PrrdRteTRERed BESt $EXRAMNg anot her
dund : | f t.h t.h edundant ti
reaun a&én&%t&h@”m@inst Her %%?%ﬁ%&gg Eta&pgcc?\di §£eéet¥??g?rlépa nlé:ﬁ: dncal) por, 'on

with a Second predetermn ream i r's Fhat*t hat

r edundastbstientiog mdfansh€of eaiadkut i fdeareRRsStsditdahBepdti®h of the
predetermned. bit stream and an error detecting neans l?or detecting an
error ireediRckutpire Qtheal thap fiiegdredendanti postbmt withi agameads. Accor di ng

o P AR B A BT e b B NS o ¢
transm péedicnr 6/ ehd rfREBhEk fraddd cant £8P3EKthe first predetermined

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 receiverlhave 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 procéssing 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 whetﬁer 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 substitﬁting means for substituting another redundant

portion of the feedback frame other than that redundant portion with




frame f-edback froma receiver have an identical format, conprising an
antenna for transmtting and receiving a radi o wave, a redenuetdy Zidgna
processi ng neans for processing a received signal, a transmtting signal
processi ng nmeans for processing a transmtting signal, and a baseband
signal processing neans for processing a baseband signal, wherein said
baseband signal processing neans is arranged to have a feedback frane
input termnal means for being supplied with the feedback frane, a
determ ning neans for determning et her or not a redundant portion of

the f f | 5t,S .0 irst .predetermned. bit styream a second
pr edefa:?%?%g% B TS re%én?gtgiﬁe%ggle%né Jrﬁteég‘sl?o e é‘ﬁ‘&Pﬁ‘fliﬂtj“tatéﬁEond

pr edetredundent frttishr eAMhea fpebliBabl Uiaie BBAGSHsObrSUkstdituti ng anot her
redundant, portion_ of the feedback franme other than that redundant portion -
with PreEfEsFpinsshhitostreafocand pr eelenicar dchedtinit meaneafor Hetécting

deterng t.hat. dundant .portiaon of fhe. feedback franme consists of
t he flr%ngt% qr%?? et%%rr]ﬁgrrllég %{hpq's"tep egﬁﬁmat ﬁﬁgﬁ'fjrtdlrtlﬂ‘gt‘é%ﬂsng means for

detecting anries raWoveNadd Sha oBYePLd e%e%ﬁ:ﬁfréé,h%naggttﬁiéﬁééyeggoms' The
e pr

above and other objects, features, and advant ages o esent 1 nvention
wi || HREeseEt appearaienf wohl thweoitel hpparaptdérain| €@ fde3owing ideBaiedn

illust i enbodi nent, . thereqf to be read in conjunction with the
accorrpcge%% ﬁ'gt"d‘?'gvﬁ%n §8, l%%u%ﬁaé‘ﬁv?i REpoLment hEhereinEpabe wead d8ed to

i dent idofulet MR $haT AomAhl $nl Fl?,ﬁ VAL Un 1%h S ke BREER PESCRI PTION
o e BARneC ST ith Ehi adoBblin lizs aé‘rggfn %Lg‘lvtﬁl#gl g%keefgﬁﬁf‘%“%ef an
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



arrangement of an ARQ franme; FIG 2 is a diagram show ng a manner of
transmtting ARQ franmes based on an SR system when a traganussy @od4 ane i s
erroneously transmtted; FIG 3 is a diagram showi ng a manner of
transmtting ARQ franes based on an SR system when the feedback frane is
erroneously transmtted; FIG 4 is a schematic di agram show ng an exanpl e
of an arrangenent of a feedback franme according to the present invention;
FIG 5 is a flowhart showing a process for formng a feedback frame; FIG
6 is a flomhart showing a process f9r receiving and processing the
feedback frame; FIG 7 is a schematjc bl ock di agram showi ng an exanpl e of

an er r B AECRTHPIafBat iRt (RICFERt (LAVERERRBF an error in the feedback 7

January 2004 18red [ 3®aag e Hradalfeldi BEERRNlo UGN ABon bR A and 8B
are diagrans useful for conparison between the present invention and the

prior athe grasphe invehehgh hamf the peidreairtvexpmllei @A Dénddheot egdback frane;
FIG 9 is_a table useful for conparison between the present invention and

the priBHEAMEVeRRION A sthedeptbark (iraBesf a feedback frane when the
bk LTI AR SRR LRSI TGl L7
appar at isvdrivhi &1 Uhe presenirt B¥&mbIcOAin a reception rate of a
feedback frame when the feedback frame transports 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




Is applied; FIG 11 is a schematic di agram showi ng an exanple of an
arrangenent of a feedback franme according to the present? iJaveaty ®04
wherein the feedback frane contai ns substantial transm ssion data; and
FIG 12 is a schematic bl ock diagram showi ng an error detecting apparatus
for detecting an error. in the feedback frame or the data frame according
to the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTSs
An enbodi nent of ‘the present invention will hereinafter be described with
reference to the acconpani ed drawings. An ARQ data franme transmtted from
the transmssion side to the reception side and an ARQ feedback frane

t r ansTTEEer r 9N h&SPeRe e BR5Ei So MRS MhRdnP sRitsh SPBecHARPdean
i dent if@l ther FetmatAS shasraRen Ad8ss 190 2Wi é&axeﬁseéeg%gtlgog% t%s Je 1he

format includes a transmssion data frame [ength A for
exanpl®itst,r §a%nexagipde , deeviBgofo58dhe lentirefwrofedanpl e, a transmi ssion data
frame nunber of 8 bits,, for, 7 January 2004 14 exanple, and a repeat

request framel Mund@PsBigticn gare lengthedanan &akeaRdvatie P8y Heg dagaf urt her
added wduntaBr SERO L AREREL N @08 £ %f.gé? V%'g}r%t ﬁ’;:%ﬁ c?&%[rgé? 3,54/ Vi ng for

the entirety of data. The transm ssion a can e a val ue of
t he datd waibuntIofthiibecis@nsMiesdhtd dfudt Behereds, iV adaLeHitE0Mahed 0 584 in
a bit unit. In th'!s case, the data anmount thereof is 584 bits. The

t r ansnT sSSP BT (uilndicates fr BREN ONBRET AL & frame o  be

transmd 4eAnehi Sred f(rceQ@. 0 Aot of 8r2PYs 215-9? r %%a&'e{agaqy ersc.atqufeg-l‘?l Frame
number D is used in a feedback frame transmitted from the reception
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




nunber Dis used in a feedback franme transmtted fromthe reception side
to the transm ssion side, and it-indicates a frane nunber sahuary f203e t hat
is expected to be received on the reception side (the oldest frame nunber
that has not been received yet). The error detecting code E is arranged as
a CRC (Cyclic Redundancy Check) code based on the ITU (Internationa

Tel ecomruni cation(s) Union) - T (16 bits) as descri bed above. A region in
which the CRCis applied is a region of 624 bits fromthe transm ssion
data length A to the repeat request 15rame nunber D. Next, the format of the
feedback franme to be transmtted fromthe reception side to the

t r ansni g SRECPHCIWSHEe pEC deee trpagmisgion siéderence to FIG 4. The format

of the feedbackef Lffers in values of the.transm ssion data |length -A,
transni ssi on dg ag. % ag!c;i lfl(?rtzrr?snrgnmégjfjbor{l filﬁg?fet%&r?bgf:a’ﬂf“”&é‘ﬁgnﬂ’r% 88 whet her
or not fdwbackSfraMcaBaNtES | Bdtadliont Hide Eﬁ@fﬁﬁnatbﬁdtﬂgtﬂ}ahgﬁi%érﬁ back
frame. FIG 5 is a flowhart showi ng a process for formng a Teedback
frame. 99t2 {RBFEN A ofr ARshitsi dhedbransmishéon rdatsnBt o2 blits hadf eedback
frame ception_side he feedback frame thereof takes the val ues
descri b‘ge}%3 \t/t\n'tggﬁé e %roélng’émf‘% er, ¢ %gc? PLEYi 3 dpdrat wedated eP from 7
Januar yeRholt 5in fdiak 868 Pid Qi NI §Si Onyside, L there is
no transm ssion data to beEtrans%aﬁ?%%év#gﬂﬁt@ewfézaba&?rfa%%ﬂ;%' &&erhe
recept i 3¢ Sildesubstdtysed with RE1t ranssd SThenremaiarbgigdt thagé rBbbktS, the
-transnn§%jog data B of 584 bits and_the transm ssion frame nunber C of 8
bits are ‘Fatalurter &bt MY eedbsckesdirekniratm isacemrnaedant Povtion of

data). derer ekEOfle tra@¥mission data length A of 16 bits, the transmission

data B of 584 bits and the transmission frame number.c of 8 bité,
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



are all- substituted with all zeros. The repeat request frame nunber Dis
kept as it is. Thus, the feedback frane is conposed of theandata amfost he
transm ssion data length A of 16 bits, the transm ssion data B of 584 bits
and the transm ssion franme nunber C of 8 bits, which are substituted with
all zeros, the repeat request frame nunber D, and the error detecting code
E of 16 bits serving for the entirety of data of 624 bits. The feedback
frame is transmtted fromthe reception side to the transm ssion side.

FIG 6 is a flowhart showi ng a pragess for receiving and processing the
feedback frane. An error detecting apparatus, which is illustrated in FIG
7, is bperatledera ehedvidgnedrouith It be prawesel térmimalf bowchart in FIG 6,

t her eby detecty error iipn. the feedback franme received on the
tr ansm’yssi on rglagg. £ va,(rbtl eSQEJdqua?t %5?1‘“&?4<4t°hénﬁ?} dgr° Hét éE¥Bhg appar at us

wi |l beoflesoiitiad whé NeectiBhek efthnd arE! GppAichMed!Ge tnphEf &l5NSE, numeral 1
represents an all zero checking ci rguit,pp lgn 1(Zaé)r:riiq);ife é‘é‘Pégﬁenré“lEP}c it, 8 a

zero §edesnhiigdlyv andhdegdevarras ach $uppldadr yo ngh oWt csnediahiRogaaCt | ON

across _ap. i u% tern%nal &gﬁand the zero generator 8 so that the error

det ect Fng ¢l T COFESPT & SHpHFi Eeihten Whigh 45 6amposnd ofesixgren Dermi nal and

a datag Ofiraleh o f; Zal e, o] The, .changeover switch 7
is cont?%%qedpgy agg%ﬁﬁ?g%gg¥%na:ﬁ§ﬁg% i%g&g&bﬁgeeﬁ%ﬁthyai 4 16 the al
zer o cH&EKIHF)CROCURL, 1 ..o BRlEprRIOkohREdEdiAlin?a EaicadeOWaskiid. Skhi Ngs)
from D640 &FBB to DI (LSB) constituting the feedback frame are supplied
to the PhpUtiEeni Fhe drtasgguels ishifped ain thiee le&tshangndizeetizuppl i ed to an

FF CirgHed BLbf D640 to D625 of 16 bits for the transmission data
length A are stored in the ﬁF 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 Dl 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



a first- stage of.a shift register which is conposed of sixteen D type
flip-flop circuits (hereinafter- sinply referred to as FF Jaaukewi 2004 RO,

Rl, ..., Rl4, R15 connected in a cascade fashion. in this figure, the data
rowis shifted in the left-hand direction. Wen data of D640 to D625 of 16
bits for the transm ssion data length A are stored in the FF circuits R15
to RO, then it is determ ned whether the data of D640 to D625 are all zeros
or at least one circuit is storedcagth one unity, by the all zero checking
circuit 1 which is conmposed of an gate or the like. If the data are all

, it s deternined that the feedhack f tai, dat
oni 1o (PREr dng 3 EPL S pPot e Bt D52 1R TR B i Rumi e ieRafrany

f eedbacknbéeare, east@hdiyedaba. sWham it aén&%fsemr@ﬁcto&ha& d ata D625 to
D640 of the data Ienegﬁjh A are all ze‘r:os by the al zerotc%él%i ng circuit

1, thefirfaeit dipatbeoxero genechtdr Goshde} sviidreber zarfo datectidigtebrcuit to

t he inz%% t er m_nal Er?side ig_.a period of the data row D640 to D625 of the
t r ansmi“SsP ofEFECEOF ehigtth SRPPAIGR (5% 81 e 4RF daFach bW PAoauit 3p17 of the
repeat request en | 0 ta, [o of D16 to D

of the error dsé{eggt@?%%qugf%h%t%t%ﬁﬁ%@%ﬁ %e%‘ggts%%Dgﬁﬁ %iol BBt the

f eedbachetkame csimppit ed ifsr et hehd @awk 46d rdINakefos, WREEEDY, tdpe data rows
are squ__]gi ed,through t he changeover switch 7 to the error detecting

ci r cui "3 ERETHEN ForfR FOrEAT IR OARER, HithdatdurenPeapee iid of data row
data rou DS aLoh R B P danf R a2 ol of R Frdnadalfhover
swi t ch frasenmettes Charerdoaindeti®etivi@ed with data of all zero.
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




circuit-to the zero generator 8 side, whereby zero data fromthe zero
generator 8 is supplied to the error detecting circuit 3. J8pegryizddy, if
the determination result of the all zero checking circuit 1 is that the
data are all zeros, that is, the transm ssion data B contains no data, the
data row D624 to D33 of the transm ssion data B and data row D32 to D25 of
the transm ssion frame nunber C are again substituted wth data of all
zero. Since the-error detecting code is of "ITUT 16 bits CRC', the
generative polynomal of the error detecting circuit 3 is expressed as X16
+ X12 + XS+ % Therefore, 16 FF circuits SO, Si, S15 are connected in a
cascadPREATDEC £RE 2lcI285PveetartdngcoitaifRe, cigbseado R Ve ghhsert ed

and adgediat 148 QuhP [ of .the . FF circuit 515, :between the FF
circuits S11 and Si2, eot%lt g}’:l * c}fé:a%ﬁv%i‘?llcﬁihtesd%t%ﬁ‘&né?l?’és%cti vely. Then,

an out pitadhed ke Bh owipdUicbrlmm@id apy ayiPut. of s Lhe _changegver switch 7
are su%pl ied to_ the exE(r:I usi ve- OR ci I’Cﬁ¥t ER%EYh c\lléﬁrglc %eglﬁg ive-OR

oper at (“ON°PLES & tPeflDire Ahiftadun thereght-kadediiaektion tihe tgxcl usi ve- OR
circuitg,fFR2, ER3 and the FF circuit $0. The exclusive-OR circuit ER3
carries out exclusive-OR operation on an output of the FF circuit S4 and

an out put of thatexeipsives L i wcald_an, output thereof is
supplied to the FF ciﬂrdculi ?s%}ﬂlé{)t%;ah%?Fﬁ%%ewag%‘fﬁsﬁs\/ggc??(ﬁlrsc&FtaIERZ

car ri esnétifakN@lysi vendiOrRhepeatténmaca At DBUDPYS Mf dfhg Flediguit S11 and
‘an out &ggj{lgf !%]ofl}le Excl usive-OR circuit ER 1, and an output thereof is
suppl i 64°T5 TR ERS 1R ferminal @ apatseaventhal hespeplicd #Hroaghcui ts SO

S1, .. theSdfcRIsAvé-dRMUFY i £08¢h 1§ 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



supplied to the all zero detecting circuit 4 conposed of an OR gate or the
i ke and an output indicative of the determ nation is obt@nhagdyatoon
output termnal 5. By the way, data of the FF circuits SOto S15 are
shifted in the right-hand direction in the figure. Initially, 1 is
inputted to the FF circuits 50 to S15 as an initial value, and thereafter
data row D640 to D1 of a feedback franme fromthe input termnal 6 are
sequentially supplied through the exclusive-OR circuit ERI to the FF
circuit SO at the first stage. At yhe tinme point after the last data D is
inputted to the FF circuit SO and then outputted fromthe FF circuit S15,

the regidtermphative entput dﬁicﬂcthéneh&)rsti@ﬁé&iﬂg bpfardtusl L4 dates0 1O S16.
if outputs of the respective FF circuits SO, S1, ..., S15 are all zeros,
then it*13 GBEES el BRERT + fdeRathe depeat nseavessr porbarhiik erepeatbie out put s

are notataltlhezg ’fr‘att}%n llll{lbér'[s determ nepl that the data contains an error.
The error control nethod I he automatic repeat request systemin the

sel ective repemt shwineihermd.oBa] bie [diFeBti®d RckbaSESGakRes, WHh reference
to FIG 2 and FIG 3 is also applied to the node of the inplenentation. On

the red¥ste 6f &helebovheirplnmentat dou darclidesretheunivensmifsstibe daaedback frame

is afr upber. of a ranme that has not been received yet and is
expect e% & ﬂbg’o ifl}eaﬁg‘ﬁfa?{‘ e%%xfeg?%?ﬁ HEbeY Jh&ids §he rprgpgedetpatiag

recept imabeirde. of |2 bies fetwiva, Nght Ofn@etPyE HQMit hfexﬁrﬁc%lﬂﬁ}r%%%wg

apparatus ‘indicates that there is no error, then the ane er, of
whi ch 45 gesparediagithetihe dbite numbes et tube fieedbdcko Mrare dfr 8RS PrSscon si de

to the e{:r.etc %%.rlngfe Séjh%%h !ir% E(‘:IOGn.S %%lft .Ei_Yee .l ,y 6i480tr>§1?ss,eghd81lljéncief t%ig ©
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



7 January 2004 19 determ nation output fromthe error detecting apparatus
I ndicates that there is an error, then the repeat requestianuaber2dost
repeated at the same frame nunmber. As shown in FIG 8A the effective
feedback frame in the node of the above inplenentation includes the
transm ssion data length C, the repeat frame request nunber .D and the
error detecting nunber E of 32 bits. Thus, the nunber of bits is

remar kably reduced as conpared with the bit nunber of the feedback frane
of the prior art exanple shown in BOG 8B, i.e., 640 bits, and hence the
recept i&ric;‘1 5? f the feedback frame is remarkably inproved. Therefore,
reduction i nothe TR CPRABUGRpthabitherbituertar anterp ais set tdhedeedback
frame canspeo-e) ilgued. conparison between, the

above--deslgri bed enbgc?:éhegﬁ’tc aenigeﬁrela%l?el %Eog?te‘@'}%‘?ﬁpe M tdeePitdn rates
when t Hengthi $s neett rengm=-ssi G @86 derdyatial i st he rane. In
this table chart of FIG 9, it is assurnelglé!?ﬁg'-;tlddt1 e rg%:(ggtq?%ﬁgr%rtlé}rdoes not
i nvol vé'd PERERLS oifatleY Rie PRERESSeohr b Ziargehasds amsand the error is

a random err oryg.l ngihde Lly, if is taken as a bit error rate, the
reception rate %‘L'oﬁghg g};“gorr%%}? iﬁgd éﬁ'l?apﬁl?’ﬁtﬁ]‘ftlw eFpmplgiare apmprzed r andom

ecoption rate i na T rane ey neRPse e Reeh LR uraliCHE edhelg - (1 -

p)j |Inime fapre wdert cordii@n @hat Hahe bdeperooy rate £ i19-3, which is

' frequently utilized 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




7 January 2004 20 calcul ated under condition that the bit error rate pis
set to 10-5, 10-4, 10-3, 10-2, respectively, in the abdvdaBgestiZ®¥? and
the data length is set toj = 32 in the enbodinment and j = 640 in the
prior art exanple, and they are expressed on the percentage base. Now, the
enbodi mrent and the prior art exanple are conpared wth each other on the
reception rate R when randomerror is caused in a frane under condition
that the bit error rate is 10-3, which is frequently utilized as a nean
error rate in the physical circuit gff a nobile comunication. Wile the
reception rate is 52.7 %in the prior art exanple, the reception rate is
remar kaPht  ERBIRARE frame by meansi ALt the emtedhaciim, Ehe t hefeiveies Rjfaadi nent

and t hegPrn@r re _conmpared with each other on the reception
rate R vvherlllg F%%an%?%gi% cséll??gge(? ntdrgoflig el RFernEbnh®i 8n that the bit

error  deoelulatléh iniwhi 61, iehd ADRAVESS $rERYES 1g®, theyrgception
rate is 1.6 %in the prior art exanpl e,%the rece t?%ﬁuﬂlatlé)%i'sgn?e rkably

i mpr ovepsebpnd Aigitad shgnahtngicreaing FiGculd 160 aosehenmideehbs naleidi agr am

showi n A enen of a _conmuyni cation term nal apparatus such as a
port ablg%ﬁiégg%%ﬁ%nenl oraOPh?enl‘fl}&é’ht St FPIVREtRE et aj sReanhi ehgnal appl i ed.

As showe istipptida ta 8pSREREC I N by a _m crophone 10A.
The pi cked-PBp speteck’r;l 33 supplriiogg %ﬁ%ﬁsﬁggc%béé%%a#%r FAg®unit 10B

in whi c¥Prinespenéuw speedhi niThen abpeeadesirgball . iR tIBREL ShIBAbntcH
'suppl ied through a baseband digital signal processing circuit 10C, a
TOMY TOO (5% cgg%‘?tf?d‘dc ALgitel Figna} pRRARSSLNBNCiFAWit1OE thend an RF  unit

sequentdaiirinibe Ah 2LRRAZ WHakgn, @ transnission frane

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



converted fromthe speech signal is transmtted fromthe antenna |QU.
Conversely, when the comuni cati on apparatus receives a.7 Slagdaky 72ckanuary
2004 21 of a feedback frame by neans of the antenna 10H, the received
signal of the feedback franme is supplied through the RF unit 10F, a
denodul ation unit 101, the TDMA/ TDD processing circuit 10D, and the
baseband digital signal processing circuit 10C to the speech signal
processing unit 10B in which it is converted into a speech signal to be
supplied to a speaker 10.7. Then, the speaker 10J enmanates a corresponding
speech. The above-described inventddn is inplenented in the baseband

di gi t aPSRTHRE prerress AR ¢ cUint additiven, vembois ddki patt&ins Bahe@ppar at us.

In casg C ' ype portabl e tel ephone system (PHS. personal
handy- pﬂ%@leﬁs}ygtgg%fgrissg,&\ﬁ?gr{eagfrejqqfé’ncy PE Hheg lake) ean peansfer rate is

set toedPldslygs, and a nobile speed of the portable tel ephone is assunmed to
be 5 km'h (normal wal king speed of a man), if an error is caused at 10 dB
or bel ow fronfBil@lie the eheveredbedinait idacapbfisi REankhsss R Qhtd Nt er val

becones_12 .ns_ (384 bits), which falls within a correction capability (592
bits) %‘?“‘-iz%her F“éé‘a‘ba‘&a PEECR AfeiBibid) dage of sthendntatxpwodbkke agai nst

al | er ge&dhadkeeVERY, ol QhAl 2.4bl 1S he transni ssion data and the
transm ssion frane nur?berﬁec\?é%ld ?‘? g"k')%)%lfls"ﬁ'fngﬁ:f‘%? daa FhE e, Thus, it is
possi biésenimiastifaoterthey cdupe Wit trandnikstiofrdada ovhhbe, idathhe

-above- des ri.be_dL enbodi ments, the data unrelated to the feedback
i nf or nBET oI TVRLY NS4R3 dd HQE kA Fsordaipatinn maanbei prastideflr atn thee ingtat | on

side tgotdiod baNE BT ALLE HAd1hhe; 1£99RACKs 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



frame received on the transm ssion side are substituted wth all zeros as
a predeterm ned fixed pattern, these data nmay be substi7t uaedamy tavoal

ones. In either of the cases, the substitution can be nade with ease and
an arrangenent of a fixed pattern 7 January 2004 22 generator becones
simple. In addition, various bit patterns other than all zeros or all ones
(e.g., 1010... or the like) can be enployed. Wile in the above enbodi nent
data of a transmission data Ilength, which is a portion of initial data of
the. data row of the feedback framgz is enployed as discrimnating data
for discrimnating whether there is transm ssion data or not, data

excl usi VARG EEeq | Tropy the skadepitian i vinlemky tee prousmiaxsish shee, pinki ot

porti ons,0f: rii e the initial portion of the feedback pattern. .
Next , %ﬁlﬁ%}:@% Ogl rr%n mRen a%rje% ergm BR T#99ivee oxederi bed. An

ARQ datredepai®n t£a0s Tikhé eh dd=@ t | §34tORa8! 8GeRtion side
and the anp%\RQ feedbg‘gk frame '[nrfg%gemr{uﬁg%g}?g% H?ﬁe&%etggsw%réesllvgg to the
transmi¥®ilon side have an identical format. As has been described with
reference to F#Gdl, the format includes a transm ssion data frame |ength
A of 16 bits, Por ETEAPES,PIEanthe KHTGR dakertangf caly Bhpmeloysothexanpl e, a

transm g Qnedpi @ bifts§NEe P RRCoOde 8 fBLL é:ﬁnteng;a gng][pjeiﬁsf;? 3219 %EEEZLDI e

request franme nunber (this data can ‘be om
and t hethef §RGais iappldetings adeedomi ¢ 620 BitoOrrront €6d iviansRoesfepof 16 bits,

for exaggal e, Servi n% for the entirety of data.
ta length A o the repeat request frame number D.
Next, 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 LB, (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 transm ssion data |length A can take values of the data anount of the
transm ssion data B, e.g., values fromO to 584 in a bi%t Juatbary fao04
exanple. In this case, the data anmount thereof is 584 bits. The

transm ssion frame nunber C indicates a frane nunber that should be
transmtted (e.g., fromO or 1 to 255). The repeat request frane nunber D
Is utilized in a feedback frame to be 7 January 2004 23 transmtted from
the reception side to the transm ssion side, and it indicates a frane
nunber that is expected to be recei V& on the reception side (the ol dest
frame nunber that has not been received yet). As described above, the
error BEtERG PR €dtre firamapl dBis thikeway Tthe Erédénidistioh efadd@ueBsy qode, for

exanpl eql i n.whic t he is applied is a region of 624 bits from
t he trgﬂ%%l{ses%ﬁga%aqegu‘egggpﬁm% f8"PRe I dFEafI T ARG dnf Eheresimddder D Next,

a f eedhantied HBTRLAE ARSI bES Wi eRli pfg Side the transmssion
side or data frame transm ttedlt?lpg%fgﬂ%%t lr')'gaingfn’%;'ssll'on'ﬁs‘“lgl@itah;(j:‘g Phe®T eception

si de wAfFeddngesede Fedswatfied risfretbe centticekyGot Idata B, tBj < Gagep. i f a
.data. length LB@( éal({qhoggh it is an arbitrary data length, for exanple,
10 byte W80 BPFR, tepdhagkyframes fyethe rdatirofrane tifakraharitimdgthiontan be

nat ur akhy &g )i h rame.qr transm ssion data BX to be
transport ed onqxtgﬁesﬁ%{ é{Lf ?g%%%@%ﬁ%% et ® ﬁgnoﬁa%pgﬂﬁﬁﬁr\‘ﬁaﬁ’é’ﬂuﬁ%%% | engt h

LBO (eide tdb8ebremgpibnchides. praderefdiivead rhadndra ARG dala +hbagh., t hen
transm_ ssion data B, is allocated to a portion (D33 to D112) of an
ar bi t r &F 3% 3¢5a SPRIREYRA Bo, dekedtiienafer glehecsing rdatsnilesytn gt 86

bits) indicated by the data length A on the transmission side or the

reception side. Depending on the data 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



(D33 to D624) (see FIG 11) of which data length is LBOwhile a fixed
pattern (e.g., all zeros) (all ones and other various pdttanasryadoer 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 than the
effective data. The nunmber 80, which is the data length LS, (80 bits) of
the transm ssion data B., is converted into a binary digit and all ocated
to the transm ssion data length A 7 January 2004 24 of the ARQ data frane.
By the way, the transm ssion frane nugﬁgr C and the repeat request frane
nunber D are arranged in the simlar nner to what described with

ref er en@ETPESFFRS 1ppu¥hbermingd 6rand theerers igupecater B is» epgedphor the

entirety,Qfd . B, nd D .Such feedback frane or the data frame is
transmtted f ?%?ned%lﬁ‘g ?g’é“g“p’% ?nléi HPRIG AL S3%Ri 5 frendeheinbabm t he

transni ssirminabidlert aatherd@cept heh .48 cgl feedback frame or
the data frame is subjected to detecti %nf%&? 1!(:?gt g%%f%n&g?goqe gfRILBX (80
bits) indi Bafatr hProkk detertimggchrduian 10he ThHarARhGSIRE Shiec0r the
receptiqn ?:;L:gfle endi nlg on the data length LB, thereof, data on the
fixed pattern re‘gﬁ’g'na(f)i Bl spghal pdiggt frameshe rdqtaBOengtiBX) {584 - 80
= 504 (Rideakrking tdiida,the | o] transm ssion data B, on which data
ot her than thJe'méeffec'Eli velqjgfgjaggﬁ V\?é%%tlhge:gﬁﬁrha #engt h of LBX are provided,

are substitut ed’hwi datahecwb®ie- destigsiedonsinadt ingt Ligd r‘fe(a.aio&cﬁ%%ﬁé-
Ther eafter feedback frame or the data franme, a part of which is

th
substi t Fre iR €35 fFF%%da’ﬁ%tstU@thieql sto shppinmu terfiveale s, othaaitgct i ng
circurt Hd&ngeéffayéﬁh@BHE&Q&Q&%@ﬁylfroﬁ”lh%rﬁgqo(¥ksg?tﬁo D1 (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 (LBy - LBx) 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



Next, description will be nmade on the error detecting apparatus for
detecting an error in the feedback frame or the data fraganwhi-€tedos
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 sane reference nunerals and overl appi ng expl anati on
thereof will be omtted. Reference nuneral 3 represents the error
detecting circuit, 8 the zero gener%tor, 7 the changeover switch for
switching 7 January 2004 25 across e input termnal 6 and the zero
generator 8 so that the error detecting circuit 3 is supplied with data
rows f &M BRECT Meecting miirghi® Dr data rows of all zeros fromthe zero

generator 8, .10 ata length detecting circuit 10. The changeover
switch 7 is }}%ﬂ%ﬁ?%oﬂby%&ec‘a%ﬁ dO%s il §RErlid, pkp e )r BERE Heo ddia | engt h
det ect iimg thé r €d4ilonl Ot Ghd RG+GO term nal, 2. .The data row (bit strings)
constituting ﬁ?e f eedback f Fgrrgéﬁ(gérh t(‘f]:%'lie30 da?’g"fr‘g?@largh%dﬁ:ﬁpﬁgﬂsﬁwq he

i Nnput  tdarkai Badf Ghet PEESLG BBLAGAGL T cutively fromthe D640 (MSB)
to D (LSB). The data rowis sup%f i%éﬁtgo&?% FEE?IP%Lﬁrte BRPsthtuked 1 ot
stage ORthhall sAeirPe.regi ster which is forned of 16 D--type flip-flop

circuits (he(rﬁ_{en%fter Si rrpl%/1 referred to as FF circuit) RO, Rl, ..., Ril4,
R15 connect ed 1°n hTeRETUERs PR IPRATAtIRE ohtthe erso fdedgcking heiriceft- hand

directizonsi fhd RErbir-odE ot hgn tiy a_ D640 to D625 of 16 bits of
the transnission data ecngtﬁ %\E’éieaecglts_of’)gdgﬁ‘ tllr-?)glﬁFsmEilraEuF? sthtsofo RO,
the redpecerrer detachin) dppabhes aif FIEPPY | edHePershe, dakd | LN0LR det ecting
ci rcui tbelgeéé)rj%eetdect the data |l ength LBX

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



The changeover switch 7 is controlled by the data |length detecting circuit
10 based on the detecting data |l ength LBX During a peri ganuarpioia the
supplied data is the data row (invalid data row) D624 to D113 of the data
| ength (LBO - LBX) of the transm ssion data B of the received feedback
frame or the data franme, the changeover switch 7 is turned to the zero
detector 8 side, whereby the zero data row fromthe zero detector 8 are
supplied to the error detecting cirqut 3. During a period other than the
above, the changeover switch 7 is tfrhed to the i nput termnal 6 side,

wher eby _ the gata row D640 to D. 625 and D112 to D1 are directly supplied to
7 Januaty 60929y tife there i 80esbHndial (b¥angnispben fdadal by, be he data row

(Ll o it 0 LA T L5

LBX) within the transm ssion e recei or data

frame atatasolisthe Utcedbaiktfrale uigé@sssatPet@riaAraapat AR uaPss ald on of the
error etecting circuit 3 of the error detecting apparatus of " FIG 12 is
si mi | art985% hBE ‘ranspigsien glatgel erdiithg the peFansnd sefor|data7 and hgreef or e,

t hey wi ri . e effective feedback frame or the effective
datgt fr%é{r}:eé?%am%ﬁgg%%og?ﬁ@ﬂ IE‘%C ?%@aﬁ ?ﬁﬂe'oﬁrTSBurB"’r‘i’é:“%ﬁii cHittls aobt ai ned

by subpreaicengiddte fdaka panaih . (LBRreasBX), (& %rro?oéﬁ%§%8M3£ n the

transmission data B fromthe bit length of 640 bits o cel ved
f eedbacke® tRfecRingtyaof r tite dathuds addedbihermtmber Theny erher faddhack educed

as Corrpﬂrai% ‘Q’L}Qn&erhe a%i Eeggrl eerd ggg\(r)e biist %—. ar?émjftril:%df %Egrg at%ke reception
side to the transmission side. Therefore, if there is no
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




frame or the data franme in the prior art exanple shown in FIG 8B, and
hence the reception rate of the feedback franme or the dat @ahhane 200!

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

transm ssion side are arranged to ha¥® an identical format, and this
format includes at |east transm ssion data |ength, transm ssion data, a
dat a fFEn¥hithitde date frampetranoyudst franehenuphesnisandnisigdded with an

error ect .code.for the enfirety 7 January 2004 27 of the data, if
t here %?Enggés%ﬁ%gngfé? afnrdaﬁgﬁi %‘?cﬁ’r‘?‘cﬁafﬁa‘%eo tpanspithiedpsremcttsy t he

f eedbadieckpaifh @1dkheo MaGe Rk Q8n 5d Jf e f the feedback frame
unnecessary to be fedback incl udi ng%gt EP’?%a&sI% taﬁg%{‘?aeéigs?ﬁi YD dat a | engt h,

the trdfepFilboformat, aandl tthés fatmmt! dackudusTher 1oddthicachhedLe¢bagk frane,
are substityured wth a ‘%){‘ﬂte etermned fixed pattern. Thereafter, an error
det ect ing code ~Fofath Agthy ctrangmisgion data gnddded dater Stame Then, the

f eedbagkmbbt AhaR G ARGE F1fleghdnR]. ADAYS S A Led fromthe

trans
reception side to the transniSsion si Pe?%‘?‘:é, 9 thRetRtiretio
subst a®fi ahe digta,t thoettarmmipoibedidey bhea fnedbasknidaMa00 1digen! €Ception
side, the feedback frame can be transmtted fromthe reception side to the
trans m'wégf‘b?l S CRAPADL T T@RENéT mrnanget okardte cofipodesl beedbaalcifeane and

|0WBr|'&athhfbfﬁﬂaegk'QPaﬂéﬂfgsion data of an arbitrary data length 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



According to the present invention, if it is detected on the transm ssion
side that the received feedback frame contains no substiadenabkryrzysim 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 patjgrn is a pattern of all zeros or al

ones. The(_géef ore, data unpecessary to be fedback can be substituted with
ease onPIFREFEREPRT 1itei drngiy ofhthe thransmiagiom detde, witidnt hke gener at or  of

the fiXxgsbdidthCrlo@M kDS rasd N : cqrdin o the present
invention, in a data comgrun%(r:%t%gﬁé a%gaﬁ/%%@f Qge‘%%twe dihFedat a
frame tpatisningt eod futeretbeet raio 661 ktIbAcid Gadbhe FRGRRLLAN Side and the
feedbacg frame transmtted fromthe reception side to the transm ssi on
side art® KgbtRne, nesgeaves by gbat teaismibtemtcanabd phodedsednet thecl udes at
| east egcl, Hata; J pnsm.ssion data | ength, transm ssion data and the
data frane nug (gé,élraa%dwlg‘ég%%déﬁwﬁﬂw %eef:?%‘%’tdé’f’eﬁ?%n code for the
entirety of thgviaj @estBendd #b S 5P _rdl fmdr 2 0N t ' ata length
within the feedback frame is g%%anged to be conpoggd€%§;§?¥%g§5@guk at a
for med BFTQTERASTR sihon agaempartying drawingsy yidats toehgtimdadhetbed thakan t he
‘predet ef;m l.engt nd, a fixed pattern having a data |ength which
is prodﬁlg%}%%ﬁgg%%? rAc ngfjtl?feteélr Pt Yoty PEgtise &fgeRiment and that

various changes and mpdifications could be effected therein by one

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

invention as defined in the appended claims.




fromthe predeterm ned data |l ength, the transm ssion data length is set to
the arbitrary data |l ength, and thereafter an error detectivaguatpd®oi4or the
entirety of data is added therewith. Then, the feedback frane arranged as
descri bed above is transmtted fromthe reception side to the transm ssion
side. Therefore, if the data Ilength of the transm ssion data to be
transported by the feedback frane on the reception side is shorter than
the predeterm ned data |ength which derives fromthe format of the frane,
the feedback frane can be transmtted fromthe reception side to the
transm ssion side without changing the format of the feedback franme and

|l owering the reception rate. Wwhaeoislidlgiedate: present invention, when the
transmtter receives the feedback frame which has been arranged as

descri bed above, the data in the fixed pattern region having a data

| ength, which is produced by subtracting the arbitrary data | ength
detected in accordance with the transm ssion data length fromthe 7
January 2004 2b. pr da¢chestimathréatailvnret Boof cdfini b0 SSi QR data, within
the re q;ivgd f eedback frame is substituted with the predgﬁe?ﬁ%%gél fixed
pat t er n,*And T PHR rEAOEEL tEeG Jiramopar bransr titer namib a Thediefaw erakbe f eedback
frame reemiawed t Ltter _canp, be processed on the transm ssion
side wit ho&%ﬁl gﬁ%ﬁ; iaﬂge%%%p %chgﬁﬁi B8R tdgnticalfammityccharasterpred dmr ed

enbodi rMgitts aofedireanty pottoh Wit Bhe ' elRfRREE Lng..draw ngs,
it is to be understood that the inventi o%ﬁi gféni%e:g i%&t?éég&tﬁgxéh‘%t&pﬁeci se
enbodi FFRAekRTPINRG bitasteram.changes and nodifications coul d be effected
therein by one

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:



skilled in the art w thout departlng fromthe splrlt or scope of the
invention as defined in the appended clains. 7 January 2004n38rYWmiosi S
claimed is: 1. A data structure utilized for conmunication in which a data
frame transmtted froma transmtter and a feedback frame fedback froma
recei ver have an identical format, characterized in that a redundant
portion of the feedback frame is substituted wwth a predeterm ned bit
stream 2. Data structure as claimed in claim1, wherein said
predeterm ned bit stream consists of3all zeros. 3. Data structure as
claimed in claiml1l, wherein said predeterm ned bit stream consists of al
ones. 4. A confhfiEdutdng netesundante |penkaon | of dhei feddbadkefeane sai d

I dent t t t dat
unber o FrEae E AR AT R SRREMANCR bR & PRrervest BB kv  fod

and an wiftoh Peéesid aineqdsit %I%Qreaﬁ'&bdne%ﬁ‘éﬁ{& +Aar géé’c{ba%fk khgyd eedback
frame conprises said transm ssion data |ength, said transm ssion data and

sai d nUeRRiSLng tehem Sebstamrialr AnEoritiAnconmuni cati on nethod utilized for
communi cation in which a data frame transmtted froma transmtter and a
f eedback frane fedback froma recei ver have an identical format,

conprising a sgep Dfcomhud A 2908BLs claimed in claim 5, wherein

said predetermined bit stream consists of all zeros.

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 data and 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 consists of a first

predetermined bit stream; and




substituting a redundant portion of the feedback frane containing no
substantial information about a received data frame w tthoanpsegdetoaum ned
bit stream upon form ng the feedback frane containing the substantial
information. 6. A comunication nethod as clainmed in claimb5, wherein said
predeterm ned bit stream consists of all zeros. 7. A conmunication nethod
as clainmed in claimb5, wherein said predetermned bit stream consists of
all ones. 8. A comunication nethod as claimed in claimb5, wherein said
identical format conprises a transm3xion data |ength, transm ssion data, a
nunmber of a transmission frame, a nunber of a frame to be retransnmtted
and an error 8eP¥ettuidngoarotherd reduntiarsd padtivn pdr sabh ffeddacl f eedback
frame [ sal ransm ssion data | ength, said transm ssion data and
sai d nu er°%§éra£44§aﬁ§%1sE§QﬁP kRO GLonAWL B/t FRCIPE R IASERBBIRAS | i zed

for CopmIBHARRONE Ift is\ibEhA Al Endt At FBASMALCHLLOM Bt LADSM LEer
and a feedback franme fedback froma recelver have an-rdentical "'Tormat and
al so {fedhagkdipgme fopsisbn s tther fieseipredgtemihaiebiibasicdaname from t he
receiver, conprising steps of: determ ning whether or not a redundant
portion of the feedback franme transmtted fromsaid receiver consists of a

first det g i b v 2004 32, substitufi
anot her T edundant oot ren o ol aBPfed A MRHGE N clRin i HHREFY coundant

portion with & $eewrdofr edéd efimstegredetermined bit stream is fixed.

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




bit streamif it is determ ned that that redundant portion of the feedback
frame consists of the first predeterm ned bit stream 10 JAngenymgtiodati on
method as claimed in claim9, wherein a length of said first predeterm ned
bit streamis fixed. 11. A conmunication. nethod as clainmed in claim?9,
wherein a length of said first predeterm ned bit streamis variable. 12. A
comuni cation nethod as clained in claim9, wherein said first

predeterm ned bit stream consists of all zeros. 13. A comrunication nethod
as clainmed in claim9, wherein said3¥3rst predeterm ned bit stream

consists of all opes. 14. A comunication nmethod as claimed in claim9,
wherein said SBEOMFPIREaRE RMtHeR BF tsxid Lapsdkastisifsase cfompliseerads. 15. A

comuni Ladd iRl POLk At 8hah BRI CL A a WELEH] o520 4 SSERNC,

predeterm ned bit stream consists o ones: SRt P et hod
as cl ai d&th iamdckaidniinbelres£ithe ShfAshiyiionCaladdr mat conprises a

transm ssion data |l ength, transm ssion data, a nunber of a transm ssion
frame, a nunber of a frame to be retransnmtted and an error detecting

code, and 7 Japyary, sai d_redundant _portjon of said feedback frane
conprises at |east Péf‘z'% g‘ﬁ%g? &%y nsﬁ‘?gg?‘ffr?sﬁilg%’?‘% 1Faf 42 Agy hfusthay

transm essimrisidgt & s ofi ety 9 4L FANS H1SSLAD, s L7, A
comuni ¢ation nethod as clained i E-cl aim 16, é?‘gﬁr%e%%%%&ngrﬁgi ©a st ep of
det ect | FPhRCEr £HRNe Afiverhea hisubstjtwtidnetep dedbaeknfsisatalit er said
substitution step has been executed. 18. A feedback frane receiving

apparatus utilized for
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.



comunication in which a data frame transmtted froma transmtter and a
f eedback frane fedback froma receiver have an identical7 fs@ha8ay,2004
conprising: feedback frame input term nal means for being supplited with

t he feedback frame; determ ning neans for determ ni ng whether or not a
redundant portion of the feedback frame consists of a first predeterm ned
bit stream second predeterm ned bit stream generating neans for
generating a second predeterm ned bit stream substituting nmeans for
substituting anot her redundant portion of said feedback franme other than
that predeterm ned portion wth t he3%econd predeterm ned bit streamif it
i s deterninedlfhata fdeadbackdfumientrepotimy appatdis’ @edbgimda age consi sts
of thecjhérstﬁl-a prgdet,erm’ ned bit stream and error detecting neans for

det ect Tg an “ér FOYT$4 an output signal supplied from said substituting

7 4 . k fr. i Vi t
ol i aterdt ottsadd: s fde BADRACIUARR £ Serhil (B Binehed bt

streamis fixed. 20. A feedback frame receiving apparatus as clained in
claim 18, wherein a length of said first predetermned bit streamis
variable. 21.2R:-féek ack gf¥anee sereininmppresitus as claimedinn  clai m 18,

“herefalaim 18, wherein

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,



frame receiving apparatus as clained in claim18, wherei gagahgy figot
predeterm ned bit streamis conposed of all ones. 23. A feedback frane
receiving apparatus as clained in claim18, wherein said second

predeterm ned bit streamconsists of all zeros. 24. A feedback franme

recei ving apparatus as clained in claim18, wherein said second

predeterm ned bit stream consists of all ones. 25. A feedback frane
receiving apparatus as claimed in cl¥# m 18, wherein said identical format
conpri sg ast.ransm'%si on data length, 7 January 2004 35 transm ssion data,
a nunber 3P Gty Gn PRk oTaantFansmistion fraams &onlberedfansnitt ed

and an erpRé @dLHachd l.d_redundant portiqn of fhe feedback
frame conpri sesrbgt i-éilﬁgaar%?&gtﬁgﬁdz?hs% o :agﬁg?ﬁ‘}s)‘éq SRgﬁat%“q ength, said

transm ssion datid sediisiand portion 6t the fobabsdl SR LLANB b, A radio
comruni jat lon termnal apparatus utilized for conmunication I n V\:f'ui ch a

dat a frafigSt rakertt eeFaidokransnigsiantdata landtly, fseddbackndmiameos edback

froma yeegi e | dentjcal fornpt, conprising: an antenna for
transmtti ng%gg?éc%%e%ggg {;lé%ittfaﬁla’i‘}%s:ﬂ%ggﬁ’%d si gnal processing means
for processing a received signal;

26. A radio communicaﬁion 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




transmtting signal processing neans for processing a transmtting signal;
and baseband si gnal processing nmeans for processing a bgsehangry Sognal ,
wherei n sai d baseband signal processing neans conprises: feedback frane
input term nal means for being supplied with the feedback frane;

determ ning neans for determ ning whether or not a redundant portion of
the feedback frame consists of a first predetermned bit stream second
predeterm ned bit stream generating neans for generating a second
predeterm ned bit stream substitutigg means for substituting anot her
redundant portion of said feedback ame other than that redundant portion
7 Januwith 2084c8fid prddetarfesanbip’ SER4A Tiened i lqeSbiSAMd knbl LSt
determ ned that that redundant portion of the feegbac< rame consi sts of
the fi F‘%‘&undﬁl“édé%ﬁ‘ﬁ%é’é bhe fegdbask Ermheccpusisiat et thg firars for

det ect | A I si gnal upplied fromsaid substituting neans.
DATA cEﬁ%ﬁﬁ%Eﬁ%ﬁ%&‘k@i%&ﬁﬁ_ SfﬁﬂéT OF THE DI SCLOSURE In the data
communi cat i onefebhatbtidttahl Cled e rdat &eﬁé&gﬁg héex{ et i, fh9mL g he

transm ssion side.to the reception side an
supplied from said substituting means.




feedback frane transnitted:fron1the reception side to the transn%gﬁéon
side use a conmon format jointly, to propose a data commfit4t¥o t hod

in which if there is no substantial data to be transported by the feedback
frame on the reception side, the feedback frame is transmtted fromthe
reception side to the transm ssion side w thout changing the format of the
feedback frame and lowering the recéption rate. In the data conmunication,
the comon format includes at | east each data of the transm ssion data

| ength, the transm ssion a, @@?ﬁ% frape nunber and the repeat

request frane nunber, anagﬁ§‘§8 %§%IPNéQ§F59P detection code for 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 frane, are substituted with the
predeterm ned fixed pattern, and thereafter an error detecting code for
the entirety of the data is added thereto. Then, the feedback frane is
transmtted fromthe rec@PETRACTS OHeTHD DISeLbswEs M ssion side. figure 3

In the data communication method in which the data frame
transmitted from the transmission side to the reception side and the
feedback frame transmitted from the reception gide to the
transmission side use a common format jointly, to propose a data
communication method in which if there is no substantial data to be
transported by the feedback frame on the reception side, the
feedback frame is transmitted from the reception side to fhe
transmission side without changing the format of the feedﬁack frame
and lowering the reception rate. In the data communication, thé
common format includes at least each data of the transmission data
length, the transmission data, the data frame number and the repeat
request frame number, and is added with the error detection code for
the entirety of the data. If there is no substantial transmission
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 least the transmission data
length, the transmission data and the data frame number within the
feedback frame, are substituted with the predetermined fixed
pattern, and thereafter an error detecting éode for the entirety of
the data is added thereto. Then, the feedback frame is transmitted

from the reception side to the transmission side.

figure 3




