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1 DATA COVMUNI CATI ON METHOD AND DATA COVMUNI CATI ON APPARATUS  \ang
BACKGROUND OF THE I NVENTION Field of the Invention: , The present
i Avention relates to a data conmmuni cation nethod of an error control of an
automati c repeat request system and a data communi cati on appar at us
therefor. Description of the Related Art: An error contro
nmethod in a data conmunication includes bn error control method of an
automati ¢ repATA COYMUNICATAQH) MEVHOR AND | RAPA COBUNLGHTION AFRARITHSobI | e
data conmuni cation systemin which a burst error occurs relatively
frequently. According to this error control nethod of automatic repeat
request system if a data frane transmitted froma _transm ssion side
comuni cati on appar at us (daéﬁ“%%ﬂ““ﬂF%QF?gﬁE 58%5?%%%@) to a reception side

transm ssign.apparatus_(data. comunication apparatus) has an error, then
the transmi &%05% gb el Xﬁﬂgﬁ?gation apparatus transmts the data frane to

the reception side fﬁéi%%%%?ﬂé(ﬁhJQH%ﬁéﬂ 1%Q2k”t8639§a82 éoﬁﬁﬁni?%%i?%

transmni ssi on request € reception sidé conmuini catron ~appara

the transgiethodot df PUBLNLGALIOD GEPM AUditmatic repeat 26LIRLENSLELR

are various kinds of error contro automat’i c rep request, an

error conighgl a"BhkadceimuAtEaERbh Capsfatus Aoy St em of a sel ective
repeat (SR

Description of the Related Art:

An error control method in a data communication
includes an error control method of an automatic repeat request
(ARQ) system suitable for application to a mobile data
communication system in which a burst error occurs relatively
frequently. Accordihd'to this error control method of automatic
repeat request system, if a data frame transmitted f:om a
transmission side communicatipn apparatus (data communication
apparatﬁs) to a reception side transmission apparatus (data
communication apparatus) has an error, then the transmission
side communication apparatus transmits the data frame to the
reception side communication apparatus again based on a re-
transmission reques£ from the reception side communication
apparatus to the transmission side communication apparatus.

Although there are various kinds of error control
methods of automatic repeat request, an error control method of
automatic repeat request syétem of a selective repeat (SR)
system providing a'high throughput will hereinafter be déscribed
by way of example. In theory, an apparatus employing the SR

system requires a buffer memory of infinite size. Therefore,



system provi ding a high throughput wll hereinafter be described by way of
exanple. In theory, an apparatus enploying the SR systemrequires a buffer
menory of infinite size. Therefore,

2 usually such error control nethod of autonatlc repeat request system of
SR systemis not enployed, but an inproved nethod thereof is enployed. For
sinplification of description, an error2control nethod of automatic repeat
request afsuallyr isgichalerroR spateolwinethbd dfsantdmaitic repeat reguest
arrangenment of an ARQ frane having the sane format when it is a data frame
and a fesgistem ofa$R wysitelpe idenoti employedh bet earnbmproved @ethod This ARQ
frame is fornmed of, for exanple, a 16-bit transm ssion data |ength

i ndi cat | Hhenenf 45 smployed:. t FonssimplificatienefibleseriRtiong an bt
repeat request franme nunber. area ¢, a 592-bit transm ssion data area d,

and a 1QUHAr SOMTemethoghof autemasicrepeat EeQuRsE 96 an qmiginal

arrangenent, one fra g¥%forned of. 640 bits. The transm ssi on
‘data | endtth qyﬁﬁ%ﬁlﬁ.‘é degerdbefl. area for | nd| catl ng a data anount of
the transm ssion data area_ d. Thi be S wi thin. the range
from o to 592 bitorRaAfeapabnett Secah afitiing e el i,

data arGhdh iig S Pidta Bkl aRATLSTLaRN Eﬁ”’fr 119768 Jogd gt os 2
A L5 est b

nunber ranme to be transmt e. g.,

The rEpe%huﬁ?qw¥gréﬂﬁ@qxﬁ%ﬁﬁﬁr1§LeaTﬁis ARQ frame is formed of, for

example, a 16-bit transmission data length indicating area a, an
8-bit transmission frame number area b, a 8-bit repeat request
frame number area ¢, a 592-bit transmission data area d, and a
16-bit error detection code e for all the areas a to d. In this
arrangement, one frame®is formed of 640 bits.

The transmission data length indicating area a is an
area for indicating a data amount of the transmission data area
d. This data amount can be set within the range from 0 to 592
bits, and in this case the data amount of the transmission data
area d is 592 bits. The transmission frame number area b
indicates a number of a frame to be transmitted (e.g., frame
numbers 0 or 1 to 255). The repeat request frame number area c
is used in a feedback frame transmitted from the reception side
communication apparatus to the transmission side communication
apparatus and indicates a number of a frame required next time
by the reception side communication apparatus (the smallest
frame number among numbers of frames which the reception side
communication apparatus has not received yet).

The error detection code e is a cyclic redundancy



Is used in a feedback franme transmtted fromthe reception side

~communi cation apparatus to the transm ssion side communication apparatus
and i ndi cates a nunber of a frame required next time by the reception side
comuni cati on apparatus (the smallest frame nunber anmong nunbers of franes
whi ch the reception side communication apparatus has not received yet).
The error detection code e is a cyclic regundancy .

3 check (€RSrkcOCRC] 1GodetE)6 duiks diangandinputy IEEoRnERGamMeRdatIiAnNs CRC
code effects a 624-bit area fromthe transm ssjion data |ength indicgating
area a toThie ERGrepdeseEfets & f34rhit area from thg ﬁREPF%&ﬁ§&P§s¢6Ea
chart according to the SR system presented when nsm ssi on frame has

t
an error WengtRelndicating£A%ea 12 & é‘rl'@n&sratn@“ﬁlséﬁ-oieraaFﬁ gre2 4, nuneral s
i t | f f the dat.a t. ' [ ' t i i i
oo cat Lon appa: A AR EFANERHEL oA SHa2P| So8rdfag £8T8HL Sk el 7,
i d that.t 1 i f 10 .and.t.he f
nunber s 1PERgenbed Wiel f (AT A MR, bekBr fTipe T O
and the é%@ér&ﬁé@s{ﬁéﬁ'f@féfé”ﬁ@e G. As.ar rﬁwﬁ?r'.”tlbngnﬁﬁtﬂﬁist RR
| ower rig eprcts a transnission frane transmtted fromthe transnission

side comypieahbRla@PPRafblSof Ahd HdEs Wdinitdddn SAMEURLeahbATssion

apparatus. An arrow pol nting toward an upper ri ght depict's a feedback

frame tragggbt &6Mmhh?8aE 6" £55RE4QHS) depict frame numbers of
transmission frames. It is assumed that there are ten
transmission frames 1 to 10 and the frame numbers 1 and 10
respectively depict the first transmission frame number and the
last transmission frame number. An arrow pointing toward the
lower right depicts 3 transmission frame transmitted from the
transmission side communication apparatus to the recéption side
communication apparatus. An arrow pointing toward an upper
right'depicts a feedback frame transmitted from the reception
side communication apparaﬁus to the transmission side
communication apparatus. A solid-line arrow depicts a frame
having no transmission error. A broken-line arrow depicts a
frame (transmission error) having a transmission error. A
repeat request frame number of the feedback frame is depicted by
a reference symbol R marked with a frame number. A reference
symbol 4 depicts a round trip delay amount which indicates a:
time required for the transmission side communication apparatus
to, after transmitting a transmission frame (data frame)
therefrom to the reception side communication apparatus, receive

a feedback frame from the reception side communication apparatus



si de communi cation apparatus to the transm ssion side comunication
apparatus. A solid-line arrow depicts a frame having no transm ssion
error. A broken-line arrow depicts a frane (transm ssion error) having a
transm ssion error. A repeat request franme nunber of the feedback frane is
depicted by a reference synbol R marked with a frame nunber. A reference
syibol d depicts a round trip del ay anoufit which indicates a tine required
for the tindiemitisigowheitiercommuotctheoneapphianuside crommunicationnitting a
transm ssion frame (data frane) therefromto the reception side

comuni c appaxaimsahasurecedvedytheatrangmisRiopafeame FRTFRCEE eptI®n si de
communi cat i on apparat us . ) 4

i ndi cat i tgriwhexa@pler sheovn AR FEGeplBontipqecBBdntFie A¢taY ampRrttds has
received the transmssion frane correctly. In ,this_exanple shown,in, FIG
1B, the COFF@SRANSiS)&OfoRFEFANG P@GP—PQ\épBﬁﬁgl’Eﬁde?ﬁ ﬁ%rﬁrwl}‘b%%mn
required f,or the transm.,ssion si%g c%nngnicatLgn agfaéatus to transmt
four tra ogfpundcatdon apparatus te,LrappPht P9t netIPHRETF ¥ on side
communi cation  apparatus and the reception side communication apparatus
will  herdd %5 ter be descri bed with- reference to FIG 1B. [transm ssion

31 de communi cat [ o 8826RGKAL of the trandhESEbA 41A0THRMALARAES 1 2

3 and 4 successive
apparatus and the reception side communication apparatus will

hereinafter be deséribed with reference to FIG. 1B.

[transmission side communication apparatus]

(1) Transmit transmission frames 1, 2, 3 and 4
successively.
(2) Receive a’féedback frame including a response to the

transmission frame 1 while transmitting the transmission frame
4. Since the repeat request frame number indicated by the
feedback frame is 2, determine that the feception side
communication apparatus has received the transmission frame 1
correctly.

(3) - Receive a feedback frame including a response to the
transmission frame 2 while transmitting a transmission frame 5.
Since the repeat request frame number indicated by the feedback
frame is 3, determine that thé reception side communication
'apparatus has received the transmission frame 2 correctly.

(4) Receive a feedback frame including a response to the
transmission frame 3 while transmitting a transmission frame 6.
Since the repeat request frame number indicated by the feedback

frame is 4, determine that the reception side communication



(2) Recei ve a feedback frame including a response to the

transm ssion franme 1 while transmtting the transmssion frame 4. Since
the repeat request frame nunber indicated by the feedback frame is 2,
determ ne that the reception side comunication apparatus has received the
transm ssion frame 1 correctly. (3) Recei ve a feedback frane
tncluding a response to the transmissionrane 2 while transnifting a
transm sstpparate I|s aopived dhecfeanspdggdon frame AuRpPeEresHtycated by -

the feedback frane is 3, determ_ne that the recepfion side co ni gation
appar at us(®hs recei ReFeiye Fr§ﬁ§ﬁp§§ko%r?W%n%n%ikéhQQKﬁIEFSp?Qﬁe 6 ‘the

R i f eedback, f i i to t m i 3
ohi e ¢ aFERRERERRion a4 Sld Brpesitidngce Franpaiesiohotelee Tram
nunber | ngi cal e 0% 08 { SRERAGE AP dufwdr IRGEEELER bYkné hg%%ggg Lion

has recei yedyLhe, 7 a5 55iQ0 L, LR 186! bcepkibn sige Receive a

f eedback ng a response transm ssion frame 4 while
transm ti ! S@' Pdrd Ll & not Meedlifed eRBatrhRSHESE ibhafBame nber

I ndi cat e&ﬂ@“‘?ﬁ%&?ﬁ%@?@a aﬁ%m&* |a'ss é{l agai n, JTdet erm nert hat thé reception
si de congug%ggéégmygpparatus has not received the transmssion frame 4

correctly. ) Transmt the transm ssion frame 4 again
(6) Transmit the transmission frame 4 again.
(7) Since it is determined after four frame periods

whether or not the reception side communication apparatus
correctly receives the transmission frame 4 transmitted again,
transmit the succeeding frames 8, 9 and 10 successively.

(8) ~ Receive the ’feedback frame including a response to
the re-transmitted frame 4 while transmitting the last
transmission frame 10. Since the repeat request frame number
indicated by the feedback frame is 4, determine that the
reception side communication apparatus has not received the
transmission frame 4 correctly yet. |

(9) Transmit the transmission frame 4 again.

(10) Since it is'determined after four frame periods
whether or not the reception side communication apparatus
correctly receives the transmission frame 4 transmitted again,
transmit the succeeding frames 5, 6 and 7 successively.

(11) Receive the feedback frame including a response to
the re-transmitted frame 4 while transmitting the last
transmission frame 7. Since the repeat request frame number

indicated by the feedback frame is 9, determine that the



(7) Since it is determned after four franme periods whether or not
the reception side comruni cation apparatus correctly receives the

transm ssion frame 4 transmitted again, transmt the succeeding franes 8,
9 and 10 successively. (8) Recei ve the feedback franme including a
response to the re-transmtted frane 4 while transmtting the |ast
transmi ssion frame 10. Since the repeat Pequest frame nunber indicated by
t he f eedhmddepgtior sislel catmumimatd onhappakltatusehapt recesveld themnuni cati on
apparatus has not received the transmssion frame 4 correctly yet. (9)
Transnit trensmission firand daworreggdiynand( tbat the speeptienisidet erni ned
after four franme periods whether or not the reception side, conmunication
appar at uForEBHHQation apnaratushhasy agsnrespiNedr the WranspissieBdJLEREe n,
transmt the succeeding franes 5, 6 and 7 successively. (11) Recei ve
the feedbhdeBrastdYncliuding a response to the re-transnitted frane 4

frams nurbEh | ndic B8RS Y Kber ELABABkSPaRetTane S WAl ne that the
rame 4 cotbet |y aRaieRatt ng ABEepPiiRacRBest Rl rrtalle AoafRl 2715 has
not receivyﬁéjtﬁé'@ di Wiﬁ?é %Jéﬂi%n %iﬁ%r E:Sﬁ\}nluﬁication apparatus
correctly receives the transmission frame 9 transmitted again,
transmit the succeeding frames 10.
(14) Since there is no frame to be transmitted after
.trénsmission of the transmission frame 10, transmit again the
transmission frame 9 which has been requested once.
(15) Transmit £hé transmission frame 10. Receive a
feedback frame including a response to the transmission frame 9
while fransmitting the transmission frame 10. Since the repeat
request frame number indicated by the feedback frame is 10,
determine that the reception side communication apparatus has
received the transmission frame 9 correctly.
(16) Since there is no frame to be transmitted after
transmission of the transmission frame 10, transmit again the
transmission frame 9 which is requested at present.
(17) Receive a feedback frame including a response to the
transmission frame 10 while transmitting the transmission frame
10. since the repeat request framé number indicated by the
feedback frame is 11, determine that the reception side
communication apparatus has received the transmission frame 10

correctly. Thus, the transmission side communication apparatus



(12) Transmt the transm ssion frame 9 again.. (13) Since it is
determ ned after four franme periods whether or not the reception side
conmuni cation apparatus correctly receives the transni ssion frane 9
transmtted again, transmt the succeeding frames 10. (14) Si nce
there is no frane to be transmtted after _ transm ssion of the transm ssion
frane 10, transmit again the transm ssiorfd frame 9 which has been requested
once. (1finishes Titsistransmissiomef ddeotrrangmissdon fEABPTel a0 1 dback
frame including a response to the transnmssion frame 9 while transmtting
t he transhfecephiop sHida (COMUHCAHON APPCatREduest frane nunber indicated
by the feedback frane is 10, , determ.,ne that fhe reception.side
E:om‘runi catlbn appar aﬁw%i@"m@cEPV@&VFﬂeEﬁ?aﬁgﬂ??&%%“%rﬁ)a@é@escolr'r &t y.
16) Since there is no frame tQ be tr. ) e NS, 654 on  of
the transffs oﬂ°¥¥%ﬁ%iXL{¥¥q f SR #ﬁ%?? ?%ggggggsﬁgﬁhégaﬁé%gﬁ%hich

IS requested at_present._ _ (J17) ecei ve a feedback frane including a
%Setﬁﬁag?rgﬂ E%i%h %rand

gesponse ame 10 while transmitting the transni ssion
rame 10.,Since th ﬁ?% : tpheRrissi by £hene feedback
frame is H§ determ%n]{e g{a twﬁite%?gﬁvggggﬁécommni catJi'on appar atus has

recei ved LBerbEgigll £apReba Ry PeAdhatfl 13 Ifbedbaek filife! WABBE! sepaLSI de
_ ppar at u

request frame number is 4 until correct reception of the
transmission frame 4.
(3) Since having received the transmission frame 4
correctly, repeatedly transmit a feedback frame including a
repeat request frame uumbef set to a frame number next to 8
which is a maximum number of frame numbers of the correctly
received transmission frames,.i.e., a frame number 9 which is a
minimum number among frame numbers of frames that have not been
received, until receiving the transmission frame 9 correctly.
(4) Since having received the transmission frame 9
correctly, transmit the feedback frame including a repeat
request frame number set to a frame nuﬁber 10 of the
transmission frame requested to be transmitted next.
(5) - Since having received the transmission frame 10
correctly, transmit the feedback frame including a repeat
request frame number set to a fiame number 11 of the
transmission frame requested to be transmitted next.

In the ARQ error control method of SR system shown in
FIG. 1B, since the transmission side communication apparatus

transmits the transmission frames 1 to 10 to the reception side



finishes its transm ssion of the transmssion frames 1 to 10. [reception

si de conmuni cation apparatus] (1) Since having received the
transmission frames 1, 2 and 3 correctly, transmt successively feedback
franmes having the franme nunbers 2, 3 and 4. (2) Si nce havi ng not

received the transm ssion frame 4 correctly, repeatedly transmt the

f eedback frame whose repeat request frdre nunber is 4 until correct
recept i ofoBMURiEatieaN3PPIERLRS i rithe numbqR N1 of the gransaissdopecei ved
the transmi ssion frame 4. correct] repeatedly transmt a_feedback frane
I ncl udi nﬁrémeﬁeE§§?t%€aG§¥tt¥¢%$ﬁl%%%e¥s sleﬁr whider thee nymbear NSeof theg
whi ch is a maxi num nupber of frane nﬂg&ers t he correctlsﬁ1 recgei ved
transm sEFBRSMigFLCN frames tyanspiy é}n"g‘— %ﬁrénémlﬂ OfuSifenber

|
Fhe or ancimeBiination aeb R Fut Foctiyss i ﬁj@@‘iﬁ%ﬁ ratBeL ot the |
t
Loooat ERA it 3°r58é%§‘?%%%m5r%3§3ﬂ%%§fﬁlu$§§% el O Erdedda® |
frame regueshedst r%r&x}%ﬂim:iﬁgdtﬁquflrsé Qr %’eedbé’?‘% /39 lpecei ved

the transm ssion Trane corr transn1 rane ‘i ncl udi ng

a repeat request fi%ﬁrﬁqﬂm ladired W Emia%r nbInef (hbeis the

transm ssion frame reque to be transm tted next. the ARQ

error CcopumBerNBENeHeOtr SismYSE £6h SHiPies Nto BG tridhsnitieR] Hidl tmari%m ssion
si de communi cation apparatus transmts the transmssion franes 1 to 10 to
t he recepheonumbge of all the transmission frames transmitted from the

transmission side communication apparatus to the reception side

communication apparatus) is S = 10 <+ 16 = 0.625 in the example

shown in FIG. 1B.

Y

In the example shown in FIG. 1B, since the
transmission side communication apparatus failed to correctly
transmit the transmission frame 4 to the reception side
communication apparatus.twice and could correctly transmit the
transmission frame 4 thereto once, it transmitted the
transmission frame 4 thereto three times in total. Since the
transmission side communication apparatus failed to correctly
transmit the transmission frame 9 to the reception side
communication apparatus once and could correctly transmit the
transmission frame 9 thereto once, it transmitted the
transmission framg 9 thereto twice times in total. Further,
although the transﬁiésion fraﬁes 5, 6, 7 could correctly be
transmitted from the transmission side communication apparatus
to the reception side communication apparatus successively after

transmission of the transmission frame 4, they were transmitted



8 communi cati on apparatus, the nunber N1 of the transm ssion franes
practically transmtted is 16, while the nunber N2 of the transm ssion
frames transmitted until the transm ssion side communication apparatus
receives all the feedback franmes for confirmng correct transm ssion of

all the transmssion frames 1 to 10 aftey transmtting the first

transm ssion fanme is 20. A throughput S defined by a ratio NO/NL
(NO i s thegahnnbecav$etdf thermounditnip rdeday + o The reasom fosdthid Ke-is
the nunber of all the transm ssion frames transmtted fromthe

t r ansni sstoansmissienmuesehts ofrem pehaitiact dhate thec ¥ppeagt Fpguest frame
communi cation apparatus) is.S = 10.[err] 16 = 0.625 in the exaggLe shown

in FIG 1pumbers of the feedback ks HHRvt Untdlcthegtrapspisgpen

L r anant o SAmS driS SEREneRCtESd ATEEH- & i< Mo, F1ad Sone, B, kb tw co
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appar at us180egs80d $RUEANELAT €CAL Yk AiSRdr Wife Adu¥STrip BR15Y2TRodnt
rame 9 ther

thereto once, it transmtted fhe fransmssion f eto twce tinmes

in total. pBHbRBEY . the! h8PEIbhé hentbegRpPUESiPMIwerERE 5. 6, 7 could
correctly be
A general operation of the above ARQ transmission of
SR systém shown in FIG. 1B will be described. Initially, the
transmission side communication apparatus transmits the frames
from the first predetermined frame number to the last
predetermined frame huhber to the reception side communication
apparatus in ascending order (or descending order). The
reception side communication apparatus transmits a feedback
frame including a repeat request frame number FBl(n) formed of a
minimum frame number FBM(n) among frames which has not been
received and having the same format as that of a transmission
frame, to the transmission side in response to the frame numbers
.of the recéived first to nth frames. The transmissién side
communication apparatus transmits a transmission frame which the
reception side communication apparatus has not correctly
received, to the recéétion side communication apparatus in
response to the repeat request frame number FBl(n) of the
received feedback frame.
| As desc:ibed above, in a data communication method

employing the ARQ transmission shown in FIGS. 1A and 1B, even



transmtted fromthe transm ssion side conmunication apparatus to the
recepti on side communi cation apparatus successively after transm ssion of
the transm ssion frame 4, they were transmtted

9 again because of the round trip delay. The reason for this re-

transm ssion results fromthe fact that 1phe repeat request frame nunbers
of the feedback frames are 4 until the transnission frame 7 is transnitted
agai n. Twhen rehe stranamission s ide commndgasdopnapparasugr eOTFagshYt t ed
uselessly. THus, in the exanple show in FI.G 1B, the thrqughput is

consi der&FABSMitH cdpta |frage &y they FecephiongsideneorguRACRELRNdel ay
anount becones, the nore the_throug¥ﬁ$g is | oywere A gener al

oper at i CFPRATIHES a R VARFIHLFIAT GPM“SRJ*?%&E’H ERBARAHSFI G 1B wil |
be d i bed. .1nitiall h 1SS ' Lcati t

Do Sesor Lbedespdl o Cepd (TP TSHAN S8 BTVLSRE on-aRRRLLYS,
predeterm ned fra oﬁﬂgﬁkak%-kgﬁmhﬂﬁgg%ﬁ h@égﬁoao fbﬁﬁﬁéoghe rat us

i n ascendi ng order escending or eceptton”side conmmuni cation
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nunber or ne m ni-num frame n ranes which

has not & niE5€i¥R % dad "ﬁké(#figesrg%iﬁ? fca‘iﬁ@ttoa%ombtqfrj{b%ehbi%”h%i on

frame, to the transm ssion side In se to the frame nufbers
transmitted data frame of a certain number from the transmission

side communication apparatus at the beginning of the successive
transmission of the data frames, then the reception side
communication apparatus continues transmitting the feedback
frame including the same repeat request number to the
transmission side commiinication apparatus until receiving the
data frame of the requested frame number, which prevents the
transmission side communication apparatus from detérmining
whether or not the reception side communication apparatus could
correctly receive all the data frames to be transmitted.
Therefore, after the transmission side communication apparatus
finishes all the data frames to.be newly.transmitted, the
transmission side communication apparatus must repeatedly
transmit the data frames once transmitted until it can confirm
correct reception thereof.
SUMMARY OF THE INVENTION.

In view of such aspects, it is an object of fhe
present invention to provide a data communication method which
makes it possible to transmit a feedback frame indicating a

request frame number from a reception side data communication



of the received first to nth franes. The transm ssion side conmunication

apparatus transmts a transm ssion franme which the reception side

comruni cati on apparatus has not correctly received, to the reception side

comuni cation apparatus in response to the repeat request frame nunber

FB1(n) of the received feedback frane. A As described above, in a
t he

*data communi cati on nethod enp]oyjng t, transm ssion shown in FIGS. 1A
and 1B, e3Bparatus to a transmission side data communicafi@RcAPPREAtuS

T e Tt L
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transmi {t gy fahdof 85 ohi e B | Rk "MaThRls 0 bheibeRnaFbastaPninkge

comuni cat1 on apparatus at t begl nning of the successi transm ssi on of

the data ErafBSnuiiB8P tH€a! PSP Pr BN Ao i FHaimeahufBe2PBRbAL ¥R CONt i NUES
transmtting the feedback frane i1ncluding the same repeat request nunber

to the. t¢pafsinS5906nSs ide CAATA b itARNRA Appardtus! toeehbVir88epbeondat a
frame of the requested frane nunber, which prevents the transm ssion side
communi cakide daparedmtuhioat et capparaths in an ascending order (or a
descending order), transmitting from the reception side data
communication apparatus to the traﬁsmission side data
communication apparatus a feedback frame having a format
including a first request frame number FBl(n) formed of a
minimum (or maximum)” ftrame number FBM(n) among the frame numbers
of'data frames which have not been received in respohse to frame
numbers of first to nth data frames received, and transmitting
from the transmission side data communication apparatus to the
reception side data communication apparatus a data frame which
the receptiop side data communication apparatus has not
confirmed, in response to the first request frame number FB1(n)
indicated by the recéived feedback frame.

It is another object of the présent invention to
provide a data communication method which can improve the
throughput of the data frame from the transmission side data
communication apparatus to the reception side data communication
apparatus, in a data communication method of transmitting data
frames from a first predetermined frame number to a last

predetermined frame number from the transmission side data



whet her or not the reception side comunication apparatus could correctly
receive all the data franmes to be transmtted. Therefore, after the
trahsm ssion side conmuni cati on apparatus finishes all the data frames to
be newy transmtted, the transm ssion side comrunication apparatus nust
repeatedly transmt the data frames oncg fransmtted until it can confirm
correct reception thereof. ) SUMVARY OF THE | NVENTI ON.
In vi ewasmiicatsios: @pparatus &0 ShpeEecepting s daka | TR AP
provi de a data communi cation method which nmakes it possible to transmt a
f eedbacleppafiatusdinc &N R§Ccenddsgyexder, 4RE ﬁuﬂﬁﬁFeN’gﬂ‘aamF REbtion side
data conmuni cation .11 apparatus to

aht ranarﬁ@?ﬁﬂiﬁ’é&% deron Wﬁp%lgﬁ sifier deke corrRniGatiePoved

t hrou ut o t t: | t.t f. ,SS} |

cormun| BRETHEG FATE G RReden Foe trae sRPRBRTHEEION Shisrdaid
apparat us, . | t j.cat.i. . Lt

2P ot B iatiBdR AR ARy oTH AN SeabbRRRRERRL ufiiod REE(RE O
rom t heeol el ik S5 prh bl (1 e ﬁa&n@”nﬁ%@&aﬁﬂﬁ{hﬁ? 4fi6ng SRSt i on

si de data“conmunr cation apparatus I'n an ascending order (orf a déscending
order), FfaRshlhbess (SLM4E FRGRY WHicH Bavéahat beaRuUBeealivea spparatus

to the transm ssion side data comrunication apparatus a feedback frane

having aréopémbe 4&CH & hinidrslof et to ath dathefrafésnreéotved, of a
and transmitting from the transmission side data communication
apparatus to the reception side data communication apparatus a
data frame which the reception side data communication apparatus
has not confirmed, in response to the first request frame number
FBl(n) indicated by thé received feedback frame.

It is further another object of the present invention
to provide a data communication apparatus which makes it
possible to transmit a feedback frame indicating a request frame
number from a reception side data communication apparatus to a
transmission side data communication apparatus with an improved
throughput of data frames transmitted from the transmission side
data communication apparatus to the reception side data
communication apparatus, in a data communication apparatus
employing a data communication method of transmitting data
frames from a first predetermined frame number to a last
predetermined frame number from the transmission side data
communication apparatus to the reception side data communication
apparatus in an ascending order (or a descending order),

transmitting from the reception side data communication



m ni mum (or maxi munm) franme nunber FBM n) anong the frame nunbers of data
frames which have not been received in response to frame  nunbers of first
40 hth data frames received, and transmtting fromthe transm ssion side
data communi cation apparatus to the reception side data comunication
apparatus a data frame which the receptioyyside data conmmunication
-apparatus has not confirned, in response to the first request franme nunber
FB1(n) i apPataktus byot ke riecansmissiqnmide dagfecommunication apparatyg ner

obj ect of the present invention to rovi de ata co nication n%hod
Whi oh canai AePARACKhErane RRNHIIA ORI dRCUadeSr FARPENECRERE TERIS N

i de dat icat| t h ti id i i
appar at USTURRSE BRE LD} oRREIee et dh R dn Peraviy; R5SReraSRBREL % o
a first PLEHOLS IhDSd LR DMIBRInIELd df Hae o FRdfES" WhaBH hadaenguTder

Lo, PR S B B SSESAE e

appar at us an-ascendi ng ‘or I ng or transmtting from

the recepkignesi fgcd#h8aC Rl ARkt ARPA Rt Hed trhOskiiaBIGhSsiaa Side

data communi cation apparatus a feedback Tranme indicating a first request

frame nungggaFBduiuni &t isa ﬁﬁ?&rﬂ;@é NN {1 reveption thideedagaber FBMn)
anong the frane nunbers of data franes which have not been received in

response temmuaieaticheappaiathssa datatframs alficinther eeeepedon side

data communication apparatus has nbt_donfirmed, in response to
the first request frame number FBl(n) indicated by the received
feedback frame.

It is yet another object of the present invention to
a data communication” apparatus which can improve the throughput
of the data frame transmitted from the transmission side data
communication apparatus to the reception side data communication
apparatus, in a data commuhication apparatus employing a data
communication method of transmitting data frames from a first
predetermined frame number to a last predetermined frame number
from the tranémission side data communication apparatus to the
reception side data communication apparatus in an ascending
order (or a descending order), transmitting from the reception
side data communication apparatus to the transmission side data
communicatioﬁ apparatus a feedback frame indicating a first
request frame nﬁmber FBl(n) formed of a minimum (or maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of firét to

nth data frames received, and transmitting from the transmission



and transmtting fromthe transm ssion side data communi cati on apparatus
to the reception side data conmuni cati on apparatus a data frane which the
reception side data comruni cation apparatus has not confirned, in response
to the first request frame nunber FB1(n) indicated by the received

f eedback frane. It is furtherjgnother object of the present
nvention to provide a data communi cation apparatus whi ch nakes it

possi bl estidet qagantbmauhtedbiol dpparatusicatihy redepicnt sildmelataunber
froma reception side data communication apparatus to a transnission side
dat a conconmoaticatieppappavatust & datanframedvhidh cilgh metceyt idat & ifdeanes
transmtted fromthe transm ssion side data conmunication apparatus to the
r ecept i odatadeocnmunicatinnnapparabhuaphas anos , cont trned 4 igo mespanse do
apparatus_ enpl oying a data comuni cation nethod of transmitting data
frames fithe §irstsregnegst framacaunbaneFBlLMErindicated by fhalsegeaiiviest
frame nunber_ fromthe transm ssion side data comrunication apparatus to
the recehtPERaSKJET@®Ea conmuni cation apparatus in an ascendi ng order (or

a descendi ng order trapsmitting fromthe reception side data .
connunicatign )Accor ing to an aspect of the present }§V§B§&99Vu§nt6 t he

format. | RerdarRuiErAioRoHaLEB; B8 ERRREALER nd o4F% Hiahas HFoR A i um
(or maxi gyms.f IR RuThEhea BVAR: ATRBErI L6 4" A PHEEL Sarlhi fiad G LdRTES

whi ch havé not
number from a transmission side data communication apparatus to

a reception side data communication apparatus in an ascending
order (or a descending order), transmitting from the reception
side data communication apparatus to the transmission side data
communication apparatul a feedback frame indicating a first
request frame number FBl(n) formed of a minimum (or maximum)
frame number FBM(n) among the frame numbers of data  frames which
have not been received in response to frame numbers of first ﬁo
nth data frames received, and transmitting from the transmission
side data communication apparatus to the reception side data
communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in response to
the first request frame number FB1l(n) indicated by the received
feedback frame, the fegdback frame also indicateé a second
repeat frame number FB2(n) formed of a frame number {FBM(n)+1}
[or {FBM(n)-1}] among the frame numbers of data frames which
have not been received to a kth request frame number FBk(n)
formed of a frame number {FBM(n)+(k-1)} [or {FBM(n)-(k-1)}1(

where k is an integer exceeding 2) in response to frame numbers



been received in response to franme nunbers of first to nth data framnes
received, and transmtting fromthe transm ssion side data comunication
.apparatus to the reception side data conmmunication apparatus a data frane
whi ch the reception side data conmunication apparatus has not confirned,
In_response to the first request frame nunber FB1(n) indicated by the
‘recei ved feedback frane. It i} yet another object of the
present iof diitnsin tto nth data foamesi vhicbnthepreceptioni shde aatamprove the
t hroughput of the data frane transmtted fromthe transm ssion side data
comuni cARMIESIRAQN APPRTatd sy B@8pEPeR1¥ede data communi cation

apparatus, in a data conmuni cati on apparatus enploying a data
cgﬁrruni cation net hoMOEPOVREmsHt F?'ﬁ@gﬁ%ﬁ at? r%sf:‘fgﬁﬁn%quqgt_ frame

Ito ; gggﬁn'e;g‘ﬁnﬁ’d%{ %%;rrblé’dﬁﬁe . t?%le?a g’gﬁihg:)gggtﬁg{ﬁgatn gg‘?ﬁi’é&gfe u?ﬂ‘nb?eo?fr l‘i: 8"?‘%25 a

: . . . q . ,
'f (r)ansm 'f t t%ééébcfo%at]r ﬁ%‘u %@I@Eﬁ?{%’l%o%%%e&neg Igﬂgg? ggcgmm cg?i ﬁﬁ E‘Sg;ﬂgqﬁégtz%ar t he
2 Tirot WG o e AR 187 BRE, Ll n] SEERAE apbdfThadl) ° '

[rame nuGendiMd A M badi%o LHBCiAd9ba el o fARICRMBLED yilie NO!
ponse to frame nMunbers o Irst to nth data tranes
recei ved, t i GrddeptsiByl [dite Jat@ CommundBawisohi &Pparatus has not received
to the receptibn side data communication apparatus.
BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A and 1B are a diagram showing an arrangement
of an ARQ frame and a diagram showing a SR-ARQ transmission
chart, respectively;” *

FIG. 2A is a diagram showing an arrangemeﬁt of an ARQ
frame according to a first embodiment of the present invention,
by way of example;

FIG. 2B is a diagram showing the ARQ frame according
to the first embodiment which has no transmission data when it
is used as a feedback frame;

FIG. 3 is a diagram used to explain an ARQ
transmission method of SR system according to the first
embodiment when a transmission frame has an error;

FIG. 4 is an enla;ged diagram of FIG. 3, used to
explain an operation of data frame transmission based on a
repeat request frame'number;

FIG. 5 is a characteristic graph of round trip delay

to throughput characteristics obtained in the first embodiment



14 side data comruni cation apparatus to the reception side data

communi cati on apparatus a data frame which the reception side data
-communi cati on apparatus has not confirmed, in response to the first
request frame nunber FB1(n) indicated by the received feedback frane.
According to an aspect of the present inygntion, in a data conmunication
‘method of transmitting data frames froma first predeterm ned frane nunber
to a | as@ngr adeeZampdedshpwneinnBiGer 122 om a transmi ssion side data
conmuni cation apparatus to, a reception side data_communi cati on apparat us
in an ascending orBEF- (Bri% YRVRFIRE B graphs efrifmamey exrem rase
reception Lde data co ni cati,on apparatuys to, the transm ssion_side data
conmuni c&C % r&BH@P&FuQHg%PEEES&EEnga%t?W a7 fgPe §irs emhodimant ( one

nmb FBL f d . of 1 Ni, i f nmb FB
the. 1 P RBe SEale 8, pBorpatBs Fir cH have mot been received 1n 1 esponse
to frame nunbers ofFj:é[s.} t9 n.;lgu Qféad{éc@{sﬁés I %%51\;%:1, Qat%%rza}rﬁ%%?‘@éﬁlf)

g
fromthe transm ssion si'de data conmuml on ~app on

side dal gn aaEMsRaa! HBBC2ARARALSa%s M) MUAD dOS AL GERILAN. o de

fé]@%?d
dat a conmmuni cati on appar at us as not Con)fell(lirrre , In response o %e first

request fingeRtivmebyrRalNbri 8dhmpigd by the received feedback frame, the
f eedback frane al so ?Edigates a sgcohd repeat frame nunber FB2(n) fornmed

of a frame nunber {FBYN+is al@iadFf@MsNowshly HIPRY redRyclctiE THIEREARQOT!
data franmes which have not been received to a kth request frame nunber
FBk(n) ffoamed acicordingmeonyhbesetbhblY ambédinent [Of didBMrdsdie 1)}](  where
k is an integer exceeding 2) in response to frame nunbers

invention, by way of example;

FIG. 9 is an enlarged diagram of FIG. 8 used to
explain an ARQ transmissibn method of SR system according to the
second embodiment wh&n®a transmission frame has an error

FIG. 10 is a characteristic graph of frame error rate
to throughput characteristics obtained in the first and second
embodiments; and

FIG. 11 is a diagram showing a communication system
to which the embodiments of the present invention can be
applied.. | |

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A data communication method according to a first
embodiment of the present invention will hereinafter be
described with reference to the accompanying drawings. The data
communication_method.of the first embodiment employs an error
control method of an automatic repeat request (ARQ) system of a
selective repeat (SR) system. An arrangement of an ARQ frame

having the same format when it is a data frame and a feedback



15 of first to nth data franmes which the reception side data conmunication
appar at us has received. Moreover, in response to the first
request franme nunber FB1(n) indicated by the received feedback frane and,
the second to kth request franme nunbers FB2(n) to FBk(n) indicated

t hereby, the transm ssion side data connunlcatlon apparatus transmts data
-frames having the indicated frame numberslW%hich the reception side data
comuni cafremeappdilabesdascribed reteh veafentenceh&or #I€pt 2dn sTHEsJARG

communi cati on appar at us. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIGS. 1A éﬁameslarﬁoumedagfanf@r\cﬁwa@bm @rrla'a-rgmeman@méﬁmmdatarre and a
di agram showi ng a SR-ARQ transm ssion chart, respectively Fl G
2A is a dl&@gﬁgléﬁ@%Fﬂﬁlaﬁ %F?%n@en%%t8191§u$ﬁﬂagmﬂﬁﬁéﬁﬁ §€é@?dpﬁgb?§ a
first enbodi ment ofn% resent invention of exa

Fl G 25 | ST8BGPagRRnPoRbR REDTRE TRIIGF o raRe, HRAPRG aF6% Re R PB4t

oo o 4 hag8a gt ASAEE 8O0 80 e, bR SpReSERRSC,

met hod of nﬁl%b&séﬁghaﬁc%ﬂ 891 5% £ %545 aettRIU BB 108 02 LhaNSHLES' O"

frame has an erro
atod and f.

The 8fbit next repeat request frame number area £
shown in FIG. 2A is provided in the 592-bit data area d of the
ARQ frame shown in FIG. 1lA. Therefore, the data area d of the
ARQ frame shown in FIG. 2A is formed of 592 - 8 = 584 bits.

The transmission data length indicating area a is an
area for indicating a Hata amount of the transmission data area
d. The data amount of the transmission data area d éan be set
within the range from 0 to 584 bits, and in the first embodiment
the data amount thereof is 584 bits. The transmission frame
number area b indicates a number of a frame to be transmitted
(e.g., frame numbers 0 or 1 to 255). The repeat request frame
number area c is used in a feedback frame transmitted from the
reception side communication apparatus to the transmission side
communication apparatus and indicates a number of a frame
required next time by the reception side communication
apparatus. The next repeat request frame number area f is used
in a feedback frame transmitted from the reception side
communication apparatus to the transmission side communication
apparatus and indicates a number of a frame required at the time

after the next by the reception side communication apparatus.



FIG 4 is an enlarged diagramof FIG 3, used to explain an operation of

data frane transm ssi-on based on a repeat request franme nunber;

“FIG 5 is a characteristic graph of round trip delay to throughput

characteristics obtained in the first enbodi nent

16_and an exanple shown in FIG 1A FIG 6 is a characteristic

-graph of frame error rate to throughput1@harqcteristiqs obtained in the

first enbodi ment dPe RrEcEgstectiom dodereGislA; cyclic redungagey7A and

7B are di agranms _showi ng an_arrangenent of an ARQ frane according to a

second efBBKMERRCHf CPde pleshits) | weerdng 4y M- Tresempendation.

FIG 8 is a dia ran1shomﬁn%Ean arrangenent of an ARQ frane,aCQordhg%ato
[

the secohBi8nbBHi AEAE BFTPRES PR cQRATOLE AAAR i THPM By asSTE E¥ATe
flgzsgi;i?gatﬁghﬁégggFgé%gégg%2%1gég%?Biéﬁgggﬁigﬁgiégl o %ﬁﬁﬁ% ‘ment when a
ranem =) on 7o 985, b EASY o, Apsnneanne, o1 b pR"BERBL S LU
ot o 3Fad ot eokakagR ecane ven o Gl Ich AN o
can be area a, transmission number are b and the data area d have no
transmission data. Since data of the data area d is replaced
with a data having fixed values having no concern with a
feedback information, i.e., with data in which all bits are set
to 0 or 1, for example, it is possible to transmit the feedback
frame from the reception side communication apparatus to the
transmission side coffmiinication apparatus without any change of
a frame format and without a reception rate being lowered. If
the transmission side communication apparatus detects the data
having all bits of the data area d set to 0 in the feedback
frame transmitted from the reception side communication
apparatus, then the transmission side communication apparatus
can determine that the last 8 bits, i.e., 1 byte of the data
area d indicates the next repeat request frame number. In fﬁis
case, although the next repeat request frame numbef f is
provided in the data area d, this does not lead to the lowering
of the transmission data amount.
In the arrangement of the ARQ frame shown in FIG. 2a,
the data frame transmitted from the transmission side
communication apparatus to the reception side communication

apparatus and the feedback frame transmitted from the reception



appl i ed.. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

A data comruni cation nethod according to a first enbodi nent of the present
-invention will hereinafter be described with reference to the acconpanying
drawi ngs. The data conmmunication nethod of the first enbodi nent enpl oys an
error control nethod of an automatic repeat request (ARQ systemof a

"sel ective repeat (SR) system An arrangenmag of an ARQ frame having the
same for mtdeteonmunicatiomiapraratisate fhecbypnshission side

17 frane will be described with reference to FIG 2A This ARQ frane is

f or med ofcomminicakitn appamatiis havenibesspms farmat) che®h, | ATy ar ea
a, an 8-bit transnrssron frame nunber area b, an 8-bit repeat request
frane nun%%‘?m"a\" &P that fllyduplex, CORMUEICAtAgNcan cbe (reahized; + NRsk

r epeat qyest fra nunber, area f an -bit err r. detection code, e for

the areaPt PEFH qommunlcatlons-eﬁgeg g n@xfeigggﬁ?erffﬁwgﬁ ?E&RP
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data amUu{{cPiddderd I%g\%%%@ ﬂra‘i"ré nmb&Peafdh ac ?n@h'fie Qlt_he he

transm ssion data area can
' feedback frame does not include the next repeat request frame

number area f constantly and includes it only when it has no
transmission data. As a result, it is possible to prevent the
maximum transmission rate from being lowered.

The repeat request frame number ¢ and the next repeat
request frame number f’used in the feedback frame will be
described with reference to FIG. 3 in case of the ARQ
transmission chart according to the SR system when a
transmission frame has an error. In FIG. 3, numerals in
rectangular frames aligned in row on the data transmission side
(transmission side communication apparatus) depict frame numbers
of transmission frames. It is assumed that there are ten
transmission frames 1 to 10 and the frame numbers 1 and 10
respectively depict the first transmission frame number and the
last transmission frame number. An arrow pointing toward the
lower right depiets a transmission frame transmitted from the
transmission side communication apparatus to the reception side
communication apparatus. An arrow pointing toward the upper
right depicts a feedback frame transmitted from the reception

side communication apparatus to the transmission side



within the range fromO to 584 bits, and in the first enbodinent the data
anount thereof is 584 bits. The transm ssion frame nunber area b indicates
:a nunber of a frane to be transmitted (e.g., frame numbers 0 or 1 to 255).
The repeat request frame nunber area c is used in a feedback frame
transmtted fromthe reception side COﬁﬂHBIC&tIOﬂ apparatus to the
“transm ssi on side communication gparatus and indicates a nunber of a
frane rEQUMEBACALAON ARPAEYtURe rRceptidnlineamimdaniator e at us.
The next repeat request franme nunber area f is used in a feedback frane

transn1tPéHLPBOHPtﬁEaPéﬂéﬁﬁFSH SFHET - cAREPRRR T N TN HeRiEishe

nd i ndj caf mb f
frame T oREARE] (RESDRBLEPHER SPFOF) | REY M2 O AR S P oA -

connunicgg

The error hg?t ?ggh@sgdgrgm ngm%ea?jé Flé%u%%ﬁa%%/ckm (jaQSepcit?&]?%( by
bi t 5) aca%%&agehee'rnlgmggegomﬁgg; WP, a P nd Hudile G LG 24Pl

area fromthe trans Ing area a t ARQ
transm s d

frame t?gggﬁgﬁPgdgggaa f%eﬁ%ggﬁeP?Sneyﬁhen t he fggleﬁ% E qgﬁgatﬁhg

area a, bmdan¥ whieh AHAPERtaseabtind f@@uﬂfé& £61° % Kb %d}&sé iGN YIRS! on

data. Since data of the data area d is réplaced wth a data having fixed
val ues havmp@nieatdibhcappuirhbug tbgedbosk trdmimbtt Dy d transtidsid a in

which all bits are set
frame (data frame) therefrom to the reception side communication
apparatus, receive a feedback frame from the reception side
communication apparatus indicating whether or not the reception
side communication apparatus has received the transmission frame
correctly. In this embodiment, the round trip delay amount d
corresponds to four frame periods required for the transmission
side communication apparatus to transmit four transmission
frames.

Before describing operations shown in FIG. 3 in
detail, how to determine the repeat request frame number and the
next repeat request frame number will be described with
reference to FIG. 4 which shows a part of FIG. 3 in an enlarged
écale. In FIG. 4, like parts and portions corresponding to
those in FIG. 3 are marked with the same reference numerals.
Respective reference symbols in FIG. 4 are defined as follows.

FF(1i) a frame number of an ith data frame
transmitted from the transmission side communication apparatus

to the reception side communication apparatus

FB(1i) a repeat request frame number of a



to O or 1, for exanple, it is possible to transmt the feedback franme from
the reception side comruni cation apparatus to the transm ssion side
-confruni cat'i on apparatus w thout any change of a franme format and w thout a
reception rate being lowered. If the transm ssion side commrunication
apparatus detects the data having all lﬂ% of the data area d set to O in
-the feedback frame transmtted fromthe Teception side conmunication

appar at us feetibackhfranenceceived duxinganansnission afpihet d¥h daka
determne that the last .8 bits, i.e., 1 byte of the data area d indicates
the next frp®Bat request frame nunber. In this case, although the next
repeat request frane_nunber, f iergyovided in the data area d thif goes

not lead to the | owdfBRREEGH) t 1R DG4 LIPSt RegUest sfbafie number O I'n
th t of the A f h in FIG. 2A, _t t
{ranar 1 SRORPaRR: FEATe AHERF LS O D rARRHERom R Ea A Seht 8FBa, he

recepti-on_side communi cation apparatus and the feedback frane transmtted
fromthe Fgégﬁtion : 19 side

communi cation appar as égbt%géﬁﬁﬁﬁﬁﬁ@kﬁgEgﬁesEgﬁmﬁg?gggﬁkﬁg%%ﬁgﬁggﬁgratus

have the sane format, 1. rmat so t

communi cajBrhidfedCal fhindCRlamblStof f JMES fitie GHERIANC]EHANEROt her than
a real time conmunication enploy half-duplex communication. Therefore, the

1(‘: ﬁﬁﬁ?iﬁb il/:ﬁ:ﬁﬁ%mi@%iblﬂefmf 1@@@&@@1@&@ By dditd ithel nexikodiepeat
request frame umber of the feedback frame received upon
transmission of the ith data frame will be described.

When all the following three conditions are

satisfied, FBnext(i) is set to the frame number of an (it+l)th

T

data frame.
condition 1: if the last data frame has already been'
transmitted; or if temporarily the data frame of the frame
number FF(i)+l cannot be transmitted when the data frame FF(itl)
is to be transmitted
condition 2: FF(i) = FB(i-1)
condition 3: FBnext(i) > FB(i)+1

Operations of the transmission side communication
apparatus and the reception side communication apparatus will
hereinafter be described with reference to FIG. 3.
[transmission side communication apparatus]

The following steps (1) to (9) are similar to those
described with reference to FIG. 1B.
(1) Transmit transmission frames 1, 2, 3 and 4

successively.



i ncl udes .t he repeat request frame nunber area c, while the feedback frame
does not include the next repeat request frame number area f constantly
.and includes it only when it has no transm ssion data. As a result, it is
possible to prevent the nmaxinmumtransm ssion rate from being | owered.

The repeat request frame nunber c and thgynext repeat request frane nunber
‘fused in the feedback frame wll be described with reference to FIG 3 in
case of (R¢ ARQ trReceivsiarfagidbackdrang igcluding SRregpovsewhenthe
transm ssion frane has an error, In FIG 3,- nunerals in rectangular franes
al i gned tHapPsWiSA1PAeTHAME 1ruhihe skransmitfuing thhen dmansimisssiore frame
conmuni cati on,appar at us) degict frame_nunbers of transm ssion frames. It

i s assunfd t fARCenEPe HPReAE reqyest n#%%m%flm%si@j{%tﬁ_ﬁ M](cj thee f r?rbne
iyely depi¢ct t irst transni ssion franme nunber
gggbteLZ %Fggga%’%aﬁ%%%ggg%ln fer‘i‘?'r’égﬁlﬂf%%rt%eﬁmlé}ser &ﬁcfaﬁf%m%élﬁﬂmar d the
[ ' ] [ .t mtte rom.t he _ transm ssi on
S de comanmifReakich BhRIRALAS' PRs TEEINA NG KrshamiaRictn crpme 1

appar at us,-8~gfL,OW pointing toward the upper right depicts a feedback
frame transn1tte8'fron1the reception side comrunication apparatus to the

oo <3070, oo ETELS & Jeic, e, ingtading,, Fapeotie, bogthe
transm sgrafsfikeion rPafkeR - Whife FANSHER H{§ £ transmission frame 5.
Since the repeat request frame number indicated by the feedback
frame is 3, determine that the receptidn side communication
apparatus has received the transmission frame 2 éorrectly.
(4) Receive a feedback frame including a response to the
transmission frame 3°while transmitting a transmission frame 6.
Since the repeat request frame number indicated by the feedback
frame is 4, determine that the reception side communication
apparatus has received the transmission frame 3 correctly.
(5) Receive a feedback frame including a response to the
transmission frame 4 while transmitting a transmission frame 7.
Since the repeat request frame number indicated by the feedback
frame.is 4 again, determine that the reception side
communication apparatus has not received the transmission frame
4 correctly.
(6) Transmit the transmission frame 4 again.
(7) Since it is determined affer four frame periods
whether or not the reception side communication apparatus
correctly receives the transmission frame 4 transmitted again,

transmit the succeeding frames 8, 9 and 10 successively.



frame (transm ssion error) having a transm ssion error. A repeat request
frame nunber of the feedback frane is depicted by a reference synbol R
~marked with a frame nunber on the data reception side. A reference synbol
d depicts a round trip delay amount which indicates a tinme required for
the transm ssion side communication appajfatus to, after transmtting a
‘transmssion frane (data franme) therefromto the reception side

communi caf®bn  appafRcRive &be Feedbagkdbzares iaehudingh a HEIRAR ith si de
Communi cathSnSFRERSRRC R FEAR JodTHE CFARSHIEEEBR FRamESEor rectly. In
per ods. reEnrbkes in Sl AT, SRl WRiZortnn ARERREn Eans after o™
Shown | n Hiticatad ByoPhe Eeed BHE trame 4e 4., ABERERTAEPHRL LRE, (O O
rof or ence: TO PHOE S LS Rt or A tIRChal bt felERie e . 1
FIG 4, |{kgn8missicRdePaRd | Po5USaSPQRAI.Ng to those in FIG 3 are

marked with the sanme reference nuneral’s” Respective reference synbols in

FIG 4 ar f9ﬁefi ned a&dr¥ni®&he transmissioliFfirame 4 agafd af@ guriiesn of an
ith data frame transmtted fromthe transm ssion side conmunication
appar at usinfibcated retepti on K1 dm I )Gat i on appar at us FB(i)
a repeat request frame nunber of a

(10) Since the above three conditions are satisfied when i

= 12, transmit the transmission frame 9 indicated by a next
repeat request frame number of a feedback frame received upon
£ransmission of the twelfth data frame (a portion indicated with
i =13 in FIG. 4) " * |

(11) Transmit the transmission frame 10 (a portion
indicated with i ='14)

(12) Since there is no frame to be transmitted after
transmission of the transmission frame 10, transmit the
transmissioq frame 4 which is requested at present. Receive the
feedback frame including a response to the re-transmitted frame
4 while transmitting the transmission frame 4. 'Since the repeat
request frame number indicated by the feedback frame is 9,
determine that the reception side communication apparatus has
received the transmission frame 4 correctly (a portion indicated
with 1 = 15 in FIG.-4). |

(13) Transmit the transmission frame 9. Since receiving a
feedback frame whose the repeat request frame number indicates

11 during transmission of the transmission frame 9, determine



21 feedback frame received during transm ssion of the ith data frane
FBnext (i) a next repeat request frane nunber of a feedback franme received
-during transmission of the ith data frane How t he transni ssion
si de communi cation apparatus determ nes a frame nunber of a data frane
when an (i+1)th transmssion framne is transmtted by using the next repeat
crequest frame unber of the feedback franezﬁpceived upon transm ssion of
the ith d&batf theerareptiendeide geamunication apparatus hashgecelived the
three conditions are satisfjed, FBnext(iz is set to the frame nunber of an
(i +1)th &xeaspigpdon £5aBet 18ncarrestlyie(d RArtdam inddeatess witheddy Béen
transmtted; or if tenporarily the data frame of the franme nunber FF(i)+1
cannot be3fr EASni fded when the data frane FF(i+1) is to be transmitted

Cpor at 1 ond E8POBRAOR, 8RR, CORpRRLPRL bl AR A Th hppar at ub and the
recepti on i de COMMUHSAL A0 CRRRAHD didlun Bl ALALEBE gL deASLLPE 1

reference to FIG 3. SSi o Side conmuni ca

The fol | oweRg §éep_%§( &P%?t(%qaé% sﬂrg,{lérn&nﬁaéf‘%%e.th%e?%%ig%?@f""ifggn@ a4

reference to FI ansmt trapsm ssion
' frame number of a data frame which it requests the transmission

side communication apparatus to transmit next time, and also
sets as a next repeat request frame number of the feedback frame
a frame number of a data frame which it requests the
transmission side communication apparatus to transmit at a time
after the next. The reception side communication apparatus
transmits the feedback®frame to the transmission side
communication apparatus.

(1) Since having received thé transmiésion frames 1, 2
and 3 correctly, successively transmit feedback frames
respectively including the repeat request frame numbers set to
2, 3 and 4 and the next repeat request frame numbers set to 3, 4
and 5 to the transmission side communication apparatus.

(2) Since having not received the transmission frame 4
correctly, repeatedly transmit the feedback ffame whose repeat
request frame number is 4 and whose next repeat request frame
number is still 5 ﬁntil correct reception of the transmission
frame 4.

(3) Since ha&ing received the transmission frame 4
correctly, transmit a feedback frame including a repeat request

frame number set to a frame number next to 8 which is a maximum



successi vel y. 22 (2) Recei ve
a feedback frame including a response to the transmssion frame 1 while
.transmtting the transnmission frane 4. Since the repeat request frane
nunber indicated by the feedback frane is 2, determ ne that the reception
side communi cation apparatus has received the transm ssion frame 1
:correctly. (3 Recei ve a feedback2brane including a response to the
t ransni seumiper refef rand nwnheresh 9f tthengoaxrreckdynirecedvweflr tranSmissione t he
repeat request frane nunber indicated by the feedback frane is 3,

det er ni nEramRs, thee r ecepiane ﬂlu@%rﬂmml@@t isna mppimymuBumlerramenged t he
transm ssion frame 2 correctly. Recei ve a feedback frane

|ncludln%r%m?e%$EP%E§tQﬁt#ﬁ?mqqeﬁﬂﬂﬁfﬂﬁﬁ@thFaPEeB wecedvedananft ti ng g )
transm ssi o Si nce the repeat yequest frane nunber i ndi cat ed by
t he feedb%?ﬂué:f"?%r% nexy repgak § %Fr i §Rtst@eldonmuni cation
apparatug Fas receiy.ed tqﬁ t.r ansm_ssi og

Recei ve eedbackspwgﬁ% aﬁ?@@ﬁfﬁﬁeévﬁ s%bﬁngr?ﬂs?ﬁﬁsg%925§ﬂ$§s?on fr?ne 4
' t franme

hunber | SorEetELPR PrandRad AR FoodiHB Erapd Jn8audlpol R 2hobBR.T e

recepti opg %ﬁé’@t fﬁ&ﬂi&'%ﬁ%ézf%@@%a& Yor i itbe249 ¥gdehle transnission

frame rrect
transmission frame requested to be transmitted next and

including a next repeat request frame number set to a frame.
number 12.

Even if, when the feedback frame of the ARQ frame
includes not only the repeat request frame number but also the
next repeat request frame number, the reception side
communication apparatus frequently fails to correctly receive
the data frames transmitted from the transmission side
communication apparatus thereto at the beginning of the
transmission and hence repeatedly transmits the feedback frame
indicating the repeat request, then it is possible for the
transmission side communication apparatus to determine up to
which data frame the reception side communication apparatus
could correctly receive data frames after the reception side
communication side communication apparatus had failed to
correctly receive the data frame from the transmission side
communication apparatus. Therefore, it can be avoid that the
transmission side communication apparatus uselessly transmits
again the data frames once transmitted therefrom to the

reception side communication apparatus (e.g., re-transmission of



(6) Transmt the transm ssion frame 4 again. (7) Since it is
determ ned after four frame periods whether or not the reception side
.conmmunj cation apparatus correctly receives the transm ssion franme 4
transmtted again, transmt the succeeding frames 8, 9 and 10

successi vel y. 23 (8) Recei ve
-the feedback frame including a response t@é6the re-transmtted frame 4

whi | e t rathe datag framesadt 64 r Andhi theoexample stwwrs it FEXGhwe LBIpeat
request frame nunber indicated by the feedback frane is 4, determ ne that
the reception side Ebnﬁhﬂ|%¥@|%ﬁF%ﬁmﬁﬁQﬁﬁﬁiIﬂ%¥hﬂﬂ:°¢e§81§¥§tﬁﬂe

transm ssion frgme 4 correctl Transm t. the transm ssi on
frane 4 a@é’l‘%‘i’r@&nﬁom &he Haéﬁa?@ﬁoaﬁm%w Sh‘i‘@l]rp A%§S+4)3 and)$, when
Since the agbove _three conditions are sat '

d wh = 12 mt th
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there is rame t'o etransmtte ter transm ssion ransm ssi on

frane 10, diansfidedd'ds 133NaRi81 hel hafBes NIGH dre r@ﬂf&%ﬂfs%ﬁn present .

Recei ve t he
frames transmitted until the transmission side communication

.apparatus receives all the feedback frames for confirming
correct transmission of all the transmission frames 1 to 10
after transmitting the first transmission fame is 16.

A throughput S defined by a ratio NO/N1 (NO is the
number of the transnmisSion frames to be transmitted and N1 is
the number of all the transmission frames transmitted from the

transmission side communication apparatus to the reception side

communication apparatus) is S = 10 <+ 13 = 0.769 in the first

embodiment shown in FIGS. 3 and 4. Study of this result reveals
that the throughput S obtained in the first embodiment is
improved by 23% as compared with the throughput S of 0.625
obtained in the example shown in FIG. 1B.

| FIG. 5 is a graph showing characteristic curves of a
round trip delay amount d (number of frame) to a throughput S
obtained in the firsf embodiment and in the example shown in
FIG. IE. In FIG. 5, the charécteristic curves are obtained by
calculatiﬁg values of the throughput S respectively obtained
when the round trip delay amount d is changed to 5, 10, 15, 20,

25, 30. In this calculation, it is assumed that a frame error



feedback frame including a response to the re-transmtted frane 4 while
transmtting the transmssion frame 4. Since the repeat request frane

. nunber indicated by the feedback frane is 9, determ ne that the reception
si de communi cation apparatus has received the transm ssion frane 4
correctly (a portion indicated withi =151in FIG 4). (13) Transm t
-the transm ssion frame 9. Since receivilg a , feedback franme whose the
repeat r&atesisfPakeaRdndekotadi £rame number dGsh ¢ &r afdmdysiodn the t he

transm ssjon frane

that t heCPeE@ﬁFeaﬁsme%%n%f EEFord EpmaLEhR %éwq e muf:lfie

transnlsg B ﬂe gg %88 c%%¥%é qé%%on in cat rouéh i.n 4
génnLL?gghl E ap gzgtg S < Qtlg i& tég the. r dre eq%lfrane nui%e?
of the feedga%k rame éb ??@%@ nﬁnb%@ %ﬁ% cﬁﬁafqﬁagi§ aTequests t he
transm sgheny Péli%n%ﬁ&“&k%@{:ig”sﬂmr%‘ﬁé 0 Jtlaf]anﬁ‘B X2 d ”%:he‘ix”%h%' S0

sets as a next repeat requ rang nu r dme frame

nunber  ofofindat#1bf ABPaYNaRbubt d°MOR S L CHIGIRERSIPbINAR in

communi cati on app ratus to transmt at a tine e next
recepti Oghsl ¢¢rs@MBMBba AR ﬁ@pﬁhgfasedtwr@m t$ dN@edmfRERAE kriftiaEnalo the

transm ssion side communication appar at us.
in the example shown in FIG. 1B. If the data communication
method according to the first embodiment is applied to a
personal handy-phone system (PHS), a transmission rate therein
is improved by about 1.8 kb/sec on the assumption that the
maximum transmission rate obtained when an ARQ error control
method is employed is 30 kb/sec. Contrary, the smallerlthe
round ﬁrip delay amount d becomes the hardly the throughput S
obtained in the first embodiment is improved as compared with
that obtained in the example shown in FIG. 1B.

FIG. 6 is a graph showing characteristic curves of
the frame error rate to the throughput S in the first embodiment
and in the example shown in FIG. 1B. 1In FIG. 6, the
characteristic curves are obtained by calculating values of the
throughput S respectively obtained when the frame error rate is
changed from 0 to 072 by a unit of 0.02. In this calculation,
it is assumed that a round trip delay amount d is 20 and a total
transmission frame number is 40. Study of the characteristic
graph of FIG. 6 reveals that the larger the frame error rate
becomes, the more the throughput S obtained in the first

embodiment is improved as compared with that obtained in the



(1) Since having received the transmssion franes 1, 2 and 3
correctly, successively transmt feedback frames respectively including
.the repeat request franme nunbers set to 2, 3 and 4 and the next repeat
request frame nunbers set to 3, 4 and 5 to the transnission side

communi cati on apparatus. . (2) Si nce having not received the
“transmssion frame 4 correctly, repeatedlygtransmt the feedback frame
whose rep€§9mPF§q§E§an%ﬁn%lﬁungﬁﬁ is 4 and whose next repeat request frane

nb [ till 5 til correcy reception of the transm ssion _ franme 4.
? g) e Zi Ince hag%é%%%@t@%gogmngﬁmpenmﬁaﬂ@ Will ikgqequently

transmt f ra i ncl udi ng, a, r.epeat re ue_L fra upber set to a
frame nu 8r8§g§?£§%&8 &ﬁ?%% Jergh g communlcation method is as
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i.e., a frane nunber S a m il num nu
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frame nunmber set to 11. Fransnt ssi on

frame 9 @atheerhies! £208Mhe (HPrde drmdfed Rehpdi AmBek *PEALne ' CINCS

frame nunber set to a frame nunber I1 of the . transmssion franme requested
to be trabast!peddetsimdnéd freme dhilber exan’ 6BeahdiAGUSEHeET ABE DHNREr

set to a franme nunber 12
descending order). The reception side data communication
apparatus transmits to the transmission side data communication
apparatus the feedback frame including the first repeat request
frame number FBl(n) formed of the minimum (or maximum) frame
number FBM(n) among the frame numbers of the data frames which
it has not received yet, in response to the frame numbers of the
first to nth data frames which it has already received. The
trahsmission side data communication transmits to the reception
side data communication apparatus again the data frame of the
frame number which the reception side déta communication
apparatus has not correctly réceived, in response to the first
repeat request frame number FBl(n) indicated by the received
feedback frame.

In rasponse to the frame numbers of the first to nth
déta frames received by the reception side data communication
apparatus, the reception side data communication apparatus sets
in the feedback frame the second repeat request frame number
FB2(n) formed of the frame numbers {FBM(n)+1} [or {FBM(n)-1}] of

the data frames which have not been received to the kth repeat

request frame number FBk(n) (where k is an integer exceeding 1)



Even if, when the feedback frame of the ARQ franme includes not only the
repeat request frane nunber but also the next repeat request franme nunber,
. thé reception side conmunication apparatus frequently fails to correctly
receive the data frames transmitted fromthe transm ssion side

communi cati on apparatus thereto at the beginning of the transm ssion and

et Eoduad e SR B et ARG ) ot SR E2E P
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communi catl On® apparat us usel essly ransmits agal n the data Tranes once

transmtig é%rﬁéﬁ@ﬁ%é‘f FEEGEP WO i%ncsz@w@%haasepﬁgaﬁéus (e.g.,

re-transm Ssion 6 the data

frames Spufibe¥ FBk{A§, XDt LakdiPi¥sich Hide HAta apparatus tkAnshetARQ

error control nethod of SR system according.to the first enbodi nent shown
in Fl GS. tBeoddtd. f1éRS of hehd rarame Iindiers dhictnmihel eetept ioppsiabus

transmts the transmssion frames 1 to 10 to the reception side

communi cdatancommunication apparatus has not correctly received, to the
réception side data communication apparatus

Assuming that the frame number of the first data

frame transmitted from the transmission side data communication
apparatus to the reception side data communication apparatus in
response to the'firs% Yepeat request frame number FBl(n) of the
received feedback frame and the second repeat request frame
number FB2(n) to the kth repeat request frame number FBk(n)
thereof is FF(i) and that thé first repeat request frame number
and the second to kth repeat request frame number indicated by
the feedback frame received during transmission of the data
frame of the frame number FF(i) are respectively FBl(n) and
FB2(n) to FBk(h) in response thereto, the frame number of the
data frame to be transmitted at a (i+l)th frame is set to FBk(i)
subjected to satisfaction of all the following conditions.
the kth condition
(1): if the data frame of the last predetermined frame
number has already been transmitted; or if the data frame
{FF(i)+1} [or {FF(i)-1}] cannot temporarily be transmitted as

the data frame of the frame number FF(i+l) to be transmitted at



apparatus, the nunmber Ni of the transm ssion franes practically

transmtted is 13, while the nunber N2 of the transm ssion franes
-transmtted until the transmi ssion side conmunication apparatus receives

all the feedback frames for confirmng correct transm ssion of all the

transm ssion frames 1 to 10 after transmtting the first transm ssion fane
“is 16. Ly t Ar oughput S defi ned aratio NO/NL (NO is the

nunmber oftpﬁe(%?&ﬁghi E?B%'franes to be t?%nsnitted and N1 is the nunber

comuni cat?h appar sHTECH 3 REB (g Sg&%"%&?ﬁan%ééﬁig‘ﬁfikﬁﬁ} B s
S =10 .13 = 0. ' ' : ' ' . 4.
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obt ai ned in the exanple shown in FIG 1B. Fl IS a graﬁ%

showi ng cher ac{etljthCresnuess ofe® té MGk ) (oA ¥HelRbove( REgber of
franme) to a throug%put S obtained in the fi%@%penbodinent ang ?n t he

exanpl e shomditdonBl &relfot! satisfidd Hite vHwIfANRWiSld QkCUNeds are
obtained by calculating values of the throughput S respectively obtained
when t he conddttionp deeagatisfibéedd is changed to 5, 10, 15, 20, 25, 30.
In this calculation, it is-assuned that a frame error

27 rate ithe kthngoadibtien frane number is 40. Study of the

(1): - if the data frame of the last predetermined frame
number has already been transmitted; or if the data frame
{FF(i)+1} [or {FF(i)-l}] cannot temporarily be transmitted as
the data frame of the frame number FF(i+l) to be transmit£ed at
the (i+l)th frame. ~ ?
(2): {FF(i) = FB(k-2)(i-1)} [or {FF(i)+l = FB(k—Z)(i+1)}]-
(3): {FB(k-1) (i) > FB(k-2) (1)+1}

[or {FB(k-1)(i) < FB(k-2)(i)-1}1

The frame number of the data frame to be transmitted
at a (i+l)th frame is set to FB2(i) when the above kth, (k-1)th,
vee, third cﬁnditions and the second conditions are not
satisfied.
(1): if the data framé of the last predetermined frame
number has already been transmitted; or if the data frame
{FF(i)+l} [or {FF(i)-1}] cannot tempo?arily be transmitted as
the data frame of the frame number FF(i+l) to be transmitted at
the (it+l)th frame.
(2): {FF(i) = FB1(i-1)} [or {FF(i)+1 = FBI(i+1)}]
(3): {FB2) (i) > FB1(i)+1} [or {FB2) (i) < FB1(i)-1}]



characteristic graph of FIG 5 reveals that the larger the round trip
del ay anount d becones, the nore the throughput S obtained in the first
enbodi ment is inproved as conpared with that obtained in the exanple shown
in FIG 1B. For exanple, when the round trip delay anount d is 20, the

t hroughput S obtained in the first enbodinment is inproved by 6.2 % as

. conpared with that in the exanple shownsitn FIG_ 1B. |f the data ,

communi cation net {Rhe doaneinwpber ofc ther datanfzamgeke Pe LpansBitted,
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the throughput respectively obtained when.the Tranme érror rate is

changed §p28LRive Pedub¥tasy8timOthd. HEedbdck Nframa | sigplicl fron the
assunmed that a roundtrip delay amount d is 20 and a total transm ssion

frane nugbeepitioflsiGbudympiinibatibaragparatis cto lpltrdndniss fon edeld s
that the larger the frame error rate becones, the nore the throughput S
obt ai nedconmuhd chition apphvdtusninciudeprmnoedorbky cdigarepeai treguestt
obtained in the
frame number but also the next repeat request frame number, even
if the reception side communication apparatus frequently fails
to correctly receive the data frames at the beginning of the
data frames transmitted from the transmission side communication
apparatus thereto and hence repeatedly requests the transmission
side communication apparatus to transmit again a data frame
which it failed to correctly receive, then it is possible for
the transmission side communication apparatus to determine up to
which data frame the reception side communication apparatus has
correctly received the data frames. Therefore, it is possible
to prevent the transmission side communication apparatus from
uselessly re-transmitting the data frames once transmitted
therefrom to the réception side communication apparatus on the
basis of a prospect of the transmission side communication
apparatus. Especially, while, when such data communication is
carried out via a satellite circuit, the round trip delay amount

reaches a considerable amount of thirty five frames, which is a

considerably long delay amount (assuming that one frame is



exanpl e shown in FIG 1B. 28 A general data

comuni cation nethod will subsequently be described. This general data
.communi cation nethod is as follows. The transm ssion side data

comuni cation apparatus transmts to the reception side data conmmuni cation
apparatus data frames fromthe first pregigterm ned franme nunber to the

- last predeterm ned frame nunber in an ascending order (or_in a descending

order). THermedepfi 640 sPiks ARG & FFARTRRSISM TaYEads: 32 KP4{SeRirt §heB the
ol ng tBReAPLAE SPEBBATO CHLGEEY 1 HrliNSo s BB S B Helioof OPhe

dat a1 anBEeny cHBLOYRAEE (of TRE et iy deidh, medtpg RESERiRg to°
(ranam ssrbR Braechl bfsftian ety ddroves H2 BTBAGhOLECT) Hithe 00
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reception side data conmuni cation apparatus las not correctly received, in

response h%ehhﬁeiiEétk=ﬁeH§@1bé§ﬂU@§ﬁ?féfﬂ§3d@§@¥§baﬁﬁlﬁﬂkh@ﬂ%&%§%€d by the

recei ved feedback frane. _ n response to the frame nunbers of
the first empoltihentdt #héhaERS £6€£1 AL Id¥e tRC eRan@hiSisd®nd&rames is

comuni cati on apparatus, the reception side data comrunication apparatus
sets in lbhegbgedheckffeateot hehe gereskerite danientdaie anf bammotrenbehieved
by setting the value of k to 3 or larger.

When the feedback frame does not include any
transmission data, even if the next repeat request frame number
area is provided in the data area, it does not lower the maximum
transmission rate but it improves the throughput. When this
method according to the first embodiment of the present
invention is employed, it is unnecessary to considerably add/
change a software/hardware to be added to the data communication
apparatus used in the example shown in FIG. 1B in order for the
reception side communication apparatus to add the next repeat
request frame number area to the feedback fréme transmitted to
the transmission side communication apparatus and in order for
the transmission side communication apparatus to determine the
frame number pf the data frame based on the next repeat request
frame number.

A data communication method according to a second
embodiment of the present invention hereinafter be described
with reference to the accompanying drawings. The data

communication method according to the second embodiment employs



¥

FB2(n) formed of the franme nunbers {FBMn)+1} [or {FBMn)-1}] of the data
frames which have not been received to the kth repeat request franme nunber
FBk(n) (where k is an integer exceeding 1)

29 fornmed of the frame nunbers {FBMn)+(k-1)} [or {FBMn)-(k-1)}] of the
data franes whi ch have not been received. In response to the

:first repeat request frange nupber FB1(mM3of the received feedback frane

and the RFIOE, SntrpdgBethod, gfeaRtABRELE IRPRat regHest By shrmof

request fr .number e data apparatus
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recei ved feedback frame and the seco repeat request Tranme nunber FB2(n)

to the kidescafigrid WaeMe Yerbrameen¥BbercEBKTA) and s £0fH 'ig(d ek that
the first repeat request franme nunber and the second to kth repeat request

frame nuscameddfjatfed kxamphe,f acdbapktf £ 2aRsh LSS R W& | Thd¥aNSN Ssion
of the data frane of the frame nunber FF(i) are respectively ¥B1(n) and
FB2(n) t dnBicabingn arespanseant Bebdtotrahemi seiion nfrdes mimbd¥e area b, an
8-bit repeat request frame number area ¢ (shown in FIG. 7A) or
8-bit next repeat request frame number area f (shown in FIG.
7B), a 591-bit transmission data area d, a l-bit repeat request
identifier area g and a 16-bit error detection code e for the
areas a, b, ¢ (or £f)} 4 and gq.

It depends upon a rule which will be described later
on whether the repeat request frame number area ¢ or the next
repeat request frame number area f is set in an 8-bit area
between the transmission frame number b and.the data area d.
When the repeat request frame number area ¢ is set thereih, a
value of the 1-bit repeat request identifier area g is set to
g=0 (or g=1). When the next repeat request frame number area f
is set therein, the'value of the 1l-bit repeat request identifier
area g is set to g=1 (or g=0). Thus, it is possible to
discriminate whether the réﬁéat request frame number area c or
the next repeat request frame number area f is set in the 8-bit
area between the transmission frame. number b and thé data area

d-

The 1-bit next repeat request identifier area g shown



data frame to be transmtted at a (i+1)th frane is set to FBk(i) subjected
to satisfaction of all the following conditions. the kth condition (1):
.if the data frane of the |ast predetermi ned frame nunber has al ready been
transmtted; or if the data frame {FF(i)+1} [or {FF(i)-1}] cannot
tenporarily be transmtted as the data frgne of the frane nunber FF(i+I)
-to be transn1tted at the (i+1)th frane. :
{FF(i) = HB(FISH.i 78) pndoid B{ k§( P¥°‘fl¢9@kl‘1)'@9rl§%‘b’(*8)data fare{angPﬁ% th f
FB(k-1)(i)+1 or {FBk(i) < EB(k-1)(i rame nunber o
thfa da%g ) rage, 8 howgn 4R Fgéd A aT'Q%%%Wﬁe'f e qas,t%é‘t qaodFB(fktll?(l)

Condi 1 ond ) TSR #nd't'oﬁiGgrm o"ﬁﬂﬁi?%gl %b”tdt° 3% ot égﬁrgntehf
the' data #riffe eeart 4o pPd pmElfYy Ol O Al B AL R oo
o the dayn d LA chiBalbaRE SU"BRTy FE(1gM1) SR SN Al VilE

FB(k-2) (i it-)H< Eﬁ%}k@[%l&g) Fﬂ Fﬁ(ekfﬁ&{:) eﬁbg&he:%é (dHoWd in F1c. 22, ths

{FB(k-1)(
area format according to this second embodiment is more

advantageous in full-duplex communication with data in the data
area d of the feedback frame as compared with that of the first
embodiment.

The transmission data length indicating area a is an
area for indicating a data amount of the transmission data area
d. The data amount Of> the transmission data area d can be set
within the ranée from 0 to 591 bits at a bit unit, and in the
second embodiment the data amount thereof is 591 bits. The
transmission frame number area b indicates a number of a frame
to be transmitted (e.g., frame numbers 0 or 1 to 255). The
repeat request frame number area c¢ is used in a feedback frame
transmitted from the reception side communication apparatus to
the transmission side communicatioh apparatus and indicates a
number of a frame required next time by the reception side
communication apparatus. The next repeat request frame number
‘area f is used in a feedback frame transmitted from the
reception side communication apparatus to the transmission side
communication apparatus and indicates a number of a frame

required at the time after the next by the reception side

communication apparatus.



The frame nunber of the data frame to be transmtted at a (i+l)th frame is
set to FB2(i) when the above kth, (k-1)th, ..., third conditions and the

. second conditions are not satisfied. (1): if the data frame of the

| ast predeternined frangE nunber has already been transmitted; or if the
data frame {FF(i)+1} [or {FF(i)-1}] camyypt tenporarily be transmtted as
-the data frame of the frame nunber FF(i+1) to be transmtted at the
(i+1)th frame. (2)The errorrdetectipn ¢odsgie [is qﬁqulﬁq redudancy) } |

3): {FB2) (i) > FBL1(i)+1} .[or {FB2) (i) < FBLl(i)- )

50 cHck HERG ) Aoy DI S0 BoaaFaihaske TUME reeemmeRdationt a
(i+1)th frane |s, set, tq 2(i) .when the _abgye kth k-1)th, = ..., third
condi t i or?gueﬁ éﬂiﬁbtcosdeﬁ ieﬁ%gé:s)o&p ?ﬁg oftl g%ﬁﬁ%eﬁﬁé\ﬁ %%B‘H%‘Ft‘?%n*éh%r e
satisfie rdi n the first enbodiment, since in the error
contr ol crrate B4 bt'hé: gé%grét'i g %‘g'ﬁle f request systemof the selective
request systemthe d r pky f : ( |

comuni cati on appar gﬁ%sgggﬁ?%efgﬁgégﬁq ksg'%gen é‘?nggeépgcon%’rﬁl%ﬁaét ﬁ{(gar?&a%f)e reatus

i ncl udes ot Yerdife ARG FCULRR! inf LABCFOLABSEK DAL SPiiIepdexXt T epeat’

request frame nunber, even if the reception.side conmunication apparatus
frequent lgadartilied WA P eFellencee e ¥eGl.N8 dat dabéagBStré ARG begi nning of

the ‘transmission chart according to the SR system when a
transmission frame has an error. 1In FIG. 8, numerals in
rectangular frames aligned in row on the data transmission side
(transmission side communication apparatus) depict frame numbers
of transmission frames. It is éssumed that there are ten
transmission frames I %o 10 and the frame numbers 1 and 10
respectively depict the first transmission frame number and the
last transmission frame number. An arrow pointing toward the
lower right depicts a transmission frame transmitted from the
transmission side communication apparatus to the reception side
communication apparatus. An arrow pointing toward the upper
right depicts a feedback frame transmitted from the reception
side communication apparatus to the ttansmission side
communication apparatus. A solid-line arrow depicts a frame
héving no transmission error. A broken-lihe-arrow depicts a
frame (transmission error) having a transmission error. A

- repeat request frame number of the feedback frame is depicted by
a reference symbol R marked with a frame number on the data
reception side. A reference symbol R marked with a frame number

and in parenthesis is a frame number which the reception side



data franmes transmtted fromthe transm ssion side comuni cation apparatus
thereto and hence repeatedly requests the transm ssion side comrunication

,apparatus to transmit again a data frame which it failed to correctly
receive, then it is possible for the transm ssion side conmmunication

. apparatus to determne up to which data3érane the reception side

. communi cati on apparatus has correctly received the data_frames. Therefore,

it is posSPHRENLCAtAPE,APPATAEUS BAT AQkrAnsHdteshton the: tEANSBAEFAPNS

Lo the T cBSRRI CAMERRLCEERDrPRBRTEI Appa HAFEFGRaRn SYTbAY: § HEPICHPofpoct
such dat o OOMRIEF B fBhaY St i o, - FPERI &, eihee Sk ed TprctPBun
uni oh 1o SraligiiTeaiblieia3 GofiR CELAh SOl ko pitebr, HAnshEElng

32 for mda"i:rﬁﬁ@m?k&ioﬁnﬂr&néf eq.uiS%%l 1; Q%H;ef%&?bgn R $5e ﬁ%}?&%@ti&?e del ay

anount of thirty five franes i nsec), e ment of the

data comypgeatbiuiBteoACssba86ud 0 rddiBiwy @S Fledpa rirathe’ $HBMKRRLY

i nproves the throughput. Wile the method with the nunbers of the repeat
request fragepeiohesidareomiehi¢@tikor disakaas dedEcaltingd @hetheedornnbie
first enbodinent, when the total nunber of the transnmission franes is

| ar ge, t hehef feceépbiohheige ecsemtunivariowappardtisThae aebedved the

transmission frame correctly. In the second embodiment, the
round trip delay amount d corresponds to four frame periods
required for the transmission side communication apparatus to
transmit four transmission frames.

Before deécfibing operations shown in FIG. 8 in
detail, how to determine the repeat request frame number and the
next repeat request frame number will be described with
reference to FIG. 9 which shows a part of FIG. 8 in an enlarged
scale. In FIG. 9, like parts and portions corresponding to
those in FIG. 8 are marked with the same reference numerals.
Respective reference symbols in FIG. 9 are defined as follows.

FF(1i) | a frame number of an ith data frame
transmitted from the transmission side communication apparatus
to the reception side communication apparatus

FB(1i) a repeat request frame number of a
feedback frame received during ffansmission of the ith data
frame

FBnext(i) a next repeat request frame number of a

latest repeat request frame number FB(i) requested by the



by setting the value of k to 3 or larger. When t he feedback
frame does not include any transm ssion data, even if the next repeat
request frame nunber area is provided in the data area, it does not | ower
the maxi num transmission rate but it inproves the throughput. \Wen this
met hod according to the first enbodi nent of the present invention is

it i ahl dd/ ch .
Cohtvar oFREPRNAPE PaosccamuhiesoiRn Sl uf e S AN S ARG at us used in

the exanmpl ngag%g}hg gkg%héBiLﬂ géggrf} ethe reception side comunication

apparatus to e ne repeat request frame nunber area to the feedback

frame transmtted tpnetdQed] ISR R Aok B Bt Arhl e RABEALYS AR | N
p us'to

order for the transm ssion side comuni catl on appara eterm ne the

frame nugaed BhckherdmbaihéPiBiRgSERe Ofb[%é@t '}.Séi%%%%? anie® Hifitler farx%rée

nunber . A data comuni cation t ho Ing to a secon

embodi meskr ehet Rexpr eepahti PEGHESENFAGNE Naiher DpdlasEridas W th
reference to the acconpanyi ng drawi ngs. The data communication net hod

accor di ngranshlietedcéndmethedreespt €60 ¥¥de communication apparatus to
33 the error control nethod of automatic repeat request system of

sel ecti véheepransmyssdonps hdedcogman begbiohroiih pppaiatdsy Usudllgse

presented by the method shown in FIG 1B and the first enbodi nent. An

arr angenthe &eedhagRQframeeinaludijnghtheampeat request frame umber area
is transmitted. However, only when the following two conditions
are satisfied, the feedback frame including the next repeat

request frame number area is transmitted.

condition (1): jmod a = 0

-

(the feedback frame including the next repeat

request frame number area is transmitted once in a transmission

times. a>1 is established and j depicts the number of an order

in which the reception side communication apparatus transmits
frames) |
condition (2): next repeat request frame number >
repeat request frame number + 1

Operations of the transmission side communication
apparatus and the reception side communication apparatus will
hereinafter be described with reference to FIG. 8.
[transmission side communication apparatus]

Since the transmission side communication apparatus
is prevented from receiving the feedback frame including both of

the repeat request frame number area and the next repeat request



format when it is a data frane and a feedback franme will be described with
reference to FIGS. 7A and 7B. This ARQ frane is fornmed of, for exanple, a
16-bit transm ssion data length indicating area a, an 8-bit transm ssion
frame nunber area b, an 8-bit repeat request frane nunber area c¢ (shown in
FIG 7A) or 8-bit next repeat request fr ?ﬁ nunber area f (shown in FIG
. 7B), a 591-bit transm ssion data area ; bit repeat reguest |dent|f|er

area g andTames nymber iq. the secrpd EBB@dém?BF'tﬂée *EF .d S-"g“;c,sl f); a
dg [.t. depends on.a rule e describe ater on
3Eether t FPTIRGa ﬁ%ﬂﬁﬁ) ﬁﬁnBE?Vé$€g.%l¥ﬁ Tefe f‘ epeat request

nunber b SRPRISE YR g?%tgla‘@ Bntaipnsip %%%?gf; V%%i%%s“f A b A
|s set ther 5Fé(gze:& 5@@% Qfe %%tlf bine! i afé’%sf,fzg%t }'ea g ';5

set to nex repea reque frame nu

set ther elllqa theed #iuh v *I%ainebhhmbégf request identifier areagis
set to g=1 (or g=0). Thus, it 1s possible to discrimnate whether the

repeat requgst fran'eTBHﬁBﬂﬁ.taﬁﬂanﬁmQ§816ﬂi'efﬂﬁﬁ@s nepegat 3 aaeeat frame nunber
area f is set in the 8-bit area between the transn155|on frame number b

and the dawowssdveldy. The 1-bit next repeat request identifier
area g shown
(2) Receive a feedback frame including a response to the

transmission frame 1 while transmitting the transmission frame
4. Since the repeat request frame number indicated by the
feedback frame is 2, determine that the reception side

communication apparatus has received the transmission frame 1

correctly. T

(3) Receive a feedback frame including a respénse to the
transmission frame 2 while transmitting a transmission frame 5.
Since the repeat request frame number indicated by the feedback
frame is 3, determine that the reception side communication
apparatus has received the transmission frame 2 correctly.

(4) Réceive a feedback frame including a response to the
transmiSSion frame 3 while transmitting a transmission frame 6.
Since the repeat request frame number indicated by the feedback
frame is 4, determine that the reception side communication |
apparatus has received the transmission frame 3 correctly.

(5) Receive a feedback frame including a response to the
transmission frame 4 while transmitting a transmission frame 7.

Since the repeat request frame number indicated by the feedback

frame is 4 again, determine that the reception side



34 in FIGS. 7A and 7B is provided in the 592-bit data area d of the ARQ
frame shown in FIG 1A Therefore, the data area d of the ARQ franme shown
in FIGS. 7A and 7B is forned of 592 - 1 = 591 bits. Since the data anopunt
of the data area d according to this second enbodinent is only slightly
smal l er as conpared with that according 4 the first enbodi ment shown in
.FIG 2A this area format according to this second enbodi nent is nore
advant agessmmunicatiiond appexatusnbascaotoneeeivedathe i transmiss fon diramed of
the feedback frame as conpared with that of the first enbodinent.
The trandmosIir@etdat-a | ength indicating area a is an area for indicating a
data anmpount of the transm ssion data area, d. The data anount of the
transm s<i®n dat a aFE@ngmih the transmpission iHanedgadai®dnm 0 to 591 bits at

a bit unit, and in the secopd enbodi rent the data anpunt thereof is 591
bits. Thd 7k ransni sSiBRes ?‘Erﬁesn‘gﬁ'ﬁm% ftenitoneLrang, BeEdogs a franme

to be t L.tted Q. ,.f b . 1 to,255). The - t t
Frane nufBBCREe R B 5bey EPRoRoBiR4tR FOBRL CRELQR THRAF AV he.
nurfBs 5 5 t i FHRAF 48 1
Comuni ca AT PG Ve Bt PR ablTs b an, AEhE Y o SER e et
conmn pparat s and T ndrcates 8 Rline t
oquest {PReEt H oL ReriRg Rk 87 LARILY ud BT 0 11 om

the receg) on si depe@BRYEI Gﬁéiféeéﬁﬂékafmée ?iﬁ&%d#ﬁ‘%mr%?g%} ffe est

comuni cation apparatus and indicates a n of a frane
time aftefrdne meer®y WhileceeRBnsRAtEidg tRENTHGH CotdNEm PPPPOR 4%me

10. The next repeat request frame number indicated by the
feedback frame is 8.

(9) Since there is no transmission frame whose frame
number exceeds 10 and the latest repeat request frame number
stored in the memory is 4, transmit the transmission frame 4
again (a portion indicated with i = 12 in FIG. 9).

(10) Since the above two conditions of re-transmission
based on the next repeat request frame number are satisfied,
transmit the transmission frame 8 again (a portion indicated
with i = 13 in FIG. 9)

(11) Transmit the transmission frames 9 and 10 (portions
indicated with i = 14 and i = 15 shown in FIG; 9)

(12) Since there is no transmission frame whose frame
number exceeds 10 and the latest repeat request frame number
stored in the memory is 4, transmit the transmission frame 4
again. Receive the feedback frame including the repéat request
frame number area while transmitting the transmission frame 4.

The repeat request frame number indicated by the feedback frame



35 The error detection code e is a cyclic redundancy check (CRC)
code (16 bits) according to ITU T recommendation. This CRC code effects in
:total a 624-bit area forned of the areas a, b, ¢ (or f), d and g.

The repeat request frame nunber c¢ and the next repeat request frane nunber
f used in the feedback frame will be dei ribed wwth reference to FIG 8 in
- case of the ARQ transm ssion chart accofding to the SR system when a
transm sst8n2f fAnBOREIORNLRAGAted Wils 1 & 1048y IS« 8) -rect angul ar frames
al i gned i ransm ssi on si,de f&%ran m ssi on, si de

connunica?iégm%ggaﬁgﬁkéggéhﬁn efﬁ%ﬁﬂ?“ﬁﬁﬁﬂgp? e ansﬁi§§?82 ?Lanfs. | t

i ] i 1t t

nunber s 1LaROPIGK FEERE PSS yt%%ﬁfeiq"éﬁs‘ikoﬁﬁwe&%”?gﬂfnﬁggsﬁnﬁrsrﬁgd}g%ﬁﬁ%r
onc e Lok aBsEoECndrcBE UTBELon Yol 01 PO OOV

si de comyg ﬁagi;Ofr&ﬁe?ﬁeﬁ.Hértﬁl&%ﬁfg%i% Felpal a@ga&'som

apparatus. An arrow poi nting towa per ‘right depicts a feelback

frame tragsebihtfle! tREL ERe FEEOHLLON Pl CHHHHMICERLION aPPaFayISnbg the
transm ssion side conmunication apparatus. A solid-li1ne row depicts a

frane hayrebsgived! tRESHE 865RIsSI6R £raind 10K Ibrirede 19, andd¢RnGkh |hef rane
(transmi ssion error) having a transm ssion error. A

transmission of the data frames.

[reception side communication apparatus]

Thé reception side communication apparatus transmits
the feedback frame including the next repeat reqﬁest frame
number area instead of that including the repeat request frame
number area in everyfféurth time only when the next repeat
request frame number is larger than a value obtainéd'by adding
the repeat request frame number with 1.

(1) Since having received the transmission frames 1, 2
and 3 correctly, successively transmit feedback frames |
respectively including the repeat request frame numbers set to
2, 3 and 4 to the transmission side communication apparatus
(when j=1 to 3).

(2) The reception side communication appératus has not
received the transmission frame 4 correctly. At this time,
instead of the timing of j=4 at which the feedback frame
including the next repeat request frame number to be
transmitted, the next repeat request frame humber does not
exceed the value obtained by adding the repeat request frame

number with 1, and hence the reception side communication



repeat request frane nunber of the feedback franme is depicted by a
reference synbol R marked with a frame nunber on the data reception side.
. Areference synbol R marked with a frane nunber and in parenthesis is a

- frame nunber which the reception side

36 communi cation apparatus has not transghtted to the transm ssion side

. communi cation apparatus. A reference synbol d depicts a round trip delay
amount WAPPRTRHYSc srapsliti ke fegdbagk f brane avhase zapeat giegieRt frame
comuni cati on apparatus to, after transmtting a transm ssion frane (data
frame) tR&MPELoASt 8-t he reception side communication apparatus, receive a

f eedback f f h ' | df ' ' I ndi cat i
whothor dPInot  t nePNERRBtURLE) st AR J5PReR dECHHSIPG el vod 1 he
| SSJ f tly. | h d enbodi t, Ih tri

ol oy andGREaT ESERESFoRGEne A rBRbLF AFE B, £ e I bty 6 i 6o ”
(rams. 7~ sinl® SHTTHE ERELRCAPRAL Tt oo g 1R A dned Hn K *othi 1

how t o delb@hEmigslildn L7 €gHES £aP§;[> &E'bfé ek ¢ &' HidmBe
request fra#% nuﬁber m??ﬁébe'descr#%%d W ﬁ “retirencéhﬁgnFﬁ%g 9 mﬁ?%h
shows a p¥ae ¢finel $s 8.1 n an enlarged scale. In FIG 9, like parts and
portions corresponding to those in FIG 8 are marked with the sane

][e}‘ Ier encq4yuner al s. giffe8PERé | ¥Lani SMPEELIER Sy 9d A MWiminy fe 8@ iaked as
° OWS.w'hich the feedback frame including the next repeat request frame
number area is to be transmitted and since the next repeat
request frame number is larger than the value obtained by adding

the repeat request frame number with 1) transmit the feedback
frame including the hekt repeat request frame number 8 instead
of that including the repeat request frame number.

(5) Receive the trahsmiésion frames 8, 10 at the timings
of 9 to 11. During these timings, transmit the feedback frame
including the repeat request frame number area indicating the
repeat request frame number 4. The next repeat request frame
number at this time is 11.

-(6) Correctly receive the transmission frame 4 at the
timing of j=12. Since the timing of j=12 is a timing of
transmission of the feedback frame including the next repeat
request frame number and the next repeat request frame number is
larger than the value obtained by adding the repeat request
frame number with 1, transmit the feedback frame including the
next repeat request frame number area indicating the repeat

request frame number of 11.



FF(i) a frame nunber of an ith data frane +transmtted fromthe

transm ssion side conmuni cati on apparatus to the reception side

. .communi cati on appar at us FB(i) a repeat  request frame nunber
of a feedback frame received during transmi ssion of the ith data frane
FBnext (i) a next repeat request franme ”U”bfi of a latest repeat request

. frame nunmber FB(i) reguested py the ..

37 recepti{dd side coﬂ%ﬁéﬁY%ﬁﬂaﬁﬁ%’d&%%@F@@ﬂm&WFﬂﬁ £rAmAsHi 8si Bn of
the ith data

whet her t t;’rgggelﬁ‘a‘&ﬁsf Pﬁnﬁ‘%m@ n. lﬁll}ﬁg%rtggg'% iﬁjﬁ%%ﬂggﬁ %%g%%tsﬁL%gf ar ea
or the nexl.g %@%ﬁ.‘raﬁﬁfﬂﬁ?iu&iﬁ the ”P%ﬁ?ag{ %fer%\fﬁstto Yand LAEL Ledakr om the

reception”side comrini cati on apparatu ransm ssi on side
conmuni catsi ' r f fr i ncl udi ng the
r epeat reaﬁ@@f%%ggﬁgeﬁ%bg%ﬂgﬁgg§a¢éé%?eﬁéﬁﬁ%te . méVe??gonly.mhen t he

folyouing tvo condi tipes 168 SRidalirPbhoif eRdPACkeLiaTscl satydbnget he

next repeat request ame nunber” area iIs tr n_sm tte_ condi tion
md a = Oframe error rate £bha EE?G@?ﬁﬂmif; redBpd diGilvediy &bit'ad nelix i nf epeat

request franme nunber area is transmited once.in a transm ssion tinmes.

a>1l is estfdhistsembodithentdghowhsihhPIGUERrand e @ed®nd embodiment
shown in FIG. 7A for comparison. In FIG. 10, the characteristic
curves are obtained by ¢alculating values of the throughput S
respectively obtained when the frame error rate is changed from
0 to- 0.2 by a unit of 0.02. 1In this calculation, it is assumed
that a round trip delay amount d is 20 and a total frame number
is 40. Study of the characteristic graph of FIG. 10 reveals
that, if the throughputs obtained at the same error rate in the
first and second embodiments are compared, the throughput
obtained ip the second embodiment is lower as compared with that
obtained ih thelfirst embodiment and that, however, the
difference therebetween is very small and hence hardly
influences practical data transmission. Therefore, since the
data amount of the data area of the feedback frame is lowered
only slightly in the second embodiment, the second embodiment is
superior to the first embodiment shown in FIG. 2A in this point.

In the ARQ error control method of SR system

according to the second embodiment (whose data format is shown
in FIG. 7A) shown in FIGS. 8 and 9, when the transmission side
communication apparatus transmits the transmission frames 1 to

10 to the reception side communication apparatus, the number N1



i n which the reception side communication apparatus transmts franes)

condition (2): next repeat request frane nunber > ~ repeat

. request franme nunmber + 1 Operations of the transm ssion side

comuni cation apparatus and the reception side comunication apparatus

wi |l hereinafter be described with refea nce to FIG 8. [transm ssion

. Si de commupi cation apparaf us] S nce the transm.ssion,side.
comuni ca? dﬁm%ﬁﬁﬁﬁgéﬁégs*gprﬁﬁﬁﬂﬁﬁ(RfaFFBﬁ?ﬁggé%GPHBmngePe%?Egék g?%%% t

i ncl udin tg ﬂg t Re Hieils 4 e [rea. next. repea

r equest gtﬁ@ er ﬁffgff 4 sgléﬂ“%rgﬂgg %gnggﬁgggﬂn%gFl?né? e

second e %ﬁﬁs il )}%é:‘ '&Eﬁﬁiﬁhﬂﬁ aggﬁmgkc EEEQ?V&? PR§ft PRl S

provi ded nmenor i es respective oring therein the repeat request

frame nurbesdBack £Fend$*or Wix?%ﬁ&%ﬁrb%et%ﬂgﬁ&sﬂ’%ﬁhoffElioﬂﬁéa”t ly

repl aced with new frame nunbers. Transmt transm ssion frames 1,

2, 3 and dransiiessonfvamed 2) to 10 IR Fanshiedhagkeheag®rsac! uding a
response to the transmission frane 1 while transmtting the transm ssion

frame 4. tfamsmission efemd iequest frame nunber indicated by the feedback
frame is 2, determine that the reception side. comunication apparatus has
received the transnmssihmoughput § defined by a ratio NO/N1 (NO is the
number of the transmission frames to be transmitted and N1 is
the number of all the transmission frames transmitted from the

transmission side communication apparatus to the reception side

communication apparatus) is S = 10 4+ 14 = 0.714 in the second

embodiment shown in FIGS. 8 and 9. Study of this result reveals

LA

that the throughput S obtained in the second embodiment is
improved by about 8.9% as compared with the throughput S of
0.625 obtained in the example shown in FIG. 1B.:

According to the second embodiment shown in FIG. 7a,
similarly to the firs£ embodiment shown in FIG. 2A, even if the
reception side communication apparatus frequently fails to
correctly receive the data frames transmitted from the
transmission side communication appafatus thereto at the
beginning of the transmission and hence repeatedly transmits the
feedback frame indicating the repeat request, then it is |
possible for the transmission side communication apparatus. to
determine up to which data frame the reception side
communication apparatus could correctly receive data frames
after the - reception side communication side communication

apparatus had failed to correctly receive the data frame from



correctly. (3) Recei ve a feedback frane including a response to the
transm ssion frame 2 while transmtting a transm ssion frame 5. Since the
. repeat request frame nunber indicated by the feedback franme is 3,

determ ne that the reception side conmuni cati on apparatus has received t he
transm ssion frame 2 correctly. (4) 44 Receive a feedback frame

i ncl udi ng 4qygf %%Bﬁ%ﬁﬁs%&ohhﬁldéréaﬁﬁhﬁ%%léﬁ HPparathid £ haReEdrd,Nqta

transm ssion frame 6. Since the repeat request frane ‘nunber i ndi cat ed by
the feedbaeln b@&%mStﬁatdeher Bt 8fshi8é idM & IRS JYninfih ivadd o0 Epparaduson
apparatus has received the transm ssion frane 3 correctly. (5)

Recei ve auseddsaly tramsmitsl agdahy the edpoasfrdned loncd raansmditiced franme 4
while transmtting a transmission frane 7. Since the repeat request franme
nunber i ndiheatediddmy toh&éhkerdbeapkiohr side | cormanixiat; iate apparadcushat t he

reception side 39 conmuni cati on
apparatus has not redbiledthécrepeatmepiant fidemsifieronrest requires
Transmt the transm ssion frame 4 again. (.7) Since it is determ ned

after foucrl¥ade bi&r psddesardbrdr abpvaovhen dheke Lo tv kdndsmafnitbgt i on
apparatus correctly receives the transmssion frame 4 transmtted_again,
transmt tW%RE@QHﬁ‘F& \fFéﬁ‘EsnﬂmbgraﬂHeﬁ%)' SN & ke, numbgr of thepece ve

t he feedback frane. cIu% eat reqguest
repeat request ra e er areas is increased, reduction of a

data capacity of the data area can be suppressed -even in the
full-duplex transmission of transmitting the feedback frame
including the data area containing data as compared with the
first embodiment shown in FIG. 2A (e.g, the repeat request
identifier area requires 2 bit when the number of the repeat
request frame number areas is three or four, 3 bits when the

number of the repeat request frame number areas is five or six,

A communication system including a data communication
apparatus to which the present invention can be applied will be
described with reference to FIG. 11. A data communication
appaiatus 1A is a telephone in a personal handy;phone system
.(PHS), for example, which can communicate with various data
communication apparatus 1B, 1C, 1D, 1E, -+ by wireless or
through wireless communication network NW. The data
communication apparatus 1B, 1C, 1D, 1E, ---+ are a PHS telephone
similar to the data communication apparatus 1A, a wireless
telephone such as a cellular system telephone or the like, a

wire telephone, a relay station, a base station, or the like.



frame nunber 4 while transmtting the last transm ssion frane 10. The next
repeat request franme nunber indicated by the feedback frame is 8. (9)
Since there is no transm ssion frame whose frane nunmber exceeds 10 and the
| at est repeat request frame nunber stored in the nmenory is 4, transmt the
transm ssion frame 4 again (a portion indicated wth i =12 in FIG 9).
(10) Si nce the above two conditign f re-transm ssion based on the

next repeat reques(Ther gata,GepEunicatiop appagatus, MRS 3 he transni ssion
o RS £l bl e
Whose 1 rines TRABLTEeR baRY & dnpdriesdn & cortsesed BERR" Mune number
Recel ve ERROPRUBEEGH/FFafee 1R ile ¢ i R0, BoRerifB s ™80 0 o ca
whi l e t ré&ﬁﬂb{:fglé&ggé thﬁéé ;@g}g@%@@f& AR He deldauiBReA s, equspbakbd™

nunber i ndlca rame

40 is 9 éénﬁ@é%é&?té”@ﬁ%a§f§?51Fﬁkécéééfhd'ﬁdﬂﬂ36,9h:ndﬁ%%bhone 8Transhit

the transm ssion frane eceive a feedback frame whose the repeat
request EbARBcBEAPES EhE s gD pridadSing Ut &, haikplagnyesies dbrame 9.

Si nce the repeat
connected to the signal processing unit 6 for displaying a text,
a numeric, a éymbol, a figure, an image and so on (formed of a
liquid-crystal display or the like). An input/output terminal
10 for an external digital data is derived from the signal
processing unit 6. The above-mentioned data frame transmitted
from the transmissioh 3ide communication apparatus to the
reception side communication apparatus and the feedback frame
transmitted from the'above-mentioned reception side
communication apparatus to the transmissioh side communication
apparatus are respectively generated by the transmission side
communication apparatus and the reception side communication
apparatus which are a certain data communication apparatus, of
the data communication apparatus 1B, 1¢, 1D, 1E, «--+ , for
communicating the other data communication apparatus thereof and
the other data communication apparatus.

According to a first aspect of the present invention,
in a data communication method’of transmitting data frames frém
a first predetermined frame number to a last predetermined frame
number from a transmission side data communication apparatus to

a reception side data communication apparatus in an ascending



request franme nunber indicated by the feedback frame is 11, determ ne that

the reception side conmuni cati on apparatus has received the transm ssion

.frame 10 correctly, and finish the transm ssion of the data franes.

[reception side comrunication apparat us] The reception side

communi cation apparatus transmts the feedback frame including the next

. repeat request frame nunber area i nst ead & that including the r epeat
request fCFRST ﬁ@ﬁbérd&FG&nﬁhn9v9F99¥bur??ﬁﬂﬁmﬁiﬁﬁﬂ%/ﬂMﬂﬂ1qaﬁerﬁéﬁptﬁéﬁeat

request fragne nunber is |larger than a val ue obtalned b addlng the repeat
Fequest fSHie ﬂeﬁeeeownlfgu@) spparades i i transission
transnlsS|on frane

v anmes 085 BpRarALIPre Ter %élfiﬂf?éﬁqs%ﬂﬁ%‘”ansmt f o2,

3).
Ol iy %E%%?‘?HS s e’f‘égﬁ%ﬁﬁ?‘"ﬁ&‘ﬁ%‘iégfﬁaa%ﬁu@‘hﬁ (ﬁ%wﬂ‘%?%@& e t)he
Lransi Ssigiha QR HEHTES Ynofly LHE SEEANE nuS P Harkd'® Ll grGhn] =4

at which t I nc dlng € next repeat reques urber

to be ”%!&'i;@ hiokdpelhie rBest veaPLAt ré {d FFard Hfalbed e £ ¢ rFX £6ed

t he val ue obtai ned by adding the repeat request franme nunber wth 1, and

hence t he meCc GRitia0Fraimde £66BHGLEA 4R transmitting from the transmission

| side data communication apparatus to the reception side data

communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in reeponse to
the first request frame number FBl(n) indicated by the received
feedback frame, the feedback frame also indicates a second
repeat frame number ¥B2(n) formed of a frame number {FBM(n)+1}
[or {FBM(n)-1}] among the frame numbers of data frames which
have not been received to a kth request frame number FBk(n)
formed of a frame number {FBM(n)+(k-1)} [or {FBM(n)-(k~1)}I(
where k is an integer exceeding 2) in response to frame numbers
of first to nth data frames which the reception side data
communication apparatus has received. Therefore, it is possible
to obtain a data communication method which makes it possible to
transmit the feedback frame indicating a request frame number
from the reception side data communication apparatus to the
transmission side data communication side apparatus with an
improved throughput of the data frame transmitted from the
transmission side data communication apparatus to the reception

side data communication apparatus.

According to a second aspect of the present



41 apparatus transmt the feedback frame whose repeat request frame nunber
is 4. (3) Successively transmt feedback franes including repeat

. request franme nunbers set to 4 at the timngs of j=5 to 7. Since having
received the transmssion franes up to the transm ssion frane 7, the next
repeat request frame nunber at t hat tlne is 8 (4) Since the

R B B A D P
?gggbggglﬁy regerhge gﬁ ﬁﬁ%pﬁ%ﬁg éﬁﬂ% EWS%Frhﬁgﬁ:fs E?d%g t%tggg

of that PXCf'ﬁgeﬁégériegérie%ee%&rggﬁfeg%&?rame' ecq#‘bgteédh?g% %‘B %ﬁggglg\?e t he

L anam ¢ FAge; BEAREER mAZCE) oA AL aRand tEet I M nunber ar o
'nd'Cat'E&ahgﬁlséiéﬁaélaéq&SE& ééﬂﬂ@hi&ﬁ@i&n4?%ih§uﬁﬂ%kxhﬁﬁﬁﬁksrGﬁ%ﬁst

frame nunber at this tinme is 11 rrectly receive the

transni sgramek ABRifigathéhendicateq ﬂfamehﬁ:mb‘afs:@mm the Receptish? is a
timng of transm ssion of the feedback franme including the next repeat

request glhideedatabeommutditheionxappapatis rieagianst ireveivediiter the | arger
than the val ue obtai ned by adding the repeat request frane nunber with 1,
transni t relceptdedbaddef date comnuniocgtite apmpadtatepeatTheamfegte,f dane nunber
area indicating the repeat request frame nunmber of 11.

addition to the above effect, it is possible to obtain a data

communication method which can improve the throughput of the

data frames transmitted from the transmission side data

communication appératus to the reception side data communication

apparatus. T |
According to a third aspect of the present invention,
in a data communication method of transmitting data frames from
a first predetermined frame number to a last predetermined frame
number from a transmission éide data communication apparatus to
a reception side data communication apparatus in an ascending
order (or a descending order), transmitting from the reception
side data communication apparatus to the transmission side data
communication apparatué a feedback frame having the same format
as that of the data frame and indicating a first reques£ frame
number FBl(n) formed of a minimum (or maximum) frame number
FBM(n) among the frame numbers of data frames which have not
been received in response to frame numbers of first to nth data

frames received, and transmitting from the transmission side

data communication apparatus to the reception side data



42 (7) Si nce having received the transmssion frane s 8 9 at the
timngs of j=13, 14, transmt the feedback frames respectively including
. the repeat request frame number areas indicating the repeat request frane
nunbers 9, 11. FIG 10 is a graph show ng characteristic curves
of.a frame error rate to a throughput re ectively obtained in the first

. h FIG 7Af
oo i eoroitai feafify 3 i G fHiSs i A e, HAYEh Bhe Eﬁ@éggéiva:;b%lde o
b t
o gl R g e%tahéﬁrtaea#snngesmsgﬁ.g: a
u an
Coral b ool Eirst fé‘@*%‘g 2t W%ﬂéhﬁcgﬁ??éf‘?@gﬁ% fng Précedié
reveal s fbagbabk £Hfnd OGRS QPLRY ;E?‘An@; J.EQ ond tSrEBr & fci dﬁ]déch]e

first and second enbodi nents are conpar roug put talne n the

second enpAdtR&teédbd N Efrafe £ AWHA FRGINak EB&he Qﬁéﬁh&ég énd$@§ dtdst
enbodi mrent and that, however, “he difference therebetween is very snal |

and hencewhaeh| i{ndidfbiﬂ:eerasesedmﬁl:tn atd Framk’ AGABEESFDR (n JNEGLHEH Cof Sd NCE
the data amount of the data area of the feedback frame is |lowered only

sl i ght |y £naméengmsioend{ EBN{L) ¥Ent[oxt {FBM{OQRI }grandhgethe i Brafé PRGmISSTd O

the first enbodi ment shown in FIG 2A in this point. .I'n the ARQ

error conefollaketfcrmes vgRclydiave not been received to a kth request
frame number FBk(n) formed of a frame number {FBM(n)+(k-1)} [or
{FBM(n)~-(k-1)}1(where k is an integer exceeding 2) in respomse
to frame numbers of first to nth data frames which the reception
side data communication apparatus has received. Therefore, it
is possible to obtain & data communication method which makes it
possible to transmit the feedback frame indicating a request
frame number from the reception side data communication
apparatus to the transmission side data communication side
apparatus with an improved throughput of the déta frame
transmitted from the transmission side data coimunication
apparatus to.the reception side data communication apparatus,
and which can improve the throughput of the data frames
transmitted from the transmission side data communication
apparatus to the reception side data communication apparatus
without lowering a maximum transmission rate.

" According to a foufth asﬁect of the present

invention, in a data communication method according to claim 3,
in response to the first request frame number FB1(n) indicated

by the received feedback frame and, the second to kth request



according to the second enbodi ment (whose data format is shown in FIG 7A)
shown in FIGS. 8 and 9, when the transm ssion side communication apparatus
.transmts the transmssion frames 1 to 10 to the reception side

comuni cati on apparatus, the nunber N1 _ _

43 of the transm ssion franes practicallxgtransnitted is .14, while the

. nunber N2 of the transpission franes tranSmtted until the transm ssion

si de co oumbers  EB4(Rd - EBKLR) afndicated eherely ¢ s for

ot 8 MR S B Srohon BB i i ™
1 ransn semanet AR G AiBatBa krang finbefs WRIRE B <eeptione
hppar at ue T Ml eomARIBAICh pBirhtfis ho8 MEL R diTed ST R T

14 = 0. 74hd feldapr3pu08daeealed BBAyaRARR bR EbGoafadld Mol Ofyd Nl s

result reveals fhat the throughput S obtal ned e secon S

i mpr oved dadiakion & Wedabevaparedow t it b gaégﬂsr@%o Saif- HBasobt ai ned
in the exanple shown in FIG 1B. According to the second _
enbodi memlonsiundcation Methdd whiith! aahyimprohe £hé SthFobgEhEESE S in

FIG 2A, even if the reception side communication apparatus frequently

fails todater feames teasiswdtitled daom thentsahsmissioheside adatde
communication apparatus to the reception side data communication
apparatus without lowering the maximum transmission rate.
According to a fifth aspect of the present invention, in a data
communicatioﬁ apparatus employing a data communication method of
transmitting data frames from a first predetermined frame number
to a last predetermined frame number from a transmission side
data communication apparatus to a reception side data
communication apparatus in an ascending order (or a descending
order), transmitting from the recéption side data communication
apparatus to the transmission side data communication apparatus
a feedback frame indicating a fifst request frame number FBl(n)
formed of a minimum (or maximum) frame number FBM(n) among the
frame numbers of data frames which have not been received in
response to frame numbers of first to nth data frames received,
and transmitting from the transmission side data communication
apparatus to the reception side data communication apparatus a
data frame which the reception side data communication apparatus
has not confirmed, in response to the first request frame number

FBl(n) indicated by the received feedback frame, the feedback



transm ssi on side conmuni cation apparatus thereto at the beginning of the
transm ssi on and hence repeatedly transnmts the feedback frane indicating
the repeat request, then it is possible for the transn ssion side

comuni cation apparatus to determne up to which data frane the reception
si de communication apparatus could correggly receive data franes after

1 1 CePl, eSS CORMBLERY 21345 PURBAL A mlBR )
44 the t ' ' ' ' ' N it b
04 e B SRR, RhAEeEOTBURLETAL TSP D TP ONE ol a5l
transmts n?ﬂ@e'}st B¢ aky krames o ?htﬁé’@é Mot Hhed %é«félr\féﬁi 4 W%tn

Si1 de al us. Ile the repeat request

reception communi cat i on appar

Identifieq Rt ?%héeﬁumBEEyFﬁﬁghzu?grﬂéé%f be de A huMbt: Lienq ] Ko

ki nds of fh repeat request fra er areas, even if the nunber "of the

repeat requgsitdr qmmrawmk-@;l)g«'ﬁwhérénﬁrf@sa@,iﬂ@éi}@ﬁ Iehitedidig 29! 3n

capacity of ‘the data area can bé suppressed-even in the full-duplex

transm ssirgspinsed’ @S Firhinenguinberkeedbatkst redenth nid tedifiianidie witiloh ahea
containing data as conpared with the first embodi nent shown in FIG 2A

(e. g, the rezepiioregidet datdecbmiminicatienr apparsatsu? Has ndumivdte. nunber of

the repeat request frame nunber areas is three or four, 3 bits when the

nunber of Thereforest itedsepostibie hanbbtaineasddta feomnuunicatdon
apparatus which makes it possible to transmit the feedback frame
indicating a request frame number from the reception side data
communication apparatus to the transmission side data
communication side apparatus with an improved throughput of the
data frame transmitted® from the transmission side data
communication apparatus to the reception side data communication
apparatus.

According to a sixth aspect of the present invention;
in a data communication apparatus according to the fifth aspect
of the present invention, in response to the first request frame
number FBl(n) indicated by the received feedback frame and, the
second to kth request frame numbers FB2(n) to FBk(n) indicated
thereby, the transmission side data comhunication apparatus
transmits data frames having the indicated frame numbers which
the reception side data communication apparatus has not received
correctly to the reception side data communication apparatus.
Therefore, in addition to the above effect, it is possible to

obtain a data communication apparatus which can improve the

throughput of the data frames transmitted from the transmission



A communi cation systemincluding a data communi cati on apparatus to which
the present invention can be applied will be described with reference to
FIG 11. A data communication apparatus 1A is a telephone in a persona
" handy- phone system (PHS), for exanple, which can communicate with various
data communi cation apparatus 1B, 1C, 1Dp11E, .... by wreless or th&gugh
.wWreless cp ication network NW_ The dat communi cat i,on appar at us :
4 Ba €8

1C, 1D, 1¥de daty, onmuICQtAQn ARpAraiug | § TRESRLLSNCD nliﬁiion
< W { h | 1 ular temtel ephone or
apparatuqcéﬁﬁﬁﬁ#%ﬁﬁééigﬁ%ﬁgshﬁﬁpone such as a cellular sys

the |ike, a relay station, a base station, or the like.

45 The datﬁ,c%‘}_ﬁ}}[ﬁ@'z @ BOEeQBBQBaQ%ﬁ?&@ SFSthe present

transm ssi on/receptlon u a transm ssi reception enha- 3, a

modul at o j geéfieli 3n W BHY conEabn ApblarhkaBRl 5108/ £ 648041 ON
s gersaFhe TREiPaEY 4 4%

unit 2, a signal processing unit connected™to t t he

denmodul at Sémkun fcSPESK Shethod YW aHREnlit thihg ah¥aakrAndseesbhdalpitsf. @
m crophone 8 connected to the signal processing unit 6, a display device 9

connect edptedéterni gaa! £ rames affibey Wy b Gaker peedptaynified F£Xie ndmber
nuneric, a synbol,. a figure, an inage and so-on (fornmed of a

| i qui d- cr§soml a disgpbsyiss idhes idk dataAvommunticatiput apparatas tdO0af or an

external digital data is derived fromthe signal processing unit 6. The

above- nenr¢ceptiontside alata rcommuniication apparatus in an ascending
order (or a descending order), transmitting from the reception
side data.communication'apparatus to the transmission side data
communication apparatus a feedback frame having the same format
as that of the data frame and indicating a first request frame
number FB1l(n) formed of a minimum (or maximum) frame number
FBM(n) among the frame numbers of data frames which have.not
been received in response to frame numbers of first to nth data
frames received, and transmitting from the transmission side
data communication apparatus to the reception side data
communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in response to
the first-request frame number FBl(n) indicated by the received
feedback frame, if there is no transmission data to be included
in the feedback.frame, the feedback frame includes a data area
which indicates a second repeat frame number FB2(n) formed of a
frame number {FBM(n)+1} [or {FBM(n)-1}] among the frame numbers
of data frames which have not been received to a kth request
frame number FBk(n) formed of a frame number {FBM(n)+(k~1)} [or

{FBM(n)-(k-1)}](where k is an integer exceeding 2) in response



fromthe transm ssion side comuni cation apparatus to the reception side
conmuni cati on apparatus and the feedback frane transmtted fromthe

. above-nentioned reception side conmunication apparatus to the transm ssion
si de communi cation apparatus are respectively generated by the

transm ssion side conmunication apparatw%fwm the reception side

- communi a0l raABPALAHUS MBECHIAEE BoCREA Rt 43 ABAUTIHIGALHD - 3RABLILHS

of the data comruni cati on apparatus

conmuni catd i h'&‘i‘:aoEﬂﬁhuﬁtibgtié}mﬂbﬁfﬂ:&é‘ Al?&é)afdéééﬁrédler Herdtdrd h§tot her

data communi cat1 on appar at us. ccording to a fTirst aspéct of

the presenis ipd¢gibeNto bBtaifdahadaLa ebhkdhi @18 Mfbatia s imTicht haslg.d,at a

frames from "a first predeterm ned frame nunber to al'ast predeterm ne
frame nurittegofsrsq.m& tbaggahefmi 8Nt Bedfeddbacle OFFaNYE GaldidataRAhAregubst 2
reception side data conmunication apparatus in an ascendi ng _

46 order (fvame cemberdfrgmotier recéptiion ¢idegidtdodmminieesiiioron side
data communi cation apparatus to the transm ssion side data conmunication
appar at us appagadiusc kof theetradsmassiagnaside sdata espreminifcadieomsider FB1( n)
formed of a m nimum (or maximun) frame nunber FBM n) anmong the frane
nunber s ofapParatusawWdshnanc hmpravednbhroeghpuie af whe idateefyamee to frane
nunbers of first to nth data frames received, and transmtting fromthe

t r ansni ssitd@nsfigdegh fzoBokhantEansBasabparside dara wommwadeatdensi de dat a

apparatus to the reception side data communication apparatus,
and which can improve the thfoughput of the data frames
transmitted from the transmission side data communication
apparatus to the reception side data communication épparatus
without lowering a maximum transmission rate.

According to an eighth.aspect of the present
invention, in a data communication apparatus according to the
seventh aspect of the present invention, in response to the
first request frame number FB1l(n) indicated by the received
feedback frame and, the second to kth request frame numbers
FB2(n) to FBk(n) indicated thereby, the transmission side data
communication apparatus transmits data frames having the
indicated frame numbers which the reception side data
communication apparatus has not received correctly to the
reception side daté communicationlapparatus. Therefore, in _
addition to the above effect, it is possible to provide a data
communication apparatus which can improve the throughput of the
data frames transmitted from the transmission side data

communication apparatus to the reception side data communication



.connunication apparatus a data frame which the reception side data
conmuni cati on apparatus has not confirned, in response to the first
_request frame nunber FB1(n) indicated by the received feedback frame, the
feedback frame also indicates a second repeat frame nunber FB2(n) forned
of ,a frane nunber {FBMn)+1} [or {FBMg}-1}] ammgthefmTenmmﬁé(ﬁ
. data frames which haye not been received.to a kth reguest franme nunber
FBk(n) PRPREAYS a’%ﬁﬁ :'rE?WSE.mPF ﬁfnﬁlﬁi‘w‘?‘}tf%ﬁmﬁb ?f}-l;(qe'?a-)}](t vvhteL e
k is an integer exc Ing.2) In response to fra unber s Jirst .ton
data frames which tﬁgg?ﬁgéﬁéi%ﬂ & R 35 PRt s B Hé‘t"&?gcﬁé?él'h )
recei ved.; Ther r Lt s i 0_.Qbt aj . C | | on. et ho
whi ch nalg'éls%l td% %%s ?Pg#" Rémtl ga tgl ?)glngl%qu OPhggfég%ﬁ%ckgﬁrg%&% P%:gﬁ% r%(,fom
request iy 315l Ehelietbi il tran8PhhiiBes! €6 9?&&%@@@%@%@%@4 us
to the transm sSion side data comuni cation side apparatus w an

i mpr oved ruiiseio e @ trifsddks ibhagedkr 4864 ééﬁﬁuﬁigﬁs%die&gaatl%gmé $en

si de data conmuni cati on apparatus to the reception comuni cati on

appar at U reception sidecdatangoifuaic8eB8f apPLLaAteS iMCad £ tding
47 invention, in a data comrunication method.according to claim1, 7n

r esponse drderhq dri mastdeseenddng bzderyynbeansRitoing ntiont€e Medgieion

recei ved feedback frame and, the second to kth request franme nunbers

FB2(n) teidgk@ata cdimmanddattienchpparhtus to the transmission side data
communication apparatus a feedback frame indicating a first
request frame number FBl(n) formed of a minimum (or maximum)
lframe number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of first to
nth data frames receiveéd, and transmitting from the transmission
side data communication apparatus to the reception side data
communication apparatus a data frame which the reception side
data communication apparatus has not confirmed, in response to
the first request frame number FBl(n) indicated by the received
feedback frame, the data communicatiqn method includes a process
of generating a second repeat frame number FB2(n) formed of a
frame number {FBM(n)+1l} [or {FBM(n)-1}] among the frame numbers
of data frames which have not.been received to a kth request
frame number FBk(n) formed of a frame number {FBM(n)+(k-1)} [or
{FBM(n)-(k-1)}](where k is an integer exceeding 2) in response
to frame numbers of first to nth data frames which the reception
side data communication apparatus has received, processes of

replacing the request frame number FBl1(n) with the second

request frame number FB2(n) at every B; transmission times (B1



transm ssion side data communi cation apparatus transmts data franes
havi ng the indicated frane nunbers which the reception side data

. comuni cati on apparatus has not received to the reception side data
comuni cati on apparatus. Therefore, in addition to the above effect, it

I s.possible to obtain a data comunicati'ga net hod which can inprove the

. throughput, of the data franes transmtted fromthe transm ssion side data

communi catfoft BAFYradysurBerngatisEFing P <5 db Fafa) cCORFLRI CAYEEY M1

appar at us. According to a third aspect of the present

I nvention ' QRBEYN .Qn f nsm t.ti .ranes from
a first ng 2%@?#?%%& ?rane Kﬁﬁ%%g ?ggéyﬁgg%“gééﬁéﬁgbkkkggagﬁéﬁggﬁﬁuﬁgé?
froma transm ssion side data conmuni cati on apparatus to a reception side
dat a commdni €&t Rofieagpark: fsane - tndicabing rithe dridwt requesde frame nymber
order), transmtting fromthe reception side data conmmunicati on apparatus
to the trEBdkPdsi on° sivdandaraplasifgntatremestp frames numbead FBS k~1) 4m
having the sane format as that of the data frame and indicating a first
request fWigh thenBerongitegquestnfvané number HBk (MO atmevemy) Bikaye nunber
FBM n) anong the franme nunbers of data franes.which have not been received

I n responge to_f.rane ngmbers f firsst to nth frames, recei ved, and
ki

transm tt CRGCFPISELRE gbn 1§ &ena&éﬂfaggéﬁﬂ:ﬂﬁ?: cSREHPIEPRAr At P e

the reception side data -
1) < ox-1)) during every o(x.;) transmission times (where a; is a

natural number satisfying o k.11 > 1) of a feedback frame

indicating the first request frame number FB(k-1)(n), and a
process of including;iP the feedback frame a request identifier
indicating either of the first to kth request frame numbers
'FB1(n) to FBk(n). Therefore, an-effect substantially similar to
that achieved by a first aspect of the present invention can be
achieved. Moreover, it is pessible to obtain a data
communication method which can suppress a reduced amount of data
capacity to -only a very slight amount even in a full-duplex
communication in which data is transmitted from the reception
side data cohmunication apparatus to the transmission side data
communication apparatus.

According to a tenth aspect of the present invention,
in a data communication method according to the ninth aspect of
the present invention, the first to kth request frame numbers
FBl(n) to FBk(n) based on the request frame number ahd the
request identifier indicated by the received feedback frame are

obtained and stored in a storage means, and a data frame of a



48 communi cation apparatus a data franme which the reception side data
conmuni cati on apparatus has not confirned, in response to the first .
.request frame nunber FB1(n) indicated by the received feedback frame, if
‘there is no transmission data to be included in the feedback frame, the
feedback frame includes a data area whi§£:indicates a second repeat frane
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f eedback franme iIndicati a request ame nunber Tromthe recepti
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side apparatus with an inproved throughput of the data frame transmtted

from t he 4o FBK(F)S istvredidndahe eedragecabhfs. aPRErafdpe} OihNGadBERHH T ON
si de data comuni cation apparatus, and which can inprove the throughput of

the dat a tfo aihes abownsfifidoty fitodst pessiblentesobbainde data communication

apparatus to the reception side data comunication apparatus wthout

| ower i ng commuiaath iommetiexd siicht ean improve théctbrdighpud afftheth

aspect of the present invention, in a data comunication method according

to cl ai mdata jframes frsnsmytted from thegtvansniggionusbde ¢dtdan) indi cat ed

by the received feedback frame and, the second to kth request . .
communication apparatus to the reception side data communication
apparatus.

According to an eleventh aspect of the present
invention, in a data”communication method of transmitting data
frames from a first predetermined frame number to a last
predetermined frame number from a transmission side data
communication apparatus to a reception side data communication
apparatus in an ascending order (or a descending order),
transmitting from the reception side data communication
apparatus to the transmission side data communication apparatus
a feedback frame indicating a first request frame number FBI1(n)
formed of a minimum (or maximum) frame number FBM(n)'among the
frame numbers of data frames which have not been received in
response to frame numbers of first to nth data frames received,
and transmitting from the transmission side data communication
apparatus to the reception side data communication apparatus a

data frame which the reception side data communication apparatus

has not confirmed, in response to the first request frame number



49 frame nunbers FB2(n) to FBk(n) indicated thereby, the transm ssion side
data communi cation apparatus transmts data franmes having the indicated
_frame nunbers which the reception side data conmunicati on apparatus has
not received correctly to the reception side data comruni cati on apparat us.
Therefore, in addition to the above effegt, it is possible to obtain a
. data communi cati,on nethod which can inprove the throughput of the data

frames tr &ty d@ddcatednbyt FHﬁsﬁ?ggigﬂpdsf%&dmlﬁ framdwtifeaddd® appar at us
oot mum ¢ ARG Or B ChoR, LEPLHAES 15 BEGGRTH OF Snetating & sscand
communi TR e AIEE R EARKRY nEORBES OF it dik, fumes B (n) +1}
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transmtting fromthe reception side nmuni cati on apparatus ‘to the

transm ssifined®0al FragTuinsali PPERPRMHgkLUS) } o &2 e@Raftn @1, jydi cati ng
a first request frane nunber FBl(n? fgrﬁtg ot)gakininun1(3r(naxﬁgﬁg) frame

nunber FBMH®reaniig ahe inteyer axobedsngf2faim fdspmisaic ¥ iaae igibdieen

received in response to frame nunbers of first to nth data frames

recei ved, ofarfidstananinth dathr diraibe whiok e i xecepitlon aliaie @aaani cati on
communication apparatus has received, processes of replacing the
first request frame number FBl(n) included in the feedback frame
with the second request frame number FB2(n) when a first
predetermined condition is satisfied, °:-++, and replacing the
(k-1)th request frame humber FB(k-1)(n) included in the feedback
frame with the kth request frame number FBk(n) when é (k-1)th
predetermined condition is satisfied, and a process of including
in the feedback frame a request identifier indicating either of
the first to kth request frame numbers FB1(n) to FBk(n).
Therefore, it is possible to obtain a data communication method
which can achieve an effect substantially similar to that
aéhieved by the ninth aspect of the present invention.

According to a twelfth aspect of the present
invention, in a déta communication method according to the
eleventh aspect of the present invention, the first to kth
request frame numbers_FBl(n) to FBk(n) based on the request
frame number and the request identifier indicated by the
received feedback frame to are obtained and stored in a storagé

means, and a data frame of a frame number which the reception



apparatus to the reception side data communi cati on apparatus a data frane

whi ch the reception side data communi cati on apparatus has not confirned,
in‘response to the first request frame nunber FB1(n) indicated by the

" received feedback frame, the feedback

50 frane al so indicates a second repeat $vane nunber FB2(n) formed of a
1 ames WGP AEVE ROTTIRIAS:LE] 0BRRFBLUS A Ak AU TR Mumber Fik(n)
|t ager SREBSARESD Trm FBE)bReashier ian s iRttt Homited i o .
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t hroughput of the ane transmtted fromthe transm ssion side data

comuni CatcragtPRRiaslS Thelrdoresehti 98 pbIiNDeacs camautgati on _

appar at us. According to a sixth aspect of the present invention,

in a dat &crfanivaaaion meahod shichacaar dchjetve aheefféth saperdantidllhe

present invention, in response to the first request frame nunber FB1(n)

i ndi cat ecsimildre oo dhate dchdediedc byf theetaenth aspect of the present
invention.

According to a thirteenth aspect of the present
invention, in a data communication apparatus employing a data
communication method of transmitting data frames from a first
predetermined frame huiber to a last'ptedetermined frame number
from a transmission side data communication apparatus to-a
reception side data communication apparatus in an ascending
order (or a descending order), transmiﬁting from the reception
side data communication apparatus to the transmission side data
communication apparatus a feedback frame indicating a first
request frame number FBl(n) formed of a minimum (6r maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of first to

- nth data frames received, and transmitting frqm the transmission
side data communication apparatus to the reception side data
communication apparatus.a data frame which the reception side |
data communication apparatus has not confirmed, in response to

the first request frame number FBl(n) indicated by the received

feedback frame, a second repeat frame number FB2(n) formed of a



second to kth request franme nunbers FB2(n) to FBk(n) indicated

t her eby,

the transm ssion side data comunication apparatus transmts data franes
having the indicated frame nunbers which the reception side data

communi cati on apparatus has not received correctly to the reception side
dat a communi cati on.apparatus. Therefore, 3% addition to the above effect,

“the "t hr odgAne ngmeBR. TuEedniFAT IR < BRI S e B
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communi caton apparatus. cor
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transmn ssion Si

froma

e data’cormuni cation apparatus to a reception side data

comuni calgeplerafed dhUgespofBeat6chiflas n@MSEFs (GF &1 rdas A itho daitder ) ,
transmtting fromthe reception side data conmunication apparatus to the

t ransm ssiframeisd whdehatheorsuepeibhoside nddta Lsommireidiigidn f

appaEr e hast he

sane format as that of the data franme and indicating a first request frame
nunber FBIecepifednedTbe fimsti requést framenumimbem BBImMbdrs replacedanong

the frame nunbers of data franes whi ch have not been received
to frame ruifpettheobebohdl rbquekt €ehfe number FB2(n) at every f;

transmission times (B;- is a natural number satisfying 0

n response

< B1 <

a;) during every a; transmission times (where a; is a natural

number satisfying a; > 1) of a feedback frame indicating the

»

first request frame number FBl(n), :-°-+, and the (k-1)th request

frame number FB(k-1)(n) is replaced with the kth request frame

number FBk(n) at every P(x-1y transmission times (where B(x-1) is a

natural number satisfying 0 < f(x-1) < o(x.1)) during every O (k-1)

transmission times (where a; is a natural number satisfying O (k-

131 > 1) of a feedback frame indicating the (k-1)th request frame

number FB(k-1)(n). The request identifier indicating either of

the first to kth request frame numbers FBl(n) to FBk(n)

included in the feedback frame a. Therefore, an effect

are

substantially similar to that achieved by a first aspect of the

present invention can be achieved. Moreover, it is possible to

obtain a data communication method which can suppress a

reduced

- amount of data capacity to only a very slight amount even in a



frames received, and transmtting fromthe transm ssion side data

conmuni cation apparatus to the reception side data conmunication apparatus
.a data frame which the reception side data comunication apparatus has not
“confirmed, in response to the first request frane nunber FB1(n) indicated
by.the received feedback frane, if thereggs no transm ssion data to be
-included _in the feedback frame, the feedback frame includes a data area

whi ch i ndfekkriuplen omunisakion e whiebedatp2in) transmitsedafrematihe
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received feedback frame to be stored in a storage means, and a
data frame of a frame number which the reception side data
communication apparatus has not confirmed is transmitted from
the transmission side data communication apparatus to the
reception side data colmunication apparatus in response to
respective latest request frame numbers of the first to kth
request frame numbers FBl1(n) to FBk(n) storéd in the storage
means. Therefore, in addition to the above effect, it is
possible to obtain a data communication apparatus which can
improve the throughput of the data frames transmitted from the
transmission side data communication apparatus to the reception
side data communication apparatus. |

According to a fifteenth aépect of the present
invention, in a data communication apparatus eﬁploying a data
communication method of transmitting data frames from a first
predetermined frame number to a last predetermined frame number
from a transmission side data communication apparatus to a
reception side data communication apparatus iﬁ an ascending

order (or a descending order), transmitting from the reception

59



apparatus to the reception side data comruni cati on apparatus w thout

| owering a maxi nrum transm ssion rate. According to an eighth
.aspect of the present invention, in a data conmuni cati on appar at us
according to the seventh aspect of the present invention, in response to
the first request frame nunmber FB1(n) inghcated by the received feedback
frame and
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e h | t datea NSk Li ed
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si de dat aha@BMHBLCBEERNreceived in response to frame numbers of £2Pst to
apparatus w thout |owering the maxi mumtransm ssion rate.

Accor di ngnth datanthamepetécaivadp d)f@&&@nénﬁ‘t@:ﬁ.hifgoﬁronﬂ gha €#hAsmission
comuni cation nethod of transmtting data frames from a first

predet er nsidd fataccomeicabion | fparuttdeter heedebbptionngiier dghtam a
transm ssion side data communi cation apparatus to a reception side data
communi cacPmmuappationsapparpatas centitey framde which thdereecegtignosdde),
transmtting fromthe reception
data communication apparatus has not confirmed, in response to
the first request frame number FBl(n) indicated by the received
feedback frame, a second repeat frame number FB2(n) formed of a
frame number {FBM(n)+1} [or {FBM(n)-1}] among the frame numbers
of data frames which hidve not been received to a kth request
frame nﬁmber FBk(n) formed of a frame number {FBM(n)#(k—l)} [or
{FBM(n)-(k-1)}] (where k is an integer exceeding 2) are
generated in response to frame numbers of first to nth data
frames which the reception side data communication apparatus has
received. The request frame number FB1(n) included in the
féedback frame is feplaced with the second request.frame number
FB2(n) when a first predeterminedlcondition is saﬁisfied, KRR
and the (k-1)th request frame number FB(k-1)(n) is replaced with
the kth request frame number FBk(n) when a (k~1)th condition is
satisfied. A requést identifier indicating either of the first
to kth request frame numbers FBl(n) to FBk(n) is included in the
feedback frame a. Therefore, it is possible to obtain a data

communication apparatus which can achieve an effect

substantially'similar to that achieved by the thirteenth aspect



si de data conmuni cati on apparatus to the transm ssion side data

communi cati on apparatus a feedback frane indicating a first request franme
_ nunber FB1(n) fornmed of a mninmum (or maxi nun) franme nunber FBM n) anong
the frame nunbers of data frames which have not been received in response
to frame nunbers of first to nth data franmes received, and transmtting
fromthe transnission -side data conmuni c&li on apparatus to the reception

Ay A e S e
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frame nunbers of first to nth dat ranes I'ch the reception side data

communi ¢ ¥elgplestPBaAbUAURBEY' 8681 YBE, réq@sHS SRferii £ 1P iad ittt byeanest
frame nunbér FB1(n) with the second request.frane nunber FB2(n) at every

[err] traesdivedoebibaek( feamk to be stored in a storage means, and a
54 is a natural nunber satisfying O < [err] < [err]) during every [err]
transm sdata tframe Ofhar €éramer huinbes' which athenurdpeptsion Hidegldterr] > 1)
of a feedback frame indicating the first request franme nunber
communication apparatus has not confirmed is transmitted from
the transmission side data communication apparatus to the
reception side data communication apparatus in response to
respective latest request frame numbers of the first to kth
request frame numbers FB1(n) to FBk(n) stored in the storage
means. Therefore, it is possible to obtain a data communication
apparatus which can achieve an effect substantially similar to
that achieved by the fourteenth aspect of the present invention.
Having described preferred embodiments of the present
invention with reference to the accompanying drawings, it is to
be understood that the present invention is not limited to the
above-mentioned embodiments and that various changes and
" modifications can be effected therein by one skilled in the art

without departing from the spirit'or scope of the present

invention as defined in the appended claims.



FB1(n), ...., and replacing the request frame nunber FB(k-1)(n) wth the
second request franme nunber FBk(n) at every [err] transmssion tinmes [err]
.is a natural nunmber satisfying 0 < [err] 1) < J[err]) during every [err]
transmission tines (where [err] is a nat ural nunber satisfying [err] > 1)

"of -a feedback frane indicating the first request franme nunmber FB(k-1)(n),
-~ and a process of including in %@$ f eed k frane a request identifier

indi cating either of the first t'H3&HS d A84e numbers FB1(n) to
FBk(n). Therefore, an effect substantially simlar to that achieved by a
first aspect of the present invention can be achieved. Mreover, it is

Ceduced amount of dath  RaiaeRiGOpRRHeE B MY ERnbElsIHBRLER o Prps

ful |- dupl ¢, communication in which data is transnmtted fromthe reception
si de data conmuni cati on apparatus to the transm ssion side data

conmmuni cation appar atgnsmitting datd' U From @ €SpkR P§Q&é£e?ﬁ%ﬁgﬁ

present invention, in a data comrunication nmethod according to ninth

aspect of fridie puabent tonuelhseNprédetéinshed ddie MRMIRS! frcd™d nunbers
FB1(n) to FBk(n) based on the request frame nunber and the request

i dent i fi etrandimissddnhy itbedacaccomiuhbeabion dppifatilse tOkl deteptadgd

stored in a storage neans, and a data franme of a
side data communication apparatus in an ascending order (or a
descending order);l

transmitting from said reception side data
communication apparatus to said transmission side data
communiqation apparatus a feedback frame indicating a first
request frame number’ FBl(n) formed of a minimum (or maximum)
frame number FBM(n) among the frame numbers of data frames which
have not been received in response to frame numbers of first to
nth data frames received; and
transmitting from said transmission side data

communicatiqn apparatus to said reception side data
communication apparatus a data frame which said reception side
data communication apparatus has nét confirmed, in response to
said first.request frame number FBl(n) indicated by said
received feedback frame,EWherein said feedback frame also
indicates a second repeat frame number FB2(n) formed of a frame
number {FBM(n)+l1} [or {FBM(n)-1}] among the frame numbers of
data frames which have not been received to a kth request frame

number FBk(n) formed of a frame number {FBM(n)+(k-1)} [or {FBM(

n)-(k-1)}1(where k is an integer exceeding 2) in response to

* c L M S *



55 frame nunmber which the reception side data comunicati on apparatus has
not confirmed is transmtted fromthe transm ssion side data conmunication
_apparatus to the reception side data conmunication apparatus in response
to respective |atest request frame nunbers of the first to kth request
frame nunbers FB1(n) to FBk(n) stored in the storage neans. Therefore, in
addition to the above effect, it is posgisble to obtain a data )

comuni cfrage mmhers\eifc fizst tAppshedahd frameswhichfsaid reteptiomanes
transmtted fromthe transm ssion side data comunication apparatus to the

recept i ol da¥a SOTPMRISALONoAPPAERENE: hds received. According to an

el eventh aspect of the present invention, in a data communication method
of transmtting data franes froma first predeterm ned frame nunber to a

I ned,f f . b | SSi ' dat \ .
commun cat on appar ¢ U8 W8Y rormbfERELOR IR eara ng foh CLak ta: us
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to frame nunbers of first to nth data frames recelved, and transmtting

from t he daiah traasintds sl sddea datamuBnahi o8t ioR PEpFd Bt t® tiehdmeaapt i on
si de data conmuni cation apparatus a data franme which the reception side

dat a comdatiac dfiviamesaaariaigu thehdaddettednfrane dnuniver€speise d0id he first
request frane nunber :
reception side data communication apparatus has not received to

said reception side data communication apparatus.
3. A data"communication method comprising the steps

transmitting data frames from a first predetermined
frame number to a last predetermined frame number from a
transmission side data communication apparatus to a reception
side data communication apparatus in an ascending order (or a
descending order);

transmitting from said reception side data
communication apparatus to said transmission side data
communication apparatus a feedback frame having the same format
as that of said data frame and indicating a first request frame
number FBl(n) formed of a minimum (or maximum) frame number
FBM(n) among the frame numbers of data frames which have not

been received in response to frame numbers of first to nth data

frames received; and
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56 FB1(n) indicated by the received feedback franme, the data communication
met hod i ncludes a process of generating a second repeat franme nunber

.FB2(n) fornmed of a frame nunber {FBMn)+1} [or {FBMn)-1}] anmong the frame
nunbers of data frames which have not been received to a kth request frane
nunber FBk(n) fornmed of a frame nunber {EBMn)+(k-1)} [or {FBMn)-(k-1)}](

where k is an integer exceeding 2) in re%8 nse tqQ frane nuynbers of first
to nth data franes MW%*‘%& Py & r@RERISEIRRURLESt F8RRappar at us

el uded FRBSEEERER BrrEREus e thard mradmudtRidR G BT Nimver Fo2(n)
the (i 1pPRmBiEAEIChTaRBerERad & dva joolhe Mt snid, repencddh, 38Re" "
or et or mASd. SonaRREBNEln ABPEC LIS Had WOC lecHliand, (R rgsponse tp,
feedback Eaaaefirgewsggﬁ%éeﬁaﬁégﬁ%ﬂ%&0%1' %dﬁdl%ratéai‘ds Ha);g',g{i'b st to kth

request frane nunbers n) to F erefore, | eto

obtain a gdabei¢edeacaBAtRNEFBREPUvhabe i, Cof Efdiee s o ¥rla®@mission
substantially simlar to that achieved by the ninth aspect of the present

i nventiondata to be inéladedi i s$aid feedbddk aBaawd, GaildEeRiddROK frame
i nvention, in a data comuni cation nethod according to the eleventh aspect
of the prdaeludesvandata, aréa which imditdtes a second repeat frame
number FB2(n) formed of a frame number {FBM(n)+l} [or {FBM(n)-
1}] among the frame numbers of data frames which have not been
received to a kth request frame number FBk(n) formed of.a frame
number {FBM(n)+(k-1)} [or {FBM(n)-(k-1)}](where k is an integer
exceeding 2) in responde to frame numbers of first to nth data

frames which said reception side data communication apparatus

has received.

4. A data communication method according to claim 3,
wherein, in respénse to said first request frame number FB1(n)
indicated by.said received feedback frame and, said.second to’
kth request frame numbers FB2(n) to FBk(n) indicated thereby,
said transmission side data communication apparatus transmits
data frames having the indicated frame numbers which said
reception side data communication apparatus has not received

correctly to said reception side data communication apparatus.

5. A data communication apparatus employing a data

communication method of transmitting data frames from a first
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request franme nunbers FB1(n) to FBk(n) based on the request frame nunber
and the request identifier indicated by the received feedback franme to are

> obtained and stored in a storage nmeans, and a data frane of a franme number
whi ch the reception _ 57 side data
communi cation apparatus has not confirnedds transmtted fromthe
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frame nunber froma transm ssion Side data comruni cation apparat us

recept i orconintim el orp APpairediusod ZBBAbAENSELAMANi RELEREING a Of Pest (Or a
descending order), transmtting fromthe reception side data conmunication
appar at usraqueisie firaaes mumbiean FBlqa )dEbamedosTLA| Méh L fiim ApHA N BdxiBman | eedback

frame indicating a first request franme nunber FB1(n) formed of a m ni num
(or maxi riggme number FBM(n) among the frame numbers of data frames which
have not been received in respbnsehto frame numbers of first to
nth data frames received, and transmitting from said
transmission side data communication apparatus to said reception
side data communication apparatus a data frame which said
reception side data communication apparatus has not confirmed,
in response to said first request frame number FB1(n) indicated
by said received feedback frame, comprising:

a signal processing unit for processing a
transmission frame when said apparatus serves-as said
transmission side data communication apparatus and for
processing a feedback frame when said apparatus serves as said
reception side data communication apparatus, wherein said
feedback frame also indicates a second repeat frame number
FB2(n) formed of a frame number {FBM(n)+1} [or {FBM(n)-1}] among
the frame numbers of data frames which have not been received to
a kth request frame number FBk(n) formed of a frame number
{FBM(n)+(k-1)} [or {FBM(n)-(k-1)}](where k is an integer
exceeding 2) in response to frame numbers of first to nth data

frames which said reception side data communication apparatus

_—
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frame nunber FBM n) anong the frame nunbers of data franmes which have not
been received in response to frame nunbers of first to nth data frames
received, and transmtting fromthe transm ssion side data communication
apparatus to the reception side data conmunication apparatus a data frane
whi ch the reception side data conmunication apparatus has not confirned,
in response to the first request frane mgenber FB1(n) indicated by the
recei ved MRS ane, a second repeat frame nunber FB2(n) formed of a
58 frame nunber {FBMn)+1} [or {FBMn)-1}] anong the franme nunbers of
data franes which have not been received to a kth request frame nunber

Fel(n) forned of a it age pUEDELAERVLALIEK dbalflus JERMANY ied isepner e

k is an int eger exceedin enera n response to ane nu rs

of first 50 l&-dBh2 in 5{@%&@&“&1 sial®l Edeap! }:ﬁguéégefﬁﬁhé‘ SE@HHaRi cati on

appar at us has receive first request nunber FB1(n) is replaced

with the saeeRf {k@iested rtﬁﬂ%ﬁ&ﬁ@cei%”feé&b&ékrfraﬁérand g&Asm ssion

times ([err] i1s a natural nunber satisfying O < [err] < [mr” during
every [er éécbﬁdnﬁﬂlﬁshoféc?ué% ey awdnders FB2@nfator BBk (n)nbedicatedf yi ng
[err] > 1) of a feedback frame indicating the. first request frane nunber
FB1(n), .thereby, asalid herdgisnijddiorgics datmacommunibeatid8ikagpdmtus
replaced with the kth request frane nunber FBk(n) at every [err]
t ransni sstoansinies dabarfrgmes hawing tha|mn§ucnueﬂefreme|Bﬂwbagsowhl@@rr] <
[err]) durlng every [err]

sai receptlon side data communication apparatus has not

received correctly to said reception side data communication

apparatus.

7. A data’cémmunication apparatus employing a data
communication method of transmitting data frames from a first
predetermined frame number to a last predetermined frame number
from a transmission side data communication apparatus to a
reception side data communication apparatus in an ascending
order (or a descending order), transmitting from said reception
side data cohmunication apparatus to said transmission side data
communication apparatus a feedback frame havinglthe same format
as that of said data frame and indicating a first request frame
number FBl(n) formed of a minimum (or maximum) frame number
FBM(n) among the frame numbers of data frames which have not
been received in response to frame numbers of first to nth data
frames received, and transmitting from said transmission side
data communication apparatus to said reception side data

communication apparatus a data frame which said reception side

IO



transm ssion tines (where [err] is a natural nunber satisfying [err] [err]
> 1) of a feedback frame indicating the (k-1)th request franme nunber

-FB(k-1)(n). The request identifier indicating either of the first to kth
request frame nunbers FB1(n) to FBk(n) are included in the feedback frane
a.-Therefore, an effect substantially sgmlar to that achieved by a first

. aspect of the esent .i.nvention can pe achj eved,  Moreover OSSIb|e
to obtad® §$gm@ﬂﬁﬁﬁﬂPPaPPBﬁrﬁEPﬁoﬁaﬁh?eﬁ %ﬂﬁﬁ$e§§1é7 o mount

S0 full- %%SH%C Poksvo s kel Fehhel phBRer PRI RN Py A3 ne
recept'OQéﬂé¥%éﬁmf%éa%E%¥nE&%hboncaﬂﬁfiéiﬁéhtO the transm ssion side data

communi cation apparatus ccordrng to a fourteenth aspecthof t he
present invention, 4i t ﬁﬁ?“ﬁfﬂﬂﬁi r.ding to the
thirteenth aspect o? Qﬁg g?eggﬁ?é?%gg ?&gﬁ@ I TSt tgﬁﬁ request frane
nunbers RrEhnymilss i3k (FPamd whaht gamadaﬁﬁafétea $&fved e%elé%z% id rame number

and the request identi-f;ier. indicated by the recelved ack frame to be

stored i RranSmisigonedde datd aomidhicht26R Appardé@dtagynisy which the
reception side data comunication apparatus-has not confirmed is

transni t pabdesming lae feedbakks Srameswhen daa id cappara € | v asitdsid o the

reception side data conmuni cati on apparatus in response to respective

| at est r(ﬁgﬁagtﬁbnmaidmuqbeascommuhécatien appar#éitus, wherein, if there
is no transmission data to be included in said feedback frame,
said feedback frame includes a data area which indicates a
second repeat frame number FB2(n) formed of a frame number
{FBM(n)+1} {or {FﬁM(n)-l}] among the frame numbers of data
frames which have not been received to a kth requést frame
number FBk(n) formed of a frame number {FBM(n)+(k-1)} [or {FBM(
n)-(k-1)}](where k is an integer exceeding 2) in response to
frame numbers of first to nth data frames which said reception

side data communication apparatus has received.

8. A data communication apparatus according to claim
7, wherein, in response to said first request frame number
FBl(n) indicated by said received feedback frame and, said
second to kth request frame numbers FB2(n) to FBk(n) indicated
thereby, said transmission side data communication apparatus
transmits data frames having the indicated frame numbers which
said reception side data communication apparatus has not

received to correctly said reception side data communication

apparatus.
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request frame nunbers FB1(n) to FBk(n) stored in the storage neans.
‘Therefore, in addition to the above effect, it is possible to obtain a

. data comuni cati on apparatus which can inprove the throughput of the data
frames transmtted fromthe transm ssion side data conmuni cati on apparat us
to-the reception side data comunication a€ ar at us. Accor di ng
to a fifteenth aspect of the present inventfon, in a data comuni cation
apparatus enploying a data conmmrunication nmethod of transmitting data

franmes froma first gpredeiwed radieshdicitE ol meeholoof tRSshsiiedeher daved
frame nunber froma transm ssion side data comruni cation apparatus to a

recept i on fyadesdg@iromc anflps € aprede bl wédl SFidned hugdbeendiong lasder (or a
descendi ng order), transmtting fromthe reception

59 predetermined frame number from a trEhswicsida sidendatiacati on
apparatus to the transm ssion side data comrunication apparatus a feedback
frame i ndicommungcatfionsappacatest té ramecaptiion Eidendatar cotmonigationnum
(or maximum) franme nunber FBM n) anong the frame nunbers of data franes
whi ch ha®PPA&atyScAn aBerFeENUINgG RIARE o D & descendiing Orderfi,rst to nth
data franes received, and tranpsmtting fromthe transm ssion side data
conmuni catr8RSERSHFAROuETPE FALA EREPRLIFN Sifle dRta copmwRdcaddosn appar at us

a data franme which the regegtion si de ] .
apparatus to said transmission side data communication apparatus

a feedback frame indicating a first request frame number FBI(n)
formed of a minimum (or maximum) framé number FBM(n) among the
frame numbers of data frames which have not been received in
response to frame numbers of first to nth data frames received,
and transmitting from 3aid transmission side data communication
apparatus to said reception side data communication apparatus a
data frame which said reception side data communication
apparatus has not confirmed, in response to said first request
frame number FB1(n) indicated by said received feedback frame,

- comprising the steps of:

génerating a second repeat. frame number FB2(n) formed

of a frame number {FBM(n)+1l} [or {FBM(n)—l}] amoné the frame
numbers of data frames which have not been received to a kth
request frame number FBk(n) formed of a frame number {FBM(n)+(k-
1)} [or {FBM(n)-(k-1)}](where k is an integer exceeding 2) in
response to frame numbers of first to nth data frames which said

- reception side data communication apparatus has received;

replacing said request frame number FB1(n) with said
second request frame number FB2(n) at every B, transmission

[
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data communi cati on apparatus has not confirned, in response to the first
request frame nunber FB1(n) indicated by the received feedback franme, a
.second repeat franme nunber FB2(n) formed of a frame nunber {FBMn)+1} [or
{FBMn)-1}] anong the frame nunbers of data frames which have not been
received to a kth request frame nunber FBk(n) formed of a frane nunber
~{FBM n)+(k-1)} [or {FBMn)-(k-1)}] (whew® k is an integer exceeding 2) are
gener-at ettimesr ¢pohs ca tmatunakr mumbeyr saifidfiyistg Vo<nPh dadrg) dumires which
the reception side data comruni cati on apparatus has received. The request
frame nunber FBI1( n%élncluded in, the feedback frame is replaced with the
second r 8YB&Y: onr ERENEMABELONFRINRS (Where G dAs apnadurad nHEReEondition is
satisfied, and the (k-1)th request frame nunber FB(k-1)(n) is replaced

P BB RO UEGIRD D iy S it =

request’: f.r ane - nunbers FBl(n) to FBk(n) is included in the feedback frame
a. Ther efreguesitt fremgosymber FBl6b)ai n- a- deaand xepiacingisaod amuwestus

whi ch can achi.eve ‘an .ef f ect substantially simlar to that achieved by the
thlrteentﬁa§§p§§ﬂber FB(k-1)(n) with said second request frame nugbere
present invention. According to a sixteenth aspect of the
present FBX(@)t atneveryaPdaup transmissHon it imgsan frs) ats o diakurad t he
fifteenth aspect of the present invention, the first to kth

number satisfying 0 < Bx.1) < ak-1y) during every o x-

transmission times (where a; is a natural number satisfying o x-

1)1 > 1) of a feedback frame indicating said first request frame
number FB(k-1)(n); and,
including in said feedback frame a request identifier

indicating either of said first to kth request frame numbers

FB1(n) to FBk(n).

10. A data communication method according to claim 9,
wherein further comprising the steps of:

obtaining said first to.kth request frame nﬁmbers
1FBl(n) to FBk(n) based on said reqﬁest frame number and said
request identiiiet’indicated by said received feedback frame to

'_stQIeughém'ih a storage means; and

tranémitting a data frame of a frame number, which
said reception side data communication apparatus has not
confirmed, from said transmission side data communication
apparatus to said reception side data communication apparatus in

response to respective latest request frame numbers of said

A



request franme nunbers FB1(n) to FBk(n) are obtained based on the request
frame nunber and the request identifier indicated by the received feedback
.franme to be stored in a storage neans, and a data frane of a frane nunber
whi ch the reception side data comrunication apparatus has not confirmed is
transnitted from the transnission side d&a comunication apparatus to the

' : d . . : :
ot oot rofuEeE FPoRER EREioee At WS ool " BRI B Ry, BRRRRR oM
FB1(n) to 5?5(9%0§5ﬁée ipsthe storage neans. Therefore, it is possible to

obtain a Hata GOMMUANCATTON apparatus whi ch can achi eve an effect

substantially simlar to that achieved by the fourteenth aspect of the
present invention. Havi ng descri bed preferred enbodi nents of

the present inventipn w tdhif&fdifnﬂﬂﬁﬁda%ib'ﬂemé‘éﬁéapéf%fgngﬁﬂ%Eﬁé1dé’&ai S

to be understood that the present inventionis not limted to thé

above- mentirgied e#BANA MBSt pEeddEdrivaidd FratkA hi@bedndo @DdREICati ons can
be effected therein by one skilled in the art wthout departing fromthe

spirit orpredpeeghmihed Pramentumbew efrtomra arahshisedonstide dapanded
&L:Lnfé ccemmadication apparatus td“aAnahﬁptiﬂhﬂmﬁgibdakancmmmhndcamipnising
the Stepsappa:atué in an ascending order (or a descending order),
transmitting from said reception side data communication
apparatus to said transmission side data communication apparatus
a feedback frame indicating a first request frame number FB1l(n)
formed of a minimum (or maximum) frame number FBM(n) among the
frame numbers of data frames which have not been received in
response to frame numbers of first to nth data frames received,
and transmitting from said transmission side data communication
apparatus to said reception side data communication apparatus.a
data frame which said reception side data communication
apparatus has not confirmed, in response to said first request
frame number.FBl(n) indicated by said received feedback frame,
comprising the steps of:

generating a second repeat frame number FB2(n) formed
of a frame number {FBM(n)+l} [or {FBM(n)-1}] amoﬁg the frame
numbers of data frames which have not been received toc a kth
request frame number FBk(n) formed of a frame number {FBM(n)+(k-
1)} [or {FBM(n)-(k~1)}](where k is an integer exceeding 2) in
response to frame numbers of first to nth data frames which said

reception side data communication apparatus has received;
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of : ' transmtting data franes froma first predetermned frane
nunmber to a | ast predeterm ned frame nunber froma transm ssion side data
. comuni cation apparatus to a reception side data conmunication appar at us
in an ascending order (or a descending order); transmtting
fromsaid reception side data comrunication apparatus to said transm ssion

euest v ane. number BRACHIY P AR5 HRaRRek, PRnR AR PP Yl ee d
e|rve
1 obporeat Sp L Tl R dndt e, VTR oH1 BpcBR rBaheECRr Rk

transm tt hfgnbi OFRS gh fl WHER SN SEEAD ﬁé&e&&ﬁnéao%}ig&fe%@ﬁsaea@&e ¥8gt0

said reception side data comuni cat’l on apparatus a data frane which safd

reception.side agdtpe m@@ai&wmg@%@m 'f%hm@oﬁﬁhbgﬁd?‘gi((:ﬂ_-izgﬁ‘?”se

to said first request frane nunber i'ndi cated by said el v

feedback inelededhtn esaisafsedivasibaftania afRnlssdd sedbnal eeqesecgpdmeepeat
frame nunber FB2(n) formed of a frame nunber {FBMn)+1} [or {FBMn)-1}]

anong t hentmber FBkOB) swirén alagle-Iythmpredeitedrntined ecohdiedonr ¢sei ved to a
kth request frame number FBk(n) formed of a-franme nunmber {FBMn)+(k-1)}
[or {FBM sahjsfked}}andhere k is an integer exceeding 2) in response to
including in said feedback frame a request identifier
indicating either of said first to kth request frame numbers

FBl1(n) to FBk(n).

12. A data communication method according to claim
11, wherein further cohmprising the steps of:

obtaining said first to kth request frame numbers
FBl(n) to FBk(n) based on said request frame number and said
request identifier indicated by said received feedback frame to
store them in a storage means; and

transmitting a data frame of a frame number, which
said reception side data communication apparatus has not
confirmed, from said transmiésion side data communication
apparatus to said reception side data communication apparatus in
response to respective latest request frame numbers of said

first to kth request frame numbers FBl(n) to FBk(n) stored in

said storage means.

13. A data communication apparatus employing a data

communication method of transmitting data frames from a first

* c L M s *
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63 frame nunbers of first to nth data franmes which said reception side

data communi cati on apparatus has received. 2. A data
comuni cation nethod according to claiml1l, wherein, in response to said
first request franme nunber FB1(n) indicated by said received feedback
frame and, said second to kth request frgge nunbers FB2(n) to FBk(n)

I ndi cate . i hSS/ i a gg%%' if%h

transm tgp{‘%g%ggﬁla?r%g ﬁ%é\/lﬁéﬁgﬁ{%i (r% [ %a?eg fbgﬁggnu %1?%& | clﬁé)gg]{ il
recepti ongshge; ok on SRIBBNNS Hidy) Gaad cdmmenieatieh asseryedsito gaid
reception side data communi cati on appar at us. 3. A data
conmuni Cal-688pEESH O8H & Tt 6 | dtintul I cEitalon aggaratus in an dseendingi ng data
frames froma first predeterm ned frame nunber to a | ast predeterm ned
frame nunggdetr oot ca ddsdndbisg @rderde dxhasmituingcitonnsaparatestion a
reception side data communication apparatus in an ascending order (or a
descendi ngided@ata communicatidn apparatiusgtbr samidatdansmipsion side dita
comuni cation apparatus to said transm ssion side data conmunication
appar at uscamigpiibatkonh rappatatisi@ tieedback foamet indicahingod £irst dat a
frame and indicating a first request frame nunber FB1(n) forned of a

‘mi ni num ( sequestnfrgne rawEbexr (nyrgormedandng MABINMEANEOR URREHBURY dat a

frames which have not been received in response to frame nunbers of first
to nth dafgame number FBM(n) among the frame numbers of data frames which

have not been'received in response to frame numbers of first to
nth data frames received, and transmitting from said
transmission side data communication apparatus to said reception
side data communication apparatus a data frame which said
reception side data colmunication apparatus has not confirmed,
in response to said first request frame number FBl(n) indicated
by said received feedback frame, comprising:

a signal processing unit, wherein said signal
processing unit generates a second repeat frame number FBZ(n)-
formed of a frame number {FBM(n)+1} [or {FBM(n)-1}] among the
frame numberé of data frames which have not been received to a
kth request frame number FBk(n) formed of a frame number {FBM(
n)+(k~1)} [or {FBM(n)-(k-1)}](where k is an integer exceeding 2)
in response to frame numbers of first to nth data frames which
said reception side data communication apparatus has received,
wherein said signal processing unit replaces said first request

frame number FBl(n) with said second request frame number FB2(n)

at every B; transmission times (f; is a natural number

satisfying 0 < f; < a3) during every o; transmission times

R 0 A A




frames received; and 64
transmtting fromsaid transm ssion side data comunication apparatus to
sai d reception side data communication apparatus a data frame which said
reception side data conmmunication apparatus has not confirnmed, in response
ta said first request franme nunber FBl(R)j indicated by said received

- feedback franme, wherein, if there is no transm ssion data to be included
in said {wbebeck;fiane, nathival cumkexk Satdiafyingcoudesld afta feedbagkch

i ndicates a second repeat frane nunber FB2(n) formed of a frane nunber

o) gl 1hEBMARgg dhlactmeg, iso(dqueath sl i eres o

have not “been "recelve 0 q n)' f'drmed éf a

frame ny eE:ieEEﬁMaQ) sbXallk-1 9en{ F&Mede (frahd Ifutrie B (161910 )nhaser

exceedi ng response to frame nuitbers of first to nth data franes

whi ch sai_d.recept i Lde il | %?#J has | :
4. A datgg%ghﬁﬁﬁi%%gpgﬁgnggﬁgg ggcordi#é#{%pc a?ﬁf : TVﬁ@?eF%$ﬁ§%¥§§%%%nse
to said first request frame nunber FB1(n) indicated by said received

f eedback thimese (emé;cesp% 1; et datuddlh nuadeessatisfyingmboexsppB(™® to
FBk(n) indicated thereby, said transm ssion.side data comuni cation

apparatus transmts data franmes having the indicated frame nunbers which
sai d O(x-1y) during every o x-;) transmission times (where a; is a

natural number satisfying ax.1j;1 > 1) of a feedback frame

indicating said (k-1)th request frame number FB(k-1)(n), and
wherein said signal processing unit includes in said feedback
frame a request identifier indicating either of said first to

kth request frame numbars FB1(n) to FBk(n).

14. A daﬁa communication apparatus according to claim
13, wherein said first to kth request frame numbers FBl(n) to
FBk(n) are obtained based on said request frame number and said
request'identifier indicated by said received feedback frame to
be stored in a storage means, and a data frame of a frame number
which said reception side data communication apparatus has not
confirmed is transmitted from said transmission side data
communication apparatus to said reception side data |
communication apparatus in response to respective latest request
frame numbers of said first to kth request frame numbers FB1(n)

to FBk(n) stored in said storage means.

15. A data communication apparatus employing a data

I
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reception side data conmunication apparatus has not received correctly to
sai d recéeption side data comruni cati on appar at us. i 5. A data
_comuni cati on apparatus enploying a data comunication nethod of
“transmitting data frames froma first _ ,

65 predeterm ned frame nunber to a | ast pPdedeterm ned frame nunber froma

Stransm sshdiimsh £ea €862 e ABH il ryh AR R 3a§:9 §ra§u§§efkéﬂnas}:gf59at a.
communi cation apparatus in an ascendi ng order (or a descendi ng order),

transnit tpredétermbted freaRPhiwibers tée adakhatC %Eﬂaitéi*h&ﬁ@da?i?aﬁét Hﬁlgﬁér sai d
transm ssion side data comrunication apparatus a feedback franme 1 ndicating

a first fromesttfansmissidiers il acd eoftindatiBhnappATaLLsMBY FUM
frame nunber FBM n) anong the frame nunbers of data frames which have not

been recefemeption esjiesiatia dommmivetions apparatak ia ant Asdehaihganes
received, and transmtting fromsaid transm ssion side data conmuni cation
appar at uPIdex af @r recigacending darddat)a taamsmitatingnfapmasatdsracdptiofr ane
which said reception side data conunication apparatus has not cgnflrnpd,
in respoﬁ%@d%cﬂ%ﬁﬁcFqmmuﬂlqﬁﬁﬁﬂnﬂanpﬂnﬂ;UﬁuMDesalaltnpns?dssabads;69 da;?
recei ved feedback frane, conprising: ..~ a signal processing uni

for pr ocm&%Fa?i%ﬁﬁ%%Fﬁ @a?ﬁ@e\ﬂ%ﬁl%éram&pmdapatlagr gefigstsai d

| SSi ' ta conmuni cation apparatus and for .
transm szeoc?ugsléj effjgme number FBa.lL(n) fop d of a minimum (or maximum)

frame number FBM(n) among the frame numbers of data frames which
have not been received in responsé to frame numbers of first to
nth data frames received, and transmitting from said
transmission side data communication apparatus to said reception
side data communicatioh apparatus a data frame which said
reception side data communication apparatus has not confirmed,
in response to said first request frame number FB1(n) indicated
by said received feedback frame, comprising:

a signal processing unit, wherein said signal
processing unit generates a second repeat frame number FB2 (n)
formed of a frame number {FBM(n)+1l} [or {FBM(n)-1}] among the
frame numbers of data frames which have not been received to a
kth request fraﬁe number FBk(n) formed of a frame numbér {FBM(
n)+(k-1)} [or {FBM(n)-(k-1)}](where k is an integer exceeding 2)
in response to frame numbers of first éo nth data frames which
said reception side data communication apparatus has received,
wherein said signal processing unit replaces said request frame
number FBl(n) included in said feedback frame with said second

request frame number FB2(n) when a first predetermined condition

R Y




processi ng a feedback frane when said apparatus serves as said reception
si de data conmuni cati on apparatus, wherein said feedback frane al so
dindicates a second repeat frane nunber FB2(n) formed of a frane nunber
{FBM n) +1} [or {FBMn)-1}] anong the frane nunbers of data franes which
have not been received to a kth request fgrgne nunber FBk(n) formed of a

excacal ng 8 FEATnCL 1 e SRle, G S e

Fecoi veq, RuRBSE S 0R-E) () Wi ST Neh L YleBER AW pumper, KBk (B when

recei ved.

P ame. nunfel o EB ot efﬁf“*-‘%fﬁréc'g.%ié e L e
second ! Opkbded£8g Sind € HIR-TUHL 1 SEAT keleAnBRK( PrahdlhCbbest oM ebY.

said transm ssi on data communi cation apparatus transmts-data frames

havi ng t hegénei £8&£0i dd Pl IngTaiheth o sa3d élkgeeiabl RBhStE§uddtaframe
comruni cati on appar at us has not recei ved correctl Yy to said recept i on Si de

data comMmiimbeis OFB1 RPXSIEEK(n) . 7. A data conmuni cation

apparatus enploying a data communication nethod of transm-tting data

frames froma first

16. A data communication apparatus according to claim .

15, wherein said first to kth request frame numbers FB1(n) to
'FBk(n) are obtained based on said request frame number and said
request identifier indicated by said received feedback frame to
be stored in a storage means, and a data frame of a frame number
which said reception”side data communication apparatus has not
confirmed is transmitted from said transmission side data
communication apparatus to said'reception side data
communication apparatus in response to respective latest request

frame numbers of said first to kth request frame numbers FBl(n)

to FBk(n) stored in said storage means.



predeternm ned frame nunmber to a |ast predeternmined frane nunber froma
transm ssi on side data comruni cation apparatus to a reception side data
_conmuni cation apparatus in an ascending order (or a descending order),
‘transmitting fromsaid reception side datéa conmunication apparatus to said
transm ssion side data @E&ACQAMUINICATION MERIQD AARIRAA f rane havi ng the
.sanme format as that of said JEOMMPNIGATEON ARBABAYUSg a first request

frame number FB1(n) fornmed of a mni mum (or -maxi nun) frame nunber  FBM n)
anong the frame numbers of dABPTRAGR OEMFtEh NBALABIRE been received in
response to frame nunbers of first to nth data franes received, and

Sai d recept i on oi oo ata el Eak ien BbEpte T okEBhoRERRR datka o

‘receptionsgifl€s from a first predetermined frame number t9'a’3h&+,
communi cati on appar at us JF1as ot COI’ﬁI rrreéi, I'n response to salg first

request fposgeterRened Bkdhe |ninat ad-dy =5 drdnshiceivad shagdhack frame,

conpri si ng: a signal processing unit for processing a

t ransni sscomminbo@t IO RpEh th O A dtd Te¥pEOrR S il dath’ éaﬁﬁhﬁiha%éhde _
data communi cati on apparatus and for processing a feedback frane en said

appar at usagpavasussisan asaneping oricle (dif a desenddialy erdapyar at us,

wherein, if there is no transmission data to be included in said feedback

frame, stranseitbing fremetheatechpt o atideadatavtommunidatdbas a
apparatus to the transmission side data communication apparatus
a feedback frame having the same format as that of the data
frame and indicating a first request frame numberlFBl(n) formed
of a minimum (or maximum) frame number FBM(n) among the frame
numbers of data frames”which have not been received in response
to frame numbers of first to nth data frames received, and
transmitting from the transmission side data communication
apparatus to the reception side data communication apparatus a
data frame ﬁhich the reception side data communication apparatus
has not confirmed, in response to the first request frame number

indicated by the received feedback frame, the feedback frame

also indicates a second repeat frame number FB2(n) formed of a

frame number {FBM(n)+l} [or {FBM(n)-1}] among the frame numbers
of data frames which have not been received to a kth request
frame number FBk(n).formed of a frame number {FBM(n)+(k-1)} [or
{FBM(n)-(k-1)}](where k is an integer exceeding 2) in response
to frame numbers of first to nth data frames which the reception

side data communication apparatus has received.

Figure 8



second repeat frame nunber FB2(n) formed of a frame nunber {FBMn)+1} [or
{FBMn)-1}] anong the frame nunbers of data frames which have not been
.received to a kth request frame nunber FBk(n) fornmed of a frane nunber
“{FBM n) +(k-1)} [or {FBM n)-(k-1)}](where k is an integer exceeding 2) in
response to frame nugbers of first to nth data frames which said reception
.side data communi cation apparatus has re&élled. 8. A data

conmmuni cati on apparatus according to claif erein, in response to said
first request fra

FB1(jn) i ndi ceﬂ‘eﬁﬂ y qai d received feedback
frame and, sai ecdnd tolkth rlequest fman®hunfers FB2(n) to FBk(n)
I ndi cated theftb os.al.gl $1angmisi on side dafa qonmmuni cati on appar at us
transmts datagdr rresmr@ng g the}lindicated frianme Inunber gl which said
reception side da damunilcat i op appar at us hps rjot ckived to correctly
said reception si mruni pati on apparpt ug.

68 9. dat a corfruni chtion net ho@”] oransartiing data frames
froma first preddqterm ned}{frane| nunber to a }ast redgd erm ned framne
nunmber froma trarjsm ssionjside fata conmuni EglTion ajatus to a
reception side datjla conmunijcati oh apparatus |r~ scendli order (or
descendi ng order),| transmjtting|fromsaid refeprf on sfd ta
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apparatus to said transm ssion side data comuni cati on apparatus a
feedback frame indicating a first request frame nunber FB1(n) forned of a
_mnimum (or maxi mun) frame nunber FBM n) anong the franme nunbers of data
frames whi ch have not been received in response to frame nunbers of first
to-nth data franes received, and transmtting fromsaid transm ssion side
.data communi cation apparatus to said recgption side data comunication
apparatus a data frane which said reception side data comuni cation
apparatus has not confirmed, in response to said first request frane

nunber FB1(n) indi §a Yy Jai d rgecei ved feedba ™1 conpising the
steps of: ] » ner atli ng al second repeat fg afle nunpber FB2(n) formed
of a frane nunbg] Fﬁ:":l\'§n§+g} [@r [FBMn)-1}] angdn® £h€ frjamre nunbers of
data franes whi &h fdvesrdt<deen rgceived to ggthb_ﬁaSuéSt frame nunber
FBk(n) formed of alfrade nurfoer {FBMn)+(k- “1)} [q® {FBM(n)- (k-1)}](where
k is an integer ex in esponse to fr s of first to nth
data frames which i recdpti on|side data co i cati onf appafatus has
received; 2acijng sald request frane§ gunber ¥FB1(n} with said
second request §a FB2(n} at every [#@rr||g & @nEngksion
69 tines ([err]&ds Eaflﬁé dtmber satisfyirgy de<g Srglok '[l-er:l]) during
every [err] traPmjisLdh |Ts(Mkm[eH]P3awgm@anma
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satisfying [err] > 1) of a feedback frame indicating said first request
frame nunber FB1(n), ., and replacing said request franme nunber
FB(k-1)(n) with said second request frame nunber FBk(n) at every [err]
“transmission tines [err] is a natural nunber satisfying O < [err] <
[err]) during every [err] transm ssion tines (where [err] is a natural
,nunber satisfying [err] [err] > 1) of azjegdback frame indicating said
first request frane szwﬁ:rzEB%k 1)(n); and, ) including in said
f eedback frane_a req@B@ RdERBier indicating either hd fyt to kth
request framf nunbpr 8&ERH B)s®d FBK(n).

19, SA |dat &~
conmmuni cat i o} wrashpd “68&br dim§To clai mlo, |wherein furfBegr donpRying the
steps of: o o ebtaining ¢aid fir 0, kt h requept frame -gunmbers
FB1(n) to FBH(M)®bhsedmon saigd réquest flramp Tunber and| saj reqddst
i dentifier irdicHted by said ®ecdi ved f ck frame to] sgpre.themin a
storage neany; aBd t jansprftlimglajdata frang oB.q frane nunber,
which said rleceptjon sidg datp ni cat-4n| &par at us| hag nbt  confi rned,
fromsaid trgnsngsgi on skde dat a fso ikes ijoh apparatyis t@ paid reception
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70 first to kth request frame nunbers FB1(n) to FBk(n) stored in
st or age neans. 11. A data conmunication nethod of transmtting
data frames froma first predeterm ned frane nunber to a | ast
“predeterm ned frame nunber froma transm ssion side data conmuni cation
apparatus to a reception side data comuni cation apparatus in an ascendi ng
_order (or a descending order), transm t4/ildg from said recepti on side data
communi cation apparat usp@ @a d transm ssion side’ data communi cation
apparatus a fqedbeae f icating a first request
formed of a miri num {or Hesi@H) frame nunber FBMn) anpigstte me
nunbers of dat 3 s Vi@ have not been received in | ®espdnses frame
nunbers of fir th §® axfranes recqjvesdy and trankni t=tijng from sai d

transnission silde gatla BfmBication apbar®t usRo said| rea

eeprion side data
communi cati on gppa®atjus 2 oféta frame wib chsai &recept on%ie data
communi cati on t usEhasghqt confiymed, 2 n response togsald first
request frame T ridi

F n)ctgr di gat ed} by |s@Fd recei ved|fe&bpck frane,

ting a second|rea} frame nunber
FB2(n) formed anezgaunb

)+4} [or {FBMn) ahiong the frane
nunbers of data frames whigh R received~t0 a kth request frane

sai d

nunber FBk(n) formed of a fra MeR) + (k- '—'1)} [ or
{FBMn)-(k-1)}](where k is an i eding 2) | response to frane
nunbers of first to nth data fr sai d
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reception side data conmuni cati on apparatus has received,;
request frame nunber

71 .

said feedback frame with said second request frane

replacing said first

“first predeterm ned condition is satisfied,

(k-1)th request frame nunber
W th said second request frane
condition is

request
nunber s

obtaining said first to kth request frane nunbers

sati sfied;
identifier

and

FB1(n) to FBk(n).

FB(k-1)(n)
nunber

FBk( n

FB1( n)
nunber

i ncluded in
FB2(n) when a

., and replacing said

included in said feedback frane

when a (k-1)th predetermn ned
S4%l udi ng‘in said feedback frane a
indicating either of said first to kth request frane

12. A data communi cati on net hod
according to claim 11, wherein further conprising the steps of:

FB1(n) to FBk(n) based

on sai d request frame nunber and said request identifier indicated by said

recei ved feedback frame to
transmtting a data franme of a frame nufoer, which

store them

data communi cati on apparatus has not
si de data communi cati on

nunbers of said
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first to kth request franme nunbers FB1(n) to FBk(n) stored in said storage
nmeans. 13. A data commruni cation apparatus enploying a data
comuni cation method of transmtting data frames froma first

72 predeterm ned frane nunber to a | ast predeterm ned frame nunber froma
transm ssion side data communi cation apparatus to a reception side data
.comuni cation apparatus in an ascendi ng gp{gler (or a descendi ng order),
transmtting fromsaid reception side data communicati on apparatus to said
transni ssion side data communication dpparatus a feedback franme indicating
a first request frame nunber FB1(n) f@rnmed of a m nimum (or maxi mum

frame nunber FBM n) anong the frame nugbers—of—data franmes which have not
been received in response to frane nu rs of first to nth data frames
received, and transmtting fromsaid ansm ssi on side data conmuni cation
apparatus to saidQecspti g sde gatag@omf@ni c&t i ogp appar at us aylata frame
which said r®tepttonidéodat & communioeat i8n aPpar s us +as not~eonfirnmed,

in responseQ ¢—said i:v%bl eT li cat edGﬁ)y said

recei ved feedback [frange, c processing unit,

wher ei n sai %signal py oce epeat frame nunber
FB2(n) for £ prre |}] armoRiNt he
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frame nunbers of data franmes which have not been received to a kth request
frame nunber FBk(n) formed of a frame nunmber {FBM n)+(k-1)} [or

{FBM n)-(k-1)}](where k is an integer exceeding 2) in response to frane
“nunbers of first to nth data franmes which said reception side data

communi cation apparatus has received, wherein said signal processing unit

.replaces said first request franme nunbey,EB1l(n) wth said second request
frame nunber FB2(n) err] t sm ss '

qon ti is a*rqatural
nunber satisfying O erlé.‘lé[er‘])_du Wi [o] eveﬁy [erf] ssiomLi nes
73 (where [err] ils a n w%asgnjm s&sfying [err] age@‘back
frame indicating|sabd figgwgq yest: frlame nunferoFBEL($)B, %, , =and
repl aces said (k-|1)th 'equ_‘sest ffame n er FB(lk-1)(ph) wg $ai ON
request frame nunfber FBk(m) at every [¥¥r] trgnsmisgiom tinmps (where [err]
is a natural nunfjer safisfying' < [err] < [lerr]) ery [err]
transm ssion tinmgs (whgre Qtrlr‘:‘] isooa nat ur al |nunbe iing,Jerr] > 1)
of a feedback fragnmeg-i i t:;rg samd (k-1)th rleqees nmber
FB(k-1)(n), and mwhere iz Sdgnal processi ;jg uni i g said
feedback franme a reque M.fier indicating eit ild Tirst to
kt h request frane| nunbg $) to FBk(n). A dat a
comuni cati on apppr at us g to claim :
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13, wherein said first to kth request frame nunbers FB1(n) to
obt ai ned based on said request frame nunber and said
i ndi cated by said received feedback frame to

“and a data frame of a frame nunber which said reception side data
comuni cati on apparatus hasnot confirmed is transmtted fromsaid

.transm ssion side data communication apggratus to said reception side data
comuni cation appar&FEH ENSewonse to respective fatest reques

FBk(n) are
request identifier
be stored in a storage neans,

frame
nunbers o{ flrE#DEDHkEhgﬁkquest frame nunbers to Féiln) stored
in said sforagel mea®By SR N 1§. Ajdata corﬂﬁ. c4tion apearat us
enpl oyi ng { &. gt + x| 74 co ni cation
met hod of {t@-afshitting' data Fafes frofra|ikst predeLernined'Ekyne nunber
to a | ast |prege{ern nBd frang ndnber flromla| transri ssmorl si de dat a
comuni cati of8appar.at®s to a® rgcepti el data nijcati on appar at us
in an ascqndigg| order (or a dedce ng Y de tr ting fromsaid
reception| sife|data co ni sat i ap arysito sai arjsm ssi on side data
comuni cat}i onSagpar at us~a f eedb ang“ idijcati ngl a B'rlst request frane
nunber FB rqu of 3 m By TTju fra er FBM n) anong
the frame nunbers of daga fr e J -Hajenot been received in response
to franme nunbers of fIrEB t 0y nt a-11 recejved, and transmtting
fromsaid £ & R 4 1
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transmi ssion side data communication apparatus to said reception
conmuni cati on apparatus a data frame which said

comuni cati on apparatus has not confirmed,

“request frame nunber FB1(n) indicated by said received feedback frane,
' processing unit,

conpri si ng:

frame nunber {FBM n)+1} [w¥={BbBM n)-1}] anong the
ved to a Kkth request frg

n)+(k-1)} [or {FBMn)- (K

a signal

frames whi ch have not beB R &8
formed of a frare nunijer %I‘—'ng
i nteger exceedi in Ak

frames which s
recei ved, wher
nunber FB1(n)

franme nunber FB2

i nsai

e to frane nunbers of -fifat #
a cept-ir@--si de data comuni cation ap?

Raild s@ghal processing ungd rghl aces kai
f eedback frang w £h said
en ¢ fizst predet erfi ngd cohdition

reception side data
in response to said first

wherein said signal
-processing unit generates a second repeatg)‘ﬁame nunber FB2(n)

processfng=unjt includes
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75 is satisfied, ang. r ceg’saild (K-Drth request| fram
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16. A data conmmuni cation apparatus according to claim 15, wherein said
first to kth request franme nunbers FB1(n) to FBk(n) are obtained based on
sai d request frane nunber and said request identifier indicated by said
~ received feedback frane to be stored in a storage neans, and a data frane
- of, a frane nunber - which said reception side data conmuni cati on appar at us
_has not confirmed is transmtted froml®diltl transm ssion side data
-7 comuni cation apparatus to said reception side data comunication
apparatus in response to respective |atestyrequest frame nunbers of said

first to kth request frame nunbers FB1(n) Zto FBk(n) stored in said storage
means. =
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