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DATA" COMMUNI CATI ON METHOD AND DATA COVMUJNI CATI ON APPARATUS \?op--bz 7
BACKGROUND Field of the Invention: The present invention
felates to a data conmuni cation nmethod of an error control of an automatic
repeat request system and a data conmunication apparatus therefor.
Background of the Invention: An error control nethod in a data
“communi cation includes an error control nmethod of an autonatic repeat
request (ARQ systemsuitable for application to a nobile data

conmuni cati on system.in \whj ' r u IMeWY ot ly.
According to thi T@rFBW%%%DPW%%%%BO%&%%&F?@@%&& rélc,]%%st system
If a data franme transmtted froma transm ssion side comunication
“apparatus (data conmuni cation apparatus) to a reception side transm ssion
~apparatus (data comunication appar at pa¢xdrouNDN error, then the

‘transm ssion side comrunication apparatus transmts the data frame to the
‘reception si deieddmointhatimrerda@parat us agai n based on a re- transm ssion
‘request fromthe reception side comruni cati on. apparatus to the

‘transni ssion side conmfhe PresanhppRyention relates to andahd cAYRCEtIPR
various kinds of errar control t hods_of automafic re

error control™HTo8T RN SRAVELPETPL 2RI SPTRBAELY % A 1Eré8§% Zf:%yis\%gm

repeat (SR SYSLEHLOL ONb bt elbAabR AP thatbtoy her ei naf ter be

described by way of "exanple. An arrangenent of an ARQ frane

‘hgving the saglKROERE of the Invention:

o An error control method in a data communication
includes an error control method of an automatic repeat request
(ARQ) system suitable for applicatién to a mobile data
communication syétem in which a burst error occurs relatively
frequently. According to this error control method of automatic
repeat request system, if a data frame transmitted from a
transmission side communication apparatus (data communication
apparatus) to a reception side transmission apparatus (data
communication apparatus) has an error, then the transmission
side communication appératus transmits the data frame to the
reception side communication apparatus again based on a re-
transmission reqﬁest 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 system of a selective repeat ¢SR)
system providing a high throughput will hereinafter be described
by way of example.

o An arrangement of an ARQ frame having the same format



2 __V\:Flen it is a data frane and a feedback frame will be described wth
reference to FIGS. 1A and 1B. One ARQ franme is fornmed of, for exanple, 640

bits having successively disposed a 4-bit frame identifier FI, a 1-bit

nodul o identifier M, a 6-bit transm ssion frame nunber area FFl, a 6-bit
request franme nunber FBI, an 8-bit data |l ength area (where a byte is used

‘as a unit) DLEN, a 584-bit transmission_data area DATA, and a 32-bit error
idet ection code FCS. In this franme arrang@mant each of the bit nunbers of

‘the areas is iﬂ?& %6 Ys 800 $XRHR! Sad & feedpack, f:%}&r Wiaieph detyd el F!

indicates a Rf Fafe " an set to exanmple, in this
exanpl e. refe dsed HRANFFEEST PO B . NUBRET A If dafiedli b OfGinRS Y,

usi ng nodul os o y way of exanple. ldentification of the nodulos is

i ndi cated by ﬁdﬁeﬁaﬂpi@ i g oiitisehad ngiEareesalively dlisposednat £+lyit' Eraaad
"1". Specifically, when a data frame and a feedback frane are transmtted

from a transnidesitafiier del dat & -bionmeditkatidentafier dﬁ)s a §-Biteception-side
.data conmmuni cati on_  apparatus in an ascending org the transm ssi
Rt BRSRG Rnere

' frame nunber tanﬁlsme-ﬁ?l‘P‘h %F%Eéﬁﬁ?ﬁga'fﬁad@”? h&r Iieﬁ[uﬁsgt &%
modul o i dent 1#13' er 83§1t Mata t.LengI:lrxa 24 ggh%%héﬁﬁ%e“‘i@b% E,'[:és ta}}ﬁnﬁtﬁﬂnged

i n an order of ¥, %2, "3, . T ae

modul o i dent iy E?f M%bé—Mt Juraheﬁlgéf&%raa%%l QReal PARIE, BnADE! 3FFbid ergbanged

Jdnan order of 1,2, 3,......... . Then, in a ‘state that the nodul o

‘identifier Madtechiah, coddiards.ansai 6l$i§rfrfalin%rfarﬁam¢miedﬂ:| eh8hchAged biie an
order of 1, 2, 3, ...... , 62, 63. Thereafter, this change of the

transm ssi on manﬁbene iareagpéat goown by way of example.

The frame identifier FI indicates a kind of a frame
and is set to "0010", for example, in this example.

The transmission frame number FFI is allocated by
using modulos of 63; by way of example. Identification of the
modulos is indicated by the modulo identifier MI whose value is
alternhately "“0" and "1". Specifically, when a data frame and a
feedback frame are transmitted from a transmission-side data
communication apparatus to a reception-side data communication
apparatus in an ascending order of the transmission frame number
FFI (or in a descending order thereof), in a state that the
modulo identifief MI is MI=0, the transmission frame number FFI
is changed in an order of 1, 2, 3, *-<c---- , 62., 63. Then, in
a state that the modulo identifier MI is MI=1, the transmission
frame number FFI is changed in an order of 1, 2, 3, ~-*c**"" ‘
62, 63. Then, in a state that the modulo identifier MF is MI=0,
the transmission frame number FFI is changed in an order of 1,
2, 3, v , 62, 63. Thereafter, this change of the

transmission frame number is repeated.



3 ) The request frane nunber (transm ssion request frane nunber)
FBI is a nunber of a franme which the transm ssion-side data conmunication
apparatus requests the reception side-data comunication apparatus to
transmt next, being a smallest frame nunber, corresponding to the frame
nunber of the received frame nunber, (or a |argest franme nunber in case of
the transm ssion nunber FFlI allocated in the ascendi ng order) anong data
frames which have not been received. 3 The data |l ength area DLEN
i ndi cates an anong of data included in the daja area DATA and c%nﬁéndicate
[

the data amount whi ch Th&n§eIUES ot Rmey MVEPRY t ransaifglon ARAUES Y ATe1T s

| h ' | JA d . . | FCS
e a3 byt EYEPRED ¥ e BmBRE F oriepme i, e er gk i -S208. (50
to ITU (Int aralegth %@%%@agwggﬁafﬁw& 883 - thd GeRapendats Rk Yatd?2

(LAPM opti on) code efTects a 608-bit area fromthe frane
identifier Fleomfuhh€atidn Fabad Acd S shiitSnextS82 Haiing) a smallest framach
of the data frame and the feedback frame respectively shown in FIGS. 1A
and 1B does muimbeng| cokrespadiogr boi the ifolamgonumber) ofo the veeetivesk frame

~establishing synchronization because th% are used in a state that ,
synchroni zat il’(‘}ﬁ‘ﬁ?—lir ebPn A lewggst frame number) iny¢ase) oty the FEAMHNRS PR FI G

1A, the data ar gFrEﬁ‘é’A:i?ncl 51:% sﬁﬁgﬁ%gsf&igglsgngggé%cﬁ)b o}laed‘_gl@ FAL8 DATA

of the feedBH ude a°signi fican

data and hencg ;LACLAPESHG HRnSkERb{v&ANt data having all values of 1 (or
may i nclude that having other bit patterns such as al

The data length area DLEN indicates an among of data
included in the data area DATA and can indicate the data amount

" which ranges from 0 to 73 bytes, being 73 bytes in this example
shown in FIGS. 1A and 1B.

The error detection code FCS is a 32-bit cyclic
redundancy checkl(CRC) code which is a CRC 32 according to ITU
(International Telecommunication Union)-T recommendation V. 42
(LAPM option). This CRC code effects a 608-bit area from the
frame identifier FI to the data area DATA (=640 bits - 32 bits).

Each of the dat; frame and the feedback frame
respectively shown in FIGS. 1A and 1B does not include a
synchronization word and so on used for establishing
synchronization because they are used in a state that
synchronization is established.

In the data frame shown in FIG. 1A, the data area
DATA includes a significant data, but the data area DATA of the
feedback frame shown in FIG. 1B does not include a significant

data and hence includes a non-significant data having all values

of 1 (or may include that having other bit patterns such as all



4 values of 0 or the like). An ARQ transm ssion chart according
to the SR system presented when a transm ssion franme shown in FIG 1A has
an error will be described with reference to FIG 2. In FIG 2, nunerals
in rectangul ar frames of the data transm ssion side (transm ssion side
communi cati on apparatus) depict frame nunbers of transm ssion franmes. It
I's assuned that there are ten transmssion frames 1 to 10 and the frame
nunbers 1 and 10 respectively depict thé first transnission franme nunber:
and -the last transnission. fira nber (the maxi num franme nunber). An
arrow pointi r‘l’g'}‘l PS\?\@% ?hoelnItcPv‘Y"'/erII"igc:é ht depicts a transmission frane

transmitted fromthe t@NaEhsSelRsii 8 nOCRHAE %&&aingpearaw%xs aykbém
reception side comuni cation apparatus. An arrow poinfing toward an upper

right depict prasbacdbagterd raanbnagsion fdnkr shdwhein FTeNt LAMSS dm

conmmuni cation apparatus to the transm ssion side communi cation appar at us.
A solid-1ine ermprowilkpie tdesariibedewitdvimeferente abs Missi @ eEn FIG.A2nr oken-
line arrow depicts_a frame (transm ssion frane) having a transnm ssjon

error, i.e., TAmErake iR FOCKANGYLAR fraies afhithR dake HEPSPaEFLOR &HidPed

' tly. A t f nunb f.t f eed f i | ct
ooy oo S AHER Lol T ARG ool SEHRPEENY RS EERS Wippta”
‘depicts a rowt%éye i foh fraa@8. Wiehd ndiseALESctatEnkl B! 8:0Tedh frane

-period required 1 e transm ssion side comunication apparatus to,’
after transmirahbhilsSidh af¥sHess108of I@Mhd dabarfdmdunibeesel roma tio t he

‘reception side communication apparatus, receive a feedback frane fromthe

‘reception sidespeativelbyntdamicippheafissst rdianahisgion frame number and the

| last transmission frame number (the maximum 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 an upper right depicts a feedback frame
transmitted from the reception side communication apparatus 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 frame) having a
transmission error, i.e., a frame (transmission frame) which has
not been received correctly. A request frame number of the
feedback frame is depicted by a reference symbol R marked with a
frame number. A reference symbol RTF depicts a round trip delay
frame which indicates a multiple of a frame period required for
the trénsmission 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 indicating



5 whether or not the reception si-de conmuni cati on apparatus has received
the transm ssion frane correctly. In this exanple shown in FIG 2, the

round trip delay frame RTF is 4. Qperations of the transm ssion
si de communi cation apparatus and the reception side data conmuni cation
apparatus w Il be described with reference to FIG 2. [transm ssion side
comuni cati on apparatus] (1) Transmt data franes having the
transnission nunbers 1, 2 and 3to the recepti on side conmmuni cation

appar at us sively gé Lof | owi ng
processes W I‘”1 ggeléacﬁl eé)tJf e slgr?esérg)%ﬁdnft&tl%on a@ﬁ 445 b ecei ve

a feedback fr @Sﬁé@ﬁ] &%ﬂaﬁgﬁm&f@n Sﬁ‘lﬁle eOPPEOLGAL | 9R eﬁpar@s&a;@l@s a

frame responding to e data frane having the transm ssion nunber whi | e
transnitting shb@ndah arxd.r @7e thaviognd Rerilp dasay seiame Rranks naurber 4 to the
reception side comunication apparatus. Since the request frane nunber

i ndi cated by the feedb@peratiaoms icf hedtransiigsidrasideecomaudigatdnnsi de

comuni cati on apparatus has received the data franme having the
transn133|onaPPQﬁétﬁﬁnﬂﬂﬁ't?ec6PF%E¥+8n side) data commundroEian fRRRAFALKSS r ame

the data frafBLinde: S HRth SerFrater P Wi e transmitiing the
data ram hayuRonilesdd 3180 SShA{SATRA pREFadu0 the, reception side

comuni cati o apparatu nce t request me nurber indicated by the

feedback frama)is 3, deinhsmie dahﬁi ﬁrlaﬁeerMg @heS tH8n SIATEBIINC AbbErs
apparatus has received the data frane having the transm ssion frame nunber
2 correctly. 1, 2 and 3 to the reception side communication apparatus

successively (the modulo identifier MI is MI=0 and the following
processes will be carried out under the same condition).

(2) Receive a feedback frame from the reception side
communication apparatus as a frame responding to the data frame
having the transmission number 1 while transmitting the data
frame having the transmission frame number 4 to the reception
side communication apparatus. Since the request frame number
indicated by the feedback frame is 2, determine that the
reception side communication apparatus has received the data
frame having the transmission frame number 1 correctly.

(3) Receive a feedback frame from the reception side
communication apparatus as a frame responding to the data frame
having the transmission number 2 while transmitting the data
frame having the transmission frame number 5 to the reception
side communication apparatus. Since the request frame number
indicated by the feedback frame is 3, determine that the
reception side communication apparatus has received the data

frame having the transmission frame number 2 correctly.



6 (4) - Recei ve a feedback frane fromthe reception side

communi cati on apparatus as a frane responding to the data franme having the
transm ssion nunber 3 while transmtting the data frame having the

transm ssion frame nunber 6 to the reception side conmmunication apparatus.
Since the request frame nunber indicated by the feedback frame is 4,
determ ne that the reception side conmmunication apparatus has received the
data frame having the transm ssion fram® number 3 correctly. (5)

"Receive a feedhack frang fr.om th eRt i i i i on ar at us
-as a frane re&g_ondi ng {%ectehlé’edét ge%(r?%arr% %&%n%&%&%gn&%&gnﬁ%nber 4
‘Wwhi l e ”ansméénlu{ﬁﬁsii&g&&?té’ppa[ﬂa%% Ravh ngrdue rbég?ﬁdi'lx&f't‘?ﬁ thba§Red Wikl 7

'to the reception e comruni cati on appar at us. nce the request frane
‘nunber i ndi qaivacthgbyheherdenadibadlont hamber 3 4shidet erandigitdtiay the ddwception
'side conmuni cati on apparatus has not received the data franme having the
‘transni ssi on framee haunbgrtie doranseibgion (Hjame numbdy s tthehsedepiaicr om
‘having the transm ssion frame nunber 8 to the reception side comunication
appar at us ancidfeFOMPEDiaHOR APPREAHRE o fHAPe KBOi FRAYSSE framenpwdiedn fame

number 4 to the recepiion side co i cati.on apRays at us. 7

‘Transnmit dat a"qﬁfﬁgggh&iﬂbﬂt%gdﬁf‘gggﬁagﬁ&? r%lﬁngﬁg%mlé’,e fé?):ﬂih%nd +2 to
‘the recepti Or!re%egﬁ:iSﬁ”Qlﬁ% %&Egg%ﬁté@aﬁ%ﬁeﬁéé vlae sRegapRe c¥ah:%
. feedback frame as a franme responding to he re-transmtted data frame .
‘having the trafss asvefgf iR rangiies idn Wddmebaunbsei ¥ brabberya four-frame

‘period. A synmbol "+" depicts a transm ssion frane nunber allocated when
'the nodulo i@dgntifier RdceiveMa=fieedback frame from the reception side

| communication apparatus as a frame responding to the data frame
having the transmission number 4 while transmitting the data
frame having the transmission frame number 7 to the reception
side communication apparatus. Since the request frame number
indicated by the feedback frame is 4, determine that the
reception side communication apparatus has not received the data
frame having the transmission frame number 4 correctly.

(6) Transmit the data from having the transmission frame
number 8 to the reception side communication apparatus and then
re-transmit the data frame having the transmission fame number 4
to the reception side communication apparatus.

(7) Transmit data frames having the transmission numbers
9, 10, +1 and +2 to the reception side communication apparatus
successively because the feedback frame as a frame responding to
the re-transmitted data frame having the transmission frame
number 4 will be received after a four-frame period. A symbol

"+" depicts a transmission frame number allocated when the

modulo identifier MI is MI=l.



7 (8) Recei ve a feedback frame fromthe reception side conmunication
apparatus as a frane responding to the data frame having the fransm ssion
nunber 4 while transmtting the data frame having the transm ssion framne
nunber +2 to the reception side conmunication apparatus. Since the request
frame nunber indicated by the feedback franme reaches a maxi num out st andi ng
frame (= request franme nunber - 2), transmt the data frame having the
transm ssion frame nunber 4 and requested at present to the reception side
communi cati on paratu 1 1:hau )t ] . havi.ng the
transm ssi on ?f)grre num?)Reér@el-br’%. 5 fé%m tﬂ#%n%?n&%%eggfgégg%é% %1% dat a
frames havi ngdifin ibheRSH SpRathsaB8 AUFRAIS respbnding (diethedaha f RS
‘are transmtted at the second tinme and hence their transm ssion frame
nunbers are ihttiget elebyrapan ssiion amber M Ghile tpahdwituiagephé odatsd de
.comuni cation apparatus because it is not clear whether the reception side
conmuni cat i onfrgReahavisg Hehe dylansoisgion eixameegumher dbd £ thaese¢RPAIRR t he
‘transm ssion franme nunbers 4 and greater. Recei ve the feedback

/ : . (10
frame from t H 4G COPRIBHCRTIRD aPPARARTE at i%ﬁ‘(c&p%ig?a’c"‘t‘fl,“% £Rame Bypper
: di to, . t { f ‘havi he t 1 SS] nb 4 '
{ranan t 1 ng SRRy G Seilbal bfpe HRBRRRE") R hufptidg 1
o ! Al S
T ni tat oq by ERTILHEGOAD SORG AkiSer 3 WC LRERERA e WaRATerdTDST

- conmuni cat i oraafiRRy dhdSthassiiesdonerife Midber &ran® hajiedgeclingt present
transm ssion frame nunber 4 correctly.
to the reception side communication apparatus without

transmitting the data frame having the transmission frame number

+3.

(2) Transmit successively the data frames having the
transmission frame numbers 5, 6, 7 (fhese data frames are

! transmitted at the second time and hence their transmission
frame numbers are indicated by open circles in FIG. 2) to the
reception side communication apparatus because it is not clear
whether the reception side communication apparatus has correctly

received the data frames having the transmission frame numbers 4

and greater.

% (10) Receive the feedback frame from the reception side
communication apparatus as the frame responding to the data
frame having the transmission number 4 while transmitting the

| data frame having the transmission frame number 7 to the
reception side communication apparatus. Since the request frame
number indicated by the feedback frame is 9, determine that the
reception side communication apparatus has received the data

frame having the transmission frame number 4 correctly.



8 [reception side comunication appar at us] The reception side
conmmuni cation apparatus constantly sets as the request franme nunber of the
feedback frame a transm ssion frame nunber of a data frame which it
requests the transm ssion side comrunication apparatus to transmt next
time, and thereby transmts the feedback frame having the set

transm ssion nunber to the transm ssion side conmunication apparatus. (1)
Si nce having received the data franes hawg ng the transm ssion frane

nunbers 1, 2 &r%eg)&&%r%%éé yconﬁa\i%?.@i?ﬂx’?'é’p#atrrﬁﬂﬁﬁﬁzt f eedback frames

respectively ing e reques rame runbers 2, 3 and 4 to the

transm ssion si'de comuiiL abept iR PH R bommuhPdation apphP&ud Bdntanei
received the data frame having the transm ssion frame nhunber 4 correct¥y,

-repeatedl y trsgtsrias the réqadhndtaheantmydosf thquesédbackmEramaber is 4
until correct reception of the data frame having the transm ssion franme
nunber 4. (3)ansmissioh frams wumberhef datdater frane whivh tiberequestd ddeon

frame nunber 4 correctly, repeatedly transmt a feedback frane having a
request franmFTARFPEFSHONNFIIE (COMHULAR AR APPBEATARTIR) tHAnSRAt nifHe 16

frames that have . not been receive upt i receivi t.he ta franme havin
the transm ssﬁ%ﬁt#‘% Ynﬁ?ﬂﬂ-ﬁmé"s gg?rg%?c} .Ck rame. -Vlnignq_'ﬁﬁes error J
control net h%aﬁ%ﬁ@s%ﬁtﬁiﬁﬂ& tReenE XA niSROUR . & Iud | Bmyani¥heibd he

transm ssion si communi cat1 on apparatus transmts the data frames having
t he apparatus.

(1) Since having received the data frames having the
transmission frame numbers 1, 2 and 3 correctly, successively
transmit feedback frames respectively including the request
frame numbers 2, 3 and 4 to the transmission side communication
apparatus.
(2) Since having not received the data frame having the
transmission frame number 4 correctly, repeatedly transmit the
feedback frame whose request frame number is 4 until correct
reception of the data frame having the transmission frame-number
4.
(3) If receiving the data frame having the transmission.
frame number 4 correctly, repeatedly transmit a feedback frame
having a request frame number 9 which is a minimum number among
frame numbers of frames that have not been received; until
receiving the data frame having the transmission frame number 9
correctly. -

In the ARQ error control method of SR system of the
example shown in FIG. 2, when the transmission side

communication apparatus transmits the data frames having the



9 transmi ssi-on frame nunbers 1 to 10 to the reception side conmunication
apparatus, the nunber of the transm ssion franmes - practically transmtted
is 18. In the exanple shown in FIG 2, assuming that the frane
nunber of the data frames to be transmtted fromthe transm ssion side
communi cati on apparatus to the reception side conmmunication apparatus is
NO and the frame nunber of the data franmes practically transmtted is Ni,
then a throughput S of transm ssion of tthe data franes fromthe

i o Lde catior ar at N (i L
SEZYPTE]E‘”LF %E;g ”Eéa&%ﬁ%ggfmﬁg nmcé I %ﬁﬁ‘ggg %r h‘?uog 1208 P r gﬁ’é eré{‘%@égfggsék‘ger essed by
(1 17 the KbmEHIbaRIn Yaparasus, the ARHEbE ehd Hitndhiagion frames

transni ssi on drRMcRYIPSrhdrdithel £ori@ctly received twice by the
reception side comunication apparatus and hence transmtted three tines.

The data franme havi ng tire theaegampshke Gthownade FDGUIEr a@sumingtthedr thet | y
recei ved once by the reception side conmmunication apparatus and hence
transmtted tffame nppheyrf the: dapaoframes te pevemrsnitged Aremothfh having

been received correctly by the reception side conmuni cation _apparatus, the
data frames HEANELERLOR ARG COMBRIFIGHAN ARROGREUS, b Lhp pgebtion side

e | BBRRABIEI b SIGE 0% S She FER WAEE P! 1 e
transm ssi on @fardiepdatei dd1ANE thansndeddie ils’ ®15MERe QD thiroafRBpat YIE 7.
This is a cause of Pomerlng the throughput S o the transm ssion of the
data franes firansiiesiomnsfritd® datai ftames from the transmission side
communication apparatus to the reception side communication
apparatus according to this control method is expressed by the
following equation (1):
S=N0/N1=12/18=0.67 e (1)
In the example shown in FIG. 2, the data frame having the
transmission frame number 4 is not correctly received twice by
the reception side communication apparatus and hence transmitted
three times. The data frame having the transmission frame
number 9 is not correctly received once by the reception side
communication apparatus and hence transmitted twice. However,
study of FIG. 2 reveals that, although having been received
correctly by the reception side communication apparatus, the
data frames having the transmission frame numbers 5, 6, 7 are
unnecessarily re-transmitted sincde the request frame numbers of
the feedback frames have been 4 (due to a round trip delay)
until the transmission of the data frame having the transmission

frame number 7. This is a cause of lowering the throughput S of

the transmission of the data frames from the transmission side



10 communi cation apparatus to the reception side conmuni cati on apparatus
according to this control nethod. The throughput Sis |owered as the round

trip delay anount is increased. SUMVARY OF THE
| NVENTI ON In view of such aspects, it is an object of the
present invention to propose a data communi cation nethod which, in a data

comuni cation nethod of transmtting data frames from a first
medmerMnedframanmmerto a last pret®termined frame nunber froma

oo oot osohiEn Gl At TRURLLAN A AR LBLUGE 1 dh AdCCEBRRLAAIER dnt 2

n ascen scendail ng or

transmtti ngngﬁéfsiﬁgﬂaﬁck&aﬁﬁg £80éﬁig'a%nﬁkoieﬁ§éhéa r eqHeSthitd uﬁuﬁbfé

formed of a I mum maxi frum) frame nunber anong those of data franes,

whi ch have rlaweb@@rasreﬂ@ vedndf €0ip tded ayeappanonisiiderdasad conmuni cat i on
apparatus to the transm ssion side data comunication apparatus in
response to the franme nunbers oSUMMERY deilVMEdINVENTEQMNanes, and
transmtting, in response to the request frame nynber in ,the received

feedback frame, a datalPr ¥AeW Hel iSH§ha 2PPEAES nukthér, an,phigry & FB€ept i on

de dat t t h t f d, t
St de conmunt BEEPBHE AORIERE £5 ProRbaq shonteorammisatieh eharl SRREh o,
apparatus, ngkeg hita Q—R:?&du?l Saxt.i?ortx"iﬁéﬁ%ldt of NP & 1 ik rHE‘T:a Ofrdnlee fpEHPack

frane, reduce an unnecessar ransm ssion to a rec ptlon si de data

communi cati o ZRpPSE aﬁt&i&@ﬁ:ﬁaﬁéd Offar@y @impleNcdal A dstapesdetsBiiziadt £eané r om
a transm ssion side data comuni cation apparatus to the reception side

dat a communi camben fppareatranshiseideaideodate t¢gnmuadeation Bppegiadus to

reception side data
a reception side data communication apparatus in an ascending
order (or a descending order), transmitting a feedback frame
including at least a request frame number formed of a minimum
(or maximum) frame number among those of data frames, which have
not been received, from the reception side data communication
apparatus to the transmission side data communication apparatus
in response to the frame numbers of the received data frames,
and transmitting, in response to the request frame number in the
received feedback frame, é data frame having a frame number,
which the reception side data communication apparatus has not
confirmed, from the reception side communication apparatus to
the transmission side data communication apparatus, makes i;
possible to, without changing a format of the feedback frame,
reduce an unnecessary re-transmission to a reception side data
communication apparatus carried out even when data frames
transmitted from a transmission side data communication

apparatus to the reception side data communication apparatus

have been correctly received by said reception side data



comuni cati on apparatus, and to hence inprove a throughput of transmi ssion

of a data franme fromthe transm ssion side data comunication apparatus to
the reception side data conmunication apparatus. I n view of
such aspects, it is an object of the present invention to propose a data
communi cati on apparatus which, in a data communi cati on apparatus enpl oyed
In a data comrunication nethod-of transmtting data frames froma first
predeterm ned franme nunber to a |last preddterm ned frame nunber froma

transmi ssi on csgmqn%n%%gigg p&)@r%%hgona gR% et le?%o‘ffg%e%gégﬁ%ﬁ%‘%é’r ‘8

comuni cati on apparatus 1 nan asceﬁdln order (or cendi
transm tting &JdneedBaskn fdAMP da‘tQCFHQ[hé‘gffEm k@astrandB@sash siadriduanber
or

formed of a mninmum ( maxi mum) frame nunber anong those of data franes,

whi ch have nrimi@EBate6eiaihratasntd Nehe: aeeppoon s itk data commumiczationn
apparatus to the transm ssion side data comunication apparatus in
response to tappamaioe.nunbers of the received data franes, and
transmtting, in response to the request frame, nunber in .the received

feedback frame, a data ¥t ¥H8¥hati #Fh asPerESnulberS an RRICEhLT ddept i on

si de data communi cati.on aratus_has_not nfirnmed, fr.omihe reception

si de conmuni cpaﬁﬁsgﬁ%aﬂiﬂg?rg%ﬁosp 3—,8 Pfﬂgoﬁ aa}'nsdr?i%gsfzgﬁm%ﬁl SESe a‘Iil %ﬁllsgat I on
appar atus, MBEESH ! inPQSE SobunbiOH ppaRetay dnd1yBR! iRl a I eedback

frame, reduce an unnecessary re-transm ssion to a reception side data
comruni cat i orconniR@aiahtsor dlidtheod oft tEvtmivtahgdaiea fimiiies fioansiirsed from

a transm ssion side data comunication apparatus to the reception side

dat a communi qxtedereappreditirmame 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 a feedback frame
including at least a request frame number formed of a minimum
(or maximum) frame number among those of data frames, which have
not been received, from the reception side data communication
apparatus to the transmission side data communication apparatus
in response to the frame numbers of the received data frames,
and transmitting, in response to the request frame number in the
received feedback frame, a data frame having a frame number,
that the reception side data communication apparatus has not
confirmed, from the reception side communication apparatus to
the transmission side data communication apparatus, makes it
possible to, without changing a format of the feedback frame,
reduce an unnecessary re-transmission to a reception side data
communication apparatus carried out even when data frames

transmitted from a transmission side data communication

apparatus to the reception side data communication apparatus



12 have been correctly received by said reception side data comunication
apparatus,” and to hence inprove a .throughput of transmn ssion of a data
frame fromthe transm ssion side data conmunication apparatus to the
reception side data communi cation apparatus. ' According to an
aspect of the present invention, in a data comunication nethod of
transmtting data frames froma first predeterm ned frane nunber to a | ast
predeterm ned frame nunber froma transnRssi on side data conmunication

apparatus to aﬁngﬁ%gﬁtégﬂﬂ%%%i'43531&8 ggihiggﬁagggﬁ?%qaeigagg ascendi ng

order (or a descending or transmiting a fe rane I ncluding at

l'east a requedmmund BBt MO Opd i8] 2hd %@H@n@é”ﬁmﬁﬂﬁvé@kﬁ&%gﬁ?ﬁ%ﬂunber
anong those of data franmes, which have not been received, fromthe

reception si deraddindse UG CRldada fapparfidis the thendntiasdwnsside ddtde data
comruni cation apparatus in response to the frame nunbers of the received
data frames, commnicahsontappagatiug tesPmnweceptine sidp datal compumigaddoeni n
the received feedback frane, a data frame having a frame nunber, which
‘the recepti orPRR3F@H8t a conmuni cation apparatus has not confirmed, from

e esepton o1 de compnLeaLgn 00 bl B¢ L dERBRE AR BRI 130°

communi cat i on appar at us, I"om | Nt Of Nt i on

| ndi cative qumetc%}lﬂic&@ion hBERBH OFSlnstakdi hg AR 5 Ak HEGHT number

‘next to a mninmum maxi mum) frame nunmper 1n t mes whi ch have
‘not been reckirstdpkedébermiafdd Fraflet Ainbdicdof halRs HletkaiendEfirame

cconfirmed is included in the feedback frane. According to the

present invemumber fromeatfm@nsmission side data communication apparatus to
a receptioﬁ side data communication apparatus in an ascending
order (or a descending order), transmitting a feedback frame
including at least a request frame number formed of a minimum
(or maximum) frame number among-those of data frames, which have
not been received, from the reception side data communication
apparatus to the transmission side data communication apparatus
in response to the frame numbers of the received data frames,
and transmitting, in response to the request frame number in the
received feedback frame, a data frame having a frame number,
which the reception side data communication apparatus has not
confirmed, from the reception side communication apparétus to
the transmission side data communication apparatus, data frame
reception confirmation information indicative of whether or not
receptions of data frames from a frame number next to a mihimum
(or maximum) frame number in the data frames which have not been
received fo the last predetermined frame number have been
confirmed is included in the feedback frame.

According to the present invention, since the



13 féedback frame includes the data frame reception confirmation

i nformation indicative of whether or not the receptions of the data franes
froma frane nunber next to a mininmum (or maxi mun) frame nunber anong
those of the data franmes that have not been received to a | ast

predeterm ned frame nunber have been confirned, it becones possible to
reduce an unnecessary re- transmission to a recepti'on side data

comuni cation apparatus carried out evenldvhen data frames transmtted from

at o communi CREABRCE Ho JOTHUB el HO SEehy TRRENGR CRyLioR °°
reception si ﬂ%;g%étfm‘o%gﬁ:?%aﬁ s oot Q:heh%‘é@m:f@t{é)\(ﬁ 2he

t hroughput o ransm ssion ranme from the transm ssion side data -
comuni cat i OaRAPAF&heES fronl BE Frafe iinkdt e €41R rEATHURI (G inikimum)

appar at us. BRI EF DESCRI PTI ON OF THE DRAW NGS
FI GS. 1A and fiBmer punbeagramongr hpsetof/eihe slhvai ivpmdsotmatshave snatateefir ane
and a feedback frane; FIG 2 is a diagram showi ng a transni ssion

chart of - anreReARed st@ i hashy Prgderrmineds foame | Righegshaya berp 1B;

FI GS. 3A and 3B are diagrans respectiyely show_n formats of a data frane
and a feedba&l?“ffﬁéﬂ%dacﬂbr%cﬁﬁ‘eFoP%ssﬁl?]r%F%ﬁﬁﬁﬁ&Fr@rﬂ UpPerRgsSHYre &t

I nventi on; et ' | agr showi n Is 4], S S t- of
Ve O < SERRPERERIST B o eof AR B e sPASELE A A
invention, carried ouf!deen WMedNdaOB Hismedi ROARERI WP EebnVEl Y showi ng
formats of a data franme and a feedback frame according to a

transmission side data communication apparatus to the reception

. side data communication apparatus have been correctly received
by said reception side data communication apparatus, and to
hence improve a throughput of transmission of a data frame from
the transmission side data communication apparatus to the
reception side data communication apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams respectively showing
formats of a data frame and a feedback frame;

FIG. 2 is a diagram showing a transmission chaft of
an SR-ARQ system having formats shown in FIGS. 1A and 1B;

FIGS. 3A and 3B are diagrams respectively showing
formats of a data frame and a feedback frame according to a
first embodiment of the present invention;

FIG. 4 is a diagram showing a transmission chart of
an SR-ARQ system according to the first embodiment of the
present invention;

FIGS. 5A and 5B are diagrams respectively showing

formats of a data frame and a feedback frame according to a



14 sécond enbodi nent of the present invention; FIG 6 is a-

di agram showi ng a transm ssion chart of an SR-ARQ system according to the
second enmbodi nent of the present invention; and FIG 7 is a

di agram showi ng a conmuni cation systemto. which the enbodi nents of the
present invention can be appli ed. DESCRI PTI ON OF THE PREFERRED
EVMBODI MVENTS A data comruni cation nethod according to a first
enbodi ment of the present invention will hkreinafter be described with

reference to tggnac 'ntg grg%gk?;ese'melg?é Jf<ﬁ_g’m*runi cation nethod of

the first endo |rren enpl oys an err contr d of an automatic
repeat request (ARQ Sy§kens0isaa &ia%li-ainhgﬁeawta tehashi ¥8idrerpatt (SR

systemsimlarly to the exanple in FIG 2. Anarrangement of an ARQ frame
havi ng the s@aTsREARGBSysHeRn actording dad ahlr ageord derbolddmdiva okt fulere W | |
be described with reference to FIGS. 3A and 3B. One ARQ frane
is formed of preesenbximygntio®40apdts and has a 4-bit franme identifier FI, a
1-bit nmodulo identifier M, a, 6-bit transm ssion frane punber FFlI, a 6- bi t

request frame nunber FBE. 3 8% A (Iipgram SRGYHY \ﬁné‘PE‘m‘a\nh‘f/ﬁ“’e’Lqr’s SU§EﬁmaE°a
32{ ez:t i %Eyoa'g’lﬁgstgl : tro §J“PP§ | Ogr 3‘:?@’5&5 g D‘g\;ﬁ% JT%g §a§2b%) altI“)r‘rl)u ers of
the areas is shown by V\%QRMB}QI@F THE PREFERREJ%g‘quﬁENTgent ifier FI
indicates a kind of a frane and is set to "1111", for exanple, in this
exanple in order to nakdath SomdnaiiRyaiibhometiddl Gccogdiingstd ke firane
identifier FI in the arrangenent shown in FIGS. 1A and 1B..
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
high-throughput selective repeat (SR) system similarly to the
example in FIG. 2. An arrangement of an ARQ frame having the
same format when it is a data frame and a feedback frame will be
described with reference to FIGS. 3A and 3B.
One ARQ frame is formed of, for example, 640 bits and
has a 4-bit frame identifier FI, a l-bit modulo identifier MI, a
6-bit transmission frame number FFI, a 6-bit request frame
number FBI, a 8-bit data length (where a byte is used as a unit)
DLEN, a 584-bit transmission data area DATA, and a 32-bit error
detection code FCS. In this frame arrangement, each of the bit
numbers of the areas is shown by way of example.
The frame identifier FI indicates a kind of a frame
and is set to "1111", for example, in this example in order to

make it different from "0010" used as the frame identifier FI in

the arrangement shown in FIGS. 1A and 1B..



15 The transm ssion franme nunber FFI is allocated by wusing~
nmodul os of 63, by way of exanple. ldentification of the nodulos is
‘indicated by the nodulo identifier M whose value is alternately "0" and
"1". Specifically, when a data frane and a feedback frame are transmtted
froma transm ssion-side data comruni cation apparatus to a reception-side
- data conmmuni cation apparatus in an ascendi ng order ‘of the transm ssion
:frame nunber FFI (or in a descending or der thereof), in a state that the

modul o identifier M i sy anngmfs%E&pngsaﬁ@ Rﬁmﬁé@%x”&gbﬁilfga{%ed Bychanged

in an order of 1, 2, 3, ........ in a state t

modul o i dent ifdigly MbakiSodGH 63,heyt wagsaf Exatdlel r ardeduifieatibh o8 &iéanged
in an order of 1,7 2, 3, ........ 63. Then, in a state that the

nodul o i dent |niddm|10M issiMixdhted by thansoiwl adehtﬁfriemmﬁmhoﬁélvame:hﬁnged

in an order of 1, 2, 3, ........ 62, 63. Thereafter, this change of the
transmi ssi on #kteraasehpelo0! sandebéét- edSPelelcallYI wher a dg&asfrapeymndhanper
(transm ssion_reguest frane nunber%ﬁFBl a nupber o t he
Lransni i on-18 ac&aﬁaa%%mitespﬁ i, & Fgae@&%leﬁésgi%ve%%n Si de

daa | COMMUN G Rk AR CAPPAK AR L0ub! 00T Lol onbELAD AATBLRESL LIATR

nunber, correspon ane nu e recelve rame

(or a Iargestaﬁ}ga%%ueum% | s edd8ng o dir Tdfa'%ﬁa‘ éﬁéﬁhls%li@ﬁefrﬂfé number
al l ocated in the ascendi ng order) afong data franmes which have not been

received. FFI (or inh& dsdderidingt braseaHareNr)ndisad etate ahabcief data
included in the data area DATA and can i ndicate th? d@ta anount which
ranges from Onadunlp3ifgneifidyeiMig ig3MEF9 esthien transmiseiny drame number FFI

is changed in an order of 1, 2, 3, +++*++++, 62., 63. Then, in
a state that the modulo identifier MI is MI=1, the transmission
frame number FFI is changed in an order of 1, 2, 3, cvecvees ‘
62, 63. Then, in a state that the modulo identifier MI is MI=0,
the transmission frame number FFI is changed in an order of 1,
2, 3,_--. ------ , 62, 63. Thereafter, this change of the
transmission ffame number is repeated.

The request frame number (transmission request frame
number) FBI is a number of a frame which the transmission-side
data communication apparatus requests the reception side data
communication apparatus to transmit next, being a smallest frame
number, corresponding to the frame number of the received frame
number, (or a largest frame number in case of the transmission
number FFI allocated in the ascending order) among data frames
which have not been received. .

- The data length area DLEN indicates an among of data
included in the data area DATA and can indicate the data amount

which ranges from 0 to 73 bytes, being 73 bytes in this example



16 shown in FIGS. 1A and 1B. The error detection code FCSis a
32-bit cyclic redundancy check (CRC) code which is a CRC 32 according to

| TU (International Tel econmunication Union)-T recommendation V. 42 (LAPM
option). This CRC code effects a 608-bit area fromthe frane identifier F
to the data area DATA (=640 bits - 32 bits). Each of the data
frame and the feedback frane respectively shown in FIGS. 1A and 1B does
not include a -synchronization word and on used for establishing

synchronizati%gwgeigu§fb§tu@%t%58 yéed inf state that synchronization is
da

est abl i shed a frame shown in FIG 1A, the data area

DATA incl udes a si gni f igankr@a; ageditit iohecdas ey aa RATA Wit the1ibeedback
frame shown in FIG 1B does not include a significant data and hence

i ncl udes a naedsngahéy celdcklgCRChavody wlilchy dk ug SCRO321 acoording itec Iwde
that having other bit patterns such as all values of 0 or the |ike).
Accor di ngly, (TIngersabpenaln Tsleconvwmicdttizm Ynionppamecesmendasinn §¥.t 42t he
transm ssi on side conmuni catign Egparatus a feedback frane having in a

first 61-bit GAEY PHt{-%) dAbdsaFRG ¢odpaeffpete i i (AP -LdHks PF%t#W thel e RCT

ot recept | ofeBF HRTGERIET P HGIIA e SF PArRAT doBR OB S o 4 RAe)

m ni mum f rame “U”ber (Q{ chn8 £ NEitd MRS FRHRe MNP Yhe Qe@éﬁ&cl@ffraﬁ@e
transm ssion nunber FFlI allocated in the ascending order) to a |ast

pr edet er m nedelspageivelparhown. &n, FIG®. MaXandmBudsssamditngnciudera nunber)
(the m ni mum out standi ng frane nunber in case of
synchronization word and so on used for establishing
synchronization because they are used in a state that
synchronization is established.

In the data frame shown in FIG. 1A, the data area
DATA includes a significant data, but the data area DATA of the
feedback frame shown in FIG. 1B does not include a significant
data and hence includes a non-significant data having all values
of 1 (or may include that having other bit patterns such as all
values of 0 or the like).

Accordingly, the reception side communication
apparatus transmits to the transmission side communication
apparatus a feedback frame having in a first 6l1-bit area in the
data area DATA a reception confirmation table RCT of 1-bit
informations Cn (n= 1 to 61) respectively indicating whether or
not receptions of the data frames from the frame number next to
the minimum frame number (or the maximum frame number in case of
the transmission number FFI allocated in the ascending order) to

a last predetermined frame number (i.e., the maximum outstanding

frame number) (the minimum outstanding frame number in case of



17 the transm ssion nunber FFI allocated in the ascending order), i.e.,
the data frames of the frame nunbers obtained by adding a first frame
nunber (2 in this case) of data franes, which have not been confirmed by
the reception side conmuni cati on apparatus, of "the maxi mum franme nunber
(=63)" - 2 with the nunbers of 1 to 61 have been confirnmed. In this case,
Cn=0 indicates that the reception of the data franme has been ' confirned,
and Cn=1 indicates that the reception of jyhe data frame has not been

confirmed yet, P eptd ' [ t &Q% e
provi ded intaltledé-’ FeaTEt laornegﬁfnhgg ?%gfr{él ot e%at an%ggggggﬁgea ﬂA.

“An ARQ transni gsi,08nsh@dta aGeRkd BE £ke tARMERNEMEELMoHagH8At B Mgl a
transm ssion frame . shown in FIG 3A has an error will be described wth
reference to filkSt f£rahé rfunberd, (2 fnnelid case)r eft dmcpulfaankbsanelsici Halve dat a
transm ssion side (transm ssion side conmmunicati on apparatus) depict frane

numbers of thdnbeeBstonfimmededy £be segapyioncgidercamunicagderri ption, it

is assunmed that there are ten transmsgion frapes 1 to 10 and, the frame
nunbers 1 andPPGrAEEpecRt vdilP Fepimim:eans l“é‘f"ge{:rb‘ i"sSi onvFrh R ehunber

and the last Lhaasdl 851 Pd 'ATRa0UMREL AddiHBY! MU Wh3LCRUID Ry AN

arrow poi nting towar ower  rig epIcts a transm ssiron frane

transmtted fi@Mchl8s {KANYHS $LBBpEISE SOPRNGEES | Sran@PRAEabéEn L O the
reception side conmunication apparatus. An arrow pointing toward an upper

ri ght depi ct sonfiienddpcind ranis inajcatdd athaftr ehet hecapadent bonthsidida
conmmuni cation apparatus to the transm ssion side comunicati on apparat us.
A sol i d-1i ne fxemewhdepret deenf cangirmed yet.

The reception confirmation table RCT can be provided
in a dedicated area in a frame other than the data area DATA.

An ARQ transmission chart according to the SR system
presented wﬁen a transmission frame shown in FIG. 3A has an
error will be described with reference to FIG. 4. In FIG. 4,
numerals in rectangular frames of the data transmission side
(transmission side communication apparatus) depict frame numbers
of transmission frames. For simplification of the description,
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
(the maximum 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 an upper
right depicts a feedback frame transmitted from the reception
side cdmmunication apparatus to the transmission side

communication apparatus. A solid-line arrow depicts a frame



18 having no transmission error. A broken-line arrow depicts a - frame
(transm ssion franme) having a transm ssion error, i.e., a franme

(transm ssion frame) which has not been received correctly. A request
frame nunber of the feedback franme is depicted by a reference synbol R
marked with a frame nunber. A reference synbol RTF depicts a round trip
delay frame which indicates a nmultiple of a frane period required for the
~transm ssion side communi cation apparatud8 o, after transmtting a

transm ssion fJa an{?argﬂ@lotnhg?féfom R oRenL $EEPIBw abffcts a

communi cati on apparatus, recelve a feedbac rane fromthe reception side
communi cat i onepeAN @kdfishikh foH ifamshehfeingdla tehnshissicceptoo) Bidglg a
comuni cati on apparatus has received the transm ssion frane correctly. In
this exanpl e ftamsn (tpah$fiisLion thirame)uwilich ihasdebtybéeramecBiFeds 4.

The reception side conmunication apparatus always sets the transnjssion
frame nunber asfrmeg&lyat ob fregnesihifepne snweberyed| they feedhackr frane tltsed next ,

as a request frane nunber, and trans to the transni ssi on Si
comuni cat i orfeIcErgt BE 3 ref‘?e’??&&@ksl’ggéﬂi l?lé‘*?irlifﬁ d; yith 1 framg py eé:rea i n

the data ar eaxa{%?:‘ 'ﬁ‘cg é c% 'I&Q:‘ Cd% 1:&9%':% hag#f%%y f}aﬂétwhlch

I nformati ons respe |ver inal her not
receptions ofm&f&tdata Mﬁﬁﬂé‘ 03Mht Bearhd ag&lean?squf@a £be feﬁ@ i ni mum
frame nunber (or the maxi mum frame nunber 'in case of.the transm ssion
“nunber FFI aIﬂm&hﬁdsmntémdammﬂnmgaai@tera)pphmaauéais:i gftedet samsntiad ihgane

nunber (i.e., the maxi mum outstanding franme nunber) (the m ninmum
“out st andi ng fa smansmibeion riExaee (dhtahfranelatdheresrom youkber réFepiiidnocat ed
in the ascending order), i.e.

side communication apparatus, recelve 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 example shown in FIG. 2,
the round trip delay frame RTF is 4.

The reception side communication apparatus always
sets the transmission frame number of the data frame which is be
desired to be transmitted next, as a request frame number, and
transmits to the transmission side communication apparatus a
feedback frame having in a first 8-bit area in the data area
DATA a reception confirmation table RCT of 1-bit informations Cn
(n= 1 to 8) respectively indicating whether or not receptions of
the data frames from the frame number next to the minimum frame
number (or the maximum frame number in case of the transmission
number FFI allocated in the ascending order) to a last -
predetermined frame number (i.e., the maximum outstanding frame

number) (the minimum outstanding frame number in case of the

transmission number FFI allocated in the ascending order), i.e.,



19 the data franes of the frame nunbers obtained by adding a first frame
nunber (2 in this case) of data franmes, which have not been confirnmed by
the reception side comunication apparatus, of "the maxi mum franme nunber
(=10)" - 2 with the nunbers of 1 to 8 have been confirnmed. In this case,
Cn=0Oindicates that the reception of the data franme has been confirned,
and Cn=1 indicates that the reception of the data frame has not been

confirmed yet. [transmi ssion side comunjgati on apparatus] (1)
Transmt data.fr S paving th r qﬂg ' UGRE! fhedl by2 ;
reception si é‘ecggﬁﬁn?{: 5 oﬁ)fagf)lérg)fus S*‘z‘:'}‘%%égs_l ve"léi.ed P}’) a&&f’ng” éRgéglgge a

feedback frang,fE0 m@?f SRt kA Skalfe) GFTHHEBE CAEdYY  ARRAEAT kv ok frame
respondi ng tgﬁ?ﬁé ggta rgﬁe hav?ng tﬁg transmi ssi on nunber 1 while

transmtting Hda dahfirhd@my hhvi Pecéfeidn aidei sammm ifcatien napgeeratdist, oof he
reception side communication apparatus. Since the request frame nunber
i ndi cat ed by “tthe merilinackfrfameraunber, (tldh)dr mi Aewitihithehaumpere % dn toi 8e

conmmuni cati on apparatus has received the data frane having the
transni ssi on lavgnbeau it irmedyr | Yhis cgpe, Cn=0 Ré’éﬁic\%eg RS frane

fromthe reception.side 0 nication.a ratu . a fra r nding to
the data fra c.eﬁﬁﬁ?’ﬁgo? yé‘e[n?éﬁgnf%%f[‘% 53% %%1 §°'€%ﬁq“§dﬁ§ﬁgm it! ng the
data frame hawiRdebbe fd@nsid $abape o8t RHBDEALD fmicNBakChOPticem side
comuni cati on apparatus. Since the request franme nunber indicated by the
f eedback framnfirieddedey m ne that the reception side conmuni cation

appar atus has received the data
[transmission side communication apparatus]

(1) Transmit data frames having the transmission numbers
1, 2 and 3 to the reception side communication apparatus
successively.

(2) Receive a feedback frame from the reception side
communication apparatus as a frame responding to the data frame
having the transmission number 1 while transmitting the data
frame having the transmission frame number 4 to the reception
side communication apparatus. Since the request frame number
indicated by the feedback frame is 2, determine that the
reception side communication apparatus has received the data
frame having the transmission frame number 1 correctly.

(3) Receive a feedback frame from the reception side
communication apparatus as a frame responding to the data frame
having the transmission number 2 while transmitting the data
frame having the transmission frame number 5 to the reception
side communication apparatus. Since the request frame number
indicated by the feedback frame is 3, determine that the

reception side communication apparatus has received the data



20 franme having the transm ssion franme nunber 2 correctly. A reception
confirmation table of the feedback frame has informations (ferr] to (ferr]
= 1. (4) Recei ve a feedback frame fromthe reception side

comuni cati on apparatus as a frane responding to the data frame having the
transm ssion nunber 3 while transmtting the data frame having the

transm ssion frame nunber 6 to the reception side conmunication apparatus.
Since the request frame nunmber indicateggby the feedback frame is 4,

~determne th t hghﬂr?ggqe&;{?g%rghgﬁiggmryr%g f af %tog??{;}efyp:r e%ei ved t he

~data frane ssion Trame nunber correc recepti-on

~confirmation &%Qgg%g{lvé&gf%%ggaﬁkﬁﬁmﬁﬁ%e Ead e ireaneGigs r] to Cerr]

= 1. (5) ack frame fromthe reception side :
comuni cat i oinFRRAEBibEs a5 8ofcare 1.esponding to the data franme having the
transm ssion nunber 4 while transmtting the data franme having the

transm ssion fname numMiglefvhOat flediieRPirale SidE thenttdépaldnoBigepar at us.
Since the request frame nunber indicated by the feedback frame is 4,

det er m ne t hajoninhaicaei@ptdpparatde soranfivamat respaphiagatosthesdatat framei ved
the data frame having the transm ssion frame nunber 4 correctly. A
reception corfavingt the tresismissionenymaibdcWhitenransmittingrhe ideks Cerr]
to Jerr] =1 (6 Recei ve a feedback franme fromthe recepti,on side

comuni cat i orf’ﬁf‘ﬁa%‘é’l’%%g ddhe, trpRRRLIsOh fdPRE PY™STe Cu4Pathe FREEBEP NG t he

transm ssion nunber 5 while transpitting th a r havi

transm ssi on SRRt P ﬁ%réggﬁpt%éﬁcg b ééd%ggt Eﬁh&gl&mﬁer
indicated by the feedback frame is 4, determine that the
reception side communication apparatus has received the data
frame having the transmission frame number 3 correctly. A

reception confirmation table of the feedback frame has

informations C; to Cg = 1.

(5) Receive a feedback frame from the reception side
communication apparatus as a frame responding to the data frame
having the transmission number 4 while transmitting the data
frame having the transmission frame number 7 to the reception
side communication apparatus. Since the request frame number
indicafed by the feedback frame is 4, determine that the
reception side communication apparatus has not received the data
frame having the transmission frame number 4 correctly. A
reception confirmation table of the feedback frame has

informations C; to Cg = 1.

(6) Receive a feedback frame from the reception side
communication apparatus as a frame responding to the data frame
having the transmission number 5 while transmitting the data

frame having the transmission frame number 8 to the reception



21 side communi cation apparatus. Since the request frame nunber indicated
by the feedback franme is 4, determne that the reception side

comuni cati on apparatus has not received the data frane having the
transm ssion frame nunber 4 correctly. A reception confirmation table of

the feedback frame has informations CJerr]=0O and CJerr]. to (Jerr] = 1.
This reveals that the reception of the data franme having the transm ssion
frame nunber 3 has already been confirmeg. (7) Recei ve a feedback

frame fromt @%Id{?§8§§'§“ia‘9?cas°iiq’?‘ ﬁé&%ﬂ% at QR -BPPAL Aldihedt ﬁr&g@mf‘]bgr

responding to rane e transm ssi on nunber

transm tting a8 cdebd by A FaaUbask ! hHtarld 38S Y, S@éQfimdMenatnies 4 to the
reception side comruni‘cation apparatus again. Since the request frane

nunber i ndi caieR@pleyoh heide el itasien i gpphratdas chas mott lrateived thecdptaon
si de communi cation apparatus has not received the data franme having the
t ransmi ssi on fiuameehavivberthe daanspisgiom freaeepuiorr doworraatlvn tabl e of
t he feedback frame has informations (Jerr] and %err] =0 and Clerr] to

Clerr] = 1. TACEPEEQRaFEHAALICR.tRRIR AT dhe Spedihrrckydra™frBd®s having the
oo £ on i TP S05, 4RI 2 o D, G LG

: ! . fie"t ransm 8si on nanber's 1 and +2 to

e Pt O L e oI ol 00 BDRaL 31 YR B Vel RS S Moo

b0 {0 LI ALER Al cOlEed v || be e ved af e 2 Lour e

the nodulo idgntifier fdceligeMh=feedback frame from the reception side
communication apparatus as a frame iesponding to the data frame
having the transmission number 6 while transmitting the data
frame having the transmission frame number 4 to the reception
side communication apparatus again. Since the request frame
number indicated by the feedback frame is 4, determine that the
reception side communication apparatus has not received the data
frame having the transmission frame number 4 correctly. A

reception confirmation table of the feedback frame has

informations C; and C; =0 and C3 to Cg = 1. This reveals that

the reéeptions of the data frames having the transmission frame
numbers 3 and 4 have already been confirmed.

(8) Transmit data frames having the transmission numbers
9, 10, +1 and +2 to the reception side communication apparatus
successively because the feedback frame as a frame responding to
the re-transmitted data frame having the transmission frame
number 4 will be received after a four-frame period. A symbol
"+" depicts a tfansmission frame number allocated when the

modulo identifier MI is MI=1.



22 Recei ve feedback franes fromthe reception side T
conmmuni cation apparatus as frames responding to the data frames having the
transm ssion nunbers 7, 8, 4, 9 while transnmitting the data frames having
the transm ssion frame nunbers 9, 10, +1 and +2 to the reception side
comuni cati on apparatus. Since the request franme nunbers indicated by the
feedback frames responding to the data frames having the transm ssion
frame nunbers 7, 8, 4, 9 are all 4, detéfmine that the reception side

communi cati on appar at u%e@@iv%%eéﬁa?ﬂf’%?aﬁ@@ £ tfREaai‘Ec VidiJ s ikBe

transm ssion franme nunber orre reception confirmation

tabl e of thecoppghaskt{dmppalrasions Nrdmde dasporidiane tbavhagiddwe frames
transm ssion nunber 7 has infornmations Cl to C3 =0 and &4 to C8 = 1. This

reveal s t hat hakédngrtheptrasmistiohenubexrsf 7anBs had nipilketrangmititdiogon
frame nunbers 3, 4 and 5 have already been confirnmed, Reception
confi r mat i on thebfakacfrangs heFdpgckhe reransnisspomdirane RENBRYS 2 f A8nedl

Co'10°ca = 19nTe T FLRRFIPNCF {1 AOPFORL-EOT RERAREET 1 oRHRAVAG

the transm s?a&gefs{;a?%%ng%g%%&%rg, i ?%%ﬁﬁﬁy%ﬂév&ﬁﬂa%ﬁdﬁm confirned.

(9) Recer've a rame e“reception side conmunication

apparatus as z@stﬁané asP U RechOrtdifed Mavihhorke tiavshgssien @@ ssion
nunber 4 while transmtting the data .franme having the transm ssion frame

nunber +2 tonumBersecepts,on, 9 deecamns) deteomimgperaat the FSeceptiidne sidguest
frame nunber indicated by the feedback franme reaches a maxi mum out standi ng
frame (= reqeemmunicamion Mpparates, has aednreceheedishe Apsppirame having

the transmission frame number 4 correctly.
A reception confirmation table of the feedback frame
responding the data frame having the transmission number 7 has

informations C; to C3 =0 and C4 to Cg = 1. This reveals that the

receptions of the data frames having the transmission frame
numbers 3, 4 and 5 have already been cohfirmed. Reception
confirmation tables of the feedback frames responding the data
frames having the transmission numbers 8 and 4 have informations

C; to C4 =0 and C5 to Cg = 1. This reveals that the receptions

of the-data frames having the transmission frame numbers 3, 4, 5
and 6 have already been confirmed.
(9) Receive a feedback frame from the reception side
communication apparatus as a frame responding to the data frame
' having the transmission number 4 while transmitting the data
frame having the transmission frame number +2 to the reception
side communication apparatus. Since the request frame number
indicated by the feedback frame reaches a maximum outstanding

frame (= request frame number - 2), transmit the data frame



23 having the transmission frame nunber 4 and requested at present to the
reception side comuni cation apparatus without transmtting the data frane
having the transm ssion frame nunber +3. Receive a feedback frane fromthe
reception side conmunication apparatus as a frame responding to the data
franme having the transm ssion nunber 10 while transmtting the data frane
havi ng the transm ssion frane nunber 4 to the reception side comrunication
apparatus again. Since the request franme23nunber indicated by the feedback

frame is 4, Gl%%gl Bet PAlndiiS s i bACEPAME hubibd® & OMRIYcmlbs@8d PP Fdlsenthas

not received the data rame having the transm ssion frame nunber 4

correctly. A td eanepre8speivt igideat colmbgidioh bhppafardbadkhbuane has
informations CJerr] to CJerr] and CJerr] =0 and Cerr], Cerr] and (Jerr] =
1. This reveatsspistingethecrn dnamefhaviagdéhe tranmmisisaonnframe number

transm ssion frame nunbers 3 to 6_and 8 have already been confirned. (10)
Transnit the tht aReFaie mviassibegk FarR feos Shef FegAPtionnBifeo to the

Communi cat  orF B AREon apparatis”ad s HRnR: rephRiEie 43 Hhersata ipme
t I . 1.SSI aygher, Qi f
aﬁfiﬂaigsbg gesFﬁzghéoéié?%ﬁ¥§%§§?f§% H%Q?v%ggﬂa réhues%gﬁ?gﬁ%ﬁ%di er, and

transnmits to ghd hatsAl SHO LrSindRiSOTGN Nraall ABMSEPA dloUthd réessthiamk
frame having in a first 8-bit area in the data area DATA a reception

confirmati on dialal eolfminidatiidn apparatustdgain.Cnsifes thet ae@hesteshruta vel vy
i ndi cating whether or not receptions of the data frames fromthe frane
number next toubex Andieatsd Mynshe feedback frame is 4, determine that the

reception side communication apparatus has not received the data
frame having the transmission frame number 4 correctly. A
reception confirmation table of the feedback frame has

informations C; to C4 and C¢ =0 and Cs, C; and Cg = 1. This

reveals that the receptions of the data frames having the
transmission frame numbers 3 to 6 and 8 have already been
confirmed.

(10) Transmit the data frame having the transmission frame
number 9 to the reception side communication apparatus again.
[reception side communication apparatus]

The reception side communication apparatus always
sets the transmission frame number of the data frame which is be
desired to be transmitted next, as a request frame number, and
transmits to the transmission side communication apparatus a
feedback frame having in a first 8-bit area in the data” area
DATA a reception confirmation table RCT of l-bit informations Cn
(n= 1 to 8) respectively indicating whether or not receptions of

the data frames from the frame number next to the minimum frame



24 nunber (or the maxi num franme nunber in case of the transm ssion nunber
FFl. allocated in the ascending order) to a |last predeterm ned franme nunber
(i.e., the maxi mum frame nunber), 1i.e., the data franmes of the frane
nunbers obtained by adding a first frame nunber (2 in this case) of data
frames, which have not been confirned by the reception side comrunication
apparatus, of "the maxi num franme nunber ( 10)" - 2 wWth the nunbers of 1
to 8 have been confirned. In this case, i ndicates that the reception

of the data fra rfﬁgl = Cale A8
reception ofr&ﬁggﬁaﬁﬁrqﬁrane Lﬁ egﬁggégf#¥rg§$ QE éh%r§¥a SSl?%ce
~having recei \ﬁ%ﬂbéb%ﬁﬁtam%%ea mvmg afsaendiﬁgtr&rae&sl ea ArpgEx nunbers 1, 2
.and 3 correctly, successively transmt to the transm ssion side :
- conmuni cat i opragpesnhiifed ffradbaskunbenEs ef. ¢ sphe tnazximpmhfivang rumbergquest
‘frame nunbers 2, 3 and 4 and having the reception confirmation: tabl es of
‘Cerr] to C[érel, tha deswadzenescehtthengremet pambatnsa obtaiped Hay iadgingea
~transm ssion frame nunbers 3 to 10, 4 to 10 and 4. to 10 respectively next
to the requeddrFtafEans AyEPEr2 (2 31n gihisy case))of “aata §Fﬁ@%shé§} ﬁ ¥

received the d tﬁ?frane avrag gﬁks Eé@%%t;éﬁ'é”hé'&ﬂmﬁ BEQ?@I 4 correctly,

repeat edl y t S e sion comuni cati on apparatus t he.

f eedback fra & the e mid FPamBUARSRbe @1@)Ravi No.Lt1e theception
confirnation%?ngggﬁgg(; ef%] dferr] = 1 be52ué§nreceptrons of the data

frames havi ngxuinbars-r@ﬂamt%smonaﬁéaﬁ&mmﬁsmédr 0 TiD théxt cade, tdne0r equest

frame nunber 4, until correct reception of the data frane having the

t ransm ssi on indametesintdert 4he reception of the data frame has been
confirmed, and Cn=1 indicates that the reception of the data
frame has not been confirmed yet.
(1) Since having received the data frames having the
transmission frame numbers 1, 2 and 3 correctly, successively
transmit to the transmission side communication apparatus

feedback frames respectively having the request frame numbers 2,

3 and 4 and having the reception confirmation tables of C; to Cg

= 1 because receptions of the data frames having the
transmission frame numbers 3 to 10, 4 to 10 and 4 to 10
respectively next to the request frame numbers 2, 3, and 4.

(2) Since having not received the data frame having the
transmission frame number 4 correctly, repeatedly transmit to
the transmission side communication apparatus the feedback frame
having the request frame number 4 and having the reception

confirmation tables of C; to Cg = 1 because receptions Sf the

data frames having the transmission frame numbers 5 to 10 next
to the request frame number 4, until correct reception of the

data frame having the transmission frame number 4 .



25 (3) Recei ve the data franes having the transm ssion franme
nunbers 5, 6, 7 and 8 fromthe transm ssion side data conmmunication
apparatus. Then, successively transmt to the transm ssion side

comuni cati on apparatus feedback franes respectively having the request
frame nunber 4 and having the reception confirmation table of CJerr] =0
and C2 to (Jerr] =1, the reception confirmation table of CJerr] and
Cerr] =0 and Cerr] to (Jerr] =1, -thegeception confirmation table of

Cerr] to C[??;] =0 ag?c $& "dhd @aCheffrdmes hhviagdthdacramsepssoon frame
confirmation bl e of err] to (ferr] =0 and (Jerr] to (Cerr] =1. (4)
Si nce havi ngpagber£oei \Ged7eand ®ffitdre thet aransmissiopagidy 43t@ transmi ssion
frame nunbers 4 and 9 correctly, successively transmt to the transm ssion
si de comuni eatinamicatpimar apparates § e dieRe k SREARRSLVEdY pEERRSEYY tﬁagﬁﬁg t he

request frame nunber 4 and having fhe reception confirtnfi | e of
Clerr] to Ctspppmisgioh@idperPPmiRiagtdon aﬁpiFarl"u(SS%eedggék Q%la%%g havi ng

transmtted the data fraﬁr&pﬁrkggtégﬁms&r 3PSHL SR Bagka HERRGS A8, +1,

+2, successi FEFPSETLYRIN Sm sSion side conmuni cati on appar at us

the feedba“reﬁééﬂf&n EHRATHLYSLY EaMIdIGe! be £ Tual cf e, nurherehe and

having the rece on confirmation table of Cferr] to (Jerr] and ([err] =0
Gerr] o o EEPpptignARprisikipd Sypid B BRI ¥ S0 ey S8 ST T the
B o) S e’ T Fion RSl ELaf i Bhocr ot Sl £ Feard = 0
confirmation, frame |00 L3 tLANNTC! b1l UP )0 00t b O idforo

Cg = 1.

(4) Since having not received each of the data frames

having the transmission frame numbers 4 and 9 correctly,

successively'transmit to the transmission side communication

apparatus the feedback frames_respectively having the request

frame number 4 and having the reception confirmation table of C;
to Cs =0 and Cs to Cg = 1.

(5) Since having transmitted the data frames having the
transmission frame numbers 10, +1, +2, successively transmit to
the tfansmission side communication apparatus the feedback

frames respectively having the request frame number 4 and having

the reception confirmation table of C; to C4 and Cg = 0 and Cs,
C7,'and_ca = 1, the reception confirmation table of C; to C4, Cs
and C7; = 0 and Cs and Cg = 1, and the reception confirma'tion
table of C; to C4 and Cg to Cg = 0 and Cs= 1.

As described above, since the reception confirmation

frame information is transmitted from the reception side



26 conmuni cati on apparatus to the transm ssion side comunication
apparatus with being included in the feedback frane, if the data franes
already transmtted fromthe transm ssion side comrunication apparatus to
the reception side comunication apparatus fails to be received correctly
at many tinmes, then the transm ssion side comrunication apparatus can
recogni ze an extent of the data franes, anong the data frames fromthe
data frane next to the data frane the rggepti on side comunication

appar at us nagoffld BRAKCHpERFLEH 10h khe! BPalditlsedahds {dd Bommunticabidie

reception sidé conmmunicatl apparatus has already confirmed wth respect
to recepti ongpghedefsOnAtht Beifgt ehdludeds in Whe Tecliback coidnenn ifi the data
comuni cati on apparatus has already confirnmed with respect to reception
are prevent efirimesndiaicagy tnapsebigsyd fyomnr e rinapsoiagidm sidem t he

transm ssion side comunication apparatus to the reception side,
communi cat i opommpbkGaien apPareWs 4P the EREARIHONsFGRA FoMpNgCcasion :
In the enbodi ment shown .in Fl 2, assuning that-th fra numb f e
data franes PBPHEARYS;FEHLE 58%‘? o‘?ﬁc(eﬂ'é(eg]t PR %i 8% @?%%’?ﬂn?{&% i%tiléﬁl
apparatus to,the rec | QR 58I l.cat ] a | apd the
frame number ©5 S?%ssg%t%aglfiéa%"gn%ga@géﬁégl %’!3)/g t rag:lr%gm&ta%g%ec%‘oaﬁ'?saﬁgm ssion
of the data okisfeoPith¥Odhea NErakdiS afohll o)t Brahed radachel aacof the
data franmes fromthe transm ssion side comruni cati on apparatus to the _
recepti on si deameonmant aal ithe dpparfxdare &heorelteption thée commundicatbemod of

this enbodinent is expressed by the follow n equati on (%2:
S=NQ N1=12/ 18ppagatus has not received correctly to @Qy last data frame,

which the reception side communication apparatus has already
confirmed with respect to réception. Therefore, the data frames
which the reception side communication apparatus has already
confirmed with respect to reception are prevented from.being
unnecessarily transmitted again from the transmission side
communication apparatus to the reception side communication
apparatus as shown in the example shown in FIG. 2.

In the embodiment shown in FIG. 2, assuming that the
frame number of the data frames to be transmitted from the
transmission side communication apparatus to the reception side
communication apparatus is NO and the frame number of the data
frames practically transmitted for transmission of the data
frames of NO is N1, then a throughput S of transmission of the
data frames from thé transmission side communication apparatus
to the reception side communication apparatus according-to the
control method of this embodiment is expressed by the following
equation (2):

S=N0/N1=12/15=0.8 ces (2)



27 : Accordingly, the throughput S (=0.8) in the - enbodi nent shown
in FIG 4 is inproved by 12% as conpared with the throughput S obtained in
t he exanple shown in FIG 2. A data comuni cati on net hod
according to a second enbodinment of the present invention wll be
described with reference to FIGS. 5A, 5B and 6. The data conmuni cation

met hod according to the second enbodi nent of a full duplex communication
system The data frame used therein is sif¥lar to that shown in FIG 3A

and hence needs not beAgggf&ix&g& [ Qheggtlﬁ%‘%ghﬁﬁ%t h?x_z\@_.é)nfi_%l GhedA the

f eedback frane has the same fat  a e'data frane shown in FIG

3A but is dihb&difRind REEEHT &M FIE.! RAtist MRpEGtal Byed2PAIA ddipatd@Swach

significant data. When the reception confirmation table RCT simlar to

t hat shown i gh&l €hrdighpatdssobedlinen Ha ikhel exbenplienshohe freadicack.frane, a
processing for including data in the data area DATA of the feedback frane
is tenporarily stoppedd dEpectdnmygicationdnethespareerdidg iterat fefendbl e RCT
simlar to that _shown in FIG 3B is . included in.a first 611-bit area of

the data ar8Bbestiment,of §he PLeFeHaHNEREIN Wid loPe1d8Feringd Wakh in

fo the SR sySPERreamay FAohr 2 oR and Be i ARAE SRR ACORS) 0
frame sinmilgecbidiptecs BAUNsbBofd Gmbdhihas: 3¢ o Fai1Vadp1de descri bed
with reference to FI'G 6. In FIG 6, nunerals in rectangular frames of the
data transni gsifinidaddont 6a86EMSSiTHe dhade frawannziedatherenppar atins)axie ct
frame nunbers of transm ssion frames
that shown in FIG. 3A and hence needs not be described in
detail. As shown in FIG. 5A, the feedback frame has the same
format as that of the data frame shown in FIG. 3A but is
different therefrom in that the data area DATA includes a
significant data. When.the reception confirmation table RCT
similar to that shown in FIG. 5B is desired to be included in
the feedback frame, a processing for including data in the data
area DATA of the feedback frame is temporarily stopped. —
Specifically, the reception confirmation table RCT similar to
that shown in FIG. 3B is included in a first 611-bit area of the
data area DATA, and data all having a value of 1 are included in
other 523-bit area thereof.

An ARQ transmission chart according to the SR system
shown in FIGS. 5A and 5B presented when a transmission frame
similar to that shown in FIG. 3A has an error will be described
with reference to FIG. 6. In FIG. 6, numerals in rectaagular
frames of the data transmission side (transmission side

communication apparatus) depict frame numbers of transmission

frames.



28 : - An operation of the transm ssion side comruni cation
apparatus shown in the case shown in FIG 6 is simlar to that 1in the case
shown in FIG 4. Wen the reception side comunication apparatus receives
the data frames having the transmission frame nunbers 1 to 8 (it is
assuned that it has not received the data franme having the transm ssion
frame nunber 4 correctly in this case), the feedback franmes responding to
the respective received data franes hasé§pe request franme nunbers simlar
to those used in the e I |0 K | ].e e i a
areas DATA includes a ?%ngégﬁwd‘%{&h&n r%%séﬁggér%)tn ?%@?u%é@?‘géggﬁon
confirmtion 4ahh8tRTshown in the cas® WHown8n! PEEPI4 G $iA€1£PTEBIANGRL I ON
has not recelved the data frame having the transm ssion franme nunber 4

twi ce, when tiie thecepsé oshsirldncEIGUNM catWhen Bhe redeptdomi wede the data
frame having the transm ssion frane nunber 4 at the second tinme, the
reception si demwmoation iappagppasareceivesnrbeadaty fames hsvied Hhea
processing for including the data in the data area DATA and transmts to
t he transni sSHERSTLFELOR OFFANT OHEPEFS abfdt &t (dtalf casayaerd Fhakelhd@Sngothe

request frame nunber, 4 data in its data area DATA, and the reception
conti rmat i on TeESRCTRS (At ArRmp ohey g 8 BEERemgaop] TrarTupRELn,
Thereafter, whgh r 4 Lde mg@ i OPr-anfdP Y t he
data franmes havi r?gleﬁeffst?nls%%?%ibgﬁ ranme d‘ril)%E efg 9, %gbﬁd{%eﬁ(ol ?ﬁies

assunmed t hat ddspeetitet réasiticdedath herdhidsa hhkatke heatduagtt fieahs affibessi ON
frame nunber 9 <correctly), the request frame nunbers of the feedback

frames respaidiilgrt bot tiosee asiededn deliean dxaapie shawrsain FIGi | 4 Iwhitle eheh

of their data areas DATA includes a significant data and does
not include a reception confirmation table RCT.

Since the reception side communication has not
received the data frame having the transmission frame number 4
twice, when the reception side communication has not received
the data frame having the transmission frame number 4 at the
second time, the reception side communication apparatus
temporarily stops (steals) a processing for including the data
in the data area DATA and transmits to the transmission side
communication apparatus a feedback frame having the request
frame number 4, no data in its data area DATA, and the reception

confirmation table RCT of C; to C4 = 0 and Cs to Cg = 1.

Thereafter, when the reception side communication
apparatus receives the data frames having the transmission frame
numbers 9, 10, +1, +2 (it is assumed that it has not received
the data frame having the transmission frame number 9
correctly), the request frame numbers of the feedback frames

responding to the received data frames are set similarly to the



29 case shown in FIG 4, while each of their data areas DATA includes a~ " -
significant data and no reception confirmation table RCT. As
descri bed above, even in the full duplex comunication system since the
reception side communication apparatus tenporarily stops (steals) the
processing for including the data in the feedback franme, it is possible to
transmt to the transm ssion side comruni cati on apparatus the feedback
frame including the request franme nunber 8l and the data frame reception

Sont L on RO s, o whiAG FREMLER PSRRI 2

data conmuni &&FoR present invention can

w |l be desari ' &3 I i i fRdt Bh table
appar at us 1A(E'id§'Ji gaﬁﬁﬁl %&%ﬁlﬁlﬁagepgﬁ%nﬁd Elgng\;{é%%%lﬁpg%? EIéﬁ]ﬁyé( PHS), for
exanpl e, whi glorgan conmuni cate with various data comruni cation apparatus
1B, 1C, 1D, IE, .... by wireless or through wreless conmuni cati on network
NW The data comuni cas desappbedtakovel, eyen i theffull duplexa PHS

tel ephone simlar to the data comuni cation apgaratqs 1A, a wreless
t el ephone suCPTEENACALLON | SHStePst EANER| Wish FRECBFLPH S ydey gommgunifatdon

tel ephone, a relay station, a.hase statjqn, .or e like. . The

dat o communt GREFSREEPpEF IRt AT RE0RE | TERAaR) oS pnckBesireriohi ¢ 2,
transm ssion/y %ﬁ%ﬁ?hgntﬁ@tcﬁ{y&a in3th8 FOHHRAOE dm@NG 2 4RI P>
connected to the tr nsn1SS|onf?ecept|on unit 2, a signal processing unit 6
connect ed t o da@siREuLat e 4rAREniBS] Se I abminu®icat ivReafparatus @heect ed

to the signal processing unit 6, a m crophone 8
feedback frame including the request frame number FBI and the
data frame reception confirmation information.

A communication system including a data communication
apparatus to which the present invention can be applied will be
described with reference to FIG. 7. A data communication
apparatus 1A is a telephone in a personal handy-phone system
(PHS), for example, which can communicate with various data
communication apparatus 1B, 1C, 1D, 1lE, ---- by wireless or
through wireless communication network NW. The data
communication apparatus 13, i¢, 1p, 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.

The data communication apparatus 1A has a
transmission/reception unit 2, a transmission/reception antenna
3, a modulator 4 and a demodulator 5 connected to the -
transmission/reception unit 2, a signal processing unit 6
connected to the modulator 4 and the demodulator 5, a speaker 7

connected to the signal processing unit 6, a microphone 8



30 connected to the signal processing unit 6, a display device 9 connected
to the signal processing unit 6 for displaying a text, a nuneric, a
synbol, a figure, an image and so on (fornmed of a |I|iquid-crystal display
or the like). An input/output termnal 10 for an external digital data is
derived fromthe signal processing unit 6. The above-nentioned data frame
transmtted fromthe transm ssion side comrunication apparatus to the
reception side conmunication apparatus and0the feedback frame transmtted

from ¢ he abovgRIiAned (RECHAAN BdleoAIALETK] O ALYt a1 Q e

~transm ssi on Side conmini ca ar at us respéc enera

the transni ssifihetiedd t60LHMN £HA10PrBRRsE Mg tndRdst Bér 'HGeALYIAg S dext,

. communi cation apparatus which are a certain data conmuni cati on appar at us,
~of the data gommeriegt hosymipsley & FighBe, 14n iklAgel &nd.so .on (E6fmed of a

. conmuni cating the other data communi cation apparatus thereof and the other
. dat a conmuni chiquid-ggyatal udisplay or the Ihair.di Ag ieput/dutputateoreinalf t he
-present invention, a data conmunication nmethod i;s gne of transmitting data
frames from ¥ ffas@nppsberethidicitelafatautbhderiged fran theegégerhi ned

frame nunber froma.transmn ssion side data conmuni caiio apparatus to, a
reception sicﬁf?ﬁﬁﬁflegnﬁﬁﬂ%céti € 8V§fTﬁPﬁﬁ?n§ﬁ gﬁgﬁéﬁﬁ?ﬁbQE?aﬁleQﬁd'a
descendi ng or el L 1]l f.aadk £ [ ' st a
oquest frame st BEaHblofer? SiE hRnidt IRy Bipdield R0 HEE™ ong
those of datarddepfon sihé ClofiRie cagtiohegppdeaRisvafd the MdedBatr CRineON

side data communication apparatus to the transm ssion side data

communi cat i ontepEavidted £rom dgdpoboveemeleidneghwenepbirs sdflet he
communication apparatus to the transmission 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,

a data communication method is one 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 a feedback
frame including at least a request frame number formed of a
minimum (or maximum) frame number among those of data frames,
which have not been received, from the reception side data
communication apparatus to the transmission side data

communication apparatus in response to the frame numbers of the



31 received data franes, and transnitting, in response to the request
frame nunber in the received feedback frane, a data frane having a frame
nunber, which the reception side data comunication apparatus has not
confirmed, fromthe reception side conmunication apparatus to the

transm ssion side data comrunication apparatus. A data franme reception
confirmation information indicative of whether or rot receptions of data
frames froma frane nunber next to a mnimmm (or maxi mum frame nunber in

the data fr agﬁge%' &thmv%]gg%sbe% 4 nc?‘{iﬁ'ggthﬁ’# thﬁ‘e r%gggngé edetiglem ned

frame nunber "have been confirnel 1s i eedback frame.

Therefore, thapRes8nehimeObuabBedin €t Feceo¥BE NfRitaehk HEAROM avdath nMakes
it possible to'reduce an unnecessary re-transnmission to a reception side

data comunifgainkOhawipAraa firame anumssl owhiehethehsregpdtionf s kdedata
transmtted froma transm ssion side data communi cati on apparatus to the
reception si demgunicawinn@pparabus dpsametusonfivredye {FOR0ERR YSPDEAERI ved
by said reception side data conmunicati ongﬁgpar atus, and tpo_he Ge | mprove

a throughput Séfl® FPEMYEHCESIOR BPPAF Y% O & ‘T"’F"br}ﬁ“l"ﬁélPPaﬂ%qﬁ d6n si de
data Commmc%%}n{:ﬁ?c%&)or [ %&:ﬁig&{:’ué he J eaeat E?&n&'%&e%@&@ncﬁgmggbﬁn

apparatus. In particular, rahsm ssion Tine having a [arge ay

amount such a$f8,rRat £d 1inRichEEVE lof ek b8 Mt Vi‘_é%@g‘:h@ns B¢t dalthame
havi ng the sane frame nunber s not correctly received by a reception side

data comuni Gahines AderAtftameanuhlbs® t@ixRutood hirminam 6k onaximagt £ramanes
fromthe transm ssion side data communication apparatus to the reception
side data cowmbercinithe digpar frames whishahRvdl 5ot heepysgceived to the

last predetermined frame number have been confirmed is included
in the feedback frame. Therefore, there can be obtained a data
communication method which makes it possible to reduce an
unnecessary re-transmission to a reception side data
communication apparatus carried out even when data frames
transmitted from a transmission side data communication
apparatus to the reception side data communication apparatus
have been correctly received by said reception side data
communication apparatus, and to hence improve a throughput of
transmission of a data frame from the transmission side data
communication apparatus to the reception side data communication
apparatus. In particular, in a transmission line having a large
delay amount such as a satellite circuit or the like or when the
data frame having the same frame number is not correctly
received by a reception side data communication apparatus, a
throughput of transmission of data frames from the transmission
'side data communication apparatus to the reception side data

communication apparatus is remarkably improved.



32 According to a second aspect of the present invention, in a
data communi cation nethod according to the first aspect of the present

i nvention, a data frame having a frame nunber which the reception side
data communi cation apparatus has not confirmed is transmtted fromthe
transm ssion side data comrunication apparatus to the reception side data
comruni cati on apparatus in response to both of the request frame nunber of
the feedback franme and the data frane r8éeption confirmation information.

Therefore, there can b%c%%trﬁiiﬂ dtg gage%onta(r)ggggé@a& %’ﬁe”ﬁ%@@éiné"hi ch nmakes

It possible to reduce an Unnecessary re- mssion to reception side

data comuniGRENCRCAPPHE & Whtadbbinfitn Peit REhehed LRFdihg ™S the first
transmtted froma transm ssion side data comunication apparatus to the

recepti on si dgpdetace otial pradlentn iApeRt Hinis a date beae danvtiagtd yeraaeei ved
by said reception side data conmunication apparatus, and to hence inprove
a t hroughput refmberr whieh sdicoresepaidat side sataf conmukicatigns appayaiuss hge
data comrunication apparatus to the reception side data ,comunication

appar at us. | MPacepEiraed is, trapsRathed SFraR HPRetIARINFSIOPafide Hdeay

t h tellit ' it he |1k wh t data_ f.
having the ‘s SREMEPAREE R EATE R, R HIEAees PeTn o b oS PR RTRon, de
dat @ CommuNi Gaj,00,aRPR; Aidibore thrALENRE b LEGRSH S5kl ALmsa! B LAgES

fromthe transm ssion side data comruni cati on apparatus to the reception

side data CcoIESdBEER! FAiME I dheSdata IBraMc abbypt g @oddirmation
According to a third aspect of the present invention, a data conmmunication
met hod i s onelnformathem t tThegedfore, f themws can be obtained a data

communication method which makes it possible to reduce an
unnecessary re-transmission to a reception side data
communication apparatus carried out even when data frames
transmitted from a transmission side data communication
apparatus to the reception side data communication apparatus
have been correctly received by said reception side data
communication apparatus, and to hence improve a throughput of
transmission of a data frame from the transmission side data
communication apparatus to the reception side data communication
apparatus. In particular, in a transmission line having a large
delay amount such as a satellite circuit or the like or when the
data frame having the same frame number is not correctly
received by a reception side data communication apparatus, a
throughput of transmission of data frames from the transmission
side data communication apparatus to the reception side data
communication apparatus is remarkably improved.

According to a third aspect of the present invention,

a data communication method is one of transmitting data frames



33 froma first predeternmined frame nunber to a last predetermned frame-
nunber froma transm ssion side data comuni cati on apparatus to a
reception side data conmunication apparatus in an ascending order (or a
descending order), transmtting a feedback frane including at |east a
request frame nunber formed of a mninmum (or maxi munm) franme nunber anong
those of data franes, which have not been received, fromthe reception
side data comunication apparatus to th%3transnission si de data

e

conmmuni cat i on %%P%;§%§%$ir%%é% é¥%§%ek0£%%ﬂ?{4? gnggﬁﬁrféégfpkggeté q%%@d

e
data franes, %5 I Tesp request rrane nu in

the received dé&g%tbgﬁhméfaf@qmaa Y3hAsmi §80%h AN dafa [diinieERSSsy Whi Ch the

-reception side comuni cati on apparatus has not confirnmed, fromthe

recepti on sisglspaArENL6a4 | fiteiionak iGe tdatd @chinansca i appagetwiatin an
communi cation apparatus. If there is no data to be transmtted in a data
area of the fzsumidhngf cader {(oclaudesgendinqemar), avemsmifttiing & ebatsiakk
frame a data frane reception confirmation information indicative of

whet her or nofrane dpeludingfatjdeasts pareduestofraner aberufoErRedct 30 a

I Ni I f . hunb In the data f whi t b
Fecel ved to CTARTHEL (OF BB HEane AHbAH AER o B i SBoRT FFHRE
Therefore, = thers, GaleDRoONANGEcR:082 AAMUILCALLON IR Bodovillcl makes

it possible t0, without changing a forfa rame and

W thout | owerddhsinuitax i SN NPYFAAENsS €b0fhd Alran@ibhfonh agdaaktafl rame, reduce
an unnecessary re-transmssion to a recept i on side data communi cati on

appar at us careomthinddhteur napgaratasat Anf respenset tanshe t frmohef nanbars of the

transm ssi on side data communi cati on
received data frames, and transmitting, in response to the
request frame number in the received feedback frame, a data
frame having a frame number, which the reception side data
communication apparatus has not confirmed, from the reception
side commuhication apparatus to the transmission side data
communication apparatus. If there is no data to be transmitted
in a data area of the feedback frame, including in the data area
of the feedback frame a data frame reception confirmation
information indicative of whether or not receptions of data
frames from a frame number next to a minimum (or maximum) frame
number in the data frames which have not been received to the
last predetermined frame number have been confirmed. Therefore,
there can be obtained a data communication method which makes it
possible to, without changing a format of the feedback frame and
without lowering a maximum transmission rate of the feedback
frame, reduce an unnecessary re-transmission to a reception side

data communication apparatus carried out even when data frames

transmitted from a transmission side data communication



34 apparatus to the reception side data conmunication apparatus have been - -

correctly received by said reception side data conmunication apparatus,
and to hence inprove a throughput of transm ssion of a data frame fromthe
transm ssion side data comrunication apparatus to the reception side data
communi cation apparatus. In particular, in a transmssion |line having a
| arge delay anmount such as a satellite circuit or the |like or when the
data frame having the same frame number if not correctly received by a

u

reception side data conmuni cation. a arq%%s, a throughput of transm ssion
of data franePRREGHIEAED (R FACEBESRR. TR dRkeaCOBMRATARIEROAPEBTRNR Us ¢ o
th ti i d t ' A ' | %1 d.
Accor ding t o EFaDEE SenRiRy rpRkLoR R Bk ebfp AP IAR datdl’ OV

conmuni cat i ON-diRiuR@EafESR igiTalklst NEnd 1 HéndePempr&fe @%h@éﬁ?@ﬁ\it of

i nvention, a data frane having a frame number which the feception side
data communi catadnzmisepprrat us dada Aoame offfonr ke tBaismiksiont eddé rdxaa he
transm ssion side data comruni cation apparatus to the reception side data
communi cat i orrappaigabion rmppagiadnseto otiwtdeceptite sidpicatal cammunigarion of
t he f.eedback frame and the data franme reception  confirmation |nformation.
Therefore, tRARITEARShe BHRATIEGUAST dath & HAADAMESEIUh IHBLHBAVIRT éh 1R&RES

(oS! P, gl Shahe A9 RakeLile b | SEICRUE S sy

an unnecessafatal erhhd B4V SR| Vhe! Qafle ' HCGR MARbEE I RAA cofPEBETY Cat i on

apparatus carried out even en data franes transmtted froma

transm ssi on sicddveat By CofadeiptdbhOfide data communication apparatus, a
throughput of transmission of data frames from the transmission
side data communication apparatus to the reception side data
communication apparatus is remarkably improved.

According to a fourth aspect of the present

invention, in the data communication method according to the
third aspect of the present invention, a data frame having 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
communication apparatus in response to both of the request frame
nuﬁber of the feedback frame and the data frame reception |
confirmation information. Therefore, there can be obtained a
data communication method which makes it possible to, without
changing a format of the feedback frame and without lowering a
maximum transmission rate of the feedback frame, reduce an
unnecessary re-transmission to a reception side data
communication apparatus carried out even when data frames

transmitted from a transmission side data communication



35 apparatus to the reception side data conmuni cation- apparatus have been
correctly received by said reception side data conmmunication apparat us,
and to hence inprove a throughput of transm ssion of a data frame fromthe
transm ssion side data comrunication apparatus to the reception side data
communi cation apparatus. In particular, in a transmssion |line having a

| arge delay amount such as a satellite circuit or the Iike or when the
data frane having the sane franme nunber igsnot correctly received by a

reception side data conmunj cation gpparatus, a throughput of transm ssion
of dat a f r ancRPRAHHIBNEO L 135 GHRCSHIRD SL05 dRiea COBMARFAHAT APBBEAR us ¢ 0
the receptio | d t i Is tus. i enar, | w_|oproved.
Accor di ng tonlég‘*el %e%%agﬁgggg%?fﬁ%?eﬁ‘?égggrf aél'aﬁ_\ge%{a fL:‘(g‘)%{,;l a éégt%a&%{é%ﬁuni cation

-method is Onec&ﬁm&rfi%ﬁﬁ%htéﬁ&ﬁ%é;éﬂﬁﬁﬁ% Her® dmbtéwd aOVt%%hgﬁﬁ%@e&k frame

-nunber to a | ast predetermne er froma transm ssi on side data
comruni cat i ontraNuEication 60 & dAREFrand Sidie the! 8ransmisY ioat sQde afwrad at us
in an ascending order (or a descending order), transmtting a feedback
frame i ncl udi cruRnicasdonsappanadsis tpabke medeptipor side ofata coimumigation
maxi mum) franme nunber anong those _of data franmes, which have not been
recei ved, froMRRATETSCepliR PR FIAaY 21N D HRANSEAEF PR ey BEUANY A thfgge

transm ssion side data . co nicatiog aratus i.h response.to the frane
nunbers of t HELHREBOYRE BATh 4% Ansevehhirs SIERE PR [ iKkEsBEGET $iEne
et oy oA ek TnbEnd 48 Vel PP ShnbbRTEy 0trcliage 19100 @
not confirmedreddi®®d B9 4€f&ddtddn side data communication apparatus, a
throughput of transmission of data frames from the transmission
side data communication apparatus to the reception side data
communication apparatus is remarkably improved.
According to a fifth aspect of the present invention,
a data communication method is one 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 a feedback
frame including at least a request frame number formed of a
minimum (or ﬁaximum) frame number among those of data frames,
which have not been received, from the reception side data
communication apparatus to the transmission side data
communication apparatus in response to the fraﬁe numbers of the
received data frames, and transmitting, in response to -the
request frame number in the received feedback frame, a data
frame having a frame number, which the reception side data

communication apparatus has not confirmed, from the reception



36 side communication apparatus to the transm ssion side data : :

. communi cation apparatus. Even if data to be transmtted is desired to be
“included in a data area of the feedback frane, tenporarily stopping
dincluding the data to be transmitted in the data area and including in the
data area of the feedback frame a data frane reception confirmation
cinformation indicative of whether or not receptions of data frames froma
-frame number next to a mninmum (or maxi num franme nunber in the data
frames whi ch have not been received to t# | ast predet erm ned frane

nunmber have #igle comiinheakiorh @pphoatuys ttwetdiec fnanenidsignnedde daka a
~communi cation net hqed which nmakes it possible to, wthout changing a format
“of the feedbRINIFBELPN ARRRLAUEMe EXRPmth 9841 BR RS "éaP&F“F-t‘g%‘?)lJe%(

" communi cati on, i n ich ta {.0 .transmtted . i i ncl uded, i n, a.feedback
frame, r educedeasriL r\ggn n%clgei%s%nr ylurd%-%t rl}:}m%rﬁ§ %@s"’} Sheg 035 ilf}é% (Laigetel%c?ﬁc}s(i £ e Udt a

~conmuni cat O%Waéﬁgfaééc’éoﬁ%‘i% QHE1 Gy SRy Wi qd@h 3ed A RT anbhPEL tj!n?ﬁggr om

a transm ssion side cation Tapparatus to the reception si

data comuni cRits0drappahdtiffclddng DR eths WataChkya lSE ainecdebiiback dkrame a
reception side data conmunication apparatus, and to hence inprove a
t hr oughput ofdatar £meme sseceptdfona cdaf arataiom finformdteidnr dmdicasion ofi de dat a

conmmuni cati on apparatus to the reception side data conmuni cation
appar at us. | FieHbercar arot iFeceptigns npS Jdah Frages f4qRy 2o framgenunharay

armount such as atellite circuit _or th)gcglri ke or_when th gata rane
having the SR8 Fand HHMIRR (©t BRXumtl fae RUBiTY of BUSr et iR si de
data comuni Gt AN n3PRAS Yeer? reblE PUINRYLHR! 15LANIRIR: ALy daldnd Fames

fromthe transm ssion
number have been confirmed. Therefore, there can be obtained a

data communication method which makes it possible to, without
changing a format of the feedback frame or even if the
communication is a full duplex communication in which data to be
transmitted is included in a feedback frame, reduce an
unnecessary re-transmission to a reception side data
communication apparatus carried out even when data frames
transmitted from a transmission side data communication
apparatus to the reception side data communication apparatus
have been correctly received by said reception side data
communication apparatus, and to hence improve a throughput of
transmission of a data frame from the transmission side data
communication apparatus to the reception side data communication
apparatus. In particular, in a transmission line having a large
delay amount such as a satellite circuit or the like or” when the
data frame having the same frame number is not correctly
received by a reception side data communication apparatus, a

throughput of transmission of data frames from the transmission



37 side data communi cation apparatus to the reception side data
comuni cation apparatus is remarkably inproved. , According to a

si xth aspect of the present invention, in a data comrunication nethod
according to the fifth aspect of the present invention, a data frane

havi ng a frame nunber which the reception side data comunication
apparatus has not confirnmed is transmtted fromthe transm ssion side data
communi cati on apparatus to the reception fSte data communi cation apparatus
in response to both of the request frame nunmber of the feedback frame and
t he data frarsideedapai compuridation spparatus ket the . reteptdoor aide idat@ can be
obtained a data cqmmunication nethod which makes it possible to, wthout

changi ng a f GFORRUNdLAtRen {RRAFANST A8 EeATRAPLY PPN -communi cation is a

full duplex comunication in.which data.to r 1t s 1.n¢) in a
f eedback frane, reduce %%CO@H‘H cggfs%rsyl’?té‘- ngﬁg{%ﬁif;iscg;ﬁ ng%e‘?teclé%teﬁ%?ﬁggf de

data communi Gat] QR+3PRSAM A AAlch RdeRM KRG RSalR i 2fRSaspect of

transmtted froma transm ssion side data comuni Catlion apparatus to the
reception si dehdlgreseagnimvaiion) appatatframehayeibgen frameeftuyer addiched
by said reception side data conmunication apparatus, and to hence inprove
a throughput tle receptipsssizte glfata damaudicatdohr sppatatusr Aasmesi on si de

data communi cation apparatus to the reception side data conmuni cation
appar atus. | rFQRfdamed| 4% transmititeds f1em e traARSHIRSIRD £1Agrdata del ay

anount such as a sateLI.ite circuit r he like. or when t data fra o

aving the s SRIFFIRE R e S, B oPREates B Rhn o Ry B SPutuidlion, ge

dat a Connunicéﬁﬂéyatﬁgpfﬁafégboﬁﬁe to both of the request frame number of the
feedback frame and the data frame reception confirmation
information. Therefore, there can be obtained a data
communication method which makes it possible to, without
changing a format of the feedback frame or even if the
communication is a full duplex communication in which data to be
transmitted is included in a feedback frame, reduce an
unnecessary re-transmission to a reception side data
communication apparatus carried out even when data frames
transmitted from a transmission side data communication
apparatus to the reception side data communication apparatus
have been correctly received by said reception side data
communicatioﬁ apparatus, and to hence improve a throughput of
transmission of a data frame from the transmission side data
communication apparatus to the reception side data communication
apparatus. In particular, in a transmission line having a large
delay amount such as a satellite circuit or the like or when £he
data frame having the same frame number is not correctly

received by a reception side data communication apparatus, a



38 throughput of transmission of data frames fromthe transm ssion side
data communi cati on apparatus to the reception side data conmunication
apparatus is remarkably inproved. According to a seventh aspect
of the present invention, a data conmunication apparatus is one enpl oyed
in a data conmunication nethod of transmtting data frames froma first
predeterm ned frame nunber to a | ast predeterm ned frame nunber froma
transm ssion side data communi cation apparatus to a reception side data
conmmuni cati on apparatus in an ascendi ng ofler (or a descending order),
transnitting WHNGHPHELCT rEfANSTLSSLORI A daty £x3res frudbe tranenifsiear

formed of a m'nd'mém (or _mexj nym) frane_ nunber aHDn t hose of .data franes,
whi ch have rt%b @ﬁarﬁemwaéf’ﬁ}nf‘?ﬂﬁr?fé’@e&)i 5A® STUERECE EoN AR Eat i on
apparatus to fs LSS i t LCall paratus. in
response to t Jﬁ#&%eaé%ﬁbée&h%tqtghggrg%rg%aga?}gb]?%erardgs, and
transmtting, in respongdrainhfetsesufsSienthadBpdtTsy thd ph&sedtecei ved
feedback franme, a data frane having a frane nunber, which the reception
si de data conimweEntdbhnpna afee fonmuhisatidn appakataedis fonemeinpPoy&t eipi aon
si de communi cation apparatus to the transm ssion side data conmuni cation

appar at us. A @ifea coppgnicasiupmiethod oof | transmdbting olatst ifyamesdf oo iave of
whet her or n ,t'receg(%i ons of data frames from a_frane nunber next to a

mi ni num (or SR AP EREUAh & PR RHPRfaR fr 3ES BHRCISHeRRYRed fd™Seen
o e o R eSS L OSSR 5,
comuni cat i ony aRRALREEA MUE HRK 8SmMAh i RSB hBp Lt RAUGE aANa SEUIRAGHS AT Y
re-transmssion to a .
order (or a descending order), transmitting a feedback frame
including at least a request frame number formed of a minimum
(or maximum) frame number among those of data frames, which have
not been received, from the reception side data communication
apparatus to the transmission side data communication apparatus
in response to the frame numbers of the received data frames,
and transmitting, in response to the request frame number in the
received feedback frame, a data frame having a frame number,
which the reception side data communication apparatus has not
confirmed, from the reception side communication apparatus to
the transmission side data communication apparatﬁs. A data
frame reception confirmation information indicative of whether
or, not receptions of data frames from a frame number next to a
minimum (or maximum) frame number in the data frames which have
not been received to the last predetermined frame number have
been confirmed is included.in the feedback frame. Therefore,

there can be obtained a data communication apparatus which makes

it possible to reduce an unnecessary re-transmission to a



39 reception side data communi cati.on .apparatus carried out even when data
frames transmtted froma transm ssion side data conmmunication apparatus
to the reception side data communi cati on apparatus have been correctly
received by said reception side data conmunication.apparatus, and to hence
I nprove a throughput of transm ssion.of a data franme fromthe transm ssion
side data communication apparatus to the reception 'side data comuni cation
apparatus. In particular, in a transm ssi @ i ne having a | arge del ay
amount such as-'a satellite circuit or the-’i ke or when the data frame

havi ng the sa&RCPtdRE Rl Satss cRBRURLFREIQN PPPREREYS SRIBYed PRE&SHeMon si de
dat [ ti -at , th hput of .t ] [ . Of ta f
from the tranidire SroR” ERIES rrinshdkReR Bitin & LRBERRIE §ud S et fon

si de data CQQEH&&&@QEQBnggggﬁ%%H§ k8 £ﬁg”¥é8@BkXoﬁnyﬁﬁ¥%Q¢a co%ﬂﬁggcation

According to an el ghth as the present “invention, In a

communi cat i Orhd;iiﬁ&&"t&buﬁaﬁéqsééﬁ RQriectip reRMiSBEhbRSHREd retepbeomragent
i nvention, a data frame having a frane nunber which the reception side

dat a communi cddteocomappicaticn lappanatusprend rwedhesce rianpsovet 8dthrarghplae
transm ssion side data comunication apparatus to the reception side data
communi cat i orPfapgFangnission s godasar brame from the veapsdssipaneiddasar of

e eedback, LLgT 2080 S0t Lh°08 F5F BdRrofc Tl TibaRotBlE 8"

e R e s e ey

transmtted fdOmyaahbane et A & 8t AL FIFBALES} Qe like or when the
data frame having the same frame number is not correctly
received by a reception side data communication apparatus, a
throughput of transmission of data frames from the transmission
side data communication apparatus to the reception side data
communication apparatus is remarkably improved.

According to an eighth aspect of the present

invention, in a data communication apparatus according to the
seventh aspect of the present invention, a data frame having 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
communication apparatus in response to both of the request frame
number of the feedback frame and the data frame reception
confirmation information. Therefore, there can be obtained a
data comﬁunication apparatus which makes it possible to reduce
an unnecessary re-transmission to a reception side data
communication apparatus carried out even when data frames

transmitted from a transmission side data communication



40 apparatus to the reception side data comunication apparatus have been
correctly received by said reception side data conmmunication apparat us,
and to hence inprove a throughput of transm ssion of a data frame fromthe
transm ssion side data comrunication apparatus to the reception side data
communi cation apparatus. In particular, in a transmssion |line having a
| arge delay anmount such as a satellite circuit or the |like or when the
~data franme having the sanme frame nunber 40s not correctly received by a
reception side data conmuni cation apparatus, a throughpyt of transm ssion
of data fram@PPREBENS He® tthenSRFSREHPR %‘id&edé‘&?ac%ﬁ’fﬂ}%? &PN WPRAFFMSt us to
the reception _side data _co ni_catjon aratus is remarkably .inproved.
Accor di ng t o %&VRi ﬁ?ﬂl LPEECT Fﬁ‘éeb‘feéjsZ’E{?sfiﬁéeﬁqe&{mnasa‘g aa/actoarmuni tation
apparatus is yed a ' [ L&Rehgd m' ting
data franes fcggtrp‘ﬁug |€J}'se?p agpggg?g%h%%%gﬁg%u%er togatf‘)]tétosl%d ok
predet er m neqdrhhaMBssHBI VL af HAEH af fdrd FFoMStRE SiiRnd @k 2ok OSTaH idadki On
apparatus to a reception side data conmuni cati on apparatus in an ascendi ng
order (or a desmenikaigicor dpphratusnisonithe mgceptbedlxice flabarcommulicdiihgn at
| east a request frame nunber fornmed of a mininmum (or maxi mrum frame nunber
anong those @PpPasatud + afds Papkilenlamny cln Rotrppaplssian Jage RaGAG Relarge
reception side_data conmunication a ratus.to fhe transmssion side data
comuni cat i o%eéﬁﬁa?‘&?‘l&t SUThy 88 pBndE %)lg'lttﬁeci’{%%t rﬂﬁrﬁgfesﬂ)l?e tHe “&‘88eF€%d

oL L ores, gepIlCHAN AL e Buid MARREhADeg SUMCLCLEEy rurher I

the recepti Oketbilfedaty? £ FEFLPLESH | DTHAHARBAESE MR cat@bn apparatus, a
throughput of transmission of data frames from the transmission
side data communication apparatus to the reception side data
communication apparatus is remarkably improved.

According to a ninth aspect of the present invention,

a data communication apparatus is one employed 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), transmifting a feedback frame
including at least a request frame number formed of a minimum
(or maximum) frame number among those of data frames, which have
not been received, from the reception side data communication
apparatus to the transmission side data communicaﬁion apparatus
in response to the frame numbers of the received data frames,
and transmitting, in response to the request frame number in the
received feedback frame, a data frame having a frame number,

which the reception side data communication apparatus has not



41 confirmed, fromthe reception side comunication apparatus to the
transm ssion side data communication apparatus. If there is no data to be
transnitted in a data area of the feedback frane, including in the data
area of the feedback franme a data frame reception confirmation information
I ndi cati ve of whether or not receptions of data frames froma frane nunber
next to a mninmum (or maxi num frame nunber in the data franes which have
not been received to the |ast predetermgped franme nunber have been
confirmed. Therefore, there can be obtained a data _ conmuni cati on apparat us
whi ch nmekes iqongazmed) cf¥om the h‘eeeptmr@dﬁgcammwmtlen EPRAK A Ok

f d without | t te of th bac
Frame, 1 educd i CrARRBLEALN P, ARERCHBIRAEIOR JSHEAEEn oFHEHRIEaS

communi cat | on, ARALaLYS, G e ubaCYen, WIS 8812 If ARS rolhRNAT A from

‘a transm SSIOﬂ ata conmmuni ca apparatus to e reception si

‘data communi caid19@iAgPH ALHE dRAY arbLeHE qqlrer Q@Eﬁﬁaé]@cﬁla)hédab&aﬁéi'ﬁame
reception side data “comruni cati on apparatus, and to hence inprove a

t hr oughput ofredeptisn esnfirneftiandahfoinetionf iodiddeiver afswhsthen i detdat a
communi cation apparatus to the reception side data communication

appar at us. | rres®ptionsa@f dataa framasnfee én firame membery NgXEakged l@élllal}lm
anount such as a satellite circuit or_the like or when the data f

having the sdf¥F PREFABURY AN JURBET CHR & Idﬁtar Eransfe ghggh h?‘éecéﬁtl BRexi de
dat 2 Commn CIPoRP0R"Fld Sesh ISR L TRRY RS psli 2 (1 e
side data CQiBREIhBhL ONrRARAREYSthérd WH lsabbutamgcp\éeaata
communication apparatus which makes it possible to, without
changing a format of the feedback frame and without lowering a
maximum transmission rate of the feedback frame, reduce an
unnecessary re-~transmission to a reception side data
communication apparatus carried out even when data frames
transmitted from a transmission side data communication
apparatus to the reception side data communication apparatus
have been éorrectly received by said reception side data
communication apparatus, and to hence improve a throughput of
transmission of a data frame from the transmission side data
communication apparatus to the reception side data communication
apparatus. In particular, in a transmission line having a large
delay amount such as a satellite circuit or the like or when the
data frame having the same frame number is not correctly
received by a reception side data communication apparatus, a
throughput of transmission of data frames from the transmission
side data communication apparatus to the reception side data

communication apparatus is remarkably improved.



42 According to a tenth aspect of the present invention, in the
data communi cati on apparatus according to the ninth aspect of the present
i nvention, a data frame having a frame nunber which the reception side
data communi cation apparatus has not confirmed is transmtted fromthe
transm ssion side data comrunication apparatus to the reception side data
communi cation apparatus in response to both of the request frame nunber of
the feedback frame and the data frane rﬁgeption confirmation information.
Y

Therefore, there can be obtained a data omuni cati.on appar.at us._which
mekes it possible to, WIEREHPIHAMRIHRE Fﬁ?ﬁéﬁ éﬁ ﬁﬁﬁepﬁéﬁaﬁaé%”F 5%8“and

- Wi thout |owerdng,a g&@é%ﬂhﬂﬁ&ﬁ%ﬁ%%ﬁ%@ghf&h@ Qéc%&diﬁe;c@beﬁg A{@p, reduce

an unnecessary re-transmssion to ar eption si conmuni cat | on

appar at us carddRet08f €L hriaentdahdeht AIES a HaBASIHdicchakifg & frame
transm ssion side data comuni cation apparatus to the reception side data

communi cat i omuaear whish ey acrepnionrsiid [datheconmedidatioai appacapts bas
side data conmunication apparatus, and to hence inprove a throughput of
t ransni ssi on nsft gonfioméd skre tmepsmihted rkregmithsi brarsRissdanaside Aald cati on

apparatus to the reception side data communi cation a ratus. In, .
particul ar, iGPEEUPLGAEHPS ARRRIAEHE FAVHRR TRCERFLRD %’éféz AR GRT R EAE

satel lite ci ra$§a&a%£§}§&? 1deiDoll MR br RbALLAE: HLhInhilSer YE° chbaT

nunber i s not orrec r lve _y a reception ta conmuni catl on
apparat us, a rddaihauRNprim®fardd FR&NMHEEA Ofr e FBEEpEicH RN ekt én

transm ssion side data conmunication apparatusé?o the reception side data

conmmuni cat i onirforaheios. | STHeastokep| yheérgroanede obtained a data
communication apparatus which makes it possible to, without
changing a format of the feedback frame and without lowering a
maximum transmission rate of the feedback frame, reduce an
unnecessary re-transmission to a reception side data
communication apparatus carried out even when data frames
transmitted from a transmission side data communication
apparatus to the reception side data communication ‘apparatus
have been correctly received by said reception side data
communication apparatus, and to hence improve a throughput of
transmission of a data frame from the transmission side data
communication apparatus to the reception side data communication
apparatus. In particular, in a transmission line having a large
delay amount such as a satellite circuit or the like or when the
data frame having the same frame number is not correctly
received by a reception side data communication apparatus, a
throughput of transmission of data frames from the transmission

side data communication apparatus to the reception side data

communication apparatus is remarkably improved.



43 - According to an el eventh aspect of the present invention, a
data communi cation apparatus is one enployed in a data conmmunication

nmet hod of transmtting data franes froma first predeterm ned frane nunber
to a last predetermned frame nunber froma transm ssion side data

communi cation apparatus to a reception side data conmmunication apparatus
in an ascending order (or a descending order), transmtting a feedback

frame including at |east a request fra 3nunber formed of a mnimm (or
maxi mum) frame nunber gnong .those of datd>f i ¢h, hav been
| HERs R oo can a8 kA ek O%shE rerl

received, fromthe rec I'on “apparatus to the

transnission gidecdaha £ iceﬁhhaﬂcsgﬁg{ Al rathls 5 RARS BmpLofdle il are

‘numbers of the recerved data franes, nd transmtting, -in response to the

~request frangzudanbshmhiiddiGion aeehv@dof etk ttindedata dahfes rfurdm Avi ng a
frame nunber, which the reception side data communi cati on apparatus has

not confir mefirsitr predéeereiosst iframei nlanlombonacdasorpradedeanined Cramge
transm ssion side data conmuni cation apparatus. Even if data to be :
transmitted imumpesi feamtd ansHdsSgden §H% dakeaCaPBIN I 10RcAPRAATAIK tO

frame, tenporarily stopping ipcluding the data_ to _be transmtted in the
data ar eam;ncf‘ irlr‘?(? Bﬁ?ﬂ'spﬁlﬁ'fgel Ir‘lﬁ‘té‘;leﬁmg‘é?’e%ﬁt&fmt ABPREZ A R Fpaﬁ%c%“%ga

: n D T4 et pcasedig :
rooopt] ong. ol HSEa oF  BHSSEnd B BRACLPT eMBELLYR & SERARICK Frank?

maxi mum frangc1047RE" at MR dRkdghestesratl almbay efd¥aleddBeNa Meheinggd t o
the |ast predeterm hed frame nunbér have been confirned. Therefore, there

can be obt ai ngdt mastdingmy ofifans Gainber anpmsy athosewbf cdatrakirames) wokdi hlaget o,

wi t hout changing a format of the feedback frane
not been received, from the reception side data communication
apparatus to the transmission side data communication apparatus
in response to the frame numbers of the received data frames,
and transmitting, in response to the request frame number in the
received feedback frame, a data frame having a frame number,
which the reception side data communication apparafus has not
confirmed, from the reception side communication apparatus to
the transmission side data communication apparatus. Even if
data to be transmitted is desired to be included in a data area
of the feedback frame, temporarily stopping including the data
to be transmitted in the data area and including in the data
area of the feedback frame a data frame reception confirmation
information indicative of whether or not receptions of data
frames from a frame number next to a minimum (or maximum) frame
number in the data frames which have not been received 4o the
last predetermined frame number have been confirmed. Therefore,

there can be obtained a data communication apparatus which makes

it possible to, without changing a format of the feedback frame



44 or even if the comunication is a full duplex comrunication in which
data to be transmtted is included in a feedback frame, reduce an
unnecessary re-transnission to a reception side data comunication
apparatus carried out even when data frames transmtted froma
transm ssion side data communi cation apparatus to the reception side data
communi cati on apparatus have been correctly received by said reception
side data comunication apparatus, and 44 hence inprove a throughput of
transm ssion of a data frame fromthe transn_ssjo i de data . cqnmuni.cati on
84 oo |

appar at us toCFhévﬁﬁc%ﬁn?qﬁqqgwagnagf%ugbﬂﬁuﬁig gpmpunication in |
ticular, ig.at i Li o, : |
Ptel 1te ci PR BFES RS Bk Brahlfi 00 18 YpbTidta HFLOKATBNY fuaR, D °

rang havil ng

number is no&eﬁﬁﬁéeﬁ{g‘l&’nné&%%ia?é drdVe AadBREREbANS | 4G cdapRiSRERHEE GalkhON
apparatus, a throughput of transm ssion of data frames fromthe

t ransni ssi on conmdAidat fort Aippatacas i carniRbatusvén wien daetepfiamessi de data
comuni cation apparatus is remarkably inproved. According to a
twel fth aspedirapsmibeedriozenta tiapsnission isade datan cEminACaBiO®N appar at us
according to the eleventh aspect of the present inventiqgn, a data frane

having a frARPasakBertatiihen ZEREPEERR piidsh d8FAcCAMUPIBIMAN; LLRITGHFS
o cati 0P YBoRPaR AOTEGY FRERRT I raed kit BRa A, 0 0 S0

comuni cati o conmmuni cat1 on appar at us

in response (QohDogl; S RONESE 4o NURBE! 1flirdyie of SRAbAGMpU age and

the data franme reception rmafion information. Therefore, there can be
obtained a daladsROSFLGL Gt i20AaBRPEF &idl Erdi Ehe NMbkemsniilsshoass tde data

i thout communication apparatus to the reception side data communication
apparatus. In particular, in a transmission line having a large
delay amount such as a satellite circuit or the like or when the
data frame having the same frame number is not correctly
received by a reception side data communication apparatus, a
throughput of transmission of data frames from the transmission
side data communication apparatus to the reception side data
communication apparatus is remarkably improved.

According to a twelfth aspect of the present
invention, in a data communication apparatus according to the
eleventh aspect of the present invention, a data frame having 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
communication apparatus in response to both of the request frame
number of the feedback frame and the data frame reception
confirmation information. Therefore, there can be obtained a

data communication apparatus which makes it possible to, without



45 changing a format of the feedback frame or even if the comunication is
a full duplex communication in which data to be transmtted is included in
a feedback frane, reduce an unnecessary re-transmission to a reception
side data comunication apparatus carried out even when data franes
transmtted froma transm ssion side data comunicati on apparatus to the
reception side data comruni cati on apparatus have been correctly received

by said reception side data conmunicati apparatus, and to hence ‘i nprove
a throughput of transm ssion of a data me fromthe transn ssion side
dat a comrum‘%léﬂigéﬁga%p%ﬂ’a‘tal}'s of o thgete SRALE RF faea ¢ nH&i cati on
appar at us. artic

|
anmount such “Eé?%++‘?4 e’l A agﬁﬁ?néup fSI O::!Mklelﬂ%rzg qPﬁWLgégeda %(raé:%be :
having the sqmgth3fEe§WMe, dl%.daat lﬁoir@dﬂckr%é’eQeﬁﬁcé ggception side

data communi cat1 on apparatus, a throughput of transm ssion of data frames

fromthe trangpHeees88ry sr@&ﬁ&tsmegmm@a iredepppe afide tatdhe reception
side data comrunicati on apparatus is remarkably inproved.

Havi ng descr idvathupiebeior hpriratdusecascisid tus preseriten davanframesa t h
reference to the acconpanying drawings, it is to be understood that the

present i nverhteosmittedt fromna &gapsmigrpion Sdde- ﬁ%‘?ﬂlmnéﬁﬁwli‘rents and
t hat vari ous changes and nodific t| ons, %% e effected.therein one

skilled in t fPPAFETUF; FRJE d’&S&P iy 3+ 2 S%‘F‘P‘f‘}lCSFlé’Boﬁ%Paﬁ
present invenl)0R.a8 g&‘f‘fé&qj Qel:gfvé‘ci’wg%q_dckééé’ﬁtlon side data

communication apparatus, and to hence improve a throughput of
transmission of a data frame from the transmission side data
communication apparatus to the reception side data communication
apparatus. In particular, in a transmission line having a large
delay amount such as a satellite circuit or the like or when the
data frame having the same frame number is not.correctly
received by a reception side data communication apparatus, a
throughput of transmission of data frames from the transmission
side data communication apparatus to the reception side data
communication apparatus is remarkably improved.

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 1imited 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.



46 What is clained is: 1. Adata
comuni cation nethod of transmtting data franmes froma first

pr edet ' er to a last predeterm ned frame nunber from a
transﬁﬂlmwm“m"ﬂwnmbcommni cation apparatus to a reception side data
comuni &atfont dppdratus in an ascending order (or a descendi ng order),
transmtting a feedback franme including at | east a request frane nunber
formed of a m nimum (or maximun) frane merber anong those of data franes,
whi ch have not been received, fromsaid reception side data comrunication
"apparatus to said transm ssion sivﬂ?ﬂﬁacgﬁﬁﬁ%i’é&tion apparatus in
.response to the frame nunbers of the received data franmes, and
‘transmitting, in response to said request frane nunber in said received
feedback frame, a data fragRcBaxbitudidfaoR MERSS ofMiiraRsf ftdi e eRRRI ON

. si de data communi cati on apparatus has not confirned, fromsaid reception
- si de communi ceddneis Epparat firdt praddeeérmiied $xane sunlser dat a Tagvuni cation
apparatus, conprising the step of: i ncluding in said feedback
‘frame a dat a predesermanedt fxane onmberafiom a frensmission sddeadata of

whet her or not receptions of data frames froma frame nunber next to a
m ni mum (or GREBFUPIARELPAMPRARAES FR I FHWPLLLNT FitR dalsi CAMMARECHGHOR been

recei ved to saj S redetermned fra unber .have heen i red.
2. A dat a con%?%xjggfl%ognn%? haogéz_rgé{aéggd?ﬂ%% (r)kocfl Y ‘rir‘le (,:em\%ﬁl rglrﬁ&giﬂat a franme
~having a frang-gnshetingi £esRivdckeeLRhé Ohcluding at least a request frame

number formed of a minimum (or maximum) frame number among those

of data frames, which have not been received, from said
reception side data communication apparatus to said transmission
side data communication apparatus in response to the frame
numbers of the received data frames, and transmitting, in
response to said request frame number in said received feedback
frame, a data frame having a frame number, which said reception
side data communication apparatus has not confirmed, from said
réception side communication apparatus to said transmission side
data communication apparatus, comprising the step of:

including in said feedback frame a data frame
reception confirmation information indicative of whether or not -
receptions of data frames from a frame number next to a minimum
(or maximum) frame number in said data frames which have not
been received to said last predetermined frame number have been

confirmed. -

2. A data communication method according to claim 1,

wherein a data frame having a frame number which said reception



47 side da lon apparatus has-not confirmed is transmtted from
said t Ifah | ' data communi cati on apparatus to said reception side
dat a cgmm’mnﬂﬂﬂ!E@'at us in response to both of said request frane
nunber of said frame and said data frame reception confirmation

I nformati on. 3. A data conmunication nethod of transmtting
data franmes froma first. predetermned frane nunber to a | ast

predeterm ned frame nunber froma transm ssion side data conmunication

~apparatus to g reception side data commfdi cati on apparatus_in an ascendi ng
“order (or a &égﬁeﬁiﬂg%gc%’é‘llfﬁtlwamﬁaﬁ“ﬁg ﬁsf‘é%tbllﬁ{'i)’@l?lf:?‘%ﬁlrel? ncl udi ng at

‘least a requ er._f.qr . A .M.Nj ' fao ame nunber
anong t hose %%%ngé’?g%dra%h*\r:&;, S\ ?cﬁfﬁﬁ%%o%béggré%& \ggg%nﬂ#roan?lsogll d
reception si @epdaheus ABHY A HeeBp PO AldéS dhla Sedundn 8t Ibs SAsphratde; fat a
communi cati on apparatus in response to the frane nunbers of the received
data franes, resgohsansoriddthn@f saidrespmse frams antnbeaqoessaid afeedpagker in
said received feedback frane, a data frame having a franme nunber, which
sai d recepti &ramej aed ratisl catraufirane i xacepsponacontimation tefdimatdon.from
said reception side conmunication apparatus to said transm ssion side

data communi cati on apparatus, conprising the step of: I f there

i d b i j d f i d_feedb f.
S TooraLe, Lo be fansm ! hedath Sutidlcatess Sloel ' BEERAREEI Taes  on
confirmati on grafak "RLdP pdic %&éﬁmi%at RELHO nuder’ esezgtiﬁﬁé of data

;ﬁ) £ ?I:é .
frames froma franme nunber next to a mninmum (or nmaximun) frane nunber in
sai d predetermined frame number from a transmission side data

communication apparatus to a reception side data communicaﬁion
apparatus in an ascending order (or a descending order),
transmitting a feedback frame including at least a request frame
number formed of a minimum (or maximum) frame number among those
of data frames, which héve not been received, from said
reception side data communication apparatus to said transmission
side data communication apparatus in response to the frame
numbers of the received data frames, and transmitting, in
response to said request frame number in said received feedback
frame, a data frame having a frame number, which said reception
side data communication appafatus has not confirmed, from said
reception side communication apparatus to said transmission side
data communication apparatus, comprising the step of:

if there is no data to be transmitted in a data area
of said feedback frame, including in said data area of said
feedback frame a data frame reception confirmation information
indicative of whether or not receptions of data frames from a

frame number next to a minimum (or maximum) frame number in said



48 data franmes which have not been received to said |ast predeterm ned
framem—eonfi r med. 4. A data communi cation .

met hOdL im3, wherein a data frame having a frane nunber
whi ch mm"mg BI de data conmuni cation apparatus has not confirned
is trafisnfttte rem Id transm ssion side data communi cation apparatus
to said reception side data comruni cati on apparatus in response to both of
~said request frane nunber of said feedbagk frane and sai d data frane
- reception confirmation informtion. A data comuni cati on

" nethod of tralegai framgs dehish Mﬁegotr‘éﬁﬁfhrﬁpﬁﬂe‘br%éaéﬁmlﬂ%ﬂ frame number
. to a last predeterm pned franme nunber froma transpi ssion side data

communi cat i orPTEAEAPERERSY Frame DUPPEE NS Peg Soﬁgrmﬁﬁqcat i on appar at us
in an ascending order (or a descending order), transmtting a feedback
frame including at |east a request frane nunber forned of a m nimum (or

mexi num) frame nunber awRY 4LRQSEomMin alaoh! AETod \Hdicolaay edA1ahee,

received, fromsaid reception side data conmunication apparatus to said

transni ssi on yhErdgndat @a€ NtHikieC Alaiv@ig 8 PRfaliel suiber adrichssald témepriame

nunbers of the received data franes, and transmtting, in response to said
request franesidienidetai qommrtﬁ.qae:aenvaammﬁaélhs neteonfirgedai$r ame havi ng
a frame nunber, which said reception side data_conmuri cation ag arat us has

not confir ned=raF1|56‘ﬁ=F§ﬁ¢dfr9%(§@H{d1 SHABPRLSTMFAAE B2 SOPPYPLPALIY sai d
transm ssion SE; %%atug 8§ @.erye%%tptggnagfée AR SRARLE e 19n! Qspéfagﬂls in

response to both of said requést frame number of said feedback

frame and said data frame reception confirmation information.

5. 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 oxrder (or a descending order),
transmitting a feedback frame including at least a request frame
number formed of a minimum (or maximum) frame number among those
of data frames, which have not been received, from said
reception side data communication apparatus to said transmission
side data communication apparatus in response to the frame
numbers of the received data frames, and transmitting, in
response to said request frame number in said received feedback
frame, a data frame having a frame number, which said reception
side data communication apparatus has not confirmed, from said
reception side communication apparatus to said transmission side

data communication apparatus, comprising the step of:



49 : even if data to be transmtted is desired to be included in
a data area of said ack frame, tenporarily stopping including said
dat a Wﬁ?ﬁﬁgﬁ said data area and including in said data area
of said fe ‘\M\‘ data franme reception confirmation information

I ndi cat\ “ﬂﬁ\m ®0r not receptions of data frames froma frane nunber
next to ﬁ i‘nemut (br nmaxi mun) frame nunber in said data frames which have

not been received to said |ast predetermnjged franme nunber have been
confirmed. 6. (A data communi cati on nmethod according to claim

5, wherein a data fraf¥eRadfndete rioahe SEARTPLYRT ASsdeairetdint P6n  si de
data communi catlLQ ar at has not . confj raed. | ransmtted fr.qm said
transm ssi on 1&%888‘3? ncaOr#%ﬁi 85??0?? e f.ggﬁgaﬁ% é%ﬂ“}?'mé‘é‘s%?lf%’?% i de data .
- communi cati o t. i ys e S j S n r

~of said feed%é%EB %?air?edadr?\jdl nga?gg gaﬁéfr%orre&)gr g%%%t&?%r? e?ggﬁ [ %arlr%% ia({)ggta 478

i nformation. and including in/saf\dU@i€a GOHERBECIAIQ@NEHABACRL BbaRd e @4ed i N a

data communication nmethod of transmtting data frames froma first '
pr edet er m nedramaneeceptlien confiirmatiqr dodoematien indirativebet wHathera
transm ssion side data conmmuni cation apparatus to a reception side data
communi cat i o®Tapphr B@TRPYIPNgn of sdatrli kipnasr dspm(drizange suaber mexsr deor R,

Formed of a MR (TomHaTmnFo RS NGRS SH R0 LEBFS Gt Pafes,
which have  nai Been Lecainedyof LOM SAldl [2E8RLLARM RlAP dAb 3 SHEP AL | on

been confirmed.

6. A data communication method according to claim 5,
wherein a data frame having 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 both of said request frame number of said feedback

frame and said data frame reception confirmation information.

7. A data communication apparatus employed 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 ordér), transmitting a feedback frame
including at least a request frame number formed of a minimum
(of maximum) frame number among those of data frames, which have

not been received, from said reception side data communication



50 apparatus—to-said-transm ssion side data comunication apparatus in

response tao the frame nunbers of the received data franmes, and
t'ransmmlmﬂu‘“mm ﬂml'lse to said request frame nunmber in said received

f eedb eranrey frame having a frame nunber, which said reception
si de data conmuni cati on apparatus has not confirnmed, fromsaid reception
side communi cation apparatus to said transm ssion side data comrunication

apparatus, conpri sing: a mean 0of i ncluding in said feedback
frame a data frane reception confifynation.i nmrrration i ndigative Qf

whether or ABP2FBERHIFDFRIG LEAREHTEAL SAAgfat r R HBE ON SRR SRS
Terc“eim\qud(? (r) gg;]?('aggg%?ée;%gg éc{l%n?%m% bt s08k2 L hd S IWGCHa iRV an{é%é- been

rmne rame nunber have been confirne

8. A data comnkg%ém%wr AhUSeS5&Mditdd shOd CréduBst! friher fiber dat a

frame having a frame nu which said reception Side data comunication

appar at us hagaigt reeefvedredddbackr abate | tedataofrane chaviagsai fsamn si de
data communi cation apparatus to said reception side data conmuni cation
appar at us i n numbeppneieidlo dadch retephich reigige daté r communivesionf apparatus

feedback frame and said data franme reception_ confjrmation infoymation.

9. A data corh?ﬁnpéﬁt¢%‘hfjei%‘}9&':a1fﬁgmeﬁﬁ4)ﬁ?eipﬁland%%%? CHHBAFRES DN et hod
"ast ' predet crRPAEALR? chfe SR AFerPRbH 0t B EeEh oy eglRa oot 1O @
Connunlcat'c”£§%893£3§9§c5ﬁbfising:
a means of including in said feedback frame a data
frame reception confirmation information indicative of whether
or not receptions of data frames from a frame number next to a
minimum (or maximum) frame number in said data frames which have

not been received to said last predetermined frame number have

been confirmed.

8. A data communication apparatus according to claim
7, wherein a data frame having 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 both of said request frame number of said feedback

frame and said data frame reception confirmation information.

9. A data communication apparatus employed 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



51 recept I cation apparatus in an ascending order (or a

descendi ng I mtting a feedback frame including at |east a
~request fri @y ,ﬂ ,of a mnimm (or maximn) frane nunber anong
t hose of d . ,, have not been received, fromsaid reception

si de data conmunication apparatus to said transm ssion side data

communi cation apparatus in response to the frane nunbers of the received
data franmes, and transmitting, in respopse to said request frame nunber in
sai d recei ved feedback frane, a data frane havi ngaa frame nunber., which

sai d recepti 5&%98?’&!&?%@%&%&8%‘?%%& GPRIraHLS MofCRFFTIHEY, from
- said receptig,gid oEOm%'c%%%iRQi cﬁgc?eo r,att')’:in%ﬁliéé‘%%r ?.‘Qag%:i&l% ?ﬂia?ln'ede dat a |

comuni cati on  apparatus, conprli ans ere is

no data to b%.nbt’tﬁ&&%té@_ciéa%t 8 faffes¥ Saaak Adhsef oRARREKoET 2MRinina Udi ng
in said data area of said feedback frame a data frame reception

confirmation (ornheximinprfrdamd aahbae aonghehbee of dwda Eegamnes | ofsicl hdaka
frames froma frane nunber next to a mninmum (or mexi mum franme nunber in
sai d data fraessbesi credaimedyofronesaidomicepiion sidel datascopnunistadrdionned
“frame nunber have been confirmed. | . 10. A data communi cation
appar at us ac GBPEFAEYS ot ISAif trangRisiqn £idgt date FANNRICAELRD fAPRREakbfber

appar atus acEBPAFRG: 2 an & gaiitifio
e CLransm  CBOPPRRESI G {Pkn CRRE BIRELSe Cha b B ORGP O T a us

to said reCe%hoﬁréﬁé’nﬁib%%@f,cRﬁﬁgg%ééﬁdébé)r{l?aggi‘&a{-é&éé% FrER0 Mafbd:O 1ot h of
sai d request frame nunber sai edbac
said received feedback frame, a data frame having a frame
number, which said reception side data communication apparatus
has not confirmed, from said reception side communication
apparatus to said transmission side data communication
apparatus, comprising:
almeans of, if there is no data to be transmitted in
a data area of said feedback frame, including in said data area
of said feedback frame a data frame reception confirmation
information indicative of whether or not receptions of data
frames from a frame number next to a minimum (or maximum) frame

number in said data frames which have not been received to said

last predetermined frame number have been confirmed.

10. A data communication apparatus according to claim
9, wherein a data frame having a frame number which said
reception side data communication apparatus has not comfirmed is
transmitted from said transmission side data communication
apparatus to said reception side data communication apparatus in

response to both of said request frame number of said feedback
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11. A data_ci ' ' pparatus enployed in a data conmunication nethod
of transmuﬁ'mmm\‘w s froma first predeterm ned frame nunber to a

| ast pre it nedwfrane nunber froma transnission side data

communi cation apparatus to a reception side data conmmunication apparatus

I n an ascending order (or a descending order), transmtting a feedback

frame including at |east a request framg,nunber formed of a minimm (or
maxi mum) franme nunber anpng those of data franes, which haye_ not been

recei ved, frdfPBgi and kst 05kas IR FereRHinfeRt 1ot t 198 p AR SRR IONs 5 d
transm ssion side data communi cation apparatus in response to the frane
nunbers of the received data franmes, and transmtting, in response to said .

request frame nunber irn.sgi 8at £ &R 188 96R Chpldraies. amgfaﬁe& @R Havi ng

a frame nunber, which said reception side data comruni cati on apparat us

has not conf icofRbnit&©iBrs ale®hodCopt t Binsiide iagniaitd cRdames fapRad Aidstt 0
said transm ssion side data comruni cati on apparatus, conprising: -

a neans of, oredetérminead tfirape humberitd ed lastdesédaiermioefeframs udwibern a
data area of said feedback franme, tenporarily, stopping including said data

to be transnmifFPBda| Franspigsionasafe Lakf CORRPBETHYLI™ 2PRAFAERT £APea of
.on confirmati.on_informa

“said feedback f d f ' i
TRdicative. GPORRELTRSHR RBte SORRITAC P ARPA YT ad PRORTE e nunber
next 10 a m Yrgum (O dRiKisElihihGFRILYTDUrahnsel thylal 2ebaBER £xecn have

not been received go sai d | ast péedetern1ned rame
including at least a request frame number formed of a minimum

(or maximum) ﬁréme number among those of data frames, which have
not been received, from said reception side data communication
apparatus to said transmission side data communication apparatus
in response to the frame numbers of the received data frames,
and transmitting, in response to said request frame number in
said received feedback frame, a data frame having a frame
number, which said reception side data communication apparatus
has not confirmed, from said reception side communication
apparatus to said transmission side data communication
apparatus, comprising: |

a means of, even if data to be transmitted is desired
to be included in a data area of said feedback frame,
temporarily stopping including said data to be transmitted in
said data area and including in said data area of said feedback
frame a data frame reception confirmation information imdicative
of whether or not receptions of data frames from a frame number
next to a minimum (or maximum) frame number in said data frames

which have not been received to said last predetermined frame



53 number_have beep—cent=rred. -~ 12. A data communication met hod
according to claim 11 iﬂEreln a data franme having a frame nunber which

sai d recgmuﬂmilmm‘ 5 onmruni cati on apparatus has not confirnmed is
transmtt

m ssi on side data conmuni cation apparatus to
sai d recepttor’ si ‘de"data communi cati on apparatus in response to both of
sai d request franme nunber of said feedback frane and said data frane
reception confirmation information. 53 '

number have been confirmed.

12. A data communication method according to claim
11, wherein a data frame having 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 both of said request frame number of said feedback

frame and said data frame reception confirmation information.



