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comruni cati ng packets by issuing Hybrid Automatic

Repeat reQuests (HARQ . BACKGROUND ART In this

technical field, AutomatPESREBISEIIPBQuest 15 (ARQ

method is utilized for inproved comruni cation

reliability. In the ARQ nethod, received packets are
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is requested to retransmt, i ncl udi ng

unaccept ably significant errors he error detection

20 may be conducted in accordance with any existing
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feeom nse to receipt of the request, the

t ransrrirhteerpréisdatr et a8aliiton thelneguest edtpacked shnical

IS possible tolgartlall $revent
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wiel1Rotd s ary &@@?@ﬁunEb@tﬁoﬁhﬁVﬁaﬁﬁt@@E}%eﬁﬁNod and program
gperation of the ARQ nethod. For, exanpl e, ter

ﬁP&t FIPMEPACHREBE Rifckets RY gisguing %}’@rﬂégel‘r%amatlc
?fg@@ HBPRRIe sPpparnaarsy) and stored in a reception
in a base station in 30 the order (Si) . The
recelved | P packet is divided into fixed |ength
BheGSrROOND s M ssion in a lower layer (S2). Then,

smission of a predefined nunber
In this technical field, Automatic Repeat reQuest

(ARQ) method is utilized for improved communication
reliability. In the ARQ method, received packets are
subjected to error detection, and the transmitter side
is requested to retransmit packets including
unacceptably significant errors. The error detection
may be conducted in accordance with any existing
technique such as CRC (Cyclic Redundancy Check) scheme.
In response to receipt of the request, the transmitter
side retransmits the requested packets. As a result, it
is possible to partially prevent an application in the
receiver side from running without any packet.

FIG. 1 shows an exemplary operation of the ARQ
method. For example, Internet Protocol (IP) based
packets A, B, C, ... are received from an upper apparatus
and stored in a reception buffer in a base station in
the order (S1). The received IP packet is divided into
fixed length blocks for transmission in a lower layer
(S2). Then, radio transmission of a predefined number
of blocks is sequentially carried out via physical

channels, and the blocks are received at a mobile station
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of blocks is sequentially carried out via physica

channel s, and the bl ocks are received at a nobile

station 1 (S3). Inthe illustrated exanple, two

bl ocks are transmtted in each transm ssion tine

interval (TTlI). The nobile station conducts error

detection on the received packets. The received

packets are stored in a 5 RLC (reception) buffer in

(Bés )ymbilre shatiiodnl(Sdrated ehamplase, twet rahsakssiaore
uests, for, error _det cte acke redr e
FEAE b8 P5RTH T Rl o Pal L BRS RV AL (T71)

emreorrxso}aiEedeimtednf @rorﬁdﬂ]eet]st herami ]ﬁtﬂecbtcnolns @s the

illustrated in " e nobile 10 stati

PR SO R Chets o1 o B PG T SR A S hPogkgred in a

Mfe nobé & epstiatn Pnbti@mear disn et her mforhelel@asltatt&omo(SM In

I b the RLC h t I 5
LA am0re e B S 5 30 avpLioalon, Lavel, (SBlece e

pardwgna&e t@r@ﬁghatt&dntbhe;héIhst'seatsmtlbsl In the
di scarded, and then_15 the nobile statlon wai_t

&pprop ¥ 3t hkePPAfd  AFFEF Scaf el PG TS th ot BC 11tn

L&Y ansfh SEh Y 1Pk 0§8dUne,y s £ PEWRIAS; 4 hengef ranamdi@dnobile
packet to an upper | ayer. For further |nprovenent in

she tdodruarSats vhs trhém%ﬁﬁuwafalwbrtm DROFERARY) Tt the

5aRRNEs I esthbi AY LN s 29t 1 BR @i a BEEN 8GN BEHEMBacket s
bei ng conbined with the ARQ schene is proposed. This

eyl by edlss 8 baript dyerl RLT SR ASDPA 2RPGH Spedan layer (S5).
80 ek Racket 4 Ancessk §Elﬁ%r@ced|:el§ro% | §hd FEhBEd Sponds

l'ock diagramillustrating a base station and a nobile
srabiastkeh Gctor Bhecd Miust ras oy HARG seRémdedngand then

%h% ﬁ%é?g&ss@$§¥gﬂpbgﬁién¥gﬁtéﬂnadgréﬁflﬁ@%gpacket and

schene ackets A, ... are réceived from
apprear a@QEPd{q}Sl and odt dikeel rRtARTRETIARO G PFrECEs i ba/

bufferr§E! Gnd) r&Pranllaser Sbatl it k8t0rderaf Shpper layer.

For further improvement in the communications
reliability, a Hybrid ARQ (HARQ) scheme resulting from
the error correction scheme being combined with the ARQ
scheme is proposed. This may be also employed in the
HSDPA (High Speed Downlink Packet Access) scheme.

FIG. 2 is a schematic block diagram illustrating
a base station and a mobile station in accordance with
the HARQ scheme, and FIG. 3 shows an exemplary operation
of the HARQ scheme. IP packets A, B, C, ... are received
from an upper apparatus and stored in an RLC/ARQ or
reception buffer (FIG. 2) in a base station in order (S1
in FIG. 3). The received IP packets are divided into
fixed length blocks in the RLC buffer in FIG. 2 (82).
Then, one or more fixed length blocks are bundled and
transmitted in an HARQ-PDU processing unit depending on

the radio environment. The individual blocks are

identified with the sequence number (SN =1, 2, ...). The
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in FIG 3). The received |IP packets are divided into

30 fixed length blocks in the RLC buffer in FIG 2

(S2). Then, one or nore fixed | ength bl ocks are

bundl ed and transmtted in an HARQ PDU processi ng

unit depending on the radio environnent. The

i ndi vi dual bl ocks are identified with the sequence

nunber (SN =1, 2, ...) . The 2 IP packets are radio
IPapamikddtes sra pldgicat rehamict sedi ni@nighmiaal channels

redefined nunber bl ocks_and ar .
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TSN = 1, d £ o
RRoPHatione | PHAEIHAT Bl 85y 1% Rifbere R 5t 1¥e numbers

agsingned , onceSS NUHEr priddes Hes foﬁ trih%mﬂﬁkhﬁg
st atl on gﬂa Qrne error g%t ec ecel v

PacRETat 4Rl 1P TG LEdiRb ik b PR s iy @ep s faned

bPRoNG's Ahspmbl | eplQ siation requgst sdde1bagation
station to retransmt the assom at ed packet

The
PRESIOFINS pRERQS AFBeStY PR S eB?S@ﬁVr‘ng bBFFéﬁEtS' and
%g:ééﬁtéﬂ% 18 FLGect dPWs J.-m.qlsfggrt@%f iRg“REPf & he mobile

s packets not being in néeed of retransnission
siheitl of SEFAY Sfdeket Beal@ FRcEbRdd 0P nt P5 Geransmit the

Lhhustirated psaple, apher kQicd Svdet paleee £ 8T ad Patksted in
data unit corresponding to TSN = 2 (whose g ocess

aumserdesipg) bu BRert Ad IbF Fa tacht i Bn Ficuedt 4 Se  The

Péﬁ%d%tﬂhﬁnb&ﬁfé?t haNHl tphbxdts r8SPOBREL n§henbPAREd of
station conducts retransmssion. In the illuStrated

eRAMEINE ML RS 120 run k AhsHilttedn papREte taf @ FecEoRived. In
%ﬁ%hﬂﬁu r%yr é8fe)§£‘ﬂp1%t OLG0e kROt E ST $OEdR W for a packet

fer S st age, tHe retransm ssi on requests
@a@acamteetcomesnomcsutb@aww = 2rh@~13@é|ee9r;§§cﬁ<%fﬁsnumber

p org% QHé1 Jﬁifgoég EHW%k¥g @ést %&g@béﬁ station
PReP 4 Rtiher

e proper reor der ed 25 packets are
decmrpose\dsmnt atpac kiem Idatﬂaoumet,s thRLCappUsyation conducts

retransmission. In the illustrated example, the
retransmitted packets are received without any error and
stored in the reordering buffer. At this stage, the
retransmission requests are carried out in a MAC sublayer.
The stored packets are reordered in the reordering buffer
in order of the TSN number. The properly reordered
packets are decomposed into packet data units (RLC-PDUs)
in the RLC layer and then stored in the RLC buffer (S5).
It is determined whether the packets stored in the RLC
buffer are also continuous in terms of the sequence number
SN. The determination is made because in an exemplary
case of an error still being detected even after the
maximum retransmission times are reached in the HARQ,
a missing packet may still be detected in a packet in
the RLC buffer. In such a case, retransmission in the

RLC layer is requested by the mobile station to the base
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in the RLC | ayer and then stored in the RLC buffer

(S5) . It is determ ned whether the packets stored in

the RLC buffer are also continuous in ternms of the

sequence nunber SN. The determination is made because

in an exenplary 30 case of an error still being

detected even after the nmaximumretransm ssion tinmes

are reached in the HARQ a m ssing packet may still

beadetoact edAt ntaipackeagien the ReCrsufs$missliprsuchqaest

case, .retransm SSi on, h r )
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papken iate agadketcanglaft eoncorpleiéopetfrdiemission
retransm ssi on rocedure, forwards the retransmtted

PRERECN R t RETWRHRF IFafe r%%é)ansmrh'%tﬁﬂoxf’éa‘fw}éﬁl:?or‘féﬂ the

epp¥ent agrad (AR 10 and hIABQéreﬁea@ioaf@dd;e@ﬁfzemdmImal ARQ
non- %atent docunent 1 publi Cl?gtedl scl osed at the

37di HgRfrBebhodwe %5§edep<+%%  apbl PERIPGT Df Tt fecument

Prﬁﬁ%rltlcﬂ_p?' Heald 10hs e Nonthat gat rdacii@niiate XPPLtHS base
25. 30 4.0, _ Internet <URL: http//vW\ANngp org> 15
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| NVENR ChL o3RG T B8 cegiience .nudep oY 01 $e8cidf yi ng,
packet data units in the RLC |ayer and the nunber TSN
¥okeZo spetVRY NG hapk &t/ WM a3 GR-LTH>t he MAC | ayer

are represented wth fixed nunbers of bits, these
nunbers are cyclically assigned to the packets. For
RYSRBIOSURE OF INVENTION

[PROBLEM TO BE SOLVED BY THE INVENTION]

Since the sequence number SN for specifying packet

data units in the RLC layer and the number TSN for
specifying packet data units in the MAC layer are
represented with fixed numbers of bits, these numbers
are cyclically assigned to the packets. For example, if
the sequence number SN is represented with 12 bits, 212
= 4,096 numbers are cyclically used. For this reason,
in the case of a single number being assigned to each
transmitted packet, the receiver side cannot determine
without difficulty whether the received packet belongs
to the current cycle or the previous cycle.

In order to eliminate such inconvenience, some
technique referred to as transmission stalling is
conventionally used. In this technique, without
confirmation response from the receiver side, the number
of continuously transmittable packet data units is

limited in the transmitter side. Specifically, 2,048
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t he sequence nunber SN is represented with 12 bits,

212 4,096 nunbers are cyclically used. For this

reason, 25 in the case of a single nunber being

assigned to each transmtted packet, the receiver

si de cannot determine wthout difficulty whether the

recei ved packet belongs to the current cycle or the
previous cycle. In order to elimnate such

packateni £ndd,ovsong chtmmhhbquwfeﬁﬁrFedxcﬂhgt is, the
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whiadlres i het SN ([dp258) a:f}desbb&ECibtﬁmtDa@ithésﬁbﬁsfe for the
prevented frombeing transmtted unti

rasHat nafi SN T espossd 4 BPFH%EEl?E ﬁ&ﬂﬂﬂééf2|sthr°u9h

Qhti3igred) ﬁﬁ@eﬂémtrbﬁﬂﬁﬁﬁtbﬁrdﬁﬂ@rnﬁﬂdﬁhm1551on of the
conflrnatlon resp onse for the packet of SN =i, 2,048

pacikas of SN f( (32)1)t it obRRV Y i9pELF TRdyl 9B response of

Eh%nimékse afet gy tLapshi ssitaie ohuhbe rl® Pasket &ff Phckets
wi t hout confirmation response of the packet

LS P L R AL ePngiiZanat i pAckeFPonse is referred

£6a@§nét@@éﬁsﬂﬂJEW&nCQmﬂ&@Wt”ﬁh&%sm¥ﬁ@ hSconfirmation
referred to as a transm ssion wi ndow. Each tine a

cesfdamaei 68 Jespersd ivekpnedhiainefy dfiei hegga et the
£3305, dI E*ﬂ%nlmﬁae%mﬁ'chwemﬂé}v\eﬁllyncgﬁﬂ?ewIJyn the

inthe 1ncreasin irection of "the SN
dnleare hahdg ﬁﬂrQF@QQﬁIMﬁHﬁ@ﬁ BlspoRde ikenether hand if

SO@ %%fr}{glc%{ Qﬁl ftéﬂlggnge %rr%lgecsﬁste%ﬁiggiry SHOPined,

om1|s no mting the nunber of
paeketaslqer arfsrihe atblt@nmtlmmxon window is not shifted. By

limiting the number of packets transmittable without
confirmation response to half of the maximum of numbers
that can be represented, the receiver can determine
whether received packets are retransmitted ones. Such
a scheme is also referred to as Stop And Wait (SAW) scheme.
As stated above, the retransmission operations are
carried out in both the MAC layer and the RLC layer. 1In
any of the layers, the packet data units are specified
with a fixed number of bits, and thus the transmission
stalling may be carried out in the retransmission
operations in both layers. However, the packet data
units have different sizes in the MAC layer and the RLC
layer, and the reception timings of confirmation
responses (ACKs) after data transmission may differ from
each other in the MAC layer and the RLC layer. As a result,

the transmission window has different sizes in the layers.
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20 confirmati on response to half of the maxi num of

nunbers that can be represented, the receiver can
deternmi ne whether received packets are retransnitted

ones. Such a schene is also referred to as Stop And

Wait (SAW schene. As stated above, the retransm ssion
operations are 25 carried out in both the MAC | ayer

and the RLC layer. In any of the |ayers, the packet

fiat gemw 51 ar e osyfeict ha ed omvirtds po hiseed mayrbee oo ns tguickly

and t.hus.t.he tra I SSi.an tal Li rri Q
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aﬁﬂeth@altsa Ad a:niSrﬁ}SiitOﬂaﬁamicﬁéien &t agloweadah tdtideMACnlayer
the MAC | ayer _and the RLC | ayer. resyl t the
ERBRRSSE P Rendéw nde der Spume LA NS e Hjeppumber
&fl rrgenes Rl i scandibamatico3 2 esponses may be nore

qgui ckl obtained in_the MAC | gyer, than the RLC l.ayer. .
For e%%ﬂﬁ?&ermhést§€(ﬁr?ﬂémﬁ%ﬁ%ﬂ?sﬁQéi%&ﬂaow grarried

68 aRPE Ssteny refuest pper atd pos bad ken&LRLLayeryer, the
can be set to be 2, 048, 5 and the size of the |
tFaRsmiski8F GRAIGWATSTRE RALY RpsiketanPpdciwiing bg both

L8anldmi $s 28URRLL § B3k .t ha drBxt AU AP, @fvdhei FSNata
Is equal to 32. However, if the transm ssion stalling

Pslomgs & e dbphkat brynistisel PRCVEARRWandiEhét 1s not
FeCnlidyefnet Randd Lransid tyehetan t4ABRNILs PBhY window,
packets belonging to both transm ssion w ndows. In
braasmo? g5 one thedgtata bepoRge tonbRe -of HHe- 4 shows

LRAISE SN, U Hptscnangi e ecknany.
thealld usteveheddexFr@lel sHods 85 Ssléb%ida‘f'@a&pépgtfii@ﬁgation
Pk s %%géénﬁgbésbg%ég@ai%éga bt d Qe bl EUst k¥ Gackets of
exa%%le, It 1s assuned that 3bnf|rnat|on

SN =1, 2, while no confirmation response has been
obtained for the packet of SN = 3. At this time point,
the packets of SN = 4 through 2051 following the packet
of SN = 3 may be continuously transmitted, while the
packet of SN = 2052 and the subsequent packets are
prevented from being transmitted. On the other hand, in
the illustrated example, the packet of SN = 3 is included
in the packet data unit of TSN = 13. Thus, according to
the transmission stalling in the MAC layer, the packets
of TSN = 14 through 29 following the packet of TSN = 13
may be continuously transmitted, while the packet of TSN
= 30 and the subsequent packets are prevented from being
transmitted. As a result, the packets of SN = 3 through
918 may be continuously transmitted, while the packet
of SN =919 and the subsequent packets are prevented from
being transmitted. In this manner, according to the

conventional scheme, the transmitter side can transmit
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responses have been already obtained for the packets
of SN =1, 2, while no confirmation response has been
obtai ned for the packet of SN = 3. At this tine point,
20 the packets of SN = 4 through 2051 follow ng the
packet of SN = 3 may be continuously transmtted,
whil e the packet of SN = 2052 and t he subsequent
packets are prevented frombeing transmtted. On the
ohher drwmke tisn be henililngst rat bd téx anph e smites pavketindows,
.=.3 1s_ipclude Nt c a uni : =
Thi SRy Bttt A R R o Th R e e Pho LY o
iheridAed aybaroudieppackets of TSN = 14 t hrough 29

follow ng the cke TSN = 13, nmay he conti.nuqusl .
tr ans%?geagj\lﬁ%‘ eo%hgkﬁaé)l{eets%?tTéﬂ)ce:n%bogn&St %eo provide
Subsemuent cpacdkeai sappe rprtavent ed fgtomahemigs SOon control
tragls'tted. Asaresglt, t he pagckets of Sglzs .
BREGOGP618 RGO BaTCHAE FROUSIY 1t AReH FPEG, 2BRFLETiately
1he gaekatly ofn SNcond9n and ttihen dpseguenh packatdanmee with
Igreventedfrom beinatransm’tted. In this manner, -
cBEPHFHS t 84heP 2 EBAV RS DRRPTIGTENRY CRE YT Qnhsnitter

side can transmt 6 only packets belonging to both
transm ssi on w_ndows [ be di sadvant ageous

, which nma
FMEANSHhEE QRew 3 WENGF THEF ROBEE N oughput . One obj ect

of therpraserd SRRt ABenT itdh Prd¥icinuPdidation apparatus
conmmuni cat1 on apparatus, a retransm ssion cont r ol
RRThBECEAY P prigk ant R GCFOFARMEA hy ek lbPFocess SAW (Stop

RRBr QRI4 Af eb¥ s andn guirGH YAk R AHBENE galI LG SYSTRR

in accordance with N process_ SAW based retransm ssion )

¢ ORMUG] L ca b iPNEARS FER SELMV) NEUTSES PROBEEM T A et ion unit
j nvent.i ggg‘gjp' a0 t r :

q?é ggiﬁl\'}% tnigH _ a{é Earl I"lqgr aég gr. an p%ﬁ vvibtnh 'NNE’IB,? g% %stlsJ SdS?A%NQ( éltnolpt ®

rageviaiad basdd hydpsaisRG Rt REPISSHSEd. arhelirst

gggtﬁmlf@ghe% [P & HSnbRGUIEIgABneh i AREBGHPesponse
signal or a first retransmission request signal depending
on a result of the error detection; a storage unit storing
an affirmatively responding packet for forwarding to an
upper layer; a second transmissionunit, if affirmatively
responding packets are not consecutive, determining

whether a missing packet must be retransmitted and

transmitting a second retransmission request signal; and
a forwarding unit reordering the packet data units and

forwarding the packets in the storage unit to the upper

layer.

[ADVANTAGE OF THE INVENTION]

According to the embodiments of the present
invention, packets can be appropriately and quickly
transmitted in a communication system in accordance with

N process SAW based retransmission control.
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15 conducting error detection on N packet data units
received in N transm ssion processes; a first
transmission unit transmtting an affirmative response
signal or a first retransm ssion request signa
depending on a result of the error detection; a
storage unit storing 20 an affirmatively respondi ng
packet for forwarding to an upper |ayer; a second
BRAASN BEPOR I ION | PFaffRAWANGEel y  respondi ng

packet $;ar e o, 6QUSECUl I ¥G, det el I nig. - yhekher. fon

m ssi ng” pacKet™ nus retransm ansmtting
apseadndonet ransm ssi on request signal; and 25 a

forwardipg unit reorderi t he. packet  dat nj nd, .
orvartirlg enenshEret st Asmre s of ds it fa LobpRgX Uiagran
dppercohayert i ¢ ADVADE AEEs O tEHEN |INVENT IddMpv8Ational mobile
Aﬁcgnding to the enbodi nents of the present

?h#ért9'dbn, packets can be appropriately and quickly
transnrited 3 nsloweMUNt €AY eart iSyiSh EMriat BeLomdaxtieon

wth N process SAW based retransm ssion control. 7

BRFEF Rl PTI ON OF DRAWNGS FIG 1 shows a

conventignals rigf ransii §shen £ ®pesapleinFh& a2pshdber of a
schemati c functional block diagram 5 of a

CORVER T BARP hdet 58 AFMIrF Hha a CRSVRht Porial nobi | e

stati oniGFl Ga 315HAWS a8 EOMVERIIBRL 1T pliiasdb$ShARkrarchy ;
operation; FIG 4 is a diagramfor explaining a _,

probl eif6f aB IDo¥ENFeREPSPACt dtTaReKEY GFcording to the

%pgggghpningggtfgh§homs a conventional protocol
ierarchy; FIG 5B shows a protocol hierarch

accor df hg-t & shevprastabematehei unctional Plock diagram

illustrating a base station and a mobile station
according to one embodiment of the present invention;
FIG. 7 shows a retransmission operation according
to one embodiment of the present invention; and
FIG. 8 is a flowchart of a retransmission request
operation according to one embodiment of the present

invention.

LIST OF REFERENCE SYMBOLS

UE: user equipment

ARQ: automatic retransmission request

HARQ: hybrid automatic retransmission request
PDU: packet data unit

RLC: radio link control

MAC: media access control

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention will be
described from the viewpoint of protocol hierarchy.

Conventional protocol hierarchy will be also described
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FIG 6 shows a schematic functional block diagram 15
illustrating a base station and a nobile station
according to one enbodi nent of the present invention;
FIG 7 shows a retransm ssion operation according to
one enbodi nent of the present invention; and FIG 8 is
a flowhart of a retransm ssion request 20 operation
according to one enbodi nent of the present invention.
EbBT dompEFEREBNCE SYMBOLS UE: user equi pnent 25 ARQ

aut o r tr Si ri

autogg{";[(g’ rgtransm §S| orpn %ggﬁzﬁt f@gg J%cke?dga%t afor

unhtveRLtﬁonadlctdcrhnquumisroehs Mék(lusmdaaeatcnessFIGS 2 and
%gntf\ t30tB STbI\/[DE FOR CQVY 2 9 tTHE(_irII\I\/EI\I'Il;I Noiead t

Raftetrs St h8PPresent S Fhverntd o Wit e T Gescribed ©¢ -°

éramrt Het\eceN\DOhninorfherDépemrl 1iMAGadalyer, and in response
Conventi on t.ocol h| erarch al so. describ

Sor B Hagonte t BEY Y DR bBRER: Mhnesersta S fagar  €rroxs
émd@ecfﬂﬁg aameqmabmal lteegddi) ques ﬁSdlLbIau:SidaiﬁdOHC NG in
FIGS. .2 and . stated abave, . received packets are

C06] bANatP {53 E 160t et SEEROI S HORNBE| )8, e backet is

Fayelesttdd. | NTheIPONSRLCY AR r DEydet,ecit Ol s(@etermined
detection of significant errors exceedi ng acceptahl e
‘r’@@élh)erasthﬁdﬁ%‘é%lnr:ﬁ ERERETEn SNhed TR TR 2EFYT Ve, and

yetrnansid sgber fedhengty of pagkelin Sseqe@Uasé eunder is
the RLC/ ARQ layer, it is determ ned 10 whether the

B§FAME nLRGERS TRESEOT oPEeEtE RACKRE 1T Feauested.
getacted fdhipd s 318 kaioh $QAUORACE 1RYEERd $he RLC/ARQ layer

is carried out under conditions where the packet order
is conserved. Operations for arranging the order are
carried out in a reordering buffer. Transmission of
packets to an upper layer under conditions of the order
being arranged is referred to as In Sequence Delivery
(ISD). Also, data transmission of packets from the
RLC/ARQ layer to an upper layer (an application layer
or a PDCP layer in the illustration) is carried out in
accordance with ISD. In the RLC layer, the sequence
number SN is monitored, and if it is detected that a
certain sequence number is missing, the retransmission
is carried out to maintain the packet order in the RLC
reception buffer.

This scheme may be preferable from the viewpoint
of reliable arrangement of the data order. However,
since two transmission stalling operations are
separately carried out by using different transmission
windows, the throughput may be degraded as stated above.
On the other hand, the essential purpose of the
retransmission is to supply a series of consecutive

packets without any missing packet to an application
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m ssing, retransm ssion of the packet is requested.

Data transm ssion fromthe MAC | ayer to the RLC ARQ

| ayer is carried out under conditions where the

packet order 15 is conserved. Operations for arranging

the order are <carried out in a reordering buffer.

Transm ssion of packets to an upper |ayer under

conditions of the order being arranged is referred to
hsykem SeglmceoDblkinsery THUSD) i tAmsg, rdat dbe a requirement

N T LT M T S T S

&ﬂahh&ﬂééﬂshr&ﬁaﬂﬂlhg myeradimnsjrlThecpthmet
with ISD. In_th th b
Pokbrcicn GA8 [OTTeFTead bt Ba Ok PAGNGrg Tolarded

seqdenappipbera yiesr nvssihegit t bRer ehr;ah$ma$sacbnt 25n|ssn1 ssion

d out t tain th ket ord 1
FERbtish DRPFAL: Thes CUHONER iy e b b Gt §°F A ©F

£ &€ rwinepDs Bt orofrs gheahlse. arrangement of the data
order. However, . since two tra sn1ssion st al

oper aiF bis. Srk HOUEparal SF oM EAET Lol BE IbyT Py ToT the

stEkemanti fvangssi onThw RdaYs, ahlie ddeugputa pay sbévhere
degraded as stated above. On the other hand, the

RBSERTIANPURBESETITERE OMdt (AR NPELNORY "3 8 %pmﬁmpler

andeiines Pfecensecthi¥e t RAckaby Wd haphiamd M sSvidGious
packet to an application 9 |ayer and/or others. Thus,

$YSEBPoth ke at hegliP BRERS S 186“'? AgFhererkaged HARQ method

{1 SBs&8.1hent WRSERYA & /MA@NYHY S8}, OPe 8baNddPackets with
0perat|0ns The present i nventi'on can conserve the

GREcRIs pabkecs $ér har Gor O t §o&F UpbeR /| ARG Wit FARPONSe
E eQQWﬁ(Eg@gcgfﬂE”Q§§'Qgtégﬁﬂéhngfog@ﬁﬂi99§ant errors

rough | rove trlg erin retransm ssi on
¢>eqe@§t:gug Fﬁecesﬂa;%lh ﬁslﬁ%kéngﬁarwqiayért%dbn f&C-NG in

EH@ illustration, retransmission of the error packet is
requested. In the RLC/ARQ layer, it is determined
whether the sequence numbers SNs are consecutive, and
if it is detected that a certain sequence number is
missing, it is determined whether retransmission of the
relevant packet must be truly requested. Then, if so,
the retransmission is requested. While data
transmission from the RLC/ARQ layer to an upper layer
is carried out in ISD, the order may not be conserved
in data transmission from the MAC layer to the RLC/ARQ
layer. In other words, the transmission is carried out
in Out of Sequence Delivery (0OSD). Unlike conventional
schemes, the order conservation is conducted based on
not the sequence number (TSN number) in the HARQ layer
but the sequence number (SN number) in the ARQ layer.
For this reason, there is a single transmission window
in the transmission stalling. Note that the sequence

numbers in the HARQ layer and the ARQ layer may be

10



10

15

20

25

30

present invention. The type and nane of |ayers where
10 operations are carried out are only by way of
exanpl e, and the present invention may be applied to
various systens where the N process SAW schene based
HARQ nethod is used. In the layer 1/ MAC | ayer

recei ved packets with CRC are subjected to error
detection, and in response 15 to error detection (or
et egtrizore @f agidgmdnaged -er rlor sapexdesti hgnadceptabl e

level) as jndicated in - ' i at i,on,
FEPTshafent B el Khafp iRy, hd habled QLRI LORonserved
b a1 RLEGARRe| ayensniis $ sodevendiced avhietdetheheize of 2,048
sequence nunbers SNs_are .consecutive nd_ . PE 0t
SEOUEREE (RARBE A Al cihon el R med Rl s Lop, it
lilé?fﬁ.Slgjﬁh%r gii aedothe6 SN matmlaasei ssimotofsétie As a result,
rel evant cket. nust. be trul equested, Then, jf.so

1heT Boad i s oninsT afboaly 4t § dpdasded tn¥bugnput
4 & apSHESH O o2 § hexBle@ AR Xx-kay.er Howaneupperhé apeesent
25 is carried out In_ISD, the order ma

: ) not .be, .
EOREOEIRR A fhdts t F EASHICRN BA DAL & he SORETAGHE S o1

Lt he gBlI ARR olrayest r hA satihes i var dssqidetisr ansntEsi ®LC/ARQ
is carried out _in Qut of Se%uen e Deliver CSD%

LayeRe cERRMt Fbndlt THIREECY B?aéracé%éﬁeé i grduence
hembRRdustRdshasef er 30 Nohikhe sequenes puiatsfd8before
nunber) in the Rﬁilayer but the sequence_ nunber

: . . (.SN
htinBer )A¢ ke rAd NaRD Fhgér reFBAPSAIS Fa8or T thife Tiss &vant
SLBHR tFABEMRSI 0P MNGQRYuEBLERE t rBNSFhSs Gfenner,
stalling. Note that the sequence nunbers in the HARQ
tayeeantn ghe FARDY &)k ARy M ADOPNEEGIR BHSaRg 1mproved,
P@Q%@%&n%niﬁpmﬂfégig%t&ftgﬁe povenBertidnedansmission
exanpl e, the packet order iIs conserved by using the
$taAdningi epewatdown pavipg thaisiveldr oxdeygd packets can

SEELSR A5 E, 04 oL SSpRLRISTS SHOR Y SUS o

ltegelns .

[First Embodiment]

Hereinafter, one embodiment of the present
invention will be described in the context of downlink
transmission from a base station to a mobile station.
However, the present invention can be also applied to
the inverse data transmission direction.

FIG. 6 shows a schematic block diagram illustrating
a base station and a mobile station operating in the HARQ
method according to one embodiment of the present
invention, and FIG. 7 shows an exemplary operation
thereof. A retransmission request operation is
described in detail with reference to FIG. 8. 1IP packets
A, B, C, .. from an upper apparatus are consecutively
stored in an ARQ or reception buffer (FIG. 6) in the base

station (S1 in FIG. 7). The received IP packets may be
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it is possible to substantially avoid degraded

t hroughput as conventionally experienced. However,

the present invention differs from conventiona

techniques in triggering of retransm ssion requests

in the RLC ARQ 10 layer. Even if it is detected that a
certain sequence nunber is mssing, retransmssion is

not requested before it is determ ned that

dévrialesini $sikton fofx ¢ e legl gvanb 1 ogaek et nmdte bBROr Puffer in
% gue%tEdTheIﬁr"éeﬂﬁngggeggiggeééﬂgb%fuEQ% Feqsrdless of
rétransm ssi o requests i'S | nprove resultihg in

bhies §DaN sdfz @ne BhubhethmaHUQNEHRSSLsnmaQEaMdﬂﬁprm.in the

OPSA o0py NG L s, ved |- grdeted PAGKELE 6N o P&y may be

0 an appllca on Tayeér an
ha¢a15 Eﬁk[Ebh&@dﬁﬁmdenemjahbmmUtﬁdepacmuxs are

nt .o e esent __inventio MA|| described
?HbP%é ﬁ?eYPéh ﬁ%ﬁnh%ﬂPePFEnﬁﬁég?gn (Nnaibagg -
Sta“(Hhé@eapﬁékEESﬂHﬁeOﬁadﬂdWEN&hsmﬂEt@deimﬂphys1cal
i pvention can be al so ap ed to S rse
PG S8 G AT SOt FOR TG s LML hocEhNITE b1 BLk
fragleds inhdBErat(ipng w2 pase Sbatals&rlq?l'[l@datBDbhrloQ:esses for
station ogeratlng in the HARQ od accordln

bRBSGHeRE 186 t%f%mé&morem?sﬁﬂ Lednyifhs € s N The

ﬁebq&%@@dﬁ/l@ae&@hlcﬁfbﬁoet:h@rre@fetéct EbhaBMtsd Aeceived
request operatlon is described in detajl with

Paférdnte 2BAFLE 3 ¢PrPacKet dehecEedcas Shppdmigh "NG”.

HRREI APPREALYS A 6nCQ st¥elphe sboEed Jth @N0ARQR OF
reception buffer (FIG 6) in the base station (Sl .in

FeEGrapsmithéhepces ey ard pagrses smy ber18idird bedty of
éggqgﬂg@gohen%ﬂbbk@%@%ﬂéhi@%f%ﬁgpéﬁh%%ﬁrthkﬁlésstage

resent |nvent| on can be used regard ess of
P@Ursafzﬁerrefﬁu@ the PHBRQ zeet s afedel BALPEY ik FAVERE

Processing units as shown in “HARQ” in the base station
and the mobile station in FIG. 6 are responsible for
operations associated with the retransmission request
in the layer 1/MAC layer.

The received packets are stored in the ARQ buffer
(S3). TheARQisLwedtx>bufferthereceivedpacketslike
the RLC buffer in FIG. 2, but the ARQ buffer may operate
differently from the RLC buffer in coordination with the
retransmission control unit, for example, in that it may
refrain from the retransmission requests even in cases
of the packet order being inconsecutive in the buffer.
In these cases, it is determined whether the segquence
numbers SN for the packets stored in the ARQ buffer are
inconsecutive, and if needed, a retransmission request
is issued. For simplicity of explanation, the
transmission request in this stage is referred to as “ARQ
retransmission request”.

The mobile station forwards error free packets to

12
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illustration in FIG 7, but various sizes of PDU may

be 5 used. For convenience, transmtted packets are
identified with the sequence nunber (SN =1, 2, ...).

These packets are radio transmtted in physical

channel s and are received at a nobile station (S2)

The process nunber (PlI, P2, ...) is assigned to

processes for 10 transmtting informati on specified
anthppkee Bhlyethdan appilliccat abnohayendeods @ drhers) above

t egti.on e Y a if i
BBECEb e b vRe I A c PARE R anPEe oy BRI OLa!S1ock,
tbguestisi I besbasd st avadn st £ artaangpiptr dpei atleewaatket and
ackets., F sinmplicity .of 5 expl anati.on, th .
E8tr?’a?rﬁc?ﬁs§?18n rrweg ﬁ%?ts){“aﬁttf%%sps?tcg‘b%{] |asfocrée e??rélg]Teotlon of
ahe" HARGY s ebhdnsed sai oparegtésh” . (SHrocessing units as
shown jn " "in the base station ,and the npbile

Stat ohlFn B Qs lard GueRand okl Par T it ilg, fone fenplary
apsacital €l am s bctiha detriatsal sekeameqgiest or@eiquéhie. The

| ayer 1/ MAC | ayer. The r.ecelved Eacgggls re stored in .
PRE TARG Dt S ESHEC D E\E@%é Q& IBEpUT fir i hg carried
ba¢el Math ®acket snkinkes s 1 b - bufif ehiitni kl&Smok i b¥tstation.

the ARQ buffer may operate differently fromthe RLC
Bif B&reR nS toortdihafPBr 1 tht Bhe O35 FREFANSH s3fgndecodes a

geuiNolnknkhafed e¥amHL tRahhailit may refrain
fromthe retransm ssion requests_even in cases of the

packetPAbr86FPoéidyy HhcbAsEeHI RIPAt WO PR EEr Ehonp exists

bhese £a5€sneld fSrdeher mawdivhaeiiher ibhe sqauensedata is
nunbers SN for the packets stored in the ARQ buffer

deetdg e debpgedite vROLAAR | $LAddddY, BPPetGANSHPIsiRIPCeeds
Feauetlp 45 Lhasued.c FOrmsbimld Qi ¥t 9brenpl 8t i@k dHe next
transm'ssion request in this stage is referred to as

t ARQ ST § ARSNItIgIDNL REGEFTA L | T‘El’éeﬁobiqf@ stabfapl returns
{gr\wéjé giror free packets to 12

At step S4, the mobile station receives and decodes
the data destined for itself in a shared data channel.

At step S5, the mobile station conducts error
detection on the decoded packets. If a significant error
exceeding an acceptable level is detected, the control
proceeds to step S6 where the mobile station request a
base station to retransmit the relevant packet. Then,
the control returns to step Sl.

At step S7, if no error or an error less significant
than the acceptable level is detected, the mobile station
transmits confirmation responses (ACK) for the packets.
The confirmation response indicates that the relevant
packet has been properly received in the mobile station.

At step S8, the sequence number of the properly
received packet is identified, and then it is determined
whether the identified sequence number is the smallest

in packets to be received. 1In other words, it is
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an upper layer (an application |ayer and/or others)
above the RLC. For a packet including an error
detected bl ock, the nobile station waits for an
appropriate packet and forwards the retransmtted
packet after conpletion of 5 the retransm ssion
operation ($4). FIG 8 is a flowhart illustrating an
exenplary operation associated with a retransm ssion
dectpeesrtiné'tiewr@lehati ¢me | dnderataeld thet ackébachar tbe

is.ma arrL t f re Iy

knownié/dﬁo e S a ecuncjl%gAt g?apﬁg'fé%ﬁlﬂlcfj é(lricgequence
ﬁtlmlblm I@Cteheesmarlda:mlcpd‘eheacomwl nkrskaestls to step S3

t cha neI S S deter ned whet her

gi gggﬁ &S uﬂ%F’ aegfgﬁeglfor tHe 51% <t St one L jf that
ﬂhed@taa:kest d€stineds & gn etnhvse nmlh)mberstsmlenl hlaes been just
cont r,ol &rﬁo Eeds 15 t tXL p % where the nob 5
EESEI0 Yai T efé‘re’i‘heSIHéfl €T anSHISSN O T 5% pecomes
bAten¥adbt hEReRanidie idoahieoli degitd Asedt Segliemh &b . mAhber does
step S4, the nobile station 2rﬁcel ves and decodes

Hata RSTERRE YDt Pt S8 SR dlskd eﬂeaﬁﬁélcc%a’ﬁHE‘Per'zothe

Abn%trePl SHrokhe d®bi besstedd iDR. conHuet ey r@brrespond to a
detection on the decoded packets. If a signifi
BitoRt kxR cbbrAG &f LREDFABEE |r§\Fe¢PFéoalePefct§be Rygket of

S§ANL0l t REOGRAAS L 00%t &N S6 Pheyea-dhesmebig £cgbat itah be
request a base station to retransmt the rel evant

packemn sThefed 2nd Hhre R FbPtr efuris 7t 8 §P€’pb§|en Rroperly
sLeR iS%eqif no error or an error |ess significant
than the acceptable level is detected, the nobile

stati oht et@&Bn§Ps éénfis nﬁeteﬁme%e@ng@@t(m@m thgre is an
ﬁﬁe ; L8ss T&eeegafn' rmwenr %Slp@eées ndjcat-es tthf@t

evant 30 et has been properly received _
rRé rRobimes stan o@perAtthqrephee thh"e eee@erﬁ@heﬁ@@r This

%g%@ﬁﬂﬁg@ glr%% Fnrrﬁggb\,’efio packehphe, 8¢t hEi L8t r@?dmission
controlunltverlfylngoperationsjjltheHARQprocessing

unit. If there is no retransmission process that has not
been finished, the control proceeds to step S10.
Otherwise, the control proceeds to step S12.

At step S10, the mobile station requests the base
station to retransmit a missing packet identified at step
S8 (ARQ retransmission request). Subsequently, the
control proceeds to step S11 where the mobile station
waits for the next transmission time interval. Then, the
control returns to step S1. According to the embodiment
of the present invention, unlike conventional schemes,
even if the order of packets to be acknowledged is not
consecutive, a retransmission request is not immediately
issued. It is determined at step S9 whether an
unfinished retransmission process exists, and if no
unfinished retransmission process exists, the

retransmission request is issued. As a result, it is
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whet her the identified sequence nunber is the small est

in packets to be received. In other words, it is 13

det erm ned whet her the order of the packets to be

acknow edged is consecutive. If the identified

sequence nunber is the smallest, the control proceeds

to step S3 and then returns to step Si. For exanple,
assum ng that 5 the packet of the sequence nunber SN =
polsasi hken tjioustdvarteigwsdy s 1 e anvexi d smalnleast s sagyence

nunber becones 2.  On th; ot her hand, if the
FSE&F???%&Sgéﬁﬁbnﬁquﬁﬁbé?'does not correspond to the
snal | eat segpesde? hunbermobhd e crd t Dbnpsdecasss 1® a memory
step,S9. This may.correspond to a. sj tuation wher

RPEGH HpRP L AGuBS oS of SEe TRIABE S5t (Re 8T FHHAL Ly, the
saaqkﬁhn@é SEim:béZr becones sppakleat) toanbe thetp absristd eflumber
and_t he packet of SN.= 3 has been pr.oper| recei ved.

A chBrp BOEEHs Py dbiemt Rerrardtion 3 Rore LEETa i teea.
HARQ precese et 3 anslicss &l Procese)d Wies €ekes where the
retransm ssi on gperation has, not been fi ishe%“ Thi s
BEC&S Hi@T DTS Frebit LRGSR AFRPPE, hwetp? en tinished, the

PRSI S S QM k&b WAbl &V eldd e NBeOnandd P9Sat8 stored
t he HARQ groce33|ng unit. If there is no .
2Bt SArRi 33P0 P 08 BEY aH® &S REr 28 &S FFAPShed,

the contralt 4 ogeeds e SEeeélrpsmi@rtfé%r\ép 8kelthe are
control proceeds to step S12. At step 510, the nobile

spRfiesht p@quese 5rohe d6ERCt 5PAL o ft @7 ETEM § Wwithin the
gresidthpeeke dfentifked AlevhBR pR@ KR s stored in the
retransm ssi on request). SubsequenFIy, the 25 contro

PROchadfsfeb-st EpeSriomhepd HO apbBAlSe It a3 ¥R Séaivtlsere the

%85ﬂl Q@é%fﬁﬁ”@gkﬁ§i%%fiEﬁe“ﬂé§¥akréggmisgq%n time
control returns to step S1. According to the
enbedivieht  Bhethe thresemtravereitey et ketep S1.  On the

9H@¥HH§W§L §%h%ﬂ%ierf¥§négcéQSSOE%%'égcgﬁﬁggf%tpevel,
e acknow edged i s not
the control proceeds to step S10 where the mobile station
requests the base station to retransmit the improperly
received packet (ARQ retransmission request). For
example, this may correspond to situations where the
maximum time of retransmission has been carried out but
the packet could not be received with satisfactory
guality and/or where the packet has not been received
with satisfactory quality during a predefined period of
delay time. The control proceeds to step S11 where the
mobile station waits for the next transmission time
interval. Then, the control returns to step Sl1.

The specific embodiments of the present invention
have been described above, but the present invention is
not limited to the embodiments and various modifications
and variations can be made within the spirit of the
present invention.

This international patent application is based on

15



30 consecutive, a retransm ssion request is not
imredi ately issued. It is determned at step S9
whet her an unfinished retransni ssion process exists,
and if no wunfinished retransm ssion process exists,
the retransm ssion request is issued. As a result, it
is 14 possible to advantageously avoi d unnecessary
retransm ssion requests. At step S12, the nobile
SaprineE Stor éoriit yu AwpdiyatwhdshNpack&03s3BeidRy filed on
E:Ea?tﬂ)s 5)8ed 2 C'tfhlecglnltyiré %née UUERGH, fgﬂbﬁéeq{ereby
e packet 'e process nunber o the process
mhcohgdmﬁpadk@y|sefermm¢@transmtted At step 813
after all stored processes where the packets are
under retransm ssion have been finished, the
retransmtted packets whose sequence nunbers are
stored 10 at step S12 are subjected to error
detection. At step Sl1l4, the retransmtted packets are
subjected to error detection. If an error is within
the acceptable range, the rel evant packet is stored
in the ARQ buffer. The control proceeds to step S3
where the 15 nobile station waits for the next
transm ssion tinme interval. Then, the control returns
to step S1. On the other hand, if the error exceeds
the acceptable |level, the control proceeds to step
S10 where the nobile station requests the base
station to retransmt the inproperly 20 received
packet (ARQ retransm ssion request). For exanple, this
may correspond to situations where the nmaxinumtine
of retransm ssion has been carried out but the packet
could not be received with satisfactory quality
and/ or where the packet has not been received 25 with
satisfactory quality during a predefined period of
delay tinme. The control proceeds to step Sli where the
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nobil e station waits for the next transm ssion tine
interval. Then, the control returns to step Si. The
speci fic enbodi nents of the present invention 30 have
been descri bed above, but the present invention is

not limted to the enbodi nents and vari ous
nodi fi cations and variations can be nmade within the
spirit of the present invention. This internationa
patent application is base@L&H&MI5 Japanese Priority
Application No. 2005-379990 filed on Decenber 28,
2005, the entire contents of which are hereby

i ncor pbor & exbrwyunefeertehor. apfaCiall s fdr Aeceiving data in

co cation, ppar gt us for re V|n ata.in

%%ESM%{Z: ev?ﬂ aehnw Fotess® S% Hag& %hyB’Plrdl%ﬁ(?Q method,
@Gmbads1ﬁ@eonpr|5|ng an error detection unit

conductin error g i on OE N ckg;.data unit% tecti
recei V& REt PG ?%ﬁ”ﬂ)oﬁ@gggﬁ BOPiFEL O detecton
émans@a&ﬂt@ﬂ drita tuansR tieogiardlOiaf Ni trdnyeission
response signal or a first retransm ssion request

RYgh&S Sfepending on a result of the error detection

a storagei wRitl S Qnihg St 6hf T | ¥eby shESPONdigngin
packet for formardlng to an uEp Iayf 15 a second
FFERSHASI B GRIDOTFealriGhat | §a) bEpdndinigransmission

Pagkelst: a egRall CRNSEAHHINE, oﬂetaerrm@ung oshet Rer egror
m ssi ng pacaet must be retransmtted and transmtting

@e58€66APR et ransni ssi on request signal; and a
forwarding, Hahk n8Qrderididi hgeanacket rqaattalﬁéﬂtysre%%ondlng

and forwarding the packets in the storage unit to the
packet for forwarding to an upper layer;

a second transmission unit, if affirmatively
responding packets are not consecutive, determining
whether a missing packet must be retransmitted and
transmitting a second retransmission request signal; and

a forwarding unit reordering the packet data units
and forwarding the packets in the storage unit to the

upper layer.

2. The communication apparatus as claimed in claim
1, wherein the second retransmission request signal is
generated if a retransmission process for the missing
packet is not being carried out or if an error is detected
in the missing packet even after completion of the

retransmission process for the missing packet.
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upper layer. 25 2. The communi cation apparatus as
claimed in claim 1, wherein the second retransm ssion
request signal is generated if a retransm ssion
process for the mssing packet is not being carried
out or if an error is detected 30 in the m ssing
packet even after conpletion of the retransm ssion
process for the m ssing packet. 17 3. The

comuni cation apparatus as clainmed in claim 1,

wher ei .t&’ﬁe%%%'&n of ; RgkeLs 1S %%5%@ ned Wih o4 in claim
i dentification nunbers aSS|gnéH) 0 the respeé%lve
pacmneréidammanmrsetubﬂ.pAcmaﬁmdiefdﬁmermﬁmydkmath

Ln accordance with .an_ N process SAW based hybrid. A
hBeRIa T Lo Bt Ry R P E R SR oh Al F RgFaT bi V6 Packet
dettectumhten N packet data units received in N

transm ssion processes; 15 transmtting an affirmative
response signal or a first retransm ssion request

signal depending on a result of the error detection;
storing an affirmatively respondi ng packet for

forwarding to an upper |ayer and determ ni ng order of

20 the packets; if the determ ned order is not

consecutive, determ ning whether a m ssing packet .
nust b®- PefinRaft Odd TGS 1ViAE 2 EPng ™ 3eEBRdance with

LBt NAPSBeY PIEAW SEsH B BRAld Y WSt hear, delir}dr1 88ng the
packet data units and forwarding the packets in the
st&PayeLfihit to the upper layer. 30 5. The nethod as

cl ai medohudd Ay de r'M28r @dB€ion on N packet data units
received in N transmission processes;

transmitting an affirmative response signal or a
first retransmission request signal depending on a result
of the error detection;

storing an affirmatively responding packet for
forwarding to an upper layer and determining order of
the packets;

if the determined order is not consecutive,
determining whether a missing packet must be
retransmitted and transmitting a second retransmission
regquest signal; and

reordering the packet data units and forwarding the

packets in the storage unit to the upper layer.

5. The method as claimed in claim 4, wherein the
second retransmission request signal is generated if a
retransmission process for the missing packet is not

being carried out or if an error is detected in the missing
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second retransm ssion request signal is generated if a

retransm ssion process for the m ssing packet is not

being carried out or if an error is detected in the

m ssing 18 packet even after conpletion of the

retransm ssion process for the m ssing packet. 5 6. A
program causi ng a conmmuni cati on apparatus to receive

data in accordance with an N process SAW based hybrid
RQHﬁﬂh@deHC@ﬁﬁésiﬂ@ﬂﬂkﬁBﬁ@psQﬁ the gmiduensmg ssion

gggg; §§t§SEJQH1°Wn¥s%§ ggk%tynlts received in N

ransim ssi ON processSes; sn1tt|ng an affirmtive
response signal or a first retransm ssion request
signal depending on a result of the error detection;
15 storing an affirmatively respondi ng packet for
forwarding to an upper |ayer and determ ning order of
the packets; if the determ ned order is not
consecutive, determ ning whether a m ssing packet
must be.2A peb@wmmnééeéymgiar@mmmhhwdgtaosee@yhratus to

retransm ssion uest si gnal dre derln

e At anit AhES rorvaray i EBha L dhe E2si " Baw pased
B{®rage ARDt e Hbe, u@wﬁpfﬂyehglﬁhé.sﬂ&p$r@gran1as
claimed in clajm6, wherejn the, second.retr nsnkgﬁta nits

requestOBPYHTHI 1S GEREOT ARl FFE4OTBPR & rRAS KL

PEeEaSEe 4 Oh nt e 1 $6kRY PALKAL priod@Eskei;ng carri ed
out or if an error is detected in the mssin packet

even a‘FFéPSEblntp‘FéPBoﬁrbfa?ﬁérF@ttrlaﬁ§nF§§HﬂPgBrS&é%f‘sal or a
Eor dtheehiasi 519i BaGkAt relfliest signal depending on a result

of the error detection;

storing an affirmatively responding packet for
forwarding to an upper layer and determining order of
the packets;

if the determined order is not consecutive,
determining whether a missing packet must be
retransmitted and transmitting a second retransmission
request signal; and

reordering the packet data units and forwarding the

packets in the storage unit to the upper layer.

7. The program as claimed in claim 6, wherein the
second retransmission request signal is generated if a
retransmission process for the missing packet is not
being carried out or if an error is detected in themissing
packet even after completion of the retransmission

process for the missing packet.
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