[0001] METHOD AND SYSTEM FOR | MPLEMENTI NG

H ARQ ASSI STED ARQ OPERATI ON [ 0002] FI ELD OF | NVENTI ON
[ 0003] The present invention is related to wireless
conmuni cation systens. Mirre particularly, the present
invention is related to a nmethod and systemfor

i npl ementing hybrid autonmatic repeat request
(HARQ) - assisted autonmatic repeat request (ARQ in a
wi rel ess comruni cati on system [0004] BACKGROUND

[ 0005] In conventional wreless comruni cation systens,
such as w deband code division nultiple access
(WCDMA) Rel ease 5/ 6, high speed data transmi ssion is
Rl eved by ME@‘H@@@@HJWEMFQ&IMELMEE%NQ—BDPA)
and hi gh speed FHABR-ASIREEDABQIPERATIAN
technologies. To inprove reliability of data

ddoppsm ssi on, H ARQ angiAReranevERpiGRent ed. [0006]

Figure 1 shows a conventional wireless comunication i
%‘1@6 em Tthe present,awentiandisi riptedeto avigeless cqmmpmigttion
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" transm ssi on sequence nunbers (TSNs) in an H ARQ

transmtter. An H ARQ recei ver receives the packets
R attenpts to decode BARKGRANEND: t ed packets. If a
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sg g posi tiyve ackc{l}F edg rre&_& é@g@ for the ,Egacket

FPoRAP R PRokPb Ace oS fpaioapieicto timprove
ré’l:ta{bci@y df 1dates thahbmissicd, FRARA asd ARQ mdkﬁﬂerhénﬁeh.e
r et I‘ m _ssi ons acket
B! oGSt BARPR o AEOr SRR AL TS BRI hon svetom
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B8 P SN 134 S AR BBl g g i
agqess eprizolatMACY é%xeem%o%ﬂmﬂﬁolm nndceoMA@llayﬂLQZ of the
Noa¥d 1994 pQlkets are assigned transmission sequence numbers (T'SNs) in
an H-ARQ transmitter. An H-ARQ receiver receives the packets and attempts
to decode the transmitted packets. If a packet is not decodable, the H-ARQ
receiver sends a negative acknowledgment (NACK) back to the H-ARQ
transmitter for retransmission of the failed packet. If a packet is correctly
decoded, the H-ARQ receiver sends a positive acknowledgment (ACK) for the
packet to the H-ARQ transmitter. Upon receiving a NACK, the H-ARQ
transmitter retransmits the packet if the number of retransmissions of the
failed packet is less than a predetermined maximum limit, and the allowed
transmission time for the failed packet has not expired. Otherwise, the failed

packet is discarded and recovered at an ARQ level.
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the UE 110 and an RLC layer 132 of the RNO 130. The
ARQ entities handle the retransm ssion of the failed
packet. The ARQ entities recover packets that are

| ost due to an NACK-to-ACK misinterpretation error at
the HHARQ | evel . The ARQ process in an RLC | ayer is
gquite conplex with many options to performstatus
reporting. [00081 An H ARQ assi sted ARQ operation may
be considered when both the H ARQ and ARQ functions
are co-located, such as in a universal nobile
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amgJ io ag'é th AFIRACK: ﬁ)nﬂ@f{dﬁlﬁﬁerﬁfewﬁﬂ tdreF af Bt HRARQeSeL.

transmtter 252 an H-A%tran mtter ﬁ54st0
ThA AB@epv@PSSZBO apnBLGd@éfeﬁﬁs ARESer 2 °BHOR

eﬂ-oﬁﬁgtgﬁg%ﬁy&hn 64 The HARQ tr ansm tter 254
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dddi7> mt tﬁ%ﬁééggﬁﬁé &R 2%te dien H-ARQ -ags{mmq gperafién

X to thé H ARQ recelv
propotpd foThthirR@eRexation Pap@ErHUUR oREMACE GREED, ta&?iﬁ% A
tr x%ﬁ{%? fzs@%cﬁﬁ&d& ARG Ganshittbh 252‘|aARQnt Hammttixmmtter
step . The H A trans E!t %Q}é&
25tinch SRERDER A AR IR SR e {RE saS
Tﬂzhﬁ AE@ trRRhiftel 258 providerod laeLACKDire lnal NAGK to the ARQ

2%? ver 264 sends another NACK to the H ARQ
tr?]? r 254 (step 210). At such a point, it is
[odedjer ni nad shbfatint MiguneBberlocil NACKaissganesatoAsvhen tha,E-

N
rebmosmist@Klifo. (The ARQ tParsmittes 3Fcsentnp ARgmreasp! data
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ke o, VAR A e i S ERP L B,
The ARQ PDU x is not decodable and the H-ARQ receiver 264 sends a NACK
to the H-ARQ transmitter 254 (step 206). The H-ARQ transmititer 254
retransmits the ARQ PDU x to the H-ARQ receiver 264 (step 208). The ARQ
PDU x is still not decodable and the H-ARQ receiver 264 sends another NACK
to the H-ARQ transmitter 254 (step 210). At such a point, it is determined

that the number of retransmissions for the ARQ PDU x reaches a maximum

retransmission limit (step 212). The H-ARQ transmitter 254 then sends a
local NACK for the ARQ PDU x to the ARQ transmitter 252 (step 214).

[0011} A local NACK may also be generated when an NACK-to—ACK
error is reported from the H-ARQ receiver 264 to the H-ARQ transmltter 254,

Still referring to Figure 2, the ARQ transmitter 252 sends an ARQ PDU y to
2-



Still referring to Figure 2, the ARQ transmtter 252
sends an ARQPDUY to -2 the HARQ transmtter 254
(step 216). The HARQ transmtter 254 transmits the
ARQ PDU y to the H ARQ receiver 264 (step 218). The

ARQ PDU y is not decodable and the H ARQ receiver 264
sends a NACK to the HARQ transmtter 254 (step 220).
However, the NACK is misinterpreted as an ACK by the
H ARQ transmtter 254 and the HARQ transmtter 254
treats the ARQ PCUy as successfully transmtted. The
tlhb HRQRQeln*&hsmftt&%Mﬂbp @18). elfhe NACKQ tRanNalfit®sr 254, transmlts

alq PHRFD B AR L e Rl GhG B i et BB 5 % ot
decodables minds Hem f@-fARQl ereéﬁ@er ana ppndy st APACR2}o thee H-ARQ
nitoQRRLP 961 Wokp 200, TEOPvoR, HEHAER 5o libietpg s an ACK
bytba HARQprapymities 2 axdttbemmnsmmawr treatsethe
AHQARQU 9&@%&&%@%&%@@& meCﬁLARQ%&&& $8LIARNYs an
N}Q&%ﬁ 252 and ﬁhe ARE is recovered at an
e \‘%éﬁg egoEfegogyben B ARQ 1‘§PR3W¥ 364 recejyeea mewaPDU
viaotind sAGK HARR hoedse Gviile Rvaine 16 r&daﬁnsxaiamﬁfamg ARQ
nts ocgurs ur| i ne
PRXFY.abl 22D, PR BRAKD rpciittn o berth = AR A
indiidter tto thlecHHARBGransmithért &4 (Ao ZZISI epF))Jp%ﬁ8}ece1_Bﬁeof the
MQ, I t t
N ARQ reczé?%/gé'r ﬁgié%%r {h%nma %ﬁaen 8%%42 Selgds 2 Jocal
Né&‘éé &8 $ha|ABQ d:e@w@t@teaﬁ?@‘a’tm the ARQ PEUE yvisrredvkred atl ain

ARREIHRQ: R %)to the ARQ receiver 262 (step 232), and
CKto the HARQ transm tter 254 (step 234).

ds an
ORREh i ¢ s shawpdp i 3 fulocal AGKss genoreieckvhon npne pithe
al¥p hvoasrefty foR gnm ek A IR Hurlid® phdtle@n¥@ tinks hftBrval.

TR AR baReiie A Spdpen AR P Hdp oy oA RRransmitier 254

(stepa28)i tThey PDARQvurhﬂzsndimazm &hﬁsnﬁnﬁﬁkemq PMIAz to the H-
t

AR Lr 381 (<5hn 200)0 e KBB106, 4 B ane B esodried e

HaARQ rarriyers2fidsiends ARQABRSPRH 2 o thechBRexrcdivre62s(ep232),

artt 3bMEs LAPREK a)gtlggaf‘ﬁl\ﬁgﬁs @én%g%gp w84 (E&%e%:abhe%hen it is

assunption that error 1s°t
deg?r@wqefl@gﬁ‘q a N\(FR-40-4CK error is not reported during a predetermined

time interval (step 236), the H-ARQ transmitter 254 sends a local ACK to the
ARQ transmitter 252 (step 238). The ARQ transmitter 252 will discard the
packet from a transmit buffer after receiving the local ACK from the H-ARQ
transmitter 254.

[0013] In the above example of an H-ARQ assisted ARQ system, a
complex layer 2 (L2) status reporting mechanism is removed under the
assumption that the NACK-to-ACK error is the only significant source of
undetected packet loss. The ARQ transmitter will not be able to recover the

packet for cases where the NACK-to-ACK error indicator is lost or a shared
channel is lost due to a discontinuous transmission (DTXYACK error. Thus

lossless transmission cannot be guaranteed.
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undet ect ed packet |oss. The ARQ transmtter will not

be able to recover the packet for cases where the
NACK-t 0- ACK error indicator is lost or a shared

channel is lost due to a discontinuous transn ssion
(DTX) I ACK error. Thus | ossless transm ssion cannot be
guaranteed. -3 [0014] Current downlink H ARQ (Release
5), does not specify the maxi mum nunber of

retransm ssions for a packet. Thus, the H ARQ
transmtter or receiver does not know the maxi num
[GQL‘Mber ofCurrmts dowalink sH-ARQ, enehamcf!&,etdoeg heit espegiffnthe

AR eEaI)f trhﬁ'aﬁggsgfo 01't ! e£a(%19 L tﬁ‘gq{-ARQ

trans m t ave
trapsmitien melrecmnén flens not Ii@om@etmmmm m@mueln of tmgamidsions

fokRath bﬁcﬂe@smexfqutantag ok Bl e aecr@ﬁggtf%h% e H-

retransmtted transmtter ansm
ARR:trapsmitiehaymthectame BDbpize. (The HrABRrigansmittentinforms

tHeSARQIPankiRitR3thE eagns&trtﬁﬁpié%stt Bt thé%h@f’?ﬁk_ﬂt 1%helARQ
Pﬁﬁb‘nft ransni s i on. 51[0015 SUMVARY .B0016 The present

FrEpRSOtie #Qtee Qutrapsmtera ! solrapsmithe complete
padkpt &ﬁlﬂl’ﬁﬂlﬁ ghM%g&&ﬁbﬂ& iﬂ;ﬂé 4180 &nblcae gﬁﬁﬁto recover the
em recei ver determ nes
%?‘hee ?ﬁl %Aﬁ@kﬁeﬁwm error occurs. Wen an
H ARQ NACK-t o- ACK error occurs, the H ARQ receiver
[0§§5de an H ARQ error |ndsr2 m Lo the H ARQ
er

transmtter unless the nu retransm ssi ons of
OORG £ ai | TheppreRent inasntiem dhaglatedrdri anmethed rands aystemofor

nﬂqilmnbnnﬁg TPARGLER 408 AfEQ ng gl \’vi\f@féé‘s Q(fmﬁxt.‘xﬁlcfaﬁbh %9stem An

ket has expired and f espan o

Refecpiyer éﬁfﬁm&fs vﬂa@hr-r: méiﬁ%ﬂslﬂak%w 4¢Ke%rrvrooccws

Wlheﬁ QEH-ABQ N@CK&G -AGK leetor OIMST%RQAII?Q??&&% SendL A $1-
smi [ e Xi mu

afig, Befr, i) fonthe IR RB0 N SETED SRS tha AP of
redﬂinlsn:ﬁss;oﬁs oftthieafailek pacled has ﬁeh&ddl éeﬁapﬁﬂmﬁf réth€nsmission
fail ] t |red tt ai l ed cket
S8R5 SRS R b AL
lifegprads of the dailed\Aarket chash @:piﬂ@ r'BoeiH-4RQ ftraliselltﬂeﬂlﬁﬁes to
reb&fef tHE Fail kBOT ThEERAK QBﬁjgﬁsﬁlﬂ:ItélE&nﬁggaleLal q\?éekﬁto the

certain conditions occur. ased recep 1 on
ARQ txpnyppitterif, thovmeaxiraa; xepansmyssigh imit asbeen reaghed, the
mbBni{ii8 delivery time has expired or the lifespan of the failed packet has

expired, so that the failed packet can be recovered at an ARQ level. The H-
ARRQ receiver sends a local NACK to the ARQ receiver if the H-ARQ receiver

does not receive the failed packet before certain conditions occur. Based on

reception of the local NAK, the ARQ receiver may send a status report to the
ARQ transmitter for recovery of the failed packet.

[0017] BRIEF DESCRIPTION OF THE DRAWINGS
~ [0018] A more detailed understanding of the invention may be had from

the following déscriptioh of a preferred embodiment, given by way of example
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ARQ transmtter for recovery of the failed packet.
[0017] BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] A nore
detai | ed understandi ng of the invention nay be had
from the follow ng description of a preferred
enbodi nent, given by way of exanple -4 and to be
understood in conjunction wth the acconpanyi ng
drawi ng(s) wherein; [0019] Figure 1 shows a
conventional w reless comuni cation system [0020]
Figure 2 shows an exanple of an H ARQ assi sted ARQ
ang etoabe onndersimpd sid chujunthien dwikh n e taicomprenyime rdshwing(s)
wﬁ@pé,ﬁ!:t (3GPP) standards; and [0021] Figure 3 is a
nal | n di agram of a process for inplenenting an

qq1 igured ARG sEpransentiensl wirdlessrcgmmeenipaticn system;
ent [ t I
CBUSE . FAHREA R PRS2 B SRR Gl

PYAPeS ﬂwé ﬁ???fﬁt‘ﬁﬁ?ab'@eF%B PEIecHBEPFhstgndards; and

{omtuegr at Gliigﬁ‘be:ilélt 4 ?1@251)11@31@%& offal Iﬁ*df:}ﬁd fblnlrﬁplﬁméﬁﬂtxé an
ISl It yde rco N onents.

S e T e e ¢ sRBgE-

400 for inplenmenting an H ARQ assi st ed ARQ operat| on

olel MY PRSI TIONOr IS PReithfip BRI s

[0028hsni t Hhe featvgesinfithe prasentyinveBfion rFfe berinerpprated into
an 1-1958 by dfeui SICN%Q Be &%Mé&eﬁl B Lcuif @gmﬂﬂsilﬂ'gWultltude

transmtter The recerver 320 1 ncludes an
Ofi‘éﬁ%'FWChBQQm&H%P%SHARQ recei ver 324. [00251 In

[ooder t omgtﬁa@rﬂs al SigndtindRh @est 6t £8rAELR 400 BF HRPKARGEIng

f he i nvent i, on, e follow n ar anet ers
A g 1 BEE RS opdB0R b0 wikelfon sopmnBpIepting SEPE;00 in
actcbl‘ﬂ-unce wittethienadsan ihventioal et systent BO® idhades atrtrkhs‘iﬁﬁ;er

ver should wai t. for r a sSi opLof
S{EERLEhoVR o, Mool S SRR B et 12
and anﬁ-pﬂt@ éraa:tslnutﬂeo 31lkecthe meﬂﬁeAR@ énclodes aaliARQ remiver
334 aﬁ?f‘ﬁk@ﬂec&ﬁ%r ghe whole systemfor sinple

ene tion wever, the H ARQ error indication
lﬂpg%e majn pederdgjsuppent the JEARrassisted ARQ iy agtordancei with
tHe @IS erh SRR EeSfoll ERIng e ARlefors aRE defined:

¢ Trerodngicator: H-ARQ error indication timer is defined as the

amount of time that an H-ARQ receiver should wait for a retransmission of
the failed packet before sending an HARQ error indicator. It is preferable to
keep the H-ARQ error indication timer constant for the whole system for
simple implementation. However, the H-ARQ error indication timer may be
adjusted based on the quality of service (QoS) requirements. For example, the
length of the H-ARQ error indication timer may be linked to the scheduling
priority.

* Nretransmission: Maximum number of retransmissions allowed for a
packet. The maximum number of retransmissions may be based on the QoS

requirements, and bé configured per service type.
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| ength of the HARQ error indication tinmer may be
linked to the scheduling priority. Nxeerl,6,n;6B;on:
Maxi mum nunber of retransm ssions allowed for a

packet. The maxi mum nunber of retransm ssions nmay be
based on the QS requirenents, and be configured per
service type. -5 Tneiivery: Maximumdelivery tine

al l oned for successful delivery of the packet after
the first transm ssion. The nmaxi num delivery tinme nmay

be based on the QoS requirenents, (e.g., a block

error patlppivnaMadpungdeliteey Itinkeeitl;lowaﬁdr lsaccessfhil dulivedy of

t;lﬁ’ée aR%{%E e thy BEst tr gj%'hys’fﬁ makShudy, &1&1%9 Pitve may | be

atime wthin h the AQrecelver expec

b{*%?dr @t the Q07 reqifiraEenise r@eg afleck erronate tlatengyaer thediw),

aﬁalbeﬁoﬂﬁgdir@ab@fsemﬁ jeryssyue: For asynchronous
H ARQ, ime wth &ﬂ ch the. H ARQ.recejver expects

to recél cpyerfSaie] E%" sackemons HARQ, s dmerwithip which the H-

ARR r@River ekpelis 6 aécew’éhe fdiledEfackey afiér BaEORIBIRIHLARG
qui renents, and be configured per service

S re
e’t'r)%ggf exarrpl e, the length of the tiner nmay be
| i nkeds t Trichaysehdthrl dsygclponots HYARQViifle Withirébith the

j f t it h failed
PR M PR (g o T Ghobo e
exrgeihdigater. ﬂ‘hemgqmavtbeiassm@amth et Qo daR6ienids,
aaa %Q%Uﬁﬁéxﬁ%d 4P s@,wcet%er F6E gx&mﬁ&m etﬁptk%ﬁti%by filhy

a parameter for fespan of

b? H@kﬂda %W@Wﬂ?@ﬁsm t the packet ). The
par ames e NP RBYADBRInAbRY ke dtﬁevn&nesﬁ Bf phcrRede withib Réhich a

Al 324 a nsmtter 314, If
U SRR U TN LR MR Y R T A R
“ﬁﬂk@ﬁﬁis&fsﬁm:ﬁﬁ&l&se gl ven to the H ARQ recei ver 824 and

H ARQ. t ransm. t he. st t

serE i ceRQP% mlllter Xi m‘}%ﬁﬁ ﬁ%éver Sﬁg :’ﬁes%Yeéhglth

a pAtHroeter fir d lifeesguael opadket,fack e ma.pduanctymam tainkmit the
a

pEIRNI IR PRRLLLAS iy BE pRUILL B of SIS0l the H1-aRQ
respivRe B24 apiithe tIf[-ﬁRQ transmitter 314. If the parameters are defined
per service type, the parameters may be given to the H-ARQ receiver 324 and
the H-ARQ transmitter 314 at the start of that service.

[0027] The maximum number of retransmissions and/or the lifespan of a

packet may be dynamically changed depending on the QoS requirements. The
maximum number of transmissions may be indicated by either explicitly
identifying the number of transmissions in the associated signaling or
identifying a MAC flow that is associated with a configured maximum number
of transmissions. In accordance with the first option, the number of
retransmissions per packet is indicated in the associated control signaling for
the first transmission. In accordance with the second option, each MAC flow
may be associated with a certain number of retransmissions and by
identifying the MAC flow in the associated control signaling for the first

transmission, the maximum number of transmissions may be indicated. If the
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identifying the nunber of transm ssions in the

associ ated signaling or identifying a MAC fl ow t hat

is associated with a configured maxi mum nunber of

transm ssions. In accordance with the first option,

the nunber of retransm ssions per packet is indicated

in the associated control signaling for the first

transm ssion. I n accordance with the second option,

each MAC flow may be associated with a certain nunber

of retransm ssions and by identifying the AMC flow in
séchad apbion iia tedl, ¢he ideailtifeidgMAId figw fio transatéd ks the maximum

t
B 83 s oINS Lo o SRCRSL B Kl o
retgrnemiissions Ay aljodie knpwn bnsh d-48Q nrotcm IReifisnenific H-ARQ
prYdBRRE o addidiedtSh MPAE ook QWeb S A G ASWE. eﬁﬁb fiively, a

The maxi mum nunber of _ retransm ssions nay a
s gy hs\sehip Fhemseseylﬁﬁeé@e@salms tpfindipateil astér@smq;smn
[0DRSEESSEeR qsrecéésduoat & tighplerW®¥eidd O thARQSa%Exseéd MRQ
flows. Alterpativel a flag may, be set the .
opeTetien if AFFoL Gea M ﬂ% heprenRioRT i cEPlgia BereaRer with
r4f&RA8d t\Fijpune 8s STHHOH-ARQ ﬂrﬁﬁéxﬁiﬁﬁitﬂ]ﬂg;rﬁﬂibmlts a packet to the

d i t.h
R s N e UL
AR@‘ receivee 324 sends the DacKétetakeRORQ sevsiviet t@z (304 shown in
F%ﬁ?@ %5“ ?isth% I%E Is 1!\(9‘. é&@essﬁh@ 19&?'1;1&8 M. %%f'Q %%Je T 324

t he I'S succes y recei ve

S%RQ 1 MK; do t H é&%l trappmitten ﬁé‘% (§tep 1R4). ARGer senilingr the

NAYK (A @tepsmvrthb rH-Aﬁug %@elsep 3i4f dtRempackehether RALH-ARQ
RQ _recei ver 32 sends a

ARICER 30K erver ageors ot

N OO T 2geErs (SiFR ﬁP@r eVPeaée*(egtle‘b ofi thy H -ARAUNACK-
tosROKi Bfyof, hﬁlva] RABRQ &e%%g 494, gehéﬁﬁutkk AAm rRaasVer HAURQ

et to:- r.ror curs
NATREE AR et iR Doltna RO RM it S e DR i
{0ge9lor, t Her Hyﬂﬂ@onemlw@ Mammssmh,eshe aidle sehal SH-ARQ
t .

eﬁ% Xé( step "%5"@?@[188598? é%rQ 1]sl)g/nc %oﬂesc ceives a
ngy m@j«zfsr ‘ah@nnesmcéwg tehzeaqsm@sm ofithe foiled packet, the H-ARQ
reeat,&am&aha&es ShkOQVer h R ﬁﬁdi&&%&ﬂen&f odelifs iR Rds

receiver recelves a new ac et when exp ect ng

an H-ARR H%%Kﬁ?rA&K {eFeoTf ‘@id“i%"rp‘a%lﬁ%% the friled. mtl@et has been
trﬁﬁé‘rﬁitw fo ik e tied wth IRmbdFalr r&ﬂaﬁrﬁ&%ﬁg\w‘ t 0- ACK

or urs a send 58@5 -to- A error
[08& i cat o OLHYESEraPREs ?’aﬁg&jg 100, 8 TRRRT, [ Errorindicator is set
at the H-ARQ receiver 324 when the maximum number of retransmission has
not been reached and the H-ARQ receiver 324 sends a NACK to the H-ARQ
transmitter 314 at step 404. If the failed papket is successfully received before

the timer TErrorIndicator €Xpires, the timer TErorindicator iS Teset to zero and the H-
ARQ NACK-t0-ACK error indicator is not generated. If the H-ARQ receiver
324 does not successfully receive the failed packet before the timer TErrorindicator
expires, the H-ARQ receiver 824 determines that an H-ARQ NACK-to-ACK
error occurs and sends an H-ARQ NACK-to-ACK error indicator to the H-ARQ

transmitter 314 unless the number of transmissions of the failed packet has
-7-



transmtted for the maxi num nunber of retransm ssions.

[ 0030] For asynchronous H ARQ transm ssion, a tiner
TEwor | nai aator is set at the H ARQ receiver 324 when

t he maxi mum nunber of retransm ssion has not been
reached and the H ARQ recei ver 324 sends a NACK to the
H ARQ transmitter 314 at step 404. If the failed
packet is successfully received before the tinmer
TErrormai cator expires, the timer Tznrndieator is

reset to zero and the H ARQ NACK-to- ACK error

réavtied dhemaximuet rgleassmiseidn lirhit] ke lrhaé:ﬁi@umeddhveey tirde 4or

R IRERT A i RS che'Recl, BF pRCRIRD it dos

e’ﬁ%ﬂ“ﬁeterm nes that an H ARQ NACK-to-ACK error occurs
(0934] SendsrranptARGAUNGH td- Rcﬁ%-x%f iRfic n%mllg %E{H floth HHE B

H ARQ . transnmitter 314 unless the nu
ARQLFREFIVEE S do the %é%?%ﬁmﬁﬁ@k%}ti fpainforny aborytes NAGK-to-

ACtBEnﬂﬁﬁtd’ﬂéfﬁtﬁﬁ&ﬁ aEﬂ{E HARQ thadd8nbittel l3§4 MR UATFEE N ACK Mo-
packe

Tnel.j ver expi red, and/ or
AP'r?gerﬁ“Fe@ﬂ B 15¢ ﬁ%mflalg a’“ﬁ’a é)trtﬁa ‘Rera)wc?seomdl a
pam:umrAﬁa@mcﬂﬁ -the- H@ERQ rpmceslsn dThathRQs NHOTIK-th /ATK tei€or

inicRCLRER" B ARG pldbedd\ frddefiVed] 2R3TR WS 19 Sty e

Pme@Emﬁbﬁ&@QmmSSThe H-ARQ NACK-t 0o- ACK error

cato m
[dg?g]cess g‘r?glssgﬂ pa?t)?gcgfar pac ﬁq&ﬁQf‘# h % pr ocess
e bey peREPYRACRInes- ACRxed rming riplatinnshin detwearns theAra@ed
trahm&d &eDttel srrérl FdboRNKAnthesaltd asGiiUth fiMe HIRRQ NACK-

ID.in the H r %0032 For s chronous
b BERCE e, indeate b eal AT aotR Ay spe argeige TSN, For
exopuplopdf shareeare fduxe(d) tdyhtIngnbad &mmcg Rirpedsgdsyabg HtIQRQ
ansm ssi on and .t he report can b

NS BEACH ST Ietiath AR Redenf Bk refeiting g pocket
withtahT3N rn-foARGigh theeNACKBtoaAGKaerpacB@peiéiN For
0BX3TP! & Al (kGG gésb%g- di) eS¥PC Y
: pr %jC esses, t}E %ﬁ eﬁdg%%()ls dg)_k %RQ mrrﬁy be
msep@r@@pt af the HrAR qpepatiors c'Jaw imgrhi¢nedacieadinghepracess
lamiww (it QbedMd) fahdttln@.e Nkt L1aREkinF Eéc%nl?ﬁ‘ RREY 6f t;heL PQ3RLa

RQ NAC%( 0- ACK error _indi cator packet

error ternatlve v, the H-ARQ NACK-to-ACK error mdmator may be sent as
a physical layer signal at a fixed time offset after the receptzon of the received
error packet .
[0034] If more than one packet may be sent simultaneously from the
transmitter 310 to the receiver 320, the packets have their own cyclic
redundancy check (CRC) and one H-ARQ NACK-t0-ACK error indicator may
be used to send NACK-t0-ACK error indications for several packets. Hence,
the H-ARQ NACK-t0-ACK error indicator may contain multiple H-ARQ
process IDs, associated packet TSNs and/or timing offset.
[0035] The H-ARQ NACK-t0o-ACK error indicator may have its own CRC

to ensure reliable transmission. This allows MAC or RLC layer signaling for
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i ndependent of the H ARQ operation. This is achieved

by sending the process identity (if needed) and tine
offset to identify reception tine of the received

error. Alternatively, the H ARQ NACK-to- ACK error

i ndicator may be sent as a physical |ayer signal at a
fixed tinme offset after the reception of the received
error packet . [00341 If nore than one packet may be
sent simultaneously fromthe transmtter 810 to the
‘receiver 320, the packets have their own cyclic

H-ABQH AWACK-toReCK ¢x2RC)indivatione The AHARRCKIAGK+MBICK. error

il bR A bIBLatoRitiSedh HOARGI P ACK error

|ons several pac he H ARQ
[QQA& t o- Atill eeferging tedligureot, treysursreedint ofithe HHARQHNARGK-

tPALRESSob BRlicAA85 bk AR ﬁ%@&:ﬁ%l@%{ﬁmﬁ' RBK to the
of fset. [0035] The H A error 1 ndicator

HaBQregeivey 32 Wﬁemﬂ?) { éﬂiﬂﬂ% r?cemea (24 mavyeprptedipvend
theh ARG (NACKNe-ACKRb&zot amfcaﬁdrgﬁﬁtﬂ rtae fRIARQ Brdde B 324

re3p\Tgs A e”?hepﬁnc%é R LoE B ph o PR ﬁl—CKRQ

[(mB7}ARQ | efidr. re{:éi@ﬁx@] thStH-IAIRQ BTAEBK—H;M(IK) efrof tiidicator & step
ACK erraor

glca tﬁumﬁé %gﬁg%% m“@iﬁ%ﬂﬁﬂ? Shi HrtRRdevel
b! oettrh@smi*tmsa@le é@&d\mcketzml(esﬂ g atimurt retrengRPsion limit
h&@f&cﬁg& %4 fU ¥inrtH X7 1?ed_| T the hfesguan of

error |n I cat'or unti

tt@zf@ﬂefleaaéke@éaaﬁxm fstem4lge mR@@ar@mm@teraa_m oray
sé@dcak Qc;dal %fi&(ﬁﬁltb $he [»@@nd Czéaatnémlr g;tsr Begeh ‘ﬂi%lgtﬂethﬁ%lbh %B@;et can
-10 or | S
b PR TAOR A S AR JaBLLsEap £L0 R erRblye Fheb F-ARQUTapsnittsr
3levaids the WeANACK td uh&gARQ&raﬂsmrr&lﬁl«gny intiesmakii@um
retransm SSi reacne (S I’THXJ mu

o e B AR RS b pess Tearith df RESIER AT i
trhasmsdmpadkﬁle ek depqket dhab sdxpired,l 83 .thd NifedpadRG the failed
p&ﬁgpﬁgg%%p 14 may send a local NACK to the ARQ

transm 12 so that the failed packet can be
[0088lov er edn dhe prionRD, npor su¢osssipl ddlivery Pf afperlkdsl the HRARQ

racbipRQ3bl aRaHL taheﬁcx3ﬂo4t§ee?ﬂﬁﬁd1€ra59&§dteér\r'§§< Og ety

transmtter he nmaxi mum nu

T LAsroAs aiais B 7 GO sy B apopdange

with®Re pBésent invention, the H-ARQ transmitter 314 may or may not send a
local ACK to the ARQ transmitter 312 in such situation.

[0039] After sending the H-ARQ NACK-to-ACK error indicator at step
408, the H-ARQ receiver 324 determines at step 416 whether the H-ARQ

receiver 324 does not receive the failed packet successfully before at least one

of the following conditions:

1) expiration of Trecoverysync (for synchronous H-ARQ transmission)
or Trecoveryasyne (for asynchronous H-ARQ transmission);

2) receipt of a new H-ARQ packet with a sequence number which
s higher than the seqﬁence number of the féiled packet by Wrarg;

-9.



transm ssion of the fail ed packet has expired, or the
lifespan of the failed packet has expired. [00381 In
the prior art, upon successful delivery of a packet,
the HARQ receiver 324 sends an ACK to the H ARQ
transmtter 314 and the HARQ transmtter 314 sends a
local ACK to the ARQtransmtter 312. In accordance
with the present invention, the HARQ transmtter 314
may or may not send a |local ACK to the ARQ
transmtter 312 in such situation. [00391 After
sendi ng Bheeadhie(haaixiyud\Gmber of retradisoassionsadf the filed
pv%% the H ARQ receiver 324 deternm nes at step 416
t’her the H ARQ receiver 324 does not receive the

fail ed pitrReniratipmcelsse dioisr Pebveor@ngt | east one of the
fol I owi ng) mﬁd@mhewesswbrﬁié Blle@badidgcoverysyae

syn ronous H ARQ transm ssion)  or TRaoa-,y éf‘
m%’f*@r asy Pr b deitsone aRdre Aonesning ssopditions) ogeagni the
rdteiveH3ARRQepas bk bcall NACK SEHeENRE ﬂaldBfﬁ}Gf 3ml(§dap 418). Upon
N o3 T R R MR e Mo i < B £t o

thecARQrismssitien 318fto rb@ventHectiled padiet ;(stéb 4eap| T}aet in@Pping

bitivebl Snl ARRY POEF L RYEAI0E PDU B Bt Ptk Pl 1oHE ps e B
ABR nepeiveniddisi able ttmddmlfymhs ARRQ @’vDiJ tlnateldddﬂm:be recovered

ei ver 4 n
R ol A T

afpegyereivingibe status gport fogp heARRTecqivgro32. t he %tH@lSARQ’rt
fozr%asmaeﬁa&w doAtdiBE AUE rmib'i‘&Aaﬁl@h:D%SUhﬁaéﬁ&@d éss&_ﬁt Pecelved
. e na n an a an
picioten ADETATRAD: Jhe A Faien S2n marerpd ectots Tepart after
reabivingt AN i d@i’sbétityvd I'I&a.cl%R@ E’Bllde?slffﬂ]lly I’]ﬁedﬁph@tlbﬁ of a timer.
,“A er
ABSRSES yho WIBF HoplhB AR PP i d NSl e g ot
trgnsmifting éb@ last fpaombt lhéhAIbefere c'the veasd Tor folbing imtaiecover
ea{rﬁp ﬁfoin thé NAdgﬁl-tB%éﬁderP&CgteLnacket rlgvt%lht%r IAE QL IBL LR

Success receil ve Al ternativel

SﬁttﬁégAhQ Pl bit\fay t@bstmﬁks‘éria aepogﬁatl{@h pptempetar forma data

flow.

[0042] In order to improve the recovery of the last packet in H-ARQ
transmissions, a special small packet with a last packet indication may be
sent from the H-ARQ transmitter 314 after the H-ARQ buffer is empty. The
transmission of the special packet with a last packet indication ensures early
recovery of the loss of the last packet at the H—ARQ level. The H-ARQ receiver
324 sends a response back to the H-ARQ transmitter 814 upon receiving the
special packet. The response packet may be a new packet generated at an H-
ARQ level indicating the last TSN received. Alternatively, the response
packet may be sent by using an H-ARQ error indication packet indicating that
it is a response to the small packet.

[0043] Alternatively, in order to reduce the signaling overhead, a null

transmission may be sent after the last data packet in an H-ARQ
. -10-



recei ving N consecutive packets successfully or
expiration of a tinmer. Alternatively, the ARQ
transmtter 312 may poll the ARQ receiver 322 after
transmtting the | ast packet in the buffer. The reason
for polling is to recover early fromthe NACK-to-ACK
error at an HHARQ |l evel for the |ast packet. Setting
the "Poll bit for the |ast packet" is a. configurable
.paraneter for a data flow [0042) In order to inprove
the recovery of the |ast packet in H ARQ
tramsndssiers uews teeinypleethel A€Kadhleclpau itbe prévidtnstraasmission. A
Clgﬁi t 1’6‘5@
n{afﬁ ans me% tB eryC%%h%? %ﬁgﬁm@%&%eﬁ’ i Eg_’ Thﬁ“ﬁ{'ARQ

trangrbies Silé Aragsmite theyaell packetcadiar wmtm&t 9%511 I-Eréé‘#&A CK

férnm Crabi a8k £$n €RS VAR el t
& ketae%f&k%he wtoow gﬁﬁﬁ%ﬁsgﬁn i\hﬁl e the HIARQ

recei ver
r@fhveg %ge%ﬁweésap%% eaf}%eékth@ WRR Fecaiver 53% fepdipmpFecention
of flonlase data/ padket A8 wabas tind nﬂ&@‘)&aﬁet TiReat/ eESRQ receiver,

BEGEF bafit o et Tore e aal wedRRe fuf fadrerie L NAGE pas pent
i h@pnnsqotmﬁ:e lagtaecket amad/theaasmniuthwmbarg)faraddm%ns was

ngi E’Qa[chb@ d{:tfeaﬁ’c]: &189%%( %e h 4 tlga%%(étg%é]} Q%Ito {:l{e ﬁyrecelver

response ft € smal | pac erna
33+ tedeteet thedVdCKr oA CKgaredri ng over head, a nuII

[dd@psg] S SN EARY MRS 810 22kt &l ;éaavb@%bodm? H&as ‘W‘m‘tﬁ a

-10 transm ssion gqueue to I_nvoke

\RQ
basrosletioh emany Pﬂ%ﬂrd%%WPF%%MYs?r 8nWCRDMA, |qD1Hé@Q@Q or long
Rk YvdlaEbn! (?BEIJ(S{YH ﬁi&d Ee{eRstigd (30 s(vbta:ﬁ?] wq‘lnlwylha%d%s but
ransmtter ansn1 e nu cke
i 5 il £ SO POSRTIRAREEACK S HABOPaS (Ppa e mobile
s@?&mh‘b&r tnit} h@agéxARQellﬁhn mbﬁlsomﬁqumbaal Gaecadsttakd-(RRAQ),
ceiver 324 rgcei.ves ac the H . .
= BEEY, oS bBRFIVREofull cerR gine RESpaiefgin 4 wiretes
epdcagnents sk sdationieineludes bat Kemot limited to reNeEHBQa site
cdritéliere acé § l)ﬁx%tor 9%@@&38 BP&téHﬁ&ﬁg%ericLXn a wirttalgss

recei ve Rerefore was sent n response
eRHEORSRt- packet and the maxi num nunber of

[do48NS M S WksdiM@ats. Not reached, the reception of the
[Qrﬁ])g‘lﬁ packet will allow the H ARQ receiver 324 to

ct tHe NAGKTtGR9Cho% MmBlemqrstg H-M&-prsiriert ARy in a
wirkesa dnithitniceion E§sten? thelRiin® & tra¥ifitte and a receiver, the
transmitter including an H-ARQ transmitter and an ARQ transmitter, the

receiver including an H-ARQ receiver and an ARQ receiver.

[0047] 2. The method of embodiment 1 comprising the step of an H-
ARQ receiver determining whether an H-ARQ NACK-to-ACK error occurs.
{0048] 3. The method of embodiment 2 comprising the step of the H-

ARQ receiver sending an H-ARQ NACK-to-ACK error indicator to the H-ARQ
transmitter when an H-ARQ NACK-to-ACK error occurs unless the number of
retransmissions of a failed packet has reached a maximum retransmission
limit, a maximum tixhe for deiivery of the failed packet has expired or a

lifespan of the failed packet has expired.
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base station or any other network entity in a WCDVA,
CDVA2000 or long termevolution (LTE) of a third
generation (3G system "WRU' includes but is not
limted to a user equipnent (UE), a nobile station, a
fixed or nobile subscriber unit, a pager, a cellular

t el ephone, a personal data assistant (PDA), a
conmputer, or any other type of user device capabl e of
operating in a wireless environnent. "Base station”
includes but is not limted to a Node-B, a site

(At rol | ek, affhecwsbed poimany of treyersbdibmentg23piherein the

H- %@d&g@w&.ﬂ%ﬁfg llﬂl_df*cawﬁlaggp%%ats& w; M%Pkndgﬂ%égs D

ment s i npl enent

Higfadledipaciet %RQEWAEQWF%IPE&@ conmuni cati on system

[003@1 udi ng, a tTﬁ@%{@th&& bf @ﬁ@o&d&w Ylereihfie H-ARQ NACK-
transmtter InCUIn an H- Al transmtter and an A

t-Alks frror dpdicatps ingludes Fhe HAHQ dregess iDranka framemission
s@fténdd nAiier 6B \fRiled pAWKGY] 2. The method of

dinment 1 ri si the step,of an H receive
GBIE i it wWhGE Festbed oF emBeshioRek  w BRestadhp g ARG NACK-
td-ACKS ercdr ihidécabmt tsodenﬂ‘ wéthh adfireh tidingooffisdt Swith tdd@ect to

Of 1 e| ver sending an H ARQ
%%%ganﬁhgf?@r ac | cat or to thegH- ARQ transmtter
[0g¥&h an H- ARQI‘M@(etbgdm@Kme ppp rof dbe Lrrsbadiinests 86 wherein
tﬂ&ﬂgﬂx%sﬂf of the H AR NACRAS ARK B mcﬁéateﬁ GkE %reﬂfaﬁussmn of

reached a naxi numretransmssion limt, a maxi hu
the frtled paclkptiarg irdppemdente fail ed packet has expi red or

(om53] i fesgan ofhé th%tfa&i heth wkieﬂhfemﬁa&mn%ﬁ%(h 77 wtlﬂerem the
0 S inany o enbodi nment s
AR AN A SR a0 ke e A e el g paygical layer
signsling,at Ma Olaybr signdHiiRehdan RECS1aybr sx@rﬁdhﬁ@e f a| I ed
et at, t he ansnmitte 00 od .
[O%f%t:nbodtgnent'rgt %e?‘él H et ﬁﬁﬁg r\%%{’d,s"tng r"? frem
miorel taaxt one packeatde SravvnikteARPpritbe AR taayssnaitter to the H-

Af{tg{]&]&]v%?' RRuISACHERF End %ﬁgﬁl{ AgéeQn :bﬂﬁcf{ac A 4 g&gﬁe{mw

indicatey NARQ NACKaR-AGKsrrarp f marothanconsamackeht h a
[oobxed tiAbng Phd SRthdd 4id £5P&Gheletrbodiments 3-9, wherein the

H-ARQ NACK-to-ACK error indicator is sent along with a CRC.

[0056] 11. The method as in any of the embodiments 3-10, wherein
the H-ARQ NACK-to-ACK error indicator is generated by one of the H-ARQ
receiver and an ARQ receiver.

[0057] 12. The method as in any of the embodiments 3-11, further
comprising the step of the H-ARQ transmitter sending an ACK to the H-ARQ
receiver upon receipt of the H-ARQ NACK-to-ACK error indicator.

[0058] 13. The method of embodiment 12, wherein the H-ARQ
receiver sends the H-ARQ NACK-to-ACK error indicator repeatedly if the H-
ARQ receiver does not successfully receive the ACK for the H-ARQ NACK-to-
' ACK error indicator and a radio link between the H-ARQ transmitter and the
H-ARQ receiver does not fail.

-12-



transm ssion of the failed packet. [0052] 7. The

met hod as in any of the enbodi nents 3-6, wherein
transnm ssion of the H ARQ NACK-to- ACK error indicator
and transm ssion of the failed packet are

i ndependent. [0053] 8. The nethod as in any of the
enbodi nents 3-7, wherein the H ARQ NACK-to-ACK error
indicator is sent via at |east one of physical |ayer
signaling, a MAC | ayer signaling and an RLC | ayer
signaling. [0054] 9. The nethod as in any of the
[09¥Bbdi merits 3TBe mthodian innameof thenembedipeenkeB8-135 wherein

tthd BORRLY dGltvbt QUL e b ARG NAVIRRACK eirfy blcdipr 4% 11
ARBQ rrceiviet irecsives a neydpacked yigEhxRem\BARS! prCkessrassigoed for

tﬁa%ﬁea Eaaak&@ﬁst@wmfetraw&ésﬂml&thzl?ﬁléaelsmgt as in any
enbodi nents 3- wher el n RQ NACK-t 0- ACK

[Oé)ﬁpbr i n&ﬁc at ‘Ghe F%eté%‘htas drARY o ﬂ’f? am@’!émefﬁéﬁ)w wherein
theH-ARQN@Eeidsr dehda Ble BI-ARCENATICH-AEm §rr3r ilx(amaas&e{f&he H-

RQ.NACK- t 0- Al r at or ener.at ed
A%E’e’%ﬁ“’?ﬁ 0% DP9 R e Brlod ROk SREoP Bt Bteetiop Gier
exifires] like prioh daldiestionntiaiey leing bt whawdi NAGEGlsase]:i to the H-

E#&' %&n'prlsmgthe step of the HARQ-transmitter
|ng an ACK to the H ARQ recei ver upon receipt of

[Ooﬁé] H- AR@GNAcm anoklnd @srior anyn of 6he emboflnEss 335, Mirther

sends %e Eﬁ%ﬁi%;f:%( ei‘ra!regrr&?nal ca;%??tfrlg%gfgpggfket,
uptil tthe ﬁaﬂ%dR@ i e?uceeﬁéﬁl%tdeéwe@és gilessy the caagianum
retPeeh MKsibR '].mhh Bakh &RRAHE fhaxinhiK RIiveFy LR 1t éi{pn%ﬁq)r

radio | tvvee the HHARQ transmtter and th
ﬂﬁllfa P‘%éﬁﬂe ?Fdi‘aneaﬁPrre 12 [0059] 14. The
{omszhod asm n ’Blﬂg/nﬁghddhﬁ‘ etiifvdiine®in1& fisrther coiprising thé BRp
|ver ends -1.0- error,
off g TRATES Bah SRS Fehala's el TS b AR SR ihipen it me
maxanhereseampmiibsiiR(limiohas seaxbed,ghe dndgimurh [lelit-ayl iethe has
f r a| I cket
){})8%%10? gg th?%gag £ t%.% @ﬂ%gl %ixgﬂq hgét %311‘9 rfbo d%gatp % Falled
pketis nghestesgchat an A.RQ level
[0063] 18. The method as in any of the embodiments 3-17, further

comprising the step of the H-ARQ receiver setting a recovery timer when the
H-ARQ receiver sends the H-ARQ NACK-to-ACK error indicator.

[0064] 19. The method of embodiment 18 comprising the step of the
H-ARQ receiver sending a local NACK to the ARQ receiver if the H-ARQ
receiver does not receive the failed packet before the recovery timer expires.
[0065] 20. The method of embodiment 19, further comprising the step
of the ARQ receiver sending a status report to the ARQ transmitter for

recovery of the failed packet. :

[0066] 21. The method as in any of the embodiments 3-20, further
comprising the step of the H-ARQ receiver sending a local NACK to the ARQ
receiver if the H-ARQ receiver does not receive the failed packet until the H-

-13-



the H ARQ recei ver sends the H ARQ NACK-to- ACK error
indicator if the H ARQ receiver does not receive the
fail ed packet until an error indication tinmer
expires, the error indication tiner being set when a
NACK is sent to the H ARQ transmtter. [0061] 16. The
nmet hod as in any of the enbodi nents 3-15, further
conprising the step of the HARQ transnitter
retransmitting the failed packet until the failed
packet is successfully delivered unless the nmaxi num
ARG mewedvdrs séoaivels i ari packeis witachedquenite mamben inighelri themy a

d ket
oo Amb4P) 3o L e T
[Opﬁﬂ her &@npr b‘F m} h@fwdﬂsﬁnﬁ b ﬁmmqmmmﬁhe step
ofS B IATL) arekG0a) DK 1 stdies ARRoH 801%HE ARG HrhinkdBter for

maxi nrumretransmssion limt has reached, the maxi mum
regaysTy Of ¥he failed paeketey pired or the Ilfespan of the

[obssj ed paeketm@lm@ﬁ% falﬁcin &k ohahe tehﬂ:oﬁ%%xﬁ;g 3-9%015&%11@
IS ILECO e { No as,
cqrRPrinioe Spe FHrANR, Bar REAPRLise 2o NG to s ARRLRgver if
thehH-ARQprepbiveh elots ARDreceive ﬂfer faﬁbﬂt patlet uhéit dbie mpmber of

' . th
ey bhe ohAT YR ABE SUdtSn 3RARERIIE rLlratmpicaion gpmit
fop thofiiledmackd. conpri sing the step of t he H ARQ
{0[)@9)9' ver z&endmau@tﬂdm*e%%m 3418,ARQ Eoﬂnﬁfxagéﬁg th step

recei ver does not recelve the f
ofbté%eo .Aé*Q HECoiEeo seding j rshatas Fepert, to [ﬂewsl}ta;anqm@ter for
redBid19 Of e PMB@@PLEmA! 19, further conprising the step

oBrghr, P58, 555 HeinaE B 0 BBtk 0 S5
caddprisihg thestepcbfake iEhARlQ/r@éwbh eedihg G ]imiltNAGKZﬁ the ARQ
reclbTE end IERR ot et aee Baepdr . B oo BReRt posie
mamun@md@a‘siemeryrd‘(the fadledipmcket dxpirepacket until the
O oy hiomer e has g B deROn Srld el B 04 fep
ofpthek ARG yregeipere sendingrian étﬁtﬁa rseert fq)@@e?]AIQQ trawmtter for
redBiPdr tHe RODOPLARPL 21, further conprising the step
[0072] 27. The method as in any of the embodiments 3-26, further
comprising the step of the ARQ receiver sending a status report when the
ARQ receiver receives a predetermined number of packets successfully.

[0073]) 28. The method as in any of the embodiments 8-27, further
comprising the step of the ARQ receiver sending a status report when a status
reporting timer expires.

[0074]) 29. The method as in any of the embodiments 3-28, further
comprising the step of the ARQ transmltter requesting a status report from
the ARQ receiver and the ARQ receiver sending a status report to the ARQ
transmitter.

[0075] 30. The method of embodiment 29, wherein the ARQ

transmitter requests the status report after transmitting a last packet.
-14-



of the ARQ receiver sending a status report to the ARQ
transmtter for recovery of the failed packet. [00681
23. The nethod as in any of the enbodi nents 3-22,
further conprising the H ARQ receiver sending a | ocal
NACK to the ARQ receiver if the H ARQ receiver does
not receive the failed packet until the nunber of
retransm ssions of the fail ed packet reaches a maxi num
retransmssion limt for the failed packet. [00691

24. The nethod of enbodi ment 23, further conprising
[00fE] st ep3lof The nédthod escinvany SEiHe ryplwdimentss3-8ephirther

odfpniiifie PRt EL PR G BaneRRY Shiaifl o (o) BblER with o
leehnmhe#mgat@malﬁelf sentingra lagb npeliet img bufer.st ep of the
[dd?’?ﬁQ r e@@' Ve‘i‘hé %&h&ﬂ o@ex&:ﬂ&ﬁ&ne%@li E&m Hﬁné'%@e stei']p of the

recei ver, if H ARQ recei ver does not recéjve

Hr%Bﬂer&cmmandmﬁ 2 responsyte thesralhpadist, wharpkien yecovery of
tHeast pidkelispamlaia 4l @san pAREE1 26. The met hod of

odi ne furt conprising th je of the ARQ
lﬂf’ggle. ver §§end?h@ n%ﬁtg?cg?ﬁén PERSF 5 thie smﬁ’ﬁa“a%tss 31-32, whereln
tHer sapallrpadieet if #aullteaswdssiomf the fail ed packet 100721

The th aS| .0f th mhodi . X
9B7e8 o rdilod BY 1 sl oF FF B3RaRRees 155 wherein
theamedponge eto Shasmall rpaplm'btls Whesmitied bARQingdbelwaBQ NACK-to-

ABRESIY ps,edet erm ned nunber of packets
success ?ca 00731 28. The nmethod as in any of the

0988 di meﬁﬁs 3The mathed Barin anynef thei ergbedimentw3-34f whegein
pDRRtEEEH0Y Bfhe SRR nINGN ArctiadlsHEsdi D Pnkit VRN nihxfrh@inUfime for

reporting timer expires. [00741 29. The thod as in
d%lﬂf}rwf Eheackeh e ﬁif%spsnz%f a paFieteare reéi hy & fmtral
c@tﬁﬂhﬁéeﬁﬂa@r ARQ transmtter requesting a status report

w&,?gﬁ s rggo ecel éeé Q%er?@gﬁ?ﬁ?@?é %If\é‘tejlr} end| rg%?gers

anmhﬁéumdvehmnﬂ:ememSmterwmwsﬁen t he ARQ transm tter

[obgﬁE e tSt Sg i he fh QLHIREERE dmitalfbnd B8N WHetdih BeBpdr@Rleters
ar% configured at the start of a service.

[0083] 38. The method as in any of the embodiments 35-37, wherein
the parameters are configured dynamically depending on QoS requirement of
a packet.

{0084] 39. The method as in any of the embodiments 3-38, wherein
the maximum retransmission limit of a packet is indicated by identifying a
particular MAC flow associated with a specific maximum retransmission limit
in an associated control signaling for the first transmission.

{00851 40. The method as in any of the embodiments 3-38, wherein
the maximum retransmission limit of a packet is explicitly indicated in an
associated control signaling for the first transmission.

[0086] 41. A wireless communication system for implementing H-
ARQ-assisted ARQ.
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[00761 31. The nmethod as in any of the enbodi nents
3-30, further conprising the step of the H ARQ
transmtter sending a snmall packet with a |[|ast packet
indication after sending a | ast packet in a buffer.
[00771 32. The nethod of enbodi ment 31, conprising the
step of the H ARQ receiver sending a response to the
smal | packet, whereby a recovery of the |ast packet

is ensured by the small packet. [0078] 33. The nethod
as in any of the enbodi nents 31-32, wherein the small
[098Gket | #2a nlhé Syrsmmﬁ singredith@fl7 3l 8dmpFisingret freckiver

1&%1&1‘9% gg}f{ %R @&eﬁf&? quleeg%er "t’ﬂS &fé\gi% L&gwer bemg

respo to the sm S tradsmitt y usin
cqrﬁ'guppdo\t@dmgmm)wh,ﬁtherem &ARmNé&llﬁto-Ap@@ gopr sgcurmv@d

sdfil IaﬂdHaﬁRQn NﬂD’K—QB—AtdK &SRO IBRLS +3- g&f' H\Mm ei!rgn?]nntter

par anet ers t he maxi mm retransnission limt

upless i Wﬁbelr af refgauspassionst of, 4, failest Pagkptabps freached a
midbirduRaftPAnsMiSsi6® Nirh Bl b Sl aRiyném GEME I fBF deliO&ly’ 6 tHefhiled

entity. (QO8 38, The t hod of enbodi nent 35,
okt b AR SR 0%3313%1???%57- Bee wrred ne
[0o88NsMi t #Br |iThacystem of @Rhdflindent 4 eompiisig aftransmitter
vvhere th ters.: re configured
mcpb#g%&eetnﬁ%é%ft a sert\ﬁrglelsaﬁ%%@% e met hod as in
[a0691 of t Ké. enBoxlsysemsa8h 87y ofibies emhodmtpd:ﬁ’em&etheSem
| I
15 ¢1- AR r@.&éﬁ%%@ﬁ%ﬁ& M?Rgg& Sgags&ghéc@%vﬁg 2 HARQ

requi renent of packet . met as In

PEA§HSSIHD bt l@rfb’éﬁ# revhes abtlgH-ARGteansmittes. maxi mum
[00@bY ansNy§si Ofhd by@t&moés fh aﬂ%ﬂhé Embbdintet€d2M, wherein

BSOS L G AT

a&ﬁﬁﬁi@i@ﬂse@éﬁé@uﬁb@f@thé Gifedrpacher. f i r st

RS 30" kS S5 T B e,

tHej Hi-ARQf NAC[&\td(ACK 8rrex Iﬁht_ilcéibi' yis isenaki Waiheal fixedaitiming offset
l:ég(fj%‘%ﬂg%g df%?l@%%& W rg%gtsgecglmrnsjtnl cation

[oggg}t em f 87 i r@@m@mn@ i any of the embodiments 42-46, wherein

transmission of the H-ARQ NACK-t0-ACK error indicator and transmission of

the failed packet are independent.

{0093] 48. 'The system as in any of the embodiments 42-47, wherein

the H-ARQ NACK-t0-ACK error indicator is sent via at least one of physical

layer signaling, a MAC layer signaling and an RLC layer signaling.

{0094] 49. The system as in any of the embodiments 42-48, wherein

the H-ARQ transmitter and the H-ARQ receiver are configured to transmit

and receive more than one packet simultaneously and the H-ARQ transmitter

is configured to send the H-ARQ NACK-to-ACK error indicator indicating H-

ARQ NACK-t0-ACK errors of more than one packet.

[0095] 50. 'The system as in any of the embodiments 42-49, wherein

the H-ARQ NACK-to-ACK error indicator is sent along with a CRC.
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ARQ assi sted ARQ -15 [00871 42. The system of

enbodi nent 41 conprising a receiver including an

H ARQ recei ver and an ARQ receiver, the H ARQ receiver
being configured to determ ne whether an H ARQ NACK
to- ACK error occurs and send an H ARQ NACK-t o- ACK
error indicator to an HARQ transmtter unless the
nunber of retransm ssions of a failed packet has
reached a maximumretransnmssion limt, a maxinmm
time for delivery of the failed packet has expired or

[Q096] f espd®- of Thasysigm ag ip san«f the smbegiments 42598 gyherein

tHs H-ARQ) NUTefd-ACKe Bhod iA®iBhtoft 4 §OXERREA B} ofe of the H-ARQ
transmtter _incluyding the HARQ transmitter and an
roaetyer PR eR ARQreciYRIg01 44. The systemas in any of

[60%a] err‘.oogzme NT'Be 4¢stédh a¥fie raﬁ,zrbf_thﬁ nittoiRhe MNAUS-8 N -wKdfein
er i.ndi cat i s associ ated wit D[ QGESS .
b AR braiircafthes s 20D ERTd: oy B A RBR, for g HEABR Feceiver
upOf) Péteipt of tHOH-ARQINACESto-ACK Ry raxfindieatoerbodi ment s
A4, rei the  H A 5.1 O- error Jndica
“?"z"g udes The ?ARS’%?%C e%sgg sé\%%éﬁl né%’r zg‘ﬁhs&rlr\m%l S iq%’ﬁ HQARQ
rereijer serdnthebHrARR NWASK-ti-ACH graokisdicat@O@ppatkdly Th@! the
S ' WREhadi AER F AP AR to-
AR R ot Re Pl ety R AR s AR R oA 0K
errog &uflieatpf.ng of fset with respect to transnmission of

(6dve) f ai | ed. pagketsysdeBOR2 In 44y of RBe S¥HoBIh&its| 42-58) Yvittfrein
ﬂtpq?g g odi nents 42-46, _wher

t [ of th
5o okt e 1 0% s AR5 S e
AR récaiviee deqeir@ls &f néw @;&k&g@e g@kemx?e ng?7p%essT&$i@ed for
t.em as, i ny,of the enbodi - erein
o B B Ao Sk PR O AT Locbght vi o a
[008881 onéb5of TPhysysiain as dy eny of gha kinbgdinaer¥B @224, ovherein
. . | . . _
o5 BOShL e A0 0506 ARG RS RO LANP e e
ARGbreceixROlosscrdriecaive thmbailed parkeh ROt @ocirver indication timer
eﬁﬂp{s', G @ﬁ-of- Qn&iEéﬁétf‘ 'tﬁneraﬁlﬁné EEEHKEn TPNRCRI A sMiGo the H-
ac ously S

et sinultane and the HHARQ transmtter |
tregsmedtet o send the H ARQ NACK-t o- ACK error

[do1dicat o6l NATEA k@i tas in any of the embodiments 43-55, the H-
ARQ transmitter retransmits the failed packet until the failed packet is
successfully delivered unless the maximum retransmission limit has reached,
the maximum delivery time has expired or the lifespan of the failed packet has
expired.

{00102] 57. The system as in any of the embodiments 43-56, wherein
the H-ARQ transmitter sends a local NACK to the ARQ transmitter if the
maximum retransmission limit has reached, the maximum delivery time has
expired or the lifespan of the failed packet has expired, so that the failed
packet is recovered at an ARQ level.

{00103] 58. The system as in any of the embodiments 42-57, wherein
the H-ARQ receiver sets a recovery timer when the H-ARQ receiver sends the

H-ARQ NACK-t0-ACK error indicator and sends a local NACK to the ARQ
-17-



ARQ NACK-to0- ACK errors of nore than one packet. [0095]
50. The systemas in any of the enbodi nents 42-49,
wherein the H ARQ NACK-to-ACK error indicator is sent
along with a CRC. -16 100961 51. The system as in any
of the enbodi nents 42-50, wherein the H ARQ
NACK-t 0- ACK error indicator is generated by one of the
H ARQ receiver and an ARQ receiver. [0097] 52. The
systemas in any of the enbodi nents 43-51, wherein
the HARQ transmitter is configured to send an ACK to
reddierHf ARQ H-ARE) veveiverpiues mot gegsiveothe filed pauket before the
NACK—{O ACK ELJ or i ndi cator. [0098] 53. The system of
TeQAYBHTSR RS wher ei n t he H ARQ _recei ver Seﬁﬁﬁ
[0010ARQ NATK- t ChaGiystar of eptherimend, 58, avhezein ihe fecf”ﬁ’sr

b \BEovbREofABK fhilsd paviet.
el oo st csni el s s

54
l0f$l,®ﬂem o680.i n Theysystent [ iBrUPG LoRsEeD s, g pl yperein
fig 39:&@&%\5@5 aSEJ&dBNtAlIH(HoAEQWetemveﬁiCK the rlé-rARQ
I N

e it LS T2 R i
pakRREK@ith £ séfiRdcd hubtior aﬂgmrsibanra sfquehee huber ofythaceil

[00100] 55, The s stem as in any of the enbodl rrents
Pa&EBtSW Rﬁ"éieg?rﬁnmf% RﬁQ recei ver sends the

[OOM t o- G\CK eFhensysiterdi of amayodimenty 60,1y m@ﬁ éRﬂ,,recewer
€3 sagh kst ﬁcheefaﬂ@a packet

S b S o i it
[0D&0Tg se62 whePhexsyghEr assinsamy of mﬁﬁ%

thb e A08) ngﬁt@és vilg 9&5%1;191 16681 NTAteK&yssahe Smn??tﬁmelfw ﬁoﬁhe{tﬁl-];eARQ
rectizer d9dscpt pareke tﬁ?ﬁﬁﬁ?ﬂﬁ%‘%&f‘ ep% Bor §tGobAliaiRidetons
of SURCHIRH Wdcketl PddcHes admarinean tehmmmlssmmhmlt for the failed

retransmission limt has reached, the maxinmm

paf&ef-very time has expired or the |ifespan of the
[obabsed pask etha.e,ystempoﬁ edbodigenb 82, whereipdhe ARQ Fegriver

#ﬁ %Ia?t{sertlgg:en % nﬁ.\ %&tfgy\%@g@é&g&f %léffaﬁe&ﬁ@gl?et
fagofioohe 64. The system as in any of the embodiments 4 , wherein
the H-ARQ receiver sends a local NACK to the ARQ receiver if the H-ARQ
receiver does not receive the failed packet until a maximum time for delivery
of the failed packet expires.

[00110] 65. The system of embodiment 64, wherein the ARQ receiver
sends a status report to the ARQ transmitter for recovery of the failed packet.

[00111] 66. The system as in any of" the embodiments 42-65, wherein
the ARQ receiver sends a status report when the ARQ receiver receives a
predetermined number of packets successfully.

[00112] 67. The system as in any of the erpbodiments 42-66, wherein
the ARQ receiver sends a status report when a status reporting timer expires.

[00113] 68. The system as in any of the embodiments 43-67, wherein
the ARQ transmitter requests a status report from the ARQ receiver and the

ARQ receiver sends a status report to the ARQ transmitter.
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maxi mum retransm ssion limt has reached, the maxi mum
delivery tine has expired or the |ifespan of the

fail ed packet has expired, so that the failed packet
is recovered at an ARQ |l evel. [00103] 58. The system
as in any of the enbodi nents 42-57, wherein the H ARQ
recei ver sets a recovery tinmer when the H ARQ receiver
sends the H ARQ NACK-to-ACK error indicator and sends
a local NACK to the ARQ -17 receiver if the H ARQ
recei ver does not receive the failed packet before the
00334V ery €9 neffhexpystesa  pOOXOMGdimesd. 68hewbgpsientind ARQ
t&mﬁﬂﬁt@%quégts tﬂgg ﬁh?ﬁéﬁt rﬁ%& {r ﬁﬁg algitmclet.

status re ansmtter recovery of
QS aj | paabetsystepaea s ang f thip emthpdiraentsstd-69, apljerein
i H-IARQ? Mhﬁﬁei- Sefids §9smam Bkét withea %A%A&k@@ %Raégémon

64?tends | ocal to the A receiver

%%eﬁevé\ngdee‘g% chetcin geblier pad| e HARQ: resptvier sepds a
éﬂpé)a@ tefiRl stedll pedRtWeBerdby Raekilery\bf thedaSESHERBER ensured
b gfg‘o aﬁ hEr than a sequence nunber of the failed
DAtk 3}’%5 tedet er mi ned nunmber. [00106] 61. The
[ 36Em of7lenbTHe spstemter, embudiraent T0)evHdREn theamval packet is

S report to the ARQtransmtter for
recov"g‘;“S}/’ﬂ(JS?lt #he failed packet. [00107] 62. The system

[09417h any’2eof The spstbmdisiamny of the embafianeita 70tTe vilepRQ a
rés%@%ééy% tBEBASNApd REeREs MAGKmERed B ARG F&gi 48 o W XRQ NAERRo-

recei ver does not receive fhe fai
AGE eyrory mdlisatetber of retransm ssions of the fail ed

[0UAGBE! I GBChesha syRebd HENik Ghy BFEHS SHibARirhnts 42l B, Wiigein
failed g_ckag £00108}3 6% The, system of embodi rent
PERMGLAES dp leaxrgnecbhithe, m retzpngmyssiog Hhmit, ; the
mialkEmAROQtima rferTidelieéryl of a packetr yndfa tifesganl bPGh packett are
1091 1,64, d1h& syt as l.n any of the enbodi nents
0(%89%8&\/\%30811 df%&’@%ﬁ‘t&ei ver sends a | ocal NACK
[00d19he AR@ r eThe vpsterfofielbolinméx® 73; edereinrthd pesameters are
°J£?%¥‘?Wm§?f‘9h‘l"% ?sp%@ feUntil a maxi mumtine for

I ver acket expires. [00110] 65.
[Oﬁ%olsyst df of Tbﬁﬁwwmﬁemdlwa wherein AR©)patara¢tery are

configured at the start of a service.

{00121} 76. The system as in any of the er.ﬁbodiments 73-75, wherein
the parameters are configured dynamically depending on QoS requirement of
a packet. .

[00122] 77. The system as in any of the embodiments 42-76, wherein

the maximum retransmission limit of a packet is indicated by identifying a
particular MAC flow associated with a specific maximum retransmission limit
in an associated control signaling for the first transmission.

{00123] 78. The system as in any of the embodiments 42-76, wherein
the maximum retransmission limit of a pécket is explicitly indicated in an
associated control signaling for the first transmission.

[00124] 79. A receiver for implementing H-ARQ-assisted ARQ.
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sends a status report to the ARQ transmtter for
recovery of the failed packet. [00111] 66. The system
as in any of the enbodi nents 42-65, wherein the ARQ
recei ver sends a status report when the ARQ receiver
receives a predeterm ned nunber of packets
successfully. [00112] 67. The systemas in any of the
enbodi nents 42-66, wherein the ARQ receiver sends a
status report when a status reporting tinmer expires.
[00113] 68. The systemas in any of the enbodi nents
[003258]7, W&6r ei Thet heeeikf) off amhvdirpent ' esigisingt @t UARQ

rdcER {.gnﬁragrﬁ ‘,ﬁg?%g‘; gceiver and the ARQ receiver
us

sensastat eport to the ARQ transmtter. -18
[003861h 41 €3. TWhbe syeseivar off emhoditent: 898 whemeineithe t HeARQ
rédEVer li§ 3pSMAtire8 lto RUIBTHhE vHEhed ah US-AY NACRIHE(CK error

transm_tti n‘g a last packet. Aﬁé&lﬁ% 70. .The s stem.as
OGeHTS, APdo Fendh At A CKtg- er éPﬂ‘ca‘Pﬁe appH-ARQ
trahamstted LiflesS aa deasa oamlf Ith@ S6lkodinpiHa ddcinatd: hRCKEhber of

i,ndi cati,on end a Ias'tbr acket .in a buf

f .
relTARRESIPRs, ebhas Taachedos SReEE pREeRNRisFion
Lipdi; kee maxidaere lmyma fareédmmy offthé feilédn phckrh Aeat edpdred and a

hﬁ?ﬁ%ngpt(?e%%@%mmherm n}g&{]. [00116] 71. The system

e small packet is a null

[0048 ks mi s $2on. T{x@oqewxermf embodimand B8is whereiny the HhARQ

N%M.‘ﬁ@% BOHK SrréPivdleat¥hBlBidtifed WARPRANIE %ﬂ%@es%’?@ dnd the
is transmtted by using the H ARQ NACK to- ACK

'faéllefldﬁa‘*?foe}té&?ﬁ%ﬁm t¥. The systemas in any of
[dohegienbo@BITeNEe 4ebrdider vafeéﬁwdnmﬁam; Gﬁ]ﬁerfeﬁ! tht H-ARQ

AR b B RAE PORR b 0 g o

trahsaigsiokehuaie nwoober of thethiled packeint ral control | i ng

[O@Ebé}ey n th%gl 1'2%1% %ee elV-li;? eag fﬁe{satn g]%']&{le %%0 g{ﬂ%ﬁgn% ﬁﬁgﬁ& wherein

theeHelhR@ NIA@Fé@Q—AGéi e{l@@ indipatps . is 'Ehet svth erfixeid timing offset

%l'—’ @5 tx%.%s?ﬂlfdhedfrﬂhé fbﬁleﬁa}fa%ﬂ@ht ers are configured

at the start a servi

[00180] 85. 'The receiver as in any of the embodiments 81-84, wherein

transmission of the H-ARQ NACK-to-ACK error indicator and transmission of

the failed packet are independent.

{00131} 86. The receiver as in any of the embodiments 81-85, wherein

the H-ARQ NACK-t0-ACK error indicator is sent via at least one of physical

layer signaling, a MAC layer signaling and an RLC'layer signaling.

[00132] 87. The receiver as in any of the embodiments 81-86, wherein

the H-ARQ receiver is configured to receive more than one packet

simultaneously and send the H-ARQ NACK-t0-ACK error indicator indicating

H-ARQ NACK-t0-ACK errors of more than one packet.

[00133] 88. The receiver as in any of the embodiments 81-87, wherein

the H-ARQ NACK-t0-ACK error indicator is sent along with a CRC.
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[00121] 76. The systemas in any of the enbodi nents
73-75, wherein the paraneters are configured
dynam cal | y dependi ng on QoS requirenent of a packet.
[00122] 77. The systemas in any of the enbodi nents
42-76, wherein the maximumretransm ssion limt of a
packet is indicated by identifying a particular MAC
fl ow associated with a specific maxi mum retransm ssion
limt in an associated control signaling for the
first transm ssion. [001231 78. The systemas in any
(091 3¢he eBBodi Whatrecedidr 28, invingr ofi the enfimdimrnts fh-88, wherein
' I
i HARRINARIOMACR bnfl (RUBREEE puferi bF bhe Y1 the FoARQ
reqervsr and dhe ARGSresaivef.00124] 79. A receiver for
[doTB5ETENiGYNT i ARRARS 23R hn)HP the ehihdaBiddgia] 8138, wWilfein

recel ver of enbodinent 79 co r|S|n an ARQ Trecéiver

then HARR segoiverc sepdy . theodt: o-ALHei giapr gindicator
r@@awanﬁaam ghe WhAREG fbctmer Isucoe&hw @EIVR arl ACK for the H-
A%&n% %i{,g %3 dete whet her an H ARQ NACK-t o- ACK
ACKsEEG h H ARQ NACK-t 0- ACK error
faondélcat o©1t o ﬂahe Irle&R@r dsriansiy dfithe enibodiaents 81905 twittrein

re{{r‘gﬁ ];nolslsfor%nsg gf%ﬁe&xﬁ% pagig?%rga&%déﬁatgrﬁthe H-

ARGXreaveiver e¢qeives A sev packel ivid the sameXI-ABR pyovessfagsigned for

ﬂ%eil?gég Xclﬂ{t ﬂiﬁ;@ é ﬂl g pac%% aseg%s(lgﬁﬁ%ka?%lﬂ) 82.
[0PAB7) eceiPBer The sprsbier msrin apy, of\the eathediments 8483, wherein
tHAGKARQ RV §ids itRE IFLARY NA@ms&a@maﬁdr Y‘ﬁdlaat@f‘lf the H-
rogess IDandthe %alled ﬁket at the ARQ
AEPa’F%ﬁﬁ BT dpes neiponiye the Ppglelitpd aaferé?maewﬁ@ﬁ? timer
expiresykies eiror ﬁﬂﬁc#ﬁdﬂ&ne&%@ﬁtg PetACKe® i NACKN(H €t Qb the H-
Ah@gl udes he H ARQ process ID and a transm ssion

fber of the failed packet. [00129] 84. The
[00&388l ver 935 | ‘Themgcedfer takh dn eumtyad’i the mmboaim&ﬂs 8198, evherein

t e:qlg e“gkél = n g% %é) a'%%vg ﬁfnei' qul %at?xgr %chn}%'tsgn% the

set h respec ran m SSiI on
He ARQY HA@@tq;é@I{eprror mdlcator and sends a local NACK to the ARQ

receiver if the H-ARQ receiver does not receive the failed packet before the

recovery timer expires.

[00139] 94. The receiver as in any of the embodiments 81-93, wherein
the ARQ receiver sends a status report to the ARQ transmitter for recovery of
the failed packet.

[00140] 95. The receiver as in any of the embodiments 81-94, wherein
the H-ARQ receiver sends a local NACK to the ARQ receiver if the H-ARQ
receiver does not receive the failed packet until the H-ARQ receiver receives a
packet with a sequence number higher than a sequence number of the failed
packet by a predetermined number.

[00141] 96. The receiver as in any of the embodiments 81-95, wherein
the H-ARQ receiver sends a local NACK to the ARQ receiver if the H-ARQ

receiver does not receive the failed packet until the number of retransmissions
-21-



[00130] 85. The receiver as in any of the enbodi nents
81-84, wherein transm ssion of the H ARQ NACK-to- ACK
error indicator and transm ssion of the failed packet
are independent. [00181] 86. The receiver as in any of
the enbodi nents 81-85, wherein the H ARQ NACK-t o- ACK
error indicator is sent via at |east one of physical
| ayer signaling, a MAC | ayer signaling and an RLC
| ayer signaling. [00132] 87. The receiver as in any of
the enbodi nents 81-86, wherein the H ARQ receiver is
of i fagledephcket readhiey ea nExEntuparetoarsnpasike tlimit for the failed
, pg& | taneously and send the H ARQ NACK-to- ACK error
I'ndicator indicating H ARQ NACK-to-ACK errors of nore
[quéﬁl one 9@ack€he rp@ivez3is la@nmfethp@@&qd@nea@ $1n9%rvg/h%‘em

tﬁéqﬁ-ﬁﬂ@ofucg%gl' §e§és §7100MA9W1;0 ane Q

error indicator Is sent along -20 00134
repgiverdges peleragaive fhe |fﬁ11°é’n®a%‘ﬁt Pﬁ@l érmmaéa ttgn% iors’@hvew
omr@éapidk@tbklﬁ%g NACK-t o- ACK error indi cgt or is

ate e HA cei ver..and, t
G ver S8p YRS Fousiver pran eVt /EF SrbadiaRy Bro fgherein
t]ﬁiThRd! f&éibér Sd3% stabey miport tolthe ARRGramsadttee forveantery of
NACK to-ACK error indicator repeatedly

ﬁ eI—FARQ recei ver successfully receives an ACK
[0011441 he 89. ARCholkei¢iver-aGK eexyrqfrthleredmbpdumnts[ 098 Biherein

tl?ﬁ% ARB1 Q'ec!e ' {el_%ds ap s'l::ﬂ:uél '}X &ft h nlg&x %Eﬁtzéiv&l re%glves a

rern recel ver S

Pmnﬁmu@?b?fﬁﬁe@aﬁ"ﬁ?esﬁﬁﬂ%e H- ARQ recei ver

[(0AQ8] VeSs 180NeMhE @'E&@'Irervdseintiiﬁ &aame SthdRnBARCESS9, wherein
aSSI ned for the fajled i nst ead of

Reiver ssnds A stRtus a?fréav JAatag TrBPEing gper eppires.
[anqel ver 108, i A teasriftter e iailadbntng $1-ARPssistbe ARQ)

X RO ol L e = e
tzfaasi_nmema&kaﬂmﬂQ transmeittexr 1 ndi cation timer

R £ IS 158 e B 100 i seanc
tr‘anemuté@ens\x@pﬁagrqdntoawyelm anE-ARRD M@Krtps‘&@f -eggor indicator,
aﬁ\@es[teier&st one of the ARQ transmitter and the H-ARQ transmitter is
configured to recover a failed packet corresponding to the H-ARQ NACK-to-
ACK error.

[00149] 104. The transmitter of embodiment 103, wherein the H-ARQ
transmitter is configured to send an ACK to the H-ARQ receiver upon receipt
of the H-ARQ NACK-t0-ACK error indicator.

{00150] 105. The transmitter as in any of the embodiments 103-104,
wherein the H-ARQ transmitter retransmits the failed packet until the failed
packet is successfully delivered unless at least one of the following has
occurred: the maximum retransmission limit has reached, the maximum
delivery time has expired and the lifespan of the failed packet has expired.
[00151] 106. The transmitter as in any of the embodiments 103-105,

wherein the H-ARQ transmitter sends a local NACK to the ARQ transmitter if
-29.



the H ARQ receiver sets a recovery tiner when the

H ARQ recei ver sends the H ARQ NACK-to-ACK error

i ndi cator and sends a local NACK to the ARQ receiver
if the H ARQ recei ver does not receive the failed
packet before the recovery tiner expires. [001391 94.
The receiver as in any of the enbodi nents 81-93,
wherein the ARQ receiver sends a status report to the
ARQ transm tter for recovery of the failed packet.

[ 001401 95. The receiver as in any of the enbodi nents
the mgimypeetrapsmisstorHlinRohpe eedched, therraximym delivepCime
hL@elﬂife«ﬁBQh(eq{%géﬁé&{ of tfhetiﬂﬁed‘?&!i@t haS Rbi¢Ed, HOEat BRY failed
receive the failed_packet un the HARQ receiver
rackebisgesovgredafcan lewela sequence nunber higher than
[0B15210Uenge7.nUNRE kratfsmiifter fa3i inelny PAGKetenyodiments 103-106,

B TRASSL R A8 S O S Pl

[00a563] ver 18&ndFha thasmhitfdAGH bmbbdhmd;lﬁquo;ﬁhete{n itﬁe tARQ

rece not re i e t he fall d
R PR Rt e SRS Rba R e BB A B BRESE, |
[00d84et r 86%heBhen tramsyitier raetmanmmog dhe remqulmeﬁtsr 18208,
T.
RBAE Sy PRS0, hJOASR o Th Sl RG] L Y sl
inglinadion afies sendingck lash m%emRQarl@é@rwhelrerbymeewmf the

laﬁﬁﬁﬁ‘dké@{s éiﬁﬁf*e&‘ﬁ!sttlfeeé%ﬁéﬂsaéﬁé% failed packet until a
mtime for dellvery of the failed packet

m@%ﬁﬁr es. HHorlkg toapsmifer of cepbediment 109 aW}‘eB‘Fmtﬂ? small
p&ERDH ARl SraBimstionsherein  the ARQ receiver sends a

t,tO,th t 'tt f
PREON 5 | SRR e e o= 08 P o e ety 1 0,
wbérdih @ wspacienenthe Shald &achdteseirmsmintedARQusmgetheeH ARQ
Nﬁ?ﬁ@’? Aot &lisi! r%%t when the ARQ receiver receives a

edeterm ne of packets successfully. [00145]
[09@@71 Th eAiltéeegh/ the fantiresangd elements afithe diresant Sn@NtPY are

dMIBHEY M HRE pAFE L8 CEMYEIInR AR $n FpattRhlss ERPRLLLYE NeRh
St at us repor t1 mer explre
feature or element can e used alone without the other features and elements

of the preferred embodiments or in various combinations with or without other
features and elements of the present invention. The methods or flow charts
provided in the present invention may be implemented in a computer
program, software, or firmware tangibly embodied in a computer-readable
storage medium for execution by a general purpose computer or a processor.
Examples of computer-readable storage mediums include a read only memory
(ROM), a random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as internal hard disks
and removable disks, magneto-optical media, and optical media such as CD-
ROM disks, and digital versatile disks (DVDs).

[00158] Suitable processors include, by way of example, a general
purpose processor, a special purpose processor, a conventional processor, a

digital signal processor (DSP), a plurality of microprocessors, one or more
-23-



[00146] 101. A transmtter for inplenmenting
H ARQ assi sted ARQ [00147] 102. The transmtter of
enbodi ment 101 conprising an ARQ transmitter and an
H ARQ transm tter. [00148] 103. The transmtter of
enbodi nent 102 wherein the HARQ transmtter is
configured to receive an H ARQ NACK-to- ACK error
indicator, and at |east one of the ARQ transnitter
and the HARQ transmtter is configured to recover a
fail ed packet corresponding to the H ARQ NACK-to- ACK
ngenopraocefsos MOdssoO4tiod mdth a fThedre.cr contradlebcdimentoritodler, -

0 d
Agﬁﬁ&% {ﬂx éﬁ&hﬁk ﬁﬁﬁi : gﬁ%@@ E%%%CS? egfew Lﬁrﬁ%&nﬁﬁﬁﬁﬂ Gate
AprayRGIRAAS) toirenity, any @ﬁh¢rnwp@aqfomteqr@'@s!5@;cm)stc)xhed/or a
s&ﬁ@ﬂﬁghﬁker as in any of the enbodi nents 103-104,
wherein the HARQ transmitter retransmts the failed
[Q04ERbt UMY iRroseseor dp| @gsociptiope Wity sofitaresmay pe used to

ifipleiment @Gatid Rsfucdby bedsteiPsiCioPhisd fa Wdkdlcns tﬂgné‘ﬁ& receive

PSR He SO PR GO ESPIaR b SR e gework
cddteollarf ERNIE)) af adniye hbsli [cethpotark etTlhaasW@RpI rxﬁdy be used in

couihcttn AR e, SERIGHEED S8 By R ol puch o0

agameza, ViglealcaiacK maduld videpphoaasaispeadterplione? 2 tihwation

aBR¥d, TP bRl Q%H}a%‘ﬁbﬁél d téi%mb@%ra%@ék%?@da hhlgs ﬁ%é nZHMRet,
deli’very tipe exFlre or the lifespan o

aflgybeazdp &ﬁh@twah@ a fseauengy moﬁelait@é (M) rﬂ&emﬂt a

ligSid e5R¥Ar &dpRY mwmﬁb Q%]-%Qéaxﬁ(gzigggjé%iétmg diode

er as di mept
GHEPE S whfkon R PEIT PHGTOS Fesn SUaTeTs & Biep gome
pfalyeﬂhﬂd'deleA% Imteniet browsé) GhdAtr dyBwirtless tloead Hred network
q? U?ent 107 wherein the ARQ transmtter
I?s fie status report after transmitting a |ast
packet [ 001541 139. The transmitter*as in any of the
enbodi nents 103-108, wherein the HARQ transmtter
sends a small packet with a | ast packet indication
after sending a | ast packet in a buffer, whereby a
recovery of the |ast packet is ensured by the snal
packet .



[ 001551 110. The transmtter of enbodi nent 109 wherein
the small packet is a null transm ssion. 1001561 111.
The transmtter as in any of the enbodi nents 109-110,
wherein a response to the small packet is -transmtted
by using the H ARQ NACK-to-ACK error indicator.
(001571 Although the features and el enents of the
present invention are described in the preferred
enbodi nments in particular conbinations, each feature
or el enment can be used al one w thout the other
features and el enents ofyiAgrereferred enbodi nents or
in various conbinations wth or w thout other

features and el enments of the present invention. The

met hpds op rﬁbﬂié&dcﬂ%@fifrﬁ)leﬁt@ﬁ‘gh@eﬂybﬁd tagombeiee8peat request
e | nplenente I N p ram
(RO pasisthe ; POAMBLC, aFkRaty TSaBeat BIARR),” the' “etbod

coinpHeigy: - readabl e storage nedi umfor execut| on by a

ot FERBRE SeSRR oheler it RRERER an HEARR Refltive
a<rla1mvl¢dgéxﬁ@h‘t lgl(P&IA(}KI)elt:u'-tpamt:lsres anklrowj/ed t ordmnenort a(é&(SK)C eerror
oreglﬁﬁl T?ﬁ%%% & é%pac gfi conduc y Vi ces

i'ntérnal hard di sks and
rermﬂmoIH -ARQk geceimgnesendingi enl HdRQ, NeWdKofor ACHL error

g%(t@r %\C?%s 'tt%lf%vﬁlé‘ﬁ‘ dnditoh ke NA@K%blA@K error

ul t abl e processors inc|ude, by
oGeHyS om |1@astaprgeeﬁ’é the following hagraseurred; thg number of

%P&?éxﬁissﬂiﬁéooép HOCesited %cﬁ@thﬁaél qRathéd ogesmmm
I tal SI g processor

ural i
ol RIS BN, B GReXTRIL Lané o5 dRtiveap b YhS dailedpacket
has §§§1|I'é& lagd athdépﬁnQ&Qh@Qhﬂed packet had bepireds and

g ?L gl[éﬁg E%oflvqfl I cat ! apgﬁﬁgélégkél nt&%@g&fzglver if at

le@EPGAS)ofwPecfullbwmgreyentm eccury pa) tife HRARE) aeealver does not
.Qce

rge5 R PHRO ek S B Pof R Bl optst B Rty P AL SRR 1] set

whadi thef Né(liértoyA € Kairslieatorrisf ssmtué@ the &I Ireegiver does

n{)tr Ak qt tﬁ% ?eﬁle\fﬁ) g,tnulgéﬁr ?}% H- l‘zégéi'vgf"i‘@&il(ré@a packet

cont.r
wth@) seqnengﬁymmber ghert éhanméewer]ﬁym}@ru%ﬂw failed

packet by a predetermined number, (c) the H-ARQ receiver does not
receive the failed packet until the number of retransmissions of the failed

B o

-q

packet reaches a maximum retransmission limit for the failed packet,
and (d) the H-ARQ receiver does not receive the failed packet until a
maximum time for delivery of the failed packet expires.

2. The method of claim 1 wherein the H-ARQ NACK-to-ACK
error indicator is associated with an H-ARQ process identity (ID) and the
failed packet at the H-ARQ transmitter.

3. The method of claim 2 wherein the H-ARQ NACK-to-ACK
error indicator includes the H-ARQ process ID and a transmission

sequence number of the failed packet.
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conjunction with nodul es, inplenmented in hardware

and/ or software, such as a canera, a video canera

nodul e, a vi deophone, a speakerphone, a vibration

devi ce, a speaker, a m crophone, a television

transcei ver, a hands free headset, a keyboard, a

Bl uetooth(r) nodule, a frequency nodul ated (FM radio

unit, a liquid crystal display (LCD) display unit, an

organic light-emtting diode (PLED) display unit, a

digital nusic player, a nedia player, a video gane

pl ayer nodul e, an Internet browser, and/or any

wi rel ess | ocal area ne WLAN) nodul e. -24 CLAI

1. Adnet hdgeimethoh ot elaim nggymmdﬂm HARQ NACKste- Aex

eF®AUESdichtdrARD) seats 'vﬁﬂ‘i’ daa@kedatinginse Rkt ' R Slespect to
rising: an HARQ receiver

¥ e
tr@asg}lﬁiilﬁprﬁnﬁ,ﬁgﬁﬁ%@ Pafs¢k ARQ negative acknow edgenent
(NACK) -t o- posi tive acknovvl edgenent (ACK) error occurs

with_respggt to I et;.the H rec
sendPng a ﬁ-%ﬁ%‘(ﬁ&& %Wk}é?fleb‘? LransisSion: Ofth %I ARQ
NACRQot AGKS orrior e ndvdator andFtrAEﬁjnﬂmma tof-th€faded qracket are

._ogcur | ess at | east one of the follow ng has
1%‘%&’8}‘?8‘3& the number of retransm ssions of the fail ed

packet has reached a maxi mum retransmssion l[imt, a

maxi gum “rgsaﬁlgﬂ%&ri oF Rlith 9w p?elpagi pacgw NACHEE-ACK

expired an espan o
emp.m@watandStwtwm@tr éé‘i me ele PhYRIgak ?E@%ISIW&

nledi@h ARsE %ﬁﬁfcﬂr(MA@tla&%ﬁ asinAnes efnd Berddb! 194k REntrol

events occur recei ver does not receive
(RlHe) *%elréé@bfﬂéfk%t before expiration of a recovery
timer which is set vvhenthe NACK-t 0- ACK i ndicator is

t, (b t t h
Farl B palhermeHed af s sk Rerein JBpre $b8n, ue Facket is
tm&@hﬁttedw froma theqUdrRQnumesmititgheto tthen H-ARQuarceiver

f,th il
S N T Ry T T ——
}Eﬁﬂ%wérﬁljkmAGK errors ef momb dhanfoneqiackatni ssi ons of
the faile

8. The method of claim 1 wherein the H-ARQ NACK-to-ACK
error indicator is sent along with a cyclic redundancy check (CRC).

9. The method of claim 1 wherein the H-ARQ NACK-to-ACK
error indicator is generated by one of the H-ARQ receiver and the ARQ

receiver.

10. The method of claim 1 further comprising:
the H-ARQ transmitter sending an ACK to the H-ARQ receiver
upon receipt of the H-ARQ NACK-to-ACK error indicator.

11. The method of claim 10 wherein the H-ARQ receiver sends
the H-ARQ NACK-t0o-ACK error indicator repeatedly if the H-ARQ
receiver does not successfully receive the ACK for the H-ARQ NACK-to-
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packet reaches a maximumretransmssion |imt for the
failed packet, and (d) the H ARQ recei ver does not
receive the failed packet until a maximumtine for
delivery of the failed packet expires. 2. The nethod
of claim1l wherein the H ARQ NACK-to-ACK error
indicator is associated with an H ARQ process identity
(ID) and the failed packet at the HARQ transnitter.
3. The nethod of claim2 wherein the H ARQ NACK-t 0- ACK
error indicator includes the H ARQ process ID and a

A@Krbi%ls §h&i&at¢§e QH&”& %aﬂi{mﬁ%'k Bbtwékh the | BOARQC®@insmitter
a.mé T net hod cl a|?1 wherein the H A

dheHd: TregpivEF ﬁ%lpeta Ht- is sent with a fixed
timng offset wi th respect to transm ssion of the
fail et h f claim ein .
trandfi boe wethod o, IR Tondereist M AR Fdhaiven sspds
tlaen 8 WRQM@K—WA@Ktehﬁ)ﬁ midiedop it ttet HRARQ receiver receives

o BFRSRHETY  B AR DA oL DR ORI acker

instaad obnetrehsmiission af thafatedspagketi ng, a nedi um
access control (MAC) layer signaling and a radio |ink
contr ol SF LC) layer signalin 7. The _nethod of claim

1 whdBei nTier method of rebaipa dic et erein the fARQeteceivem sends
th V€1 W@I gﬂ? brid} 1hﬁfca'fbrAﬁQHeeHeARQ' receiver does not
t aneous ARQ NA

sl nmu ACK error,

reagiNe o falladpedican plraxRermeR %c@im@g}qrcﬁz@nzﬁs, Hhag grror

indieation e tiRdeK Heind. sdthewheh had NACH aisMsdntvhgy ehe HARQ
H-ARQ NACK-t 0- A error indicator is sent along with

tr@.n@ygﬁeg redundancy check (CRC). 9. The met hod of
claim1 wherein the H-ARQ NACK-t 0- ACK error indicator

ecotber - Thg I el e e e ot ¢ (e AT

conpthe H@RQ transmitter retransmitting the failed packet until the
failed packet is successfully delivered unless at least one of the following
has occurred: the maximum retransmission limit has reached, the
maximum delivery time has expired and the lifespan of the failed packet
has expired.

15. The method of claim 14 further comprising:

the H-ARQ transmitter sending a local NACK to an ARQ
transmitter if the maximum retransmission limit has reached, the
maximum delivery time has expired or the lifespan of the failed packet
has expired, so that the failed packet is recovered at an ARQ level.

16. The method of claim 1 further comprising:
the ARQ receiver sending a status report to an ARQ transmitter

for recovery of the failed packet.

17. The method of claim 1 further comprising:
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the HARQ transmtter sending an ACK to the H ARQ
recei ver upon receipt of the H ARQ NACK-to-ACK error
indicator. 11. The nethod of claim 10 wherein the

H ARQ recei ver sends the H ARQ NACK-to-ACK error

i ndi cator repeatedly if the HARQ receiver does not
successfully receive the ACK for the H ARQ NACK-to-
-26 ACK error indicator and a radio |ink between the
H ARQ transmtter and the H ARQ recei ver does not
fail. 12. The method of claim1 wherein the H ARQ

r ecekNEARQNEReivieh SeHIMENGGKnd Peptirft V@héﬁ? lthie VM{Qaf'é?:@lver
if _the H A rec %alggrecelves a new packet via

reGekEes B R wharf nasketsguqegssi ypacket
i nstead of retransnission of the failed packet. 13.

The t hog,,of c wherejn, the H A recei ver sends
(he MEAROTRACREPE SIS o e BP S ne. 14 ARG

r ecetheARQaectiobr seaditigya sthtud pipoetl wismmk atstatis repamting
error i.ndication tinmer expires, the error indication

tlﬁl%? IBE?Shg set when a NACK is sent to the H ARQ
transmtter. 14. The method of claim 1l further

co n t tting the
far})ggs:oag‘l?e rﬁgﬂﬁmhﬁﬁpﬁqﬁ%&r%@ﬁg‘g@luclcegsf ul ly
del i anr ARQ riiressmikter ezeguestingot stlaéu?p dleperti fpm hhe ARQ

r 9‘;{{1 g_q the maxi mum retransmission limt has

reac th maxi mum delivery time has, expired and

the b éﬁ%ﬁeféﬂaV%@qdang@dstaawé@porﬁ 48 the AEQdransmitter.
The met hod of claim 14 further conprising: the H ARQ
tran sen cal NACK.to an

trandh ¢« Thei Fadtiad gt  dathr 4P SARPE0thE ARA tHeRsmitter
récﬁﬁ;sb@ehe Ethﬁus ﬁammaft@ie&mneﬁﬁtﬁmgra lasispaolptr ed or the
I1fespan of the failed packet has expired, so that

the failed packet is recovered at an ARQ | evel . 16.

The gt hoThefmethaidnoficlaim tihfertleemmmigrisgig: t he ARQ

recely i AN rBG%ifer LA 4% £ P8 Jonk8 8 SRR pAIRT WA is
sent by the H-ARQ transmitter with a last packet indication after
sending a last packet in a buffer, whereby a recovery of the last packet is
ensured by the small packet.

22. The method of claim 21 wherein the small packet is a null
transmission.

23. The method of claim 21 wherein the response to the small
packet is transmitted by using the H-ARQ NACK-to-ACK error indicator.

24. The method of claim 1 wherein parameters for the
maximum retransmission limit, the maximum time for delivery of a
packet and a lifespan of a packet are configured by a central controlling
entity.
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for recovery of the failed packet. 17. The net hod of
claim1 further conprising: -27 the ARQ receiver
sending a status report when the ARQ receiver

recei ves a predeterm ned nunber of packets
successfully. 18. The nmethod of claim1 further
conprising: the ARQ receiver sending a status report
when a status reporting timer expires. 19. The nethod
of claiml1l further conprising: an ARQ transmtter
requesting a status report fromthe ARQ receiver; and

the 960 regpgi ﬁ?éthﬁan@fnalaﬁnstﬁ USThERAAT thé opamnét@s are
transm.tter. The, met.hod of claim 19 wherein the

QQ%‘FPQH%WQ?}& W&Hégetrslsﬁ‘f V&t atus report after

transmtting a | ast packet. 21. The net hod of claiml

furt C | Si H: iver ndin a

respg se {ng I%er{'ggii BE Rl@fmm{ grelge e 9a?;ﬂgeﬁrl§\Rére
confgneet tatehewtatt of d satviggacket indication after

sending a |l ast packet in a buffer, whereby a recovery

of the |ast packet is ensured by the small packet.
22. The nfﬁheomethodl af nelaimw 24 ewhetdm $he| papaoktarsi are

coﬁfg&é‘fﬂ% t e respo se ?éé?% rrgﬁt pac CblpI gbl?vjice (QOS)

requarement efia backeti ng t he H ARQ NACK-t 0- ACK error
indicator. 24. The nethod of claim1 wherein
paraneters for the paxifrum retransm §si on I|H1 t he
j{e hei ¢

maxi #8m tThe reethed | \fr yelgimy 244 W% Bgxamum
ré¥fardsiRRGkRT lidie oF AN bhekétetd ﬁiﬁlé’aﬂéﬁnﬁ)}‘ @derﬁ@ﬁﬁﬁ@d ﬁﬂﬂzlcular
atlt -28 25, TM ?]Qd of cla{ﬁg V\,herelﬁ.
Fumeaesess spatrol Lo apRariated Withnd mpepidic maximum
re’ﬁﬁirhStﬁlssmn limit in an associated control signaling for the first

transmission.

29. The method of claim 24 wherein the maximum
retransmission limit of a packet is explicitly indicated in an associated
control signaling for the first transmission.

30. A receiver for implementing hybrid automatic repeat
request (H-ARQ)-assisted automatic repeat request (ARQ), the receiver
comprising:

an ARQ receiver; and

an H-ARQ receiver configured to determine whether an H-ARQ
negative acknowledgement (NACK)-to-positive acknowledgement (ACK)
error occurs and send an H-ARQ NACK-to-ACK error indicator to an H-
ARQ transmitter unless at least one of the following has occurred: the
number of retransmissions of a failed packet has reached a maximum
retransmission limit, a maximum time for delivery of the failed packet
has expired and a lifespan of the failed packet has expired, and
configured to send a local NACK to the ARQ receiver if at least one of the
following events occur: (a) the H-ARQ receiver does not receive the failed
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26. The nethod of claim 24 wherein the paraneters are
configured at the start of a service. 27. The net hod
of claim 24 wherein the paranmeters are configured
dynam cal |y depending on quality of service (QoS)
requi renent of a packet. 28. The nethod of claim 24
wherein the maximum retransmssion limt of a packet
is indicated by identifying a particular nedium
access control (MAC) flow associated with a specific
maxi mum retransmssion limt in an associated control

PR g Sy o ACISP gD TOETaGS e

N#CK-tpa C¥ indicabep|is sent.(b) thp ﬁt%‘&Qu recgiyexslogs |Délté”&celve
1O Th{184 ﬁé&%' ﬁﬂﬁl ftae HDARQ rebeiveANRERivEE O4)- peﬁ:@et Avith a

receiver i mpl enmenting hybrid autona
seanesey Db hAF A8 SAONERSA PRI thedaligqpacket by
pR@ternhi®i cdeAf iR, (©0thY THARKQ ﬁ.ﬁeﬁ@@ d@agenvterecaine the

TR S0 . DA R 3 0 BBk
rﬁ})‘h@_@vﬁ eﬂ%ﬁgﬂh fe%%sm&irsl(m lnmtuffos thredfasbddpackdﬂ; ARQ (d)
th, AR 25F bt Uaee B} FBiG Ve e ik ilited WA Hifimum
timerforrdediverg tof dne faited packetfexpifesi | ed packet has

reached a maxi num retransnmission limt, a nmaxi nrum

time for delivery of the failed packet has expi I ed
and 811 i f Theaeceitver o€ ctaim 80 whetein the H-ARRNACKHerACK

eﬁ%? h&iéﬁ%&} fsoas?sﬁﬁ%t@d bﬁp?hn%mpmssﬁﬁ@n&& g)ID?ﬁntlfthe

'east one_o OW ng events occur
Qd@?qk@éeﬁt\ﬁbﬁ HRQisansmedele the failed -29 packet
bef ore explratlon of a recovery tiner which is set

when CK-t.0- ACK j ndi gat Al

receP er dbegergkver é’géi g?ﬁ’g{‘? 35935&@ ]E’H?%I{Lt? K
ertopRA diestwirv dicladeeithes }BALRQ kproosks hIIA and a transmission
sequence number of the failed packet.

383. The receiver of claim 31 wherein the H-ARQ NACK-to-ACK
error indicator is sent with a fixed timing offset with respect to
transmission of the failed packet.

84. The receiver of claim 30 wherein transmission of the H-ARQ
NACK-to-ACK error indicator and transmission of the failed packet are
independent.

385. The receiver of claim 30 wherein the H-ARQ NACK-to-ACK
error indicator is sent via at least one of physical layer signaling, a
medium access control (MAC) layer signaling and a radio link control
(RLC) layer signaling.

36. The receiver of claim 30 wherein the H-ARQ receiver is
configured to receive more than one packet simultaneously and send the
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sequence nunber hi gher than a sequence nunber of the
fail ed packet by a predeterm ned nunber, (c) the

H ARQ recei ver does not receive the failed packet
until the nunmber of retransm ssions of the failed
packet reaches a maximumretransmssion limt for the
failed packet, and (d) the H ARQ receiver does not
receive the failed packet until a maxinum tinme for
delivery of the failed packet expires. 31. The

recei ver of claim30 wherein the H ARQ NACK-t o- ACK

EARQ NAGK-86-ACK Serass dedieh g Midicatans H-ARDINACKE$0-ACK
|denth1u¥ %I ) and th fail ed packet at the H-ARQ
eFROL3 SRR qrE thag pnempac &:el ver of claim31 wherein the

H ARQ NACK-to ACK error indicator includes the H ARQ

Part 81 padbBrrecliyer B EMEE a0 JupSG SRETTMERNACH S ACK
etroe iﬁﬁl@ﬁ@ﬂ\iﬁ@éﬂt@l&@(mdt aeycliededmdandyscheeht(ORGh a

fixed timng offset with respect to transm ssion of
the failed packet. 34. The receiver of claim 30

wher 88n t Ahesteceivienof stainh 80 whgrein the ARAANAGH-$p-ACK
emgllﬁai%&oﬁsd EhERREH 1Y 6Fe OF thb q{meeféceﬁ@fean@tﬁe ARQ

I ndepen 5 The réceiver of claim 30 wherein the
regeIyed NACK-t 0- ACK error indicator is sent via at
| east one of physical |ayer signaling, a nedium

2ot 8 e o UL o REL 4 Bl il Y
tled H-ARQ NACKito-AOK éi-péRSnﬂec}abv ??Sﬁited‘t”’ nintglgtlmg H-ARQ
r{cEiVer Sy Behally eV BRARnURLHARER IR T cif HhgRa
NACRGDoMCK: ¢roAGidicetaror s of rmr e than one packet. 37.

The receiver of claim 30 wherein the H ARQ NACK- t 0- ACK

error indicator is sent along with a cyclic redundancy
chec#0( CREhe regeivenhef claig v@rwherein #he HoARR:reseivertnends

tHhé ﬁQM%CK f§KCK error indicator if the H- ARQ receiver receives
a new packet via the same H-ARQ process assigned for the failed packet
instead of retransmission of the failed packet.

41. The receiver of claim 30 wherein the H-ARQ receiver sends
the H-ARQ NACK-to-ACK error indicator if the H-ARQ receiver does not
receive the failed packet until an error indication timer expires, the error
indication timer being set when a NACK is sent to the H-ARQ
transmitter.

42. The receiver of claim 30 wherein the ARQ receiver sends a
status report to an ARQ transmitter for recovery of the failed packet.

43. The receiver of claim 30 wherein the ARQ receiver sends a
status report when the ARQ receiver receives a predetermined number of

packets successfully.
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error indicator is generated by one of the H ARQ
receiver and the ARQ receiver. 39. The receiver of
claim30 wherein the H ARQ recei ver sends the H ARQ
NACK-t 0- ACK error indicator repeatedly until the H ARQ
recei ver successfully receives an acknow edgenent

(ACK) for the HHARQ NACK-to-ACK error indicator. 40.
The receiver of claim30 wherein the H ARQ recei ver
sends the H ARQ NACK-to-ACK error indicator if the

H ARQ recei ver receives a new packet via the sane

H ARQ?_pr OfhaSrelered rb?qil]é.&? e hERiheth PAR(E recdiVer Sévtlls a
of refransmssion of the failed packet. 41. The
stasveirepertovhen aitaBos vaporting tMET BXPIESr ecei ver sends
the H ARQ NACK-to0-ACK error indicator if the H ARQ
recei ver does not receive the failed packet until an
error indication tinmer expires, the error indication
timer being set when a NACK is sent to the H ARQ
transmtter. 42. The receiver of claim30 wherein the
ARQ receiver sends a status report to an ARQ
transmtter for recovery of the failed packet. 43. The
recei ver of claim30 wherein the ARQ receiver sends a
status report when the ARQ receiver receives a

predet erm ned nunber of packets successfully. -31 44.
The receiver of claim30 wherein the ARQ receiver
sends a status report when a status reporting timner
expires. -32

-39-



