Express Mail Label No. EV748349925US [ 0001] METHOD AND
SYSTEM FOR | MPLEMENTI NG H ARQ ASSI STED ARQ OPERATI ON

wQ 0@0Aay9083 ELD OF | NVENTI ON [ 0003] The present PCI/ERL00€0M9306
is related to wirel ess comruni cati on systens. More
particularly, the present invention is related to a
nmet hod and system for inplenenting hybrid autonmatic
repeat request (H ARQ -assisted automatic repeat
request (ARQ in a wrel ess comTuni cati on system

[ 0004] BACKGROUND [ 0005] loergg IW r 23 49925US
comuni cati on systens, suc i'vision
[00 Itiple agg ﬁlé ﬁi’g ﬁgdata
ransm ssi on | Aﬁ éPﬁ E’
packet access ( ) an packet

access (HSUPA) technol ogi es To | rrprove reI i ability
[0002] data transm ssi onFIE—LEFKE‘thEﬂR(DI@Ne i mpl enent ed.
Wi kel ess

006] Eyqure 1 . conventi onal
[00 %rmuni ?gt% e T et etsl eff 158 S FE| GomEnypication
systses. Bf{prbmmﬁbu{dﬂﬁ) th]zq;))reaeﬁbﬂﬁeﬁtﬂﬁ Gs aerhted ta@ Method and
rk contr r, (R 3 entiti r )
syofiGh dP% e R RDE NG SSEoBBHE 5P ARgOGsL P AR apeisted
autbhﬁtidﬁ‘ej)éﬂ, wtlest (WRD)D by arwitdsDéorhifmieatorBsystfm.
’ Packets are assigned transm ssi on sequence nunbers

(TSNs) in an HARQ transmtter. An H ARQ receiver
[0004€cei ves the packets anBA@UKGRI)I[;FNm decode t he
ansm tted ets packet is .not decodable, the
[Oo{lé]ARQ ' dhercoBroinil avindlsEn, FEOHRIHER WY g REFHEIINABKRSE s
wﬂébﬁiﬁdtdbdb h@ividiR@nliltape vhdcksd (WODMEL) ReRAS S5/8) h@éh speed
thefaljed pa i S correctly decode

cket. If cket
dat j{rangmiseiopds achtaveddninie pesdoyenlindy Radiet AsseH “HsDPA)
and Qﬁﬁ) dpvedt BE1ARC KAELLO abdtds HHSIPPAY afteihblogies. UP® Mimprove

el Vi transmitter retransnits

,. the HA
relipy 1ty 9k Rata ManﬁﬁiésmgﬂérA%R& g AR ATsnplementedne
[00d@i | ed paskR! 11 shdvesa LdRRnBcRAERSEQELH @@&ﬂ(ﬁi&b%% system

limt, and the allowed transm ssion tine for

100; gFhesysienaikio mskudesta user eaupmenh §PHD 440, 2 Fa\BJd‘eaBllé’@ and a
radio network controller (RNC) 180. H-ARQ entities are located in a medium

access control (MAC) layer 112 of the UE 110 and a MAC layer 122 of the
Node-B 120. Packets are assigned transmission sequence numbers (TSNs) 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.

-1-



packet is discarded and recovered at an ARQ
| evel .[0007] ARQ entities are located in a radio |ink

weonrnmosy RLC) | ayer 114 of the UE 110 and an RIIZUBAY€049306
132 of the RNC 130. The ARQ entities handle the
retransm ssion of the failed packet. The ARQ entities
recover packets that are lost due t o an NACK-to- ACK
msinterpretation error at the HARQ | evel. The ARQ
process in an RLC | ayer is quite conplex with many

[oooPt! on e.:}jt&%ﬁ%%{tie%@e%@ite& 15 SPQdké Tk bRORBIRET) HiyARQ14 of

SSi st operation may be consi dered when both the
the IBEARD and mﬂmozer dﬁz offtbe BN Lok edhe ARR eptitips handle
i ver sal. N t h
the 1g el 03 gﬁ%ﬁg evoI u?fh grf“? E) &g{é}ﬁe&é V@Ckets that
are lpet\ade-tB)an N@@E}to%@&nglsinmmaﬁﬁn (%t'a??p?«'(eﬂlﬁ HzARQ level.

ssi sted A 0 1 £ "
o AP S5 IRIOR U D BB it i apions
perf&xfrﬁﬁsmtrepoﬁﬁfg i ncl udes an ARQ transmtter 252 and an
. RQtra er 2 ece ' BR%0th
(000 o1y ok FEAIR Fositan ARG PG AYY P GpltiRadl
the Hmahaem@mmmm @-looat®d, AGkh @s in aouavemtmobﬂe
to the ARQ tr a sm t 1 r
telees O koS GIHER]Se et eﬁ’én%&%%ﬂ% Dok 0.TE)
evolag&N@bLE(éN&iézBARQ t ransmi ssi on, , due to '
maxi mum.retr nmSS|onI| I
[0009hnds aFisame LIUWBLEP cHary %éf ?_E’&E;@ °t %%%]A&?g/gﬁ%s%
proﬂ(fsaasfﬂrthtﬁi’rdzéénéuﬁtﬁﬂ gaﬁl)nerﬁllﬂl@ iprdiREY t(BGiPSPgI stamdazdss A
sends t he X cei
transgafter #0 80 madengn AR e e t% ﬁ%@%{ﬁ%&m‘“@r
254 @ﬁ@éc\éﬁfer%ggéﬁemgﬁs aﬁugm feceiveh eama@gt‘l HaABR tecejver 264.
ste e an r
TherR ARG PRI T B OIS [RL A os84ora Sh bRyt ARQ
tranEiSitfR@83DU x is still not decodable and the H ARQ
recel ver 264 sends_anot her he H
10010lansr Pecshorsi ik STgBr2 foj. I NACH Ao S5 ehed whem the H-
AR%E%Q %ﬂiﬁér tzB@tfahB ech@UHb&R@fralh@iﬂl@ﬁSﬁ,l eesg odsief oy mdxtmum
X reaches a maxi numretran A}l&' (t Rt
retrapginissipe LmitRJTbe HBRY *trf‘@?mﬁﬁr £ ﬁeg protocol data
unit (PDU) x to the H-ARQ transmitter 254 (step 202). The H-ARQ
transmitter 254 sends the ARQ PDU x to the H-ARQ receiver 264 (step 204).
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 transmitter 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 transmitter 254.

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



| ocal NACKfor the ARQ PDU x to the ARQtransmitter 252
(step 214). [0011] A local NACK may al so be generated
wWob@n/02008NACK-t 0- ACK error is reported from t heCHUSIREH/049306

receiver 264 to the HARQ transmtter 254. Still
referring to Figure 2, the ARQ transmtter 252 sends

an ARQ PDU y tothe HARQ transmtter 254 (step 216).

The HARQ transmitter 254 transmts the ARQ PDU Yy to

the H ARQ receiver 264 (step 218). The ARQPDU Y is

e R ERAR A N 52, P 1000 BRLRNES B4 ¥imic

the MAUR PRI $o hheibABiQanlecmsvearﬁ%tetxyzl@e ’PheARQQ PDU y is not
t t t t t
dechfMRreictns A8, xabathi 3P4 FEREM b NacRie iRkyARa

trams;nmte/xeﬁ&lz Getep @20kt Homvbﬂ%etNAM:s%mFigﬁtel@eﬁd as\Nie ACK
by PRE REAN RESITr: 504, 7 Sht ofi-AuR Hrosrutied 2o tiees the
ARQRPLCPDY a)s)é?cg?tsﬁﬂlﬁ %)nésnmhedwm{f%{ ﬁ@? Yéﬁlg‘rﬁl:%n@f tagfeces an
NGB 8T el [l ifen e AR e vRAGRATsookiRe pracpy PDU
via ithei saherH-ARQ bltror%B@ wmtw; rmd;tslgg %gzlrteﬁ?ﬂ%maslbﬁm the ARQ
PDﬂAq;\fé?%h Qg?ﬁ R&%R%ﬁg\% FeqeiYep g‘é@)ﬁnd{‘ @o%zoﬁcﬁst%@% error

indicatdr §urihe? H-ARY GadnMiftdrS 268 N@tay epanheqr éﬂ%ﬁn?ec@iptt BE the
ring a

ve .t event,s _for an_Al cket occur S
NA@?@B%A@?@&?PwﬁWm dihe TRRSmLLeE (2t sepds a local
NACKEs the ARQ Rbbsmifter 288 dhd\iBe: ARQSPDU ¢ is2Rtoteste@Pat an

8 The RQ transmtter 254 transnits the ARQ PDU
ARé?)?%Selt(ﬁBe recei ver 364 (step 230). The ARQ PDU z

[0013] succegsimwy ikl BeARD, WcAhACH ARRIRERIMGheR Btbne of the
sends the ARQ PDU z to the ARQ receiver 262 (step

aboyg o eyenty é%esn éﬁ‘Q\ERdM qerersAnriogta presdefined fime 4nterval.
The mn%gé}mtﬁép @B2isbnd$ aﬂ%ﬂQrﬂ’lﬂ@dz tdale A- ARQ transmitter 254

CK-to-ACKerror is not orted during

(stepy G40 oThY ACARQ fesasmiberdiod Srasmiboiie ARQ RDI to the H-

RS} 56k daia AR
A 42 gj??ep 3 Dl Sl SR derodid and the

H-ARQ regeiyen 264 serdopthe ARG PBY a te the &RQ reeeiven 26 (step 232),
andr gé;ﬁdé’ IRIACIE th OGR! ARG tARAR Qﬁ@(&ie%”éﬂ)t U §fhen it is

determmed that a NACK-to-ACK 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-t0o-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 (DTX)/ACK error. Thus

lossless transmission cannot be guaranteed.
3.



[0013] In the above exanple of an H ARQ assi sted ARQ

system a conplex layer 2 (L2) status reporting
wore@nariosin i s renoved under the assunption thaPCT/082006/049306

NACK-t0- ACK error is the only significant source of

undet ect ed packet |oss. The ARQ transmtter will not

be able to recover the packet for cases where the

NACK-t0- ACK error indicator is lost or a shared

channel is lost due to a discontinuous transm ssion

TX) ZAl I t LSSi t b
00T 2SS i IS AU RES DA ST Ble e
maxiguynn pungpec of yretimnsmizsions formaepacket. et Thnsithei BhARQ

. T t H t it [ .
ot TS oD R ST SRS f 5Lt St
for eanthpadeteThefthinran asswanpties thpt tlen ARQ tradaeniffe®and the H-

Axy SRS 308 b SaEATPDLS SBRT Phe NS, 5t £
the WRE $randraittérhihesegmeni thhids lost, (66t the ARQ lI;DXJ)ARche ARQ
e

DU. . If th POU js~retransmtted th

PD&H&&%H%S&?&WQ?&F%@%?W%{P% ff‘etrm&Rf;%eneﬁmplete
packet, ynot hmlﬁithsimgssm kmexflﬂ.t %i SsHalASi)OuﬂRQ Elehe Aowhed\rdcdver the

recover e acket ol the transm ssi on.
laSt[W%?OMR@R)%%TWéO’br esent invention is related

to a method and system for inplenmenting H ARQ assi st ed

in a wreless communi .Qn stem An H ARQ

[00 écei ver determ nes V\hetm RQ NACK-t o- ACK error
[0018] Z urs. Tﬁl&_epr@@nﬁ-iﬂ%d NS Rtde%@Kefc{ @éI ;Iﬂé%{ab'd Setmd{g stem for
. feceiv sends f error indicator to e
m"i&‘ﬁ%%‘f’ﬁ g"ﬁﬂﬁétaéﬁlsﬁ?ﬁ M‘hé‘ Virelrse WBPF’&FP@& systegps An
H-AHQ tleeeival ldRterigks twithef @ACHEARS MNACRWILACK error occurs.

retra sé{%é& on_limt., _a maximumtine for delivery of
Whem gnck; NAK o-h&& exaor osenTEn o F-ARQ ressiver sonds pa H-
ARQaktry PRGkRIorN3§ AP MOARQTREadEATER ! RANSIN the! nhikdIRS of

t o recover the failed packet. The H ARQ transmtter
retrapppdssions ehthevfigladopadiet AR® xeaghsdia maxipum ketransmission
1. .q,aél m!m E raﬁﬁm . .

Tmlmaxi mum d‘g]}ai_ very o?lsdrfeéﬁg ﬁt\% Hg(%? ?%é&g ?Q%%eg?%g%%%%@ or dfor a
lifesnsa phithe fajled kpackehhasxprpized. Thet HaARhsransinibter tries to

recdV@f KRE fAH BAcK&C MR AUARY BRnARR R\ 8hds INEAARRCK to the

ARQ transmitter if the maximum retransmission limit has been reached, the

maximum 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-
ARQ 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 déscription of a preferred embodiment, given by way of example
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receiver sends a local NACK to the ARQ receiver if the

H ARQ recei ver does not receive the fail ed packet
whedoen®osert ai n conditions occur. Based on reckP@L/Us006649306

the local NAK, the ARQ receiver may send a status

report to the ARQ transmtter for recovery of the

fail ed packet. [0017] BRI EF DESCRI PTI ON G- THE

DRAW NGS [0018] A nore detail ed understandi ng of the

i nventi on nay be had fromthe follow ng description of

e 5 L OSSR TR B o, VB B BATRASE o

Whezheaw ng(s) wherein: [0019] F| gure 1 shows a

ORIV SGhle MLAELESS RO Y P Rt

IOOZﬁjer at i Gigyrecd sbeats famrexakmpld o@'eneHaARQantbde&Equperatmn

proB{ B35t e e SRR Bt ProigFt e kiRt nc

S ese f‘“g'm’ o 0023] DETALLED, ‘“‘“"cﬁf e
sen i on

- AR KR PP RiairE PotssSARE “PUACRR BLosgpe thgpation.

present invention may be incorporated into an

o] BERATL D WS PRI oR TR Ry 0 Abididknrs

[0023]024] E‘hguﬁ‘eat\&'dssofat]:ﬁd prabht gnebratir MGl b iRERPesated into

an {nfogrerd EPBUE ChE e CREPBHF) 6 81500 PHIRTRGHE R FOBtitude

of indekrdbrinketing @o/poneAtent i on. The system 300 includes a
ansm tfer 310 and a.receiver 320. The transmtter

005457 T Fiiize s ARGOHIA PSR o68 Prafhrs 490 PAkaplementing

an HLQRQﬂiésﬁsﬁzédiﬂF&Q obeeati6i & UeHirdREs cHminEiESafibn ‘Q_f@em 300 in
cei ver, 3§?Fpand an, H ARQ recei ver 324. [0025]

awz}' Pe Pith CRpBRRSEDt FyeptitRo e sistent %Qqqchl%@o?raaﬁ@etter

310Wirda FBiESEU) The ¥iHshAer 310 ﬁ@ﬂdd@WaﬁgARQr @HRB Rer 312

are _defi ned T.Errorindicato -: ARQ error

and; i FE-ARQ Fransreittes 3dbs .%r%{@meﬁé?&nmmd@f ap ARQegeiver

322athd hARQARRS ebddversdiptll d wait for a retransni ssion of
the fail ed packet before sending an HARQ error

(002314 cat &r order tossupearé the H-ARQ- ass1sted Q in accordance with

the present invention, the following parameters are defined:

® Treroringicatorr 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: Maximpm 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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keep the HARQ error indication tinmer constant for the

whol e system for sinple inplenentation. However, the
WORMRQYI®8F or i ndication tinmer may be adj ust ed PEFES20061049306

the quality of service (QS) requirenents. For

exanple, the length of the HARQ error indication

timer may be linked to the scheduling priority.

NRet r ansm ssi on: Maxi mum nunber of retransm ssions

all owed for a packet. The maxi mum nunber of

raﬁ::lr g{;s?gﬁg,: gur g%%r{)er ese ive 83 e%ﬁgw%%lr %ﬁc%%gswﬁels\*ery of

the acket aftde the dirgt transnaissione dl‘he) mayuees sfei!ﬁlvedse timemay be

rs ansn. s The
ol 1V PR ek SIS S5 gsl, or the o
and egiennfmwrad per ervice typebl ock error rate, |atency, or

the Ijk d be, confi d t
covery Sytorr Sy SpoEusARASaLY ciRe Wil whiih the -

ARQImcéiAEQexpems te rreeedpe c failedopdcket iafier arawsrthfgingesk ¢1-ARQ
err ?1 %ransmttlng an H ARQ error indicator.

‘)Fnlé1 oR7&P Async For asynchronous HHARQ a tine within

whi che t MReeABRS PoLiagghcteropeas H-ARQ, Qq:ﬁhh! evBhiidiféh the

et after transmtthg i ndi catQr, The
B4l Per® repatEoR MR RGPS Al Fenemiing g H-
ARQGerEMﬂd@&HtSﬂ TIEH tigfirvinag bledstociFEdd ﬁithl"ﬂh'efQo$ lil mrements
ggrr&i hetlmsr%bi;llnkedt the gd
andp ? (i) %}n'e \Wﬁ@]‘\’lﬂe a.o or (e?;aglp e,t ﬁa ? e tlmer may
be IpaledcetoSthe s&é@ﬁlﬂng\fprﬁm@ fail ed packet shoul d be

If the f is not received within

I ket
WK Mising: ACTIRREM bk CROBBEDETRS RAchASHH PGHOTBich o

failéd hakhét SRGRAHVIRY recddvdBY LSO rhfed] b&ﬁfti\!st HotPreceived within
paraneter for. a |ifespan of a packet, (i. t he

Wapag, itrisasermedidost -« ransnit the packet) . The par aneters

[0028)Y be mhRUr&RdnkYe23t@Bhadhe 1R VEr 926 Q@aiHéI%BCBe given with
recei ver, 324 and the HARQ transm tter

2 pRramagter & Hifespaeraf seppghet: Gen the masipumitirge to transmit the

pacﬁ@ibamg HRYLHS ﬂlay:ene r&illbg By ARGntES eﬂ(ﬁﬁr toothe HARQ
the HARQ transm tter at the’start of

receiger, 34 and the H-ARQ transmtter 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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[0027] The maxi mum nunber of retransm ssions and/ or
the lifespan of a packet may be dynam cally changed
waelependiosyy on the QoS requirenents. The nmaxi MUPCTIUNIDEE/049306

of transm ssions nmay be indicated by either explicitly
identifying the nunber of transm ssions in the

associ ated signaling or identifying a MAC flow that is
associated with a configured nmaxi mum nunber of

transm ssions. In accordance with the first option,

secddlf oBHBRTE v8ba Bl ARAKESY AN PEL RAGEENALSH 6 Bflimum

e assocl at e contro S1 gha
numbemefiirsssmirisins aandiguded by bhﬂetliecdnher éﬁmm;impunonumber of

roo S LI YRS, S30K! 038,440 S LR RURES) v

protdssenavndeditateddont MAC ﬂognﬁ:lrlemptfaﬁ IMAh’leﬂdws SAlternatively, a

g G335 55he MR BEA BURAHPR et BRY B S
[002831ent i f iAedpﬂdéé.‘ss‘ | 400 | fort rimjﬂémbﬁﬁngo ahhd-IﬂHXQ%‘isted ARQ

nmber of t ansm sQns confj gure ver
onelii in Proria T e P e B gRds FESlaibhsheater with
refdrenvantoFigurets. A':RQe (H-ARQStrhbsinittE6P8L4 ttnsrhifRQ packet to the

cess.es dedi C flow for set ,of MAC
i AHGESTE 3o erefGD- eyt o Stksesituly aceived, the H-
AR@sreeeiver 8248‘5@{@ thg ph@kétnfb GEé ARQStectiven 925G ok shown in

roc 400 f or in
Fiepro et 16U BaTEoR A A are DI ot o She E1ARQ repgiver 324
senfl§ %‘SMCKrW%b' HARQ trapkaiitted J1ar@edg &04)t/\/|t Mteex"lsdfendmg the
ransmitter

ere o Fi The HA
NafR 494 tha ARG Fﬁ@lﬁ&%ﬁ%@@&@fﬂ@ww hether gp H-ARQ
NA@@czho-AbK bhar ms&%t (stép 206): eBol! deteét®sit bF Btk H-ARGURUK-
r e| ver 3% rﬁ é the packet t o the ARQ receiver 322
t° Swkhe P&% rée%“’erl ﬁzﬂhée%éke@t fends, an H-ARQ
NAemaﬁAméﬁxsr 958A02 do thB - SRESEEL3 1&2@«“%6 .2
NACKtothe H ARQ transmitter 314 (step 404 fter
[0058ndi ngFer esﬂ%&bkoﬂwsst%ﬁ‘%@mflﬁ@lﬁﬁlmhﬁeéwve?f 32 H-ARQ
retr@@LA1i 8108 5 WHEHHLH tRB rEb AR NAGiet - 1%5&19& 9§& %K&wes a
(ste 406) Upon detection of the H A
nevg Pa wm@%cr@twnszﬂogafeﬁb@t edampk@énﬂse HARQ
rec‘%—I;,ansm tter 314 gt ep 408 %%]&g%(?ﬁsfg% ro%%gnd sends
an H-AR@ tNAGKrkosAl i¢psonfndess thrQfailedr packstskaobeen
transSnitBOr tRe WU&IRRER Nihbed If deliGnbrfiiRAgCe! ver 324

recelves a
[0030] For asynchronous H-ARQ transmission, a timer TEgrrorindicator 1S 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 packet is successfully received before
the timer Trrrorindicator €Xpires, the timer TErrorlndicator 1S 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, thg H-ARQ receiver 324 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
-



new packet when expecting retransm ssion of the failed

packet, the H ARQ receiver 324 determ nes that an
WORMRQIMACK- t 0- ACK error occurs and sends an HER({B2006/049306

NACK-t 0- ACK error indicator unless the failed packet

has been transmtted for the maxi num nunber of

retransm ssions. [0030] For asynchronous H ARQ

transm ssion, a timer TErrorindicator is set at the

H ARQ recei ver 324 when the maxi nrum nunber of

reaffitd B0 Th gy BE-ARpHOSH SEIENRE RAGHIR TNy tme for
theatacktebpi%aﬂew)l has hspi‘radl sdd/fon thetlifespasuct tissfailedypacket has
?I% ei ved before the tinmer TErrorindicator expires, the

inmer TErrorindicator is reset t o zero and the HARQ
[00BICK- t O- TA@(I'EABQ NAGKeta-ACK ermot 1rgﬁdfm;bﬂt1£ dent ffirdiethe H-

A AR S e AR RS B8 B b BB W¥crc o

ACK)QKusmmptthk&/gKtthéde&RQrtraﬁélmdgm%m .NThe HHAR@NACK-to-
t

AcK, 60 indieetds A5 Asfidiftea S5t %, BRHsCPARARY, arcerp and o

parﬁté}(a;?bﬁd?:é ime thne ﬂﬂ?ﬁ\?cﬁ;&?m@s :rgmu HRARGQS NA@ICF%LJ%@K error

indRRESE Lon BT AAHR! oo 4oy TR oL o TR ptp ! Wehify the

packasIBipithe - ARQ/pdsceshie | ifespan of the failed packet

S expig ed 031] T -t 0- ACK error
m?ﬁd, cat &50 I@,A &?ﬂfl%ﬂff\#@ %%@ wEpcess i) and,the TSN
majt BRQréthanedi dihes 31fxdéd tinfing MrabavhsiipNAekwbén ﬁe@K failed
tion at the H Rgtransmtter 314,

m sinter
ra Rl (R LB R TEPPH cap b B3P0 PESoRtEt the HeA Hip AFACK-
to [QCKaéltrbﬁ uhdfcath%}pbﬁcﬁsﬁRQnﬁr&eQ@HD £4d 3 pRAdtetsSND For
th éﬁl? {@eoocesfs He H-AEQ NACK-t 0- ACK error
Areifaer idh Haons HiARQ wyogesgys.athe 3-ARQ
NA@ﬁﬂtJ -ACTK @ﬁr&'lﬁ&mbﬁﬁ' lﬂﬁ Kl sl dfferithe *ﬂ‘o‘f@@c&@ﬁ&leﬁfe packet

00 Far s chr onous the H ARQ process 1D and
Wltil ’135% rt\bﬁﬁ\ffé@f%mq&&%errox @GPPPﬂﬁ%ng
[oos® ati OrA‘H” P RRQ’\BHRGI@QOIAQBKe%rMIa%m&%P I—Pmtt hEay be

error report can be used t o0 associate

indapendest of ke dAJFQ opgratienyr Thistin a&hlemes&m iﬁD@e@S ghe process
iderd3€) &f %@H@d) Jﬂ\l +irhe roﬁ%é@'%)h@entﬁ{fy f&%ﬁoﬁ%ﬁn@ Qe'the Aeceived

synchronous processes
error. Alternatively, the ARQ NACK—to-ACK error mdlcator may be sent as

a physical layer signal at a fixed time offset after the receptmn 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-to-ACK error indicator may
be used to send NACK-to-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-to-ACK error indicator may have its own CRC
to ensure reliable transmission. This allows MAC or RLC layer signaling for

-8-



NACK-t 0- ACK error indicator may be sent after tinme t
of receiving the packet wwth a TSN n for which the
WORGROTO8ACK error happened. [0033] An H ARQ PCT/US2006/049306

NACK-t 0- ACK error indicator packet nmay be independent

of the H ARQ operation. This is achi eved by sending

the process identity (if needed) and tine offset to
identify reception time of the received error.
Alternatively, the H ARQ NACK-to- ACK error indicator

H-ABY_RACRND-REKE RS ifidtbatia) o rd| HARG! NAKASACK Brror

reception e recelved error
indisatdrapackef porgzbe treatendt elthh!aﬁt UréRehekaRQieyebe sent

(0054711 | 288G BAAAE T ik SIS ThERE! reblihe' @ shB1ARQ NACK-

receiver ave
tO-A(éHLﬁrum cx;dicdnf@a'ktl(ecHC)\R@tt‘ammlt-ﬂeAWNA@K stendei(AﬂK ®o the

|r§§‘%llgélh §§¥ 6&% eve ? p ac %@IACE%H%I, %ﬁgﬁ—&kﬁ@wdly send
the I\[tI@KRQ) -Maketo-ACK mitrmatmdlkcamt oautil a’;}fje/ LI?HA?_{Q! Beddivair(Q324
o LB B U A PR TR b B

[003@™Ey hav aﬁdman\amfgeﬂm B1-ARCY NA CEHioahCK éxfran $Iﬁﬂ135ﬂ0@ at step

108 (b ARk nfbionii, Bt Fo AR AT RAGE BoHRARQ lovel

by w@traismhittingaherfajlad bebkétﬂynlb% em@ﬁiaeﬂnmnﬁ Retranbmissi Aimit

s ety B PP BRe He TR NABR? SRUReR RRAF the fifespin of

theifailed aparket e EpdRAQ (stap SIT2).1 GI‘he"r HLAM tp@Rsmtber ¥4 tmay

senil g gL NNB G Elighfraat iEBr 41810 thsksbeniatikd msckekcan

be mwérealfmw QﬁMQueiAéﬂ (stdif4r&)AFi@réfe§eﬂy,eme31&§AR &laﬁ&@ﬁmtter
rom . tr mtter or radi,o
314f%.ﬁ11%§ heplgsal ﬁ%cﬁfs ﬁ&eﬁén@aw@lﬁimﬁé? etk it theymaximum
nurbé106f Ftdhkathidsions HdsChechOfbachb®, fHeARRxIhaRS Hb]&&e%‘sr Pk for
tries,t o recover the_error at an H ARQ | evel

transzpisgioan Pt thadailad nagkekdap piredsmrethe M@mpﬁm failed
packggﬁgg}%@éd on limt has reached, the maxi num delivery
time has expired, and/or the Ilfesi)an of the failed
1

[003fcket Hmdbemsiaretrt ypep suacepsiut Helivenres a pasiset the H-ARQ
rece;igélxi oy s%ﬁl;ag &n IA?@KI tg’;ﬁg(ﬁgggtd ReadRRitdr 288N thP FRARQ
transmitter 314 sends a locaf) ACK to the ARQ transmitter 312. In accordance
with the present 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 Trecoverysyne (for synchronous H-ARQ transmission)
or Trecoveryasynec (for asynchronous H-ARQ transmission);

2) receipt of a new H-ARQ packet with a sequence number which

is higher than the sequence number of the failed packet by Wxarg;

-9.



be recovered at an ARQ | evel (step 414). Preferably,

the HARQ transmtter 314 sends the local NACK t o the
WORQ7OTEBSNi tter 312 only if the maxi mum nunmbePCD1S2006/049306

retransm ssi ons has been reached, the maxi num delivery

time for transm ssion of the fail ed packet has

expired, or the |ifespan of the failed packet has

expired. [0038] In the prior art, upon successful

delivery of a packet, the H ARQ receiver 324 sends an

P S O o SR ot i

PaCketansrritter 312. In accordance with the present
invent| ans tter, 314 may or may not

send a aélr%é%nt PR tter 312 in such
situati 5hexﬁlﬁﬁ)ﬂ&]1 oAtheahfespm bfithd fudled pieRetNACK- t 0- ACK

t st 408, the H
OO, TE8E 588, Bp A i, ST G v
recatoars32bsends ai loeal NACKI toethepARKE tecirare32d (&ﬂey 438) O'épon

recdffignrdtthe 1o AGES shp S o iR septia riakigreport to

the ARQ $ramshitter 312 IRfkecueertherfailéd packetyRedy @2@).131‘1&& ARPping
venk A SHARROBDL St £ 2B By K rengBl et e e -

ARQueisvero$24 iealilaith ederafyltbl ABQ WHFfE@hA} nbea@tu B@rédaeered

Xi mu u [ et ransm ons of .the f
0045 ot i REG Bntfeg Ao i it apsrpittet #13, mag, he wmptied
afte@ X‘Bd:d’l@i&igqihe@tatﬁkﬁéﬁoi‘e{iﬁﬂﬂthg ARQerdcaivie? 3222l status report
f (L’g ffgb hf a Ieast one of ng foregoLng condi ti ons
or Lhe fedledi pRe tA?i(? PiRse the Aniprmatigng abgut swspesgfidly regpived
packéte. ARGFHAASFIR! thP ARCH beuRiver322 HRONSIRE 8 RithAR RpotSfter
|.ocal tl\ll\lAsox'f the ARQ recei ver 322 may send a status

receiging, JeEuliRe) PF‘élFF‘é?n pressfully; oy pgpizglipnt gk a timer.

Altérahtiody) 36K Q&R rﬁﬁsﬂﬁﬂér 31D endPRBIINGLEREE ?&eﬁfér’bﬁ@ after
PDU and an s not relevant as |long as th

transmpitying dbe \l@‘rt B%JSeF dn Abe buffer, {Thermepsqn forep ks recover
I‘Eyhﬁbmﬂ 8RE NACK- aﬁA@i@ %‘fFJrth ahoﬁérAhQTi@,ed\FiQr RUETIGEL Bheket.

ARQ transmtter ¥ nptied
Setting the “Poll bit for the last packe is a. conﬁgurable parameter for a 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 314 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-



after receiving the status report fromthe ARQ
recei ver 322. The status report for the fail ed packet
w@oowarss t he i nformati on about successful |y reCEUS®A6/049306

packets. Alternatively, the ARQ receiver 322 may send
a status report after receiving N consecutive packets
successfully or expiration of a tinmer. Alternatively,
the ARQtransmtter 312 may poll the ARQ receiver 322
after transmtting the |ast packet in the buffer. The

tra.tkﬁ%%?{bﬂc %&&2&({ %157@%% %g% P&l&%&gi\ﬂg (m%ﬁ% JXH {r{?%g]ti'glssm1531on A
nulb pekle¢t. oyt inchyles entid| infdrniaticor (itdiend a;aquaibk eThe iH-ARQ
trax@sr%&gélj ¥4 %Ibgnesngﬁg % t11%111 0l etraﬂgézlcagéilg O42§ A&Q ACK

recovery
for tha\RGt dfanspnd@t ons:heaHstﬁQl mansmmdshom gokeé. (Dm:la the H-ARQ

k3 SRS e Bt 2 STy PR R gion

of the dasind stz pm:keﬂ: atshceeﬁ pectibel nydh pkeketni Ih at tha I-ATQ keteiver,

i cat i n ensu es ear recave f.the.l os
the 138 SRS TR0 FiccRBautly rB0Svet Ynd theelors BRGH Wos pont
in lteepmifseasorthﬂ ﬂamsﬁadhc lanid thetthnkh\ﬁﬁ(hﬁmbéﬁﬁf tria@kmidsions was

upon, I e the |aI pac .rhe. response cket,
not R e oo ntigg TOReont) BiRehet il By tBgan ARG receiver
324 o et &dti theg NA@K—&SACISMoecel ved. Alternatively, the

| SSPonse, ket y usi n H ARQ err
0043 ot T FADRBI R o ARG e er G e b8 SVIRY, o
bast htatiohldr ﬁaﬁloe]her hetdalk éntigy fdtal WG IYMA,NCOMAR000 @r long
ter%ie%%iﬁteéx??l{@#g Pﬁ tﬁg@? gvegné?%?%h nsu}ilfslﬁe]ta:] a’%ﬁ | 19121ur(ri%s but
is HdtARGQktedBNA S oRiBMenE (UEDLVQ kBoBilte steors; NE Eke@Nort ARbile

previ ous, transm ssi A nuI packet onl y i ncl udes

SubSERPIRIit? BRRED (7P lap telephpnes | Rexgynaldata gsgptant (PDA),

a corhphtel] bt 8hy 38¥er )?%Sdf'ds%r 1BGicBhbaR U Vperidiff in a wireless
CK for the | ast data packet in

regm&tl on of an

envigoRmeniR) Rasgrneation; d H"l&é@% @uteﬁcr@ttlh@lﬁqquar@eéq% [a site

conBrdfiel € h¥QSs ot br PR btler tyPE oFiRRAcREEHY e %g% wireless
confi rms reception of the |aSt data packet as well as

envinoBmanRtt packet. If, at the H ARQ receiver, the Iast

[oopgicket \mﬁb(;lﬁinegﬂgcessful ly received and therefore a
NACK was sent in response to the |ast packet and the

[0048Ixi numlnunbér regthodafornimplespenting H-ARQ-assisted ARQ in a
wireless communication system including a transmitter 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-t0o-ACK error occurs.
{0048] 3. The method of embodiment 2 comprising the step of the H-

ARQ receiver sending an H-ARQ NACK-t0-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 tirhe for deiivery of the failed packet has expired or a

lifespan of the failed packet has expired.
-11-



not reached, the reception of the null packet wll

all ow the H ARQ receiver 324 to detect the
WONAOROTO8ACKer ror. [0044] The transmitter 310 B US1966/049306

receiver 320 may be a WIRU, a base station or any

ot her network entity in a WCDVA, CDMA2000 or long term

evolution (LTE) of a third generation (3G system

"WIRU" includes but is not limted to a user equi prment

(UE), a nobile station, a fixed or nobile subscriber

[oo4di t. a @agegAe%gﬁloh%n L&) Smesmbe%igg&gtg nak gﬁ%geé}l the

assi stant (PDA), a conputer,” or any ot pe ©
H-ARQINACKab: efrop pedigatargs iagseriafiedevidh arcHvARGhpereess ID

g . o0 . Rcl IS limted to a
andl\ﬁ%zgél,%&g}a&ﬁ%eadc%%tggﬁgﬁ%&gﬁéﬁt@%ss poi nt or any
[00%flher type offbernettodcofirgmbiedinganti 4 veheveirelths $3I-ARQ NACK-

o K B R BIP BAR, OEE) 1 T i

sequencrummber ofitley/failethpacketidi ng a transmitter and a
ceiver, thgstransm.tter ineludin H: A
[Oo%ﬁansm & er g‘rlf %ﬁ%ﬁ?‘%ﬁ%‘%ﬁ‘?‘é‘rg ‘?}Eeeref'%gﬁg? yEARQ NACK-
to-AQ@Kl erkongingicadtoARS) sent ewithy aafided rtiiReY roffset Weith respect to
00471 2...1h ho f enbodi nent 1 conprising the

tr s?rg‘bsslﬁn %fntﬁﬁzﬁ@‘i g@‘glf er determ ning whet her an H ARQ
[00BZCK- t 0-7TACKe Ther metised ais fDAAH] ofSthel bmbadikedts08-6, wherein

enmbodi ne 2 CO i.Si h ep of. the HARQ, recei ver,
e %‘*“ﬁ%@%&i&%ﬁ%@% B iR 6 anmEiosion of
the fad&Dph cleoturetihdepaldent.an H ARQ NACK-t o- ACKer r or

curs unl ess,t he nunber. of retransmnjssions qQf _a .
00%3) | ed Facket PRdRe gbc"}?e’d‘ oy G PR Pt R L, herein the
H-AR@I NACK-8RACHKI biolr fRdicatordie| sevit kria 8t 1dak€ ohaiof hysical layer

. cket xpired or a ljfespan. of the failed packet
W‘?@%"%M%ﬁ’@%ﬁ&ﬁn in ARt laxerisignalipgs ¢« he
[ooBgibodi MmNt s Thd, metiesial #ohank ARBNHkol AN ALK BIE) I'wherein

i ndi cator is, associated with an_H Al rocess |ID and
m"%g‘%f’% Paskek it transpytted, ro ?%ﬁ‘g%g% transppjtsy) tosthe H-
ARQNR:ceRlel imRiitapebasynad tHe RMARQI NATIE 1410 éilé&Ki&gcator

CK error indicator includes the H A rocess | D an
mdéa{;qsaﬁ%QSNMK-to—ACK errors of more thanR(()gng packet.

[0055] 10. The method as in any of the embodiments 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-t0-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-t0-ACK error indicator.

[0058] 13. The method of embodiment 12, wherein the H-ARQ
receiver sends the H-ARQ NACK-t0-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-



sequence nunber of the failed packet. [0051] 6. The
nmet hod of enbodi nent 4, wherein the H ARQ NACKt o- ACK
we@eeoon7908%li cator is sent with a fixed timng oPEBHES2006/049306

with respect to transm ssion of the failed packet.

[0052] 7. The nethod as in any of the enbodi nents 3-6,
wherein transm ssion of the H ARQ NACK-t o- ACKerr or

i ndi cator and transm ssion of the failed packet are

i ndependent. [0053] 8. The nethod as in any of the

ggybodi ts ' mAASIELY i Fi Qe ALKer 1 or .
[OOI ndi ca?g?l' [ s%génrtn Vi ge %%] te%?ﬁ Qﬁrige ou%l %éwd?/%egaﬁ %I‘%])evlyherem
the i\ RRinegeiver M€l thecH-ARGWNAGH-taACKrerRuGridigator if the H-

[ ' . 0054 N d [ of the .
ARG AR EE Bpecntfh b potEe T 00 nlinel R 00 ool posigned for
the ffrided packetdnsteatof netranfiRi3siomotithd fagledtpackéle HARQ

cei ver, Si t anequsl v and._t he Al CK-10- .
[OOée(rﬁr or i naf cafef PRHiELFen R&fm%}%%%@ﬁ@ﬁg% égsi’ gyherein
the AR Qh@neivae spatkidte. HFABRGENATK-tdeC Kairbadiriicdtor ahghe H-

f_the enbodi nents, 3- erein the H A e ae e .
ARQ rekbiSsF ABRLPRETBiva, R e Pagki atil A Sporiingicaien timer
exp[1@858e giror Thdicativhddmas bieing syt athehh® NAOEisn&RitSto the H-
ARté'tlo V\Irkgrei n the H ARQ NACK-to-ACK error indicator is

eﬁ%’??ﬁ% enr)y one of the H ARQ receiver and an ARQ
[006Hcei vens. [ 00hé] méthodThe iAEhhpbfahel EmBOFin®dntsN® 15, further

enbodi nents 3-11, r r conprisi t he step of .fhe
conf gy Tha stan gt FLARA HarstRlar Yol hotens pingips brilsascket
L e e T bless W6 Sy
. e net ho e olrrent Z, erelnte.
retJﬁpﬁxﬁt‘gL?‘%é%%ﬁ‘%Semh? cthe. wmdéavwl@@r%s expired or
the ilifekieat ?:rtlhre&aﬂad p_dékétilfastéi@iﬁdfaRQ rﬁceik:/eAkQ dﬁlisC’ZK not
ccess y, receiye the for the -to-
100 err &ﬂ'i ndi @Xmsr?g em nf 1 fyrtheiempriging thegtep

of thé INAR( tAInsHieter 28 dcBE RACK 4288 AT ¢ itter if th
fail [(%59] 14. Then% as in any of.% Tansmitier it the

maEFNYY; TesFARsTssion ipid asrearhed; tromaxiviupe deligerystiniehas
expite@R MCHbGHCKE §he FhilbA Pl hdsl edfifed AR that the failed
packet is recovered at an ARQ level.

[00863] 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-
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receiver receives a new packet via the same H ARQ
process assigned for the fail ed packet instead of
WO edoran®ss ssi on of the failed packet. [0060] I1BCT/TkI06/049306
met hod as in any of the enbodi nents 3-14, wherein the
H ARQ recei ver sends the H ARQ NACK-to- ACK error
indicator if the HARQ recei ver does not receive the
fail ed packet until an error indication tinmer expires,
the error indication timer being set when a NACK is
e t HARQ,t 1 LERl ., [ d
AR e B e poham S olihed ol TR ¢ o
sequengs wimbge of ther@iled packét hea predetgnovined hnmbehe

[OO(E'J?’}i l ed @g?ketl‘hlé%éthmh%? e&%ddﬂeﬂ@%&ehﬂtﬁexs&%gfﬁg'f lél tlh\é step
delivered unless the maxi numretransm ssion ML Chas
of theadiRQ, rechivenssending delstatesyrdapont thathee YRQ etraosmtitter for

j . 1 |l ed packet has expired. [0062] 17.
rec#ﬁéﬁﬁgﬁg%g&%ﬁdkga%%i ment 16, further conprising the
[0068lep of 28he HhaRQethahssiint any af dbiengmbodimsaits N\2E, figrther

the.ARQ tr. htter. i f the nmaxinmu nsp SSi . .
comufsink the TAHR 58k sonpR R NACK B e RBE recetver ir
the A RQdrereivereddesf metpratedfe thye fiidéd eackeickatil the number of

expired, so.that .the failed packet i s recovered at.an.. .
retrRBiEns Of busbyilelpackit Fradhis o tna i FUGRE P sicH timmit
for @nbfadliedanicke®- 17, further conprising the step of the

ARQ regei ver setti a_r.ecover i per, when the H
100691 0% e Po o n e RE O ASEPIRERRERY A BFEBF HOPHSIng the Step
of hROARQ hivceiVee senidingl aoktatob oriptet ttolthe ARR I Hangmiitier for

ste t pe A ecei ver sending a |local NACK to the
rec%ﬁéer“gbé‘?gaé}e 'Ra%gﬁé H ARQ recei ver does not receive
[00Tdle fai ked pamleemebﬁfcpafe ihﬂﬁn% e iher é’mbb?iﬁﬁexﬁ:ém-ﬂﬂ,s further

0065 0. . The t enpodi nent 19, r
coniggtanK LA GHUmE D SR FESRRO FoAuE, ot NRRE to the ARG
recéiz&t ?ﬁ_tlhe IOHKARBO réd%%egg@fésf %as mﬁt:éi% {gm(rj féiP&P‘{ﬁEHetOE]ptil a

the faile cket . i : e nethod as in any o
mmﬂﬂéﬂ%&ﬂ&&%ﬂﬁﬁ?@%ﬁ’?@@? Eﬁ“h%e?a%&ﬁﬁﬁ’é?ﬁg the step of
[00the H ABQ r eqeile\\REthS8 M ehtholitn@se 25 NATKh&Ocdrhifri&BE the step
of the ARQ receiver sending a status report to the ARQ transmitter for

recovery of the failed packet.

[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 3-27, 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 transmittér requesting a status report from
the ARQ receiver and the ARQ receiver sending a status report to the ARQ
transmitter.

[0075] 80. The method of embodiment 29, wherein the ARQ

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



receiver if the H ARQ receiver does not receive the

failed packet until the HARQ recei ver receives a
wW@2wReT908F t h a sequence number hi gher than a sSPCUESNE6/049306

nunber of the fail ed packet by a predeterm ned nunber.

[0067] 22. The method of enbodi nent 21, further

conprising the step of the ARQ receiver sending a

status report to the ARQtransmtter for recovery of

the failed packet. [0068] 23. The nethod as in any of

(00&)°_embagi TS Fidoq LTS, I ShEGaLNEH 8B further

recei ver sending a receiver i
commssmg ARG stew of the HHARN mrﬁmsmmmr\wmdim fhairhalll ppakétewith a

ngéc?e{. il&kﬁc 5';9 Ghtel sen(% a{& §§C]Q&S-m0§ b f ail ed

rea esamaxrru nsSni ssi on mt for the
[007di | ed BackefThe[metiald Qﬂemﬁhémmmn @&npnbmgl thergte@ 3f the

f
YL A -
theﬂwme&kyt[ﬁeﬂd\&edéxylt&dsp&dkphcke{tﬂO?O] 25. The met hod

0070 o1 ofor e RERRY PLELADE O ARG S A IR Herein

thetshmmﬁ@keedea\mﬂl tramshdiesibh ARQ r ecei ver does not

0ofP°, 1o ! S REESE L J0b 4 SRR pperin

themesatieab thobatilnpatke3s tlfaﬂshiietfed(li}ﬂ@imglthg HARQ NACK-to-

f the receiver sending a status report to the ARQ
e&ﬁ%rn’r'{%ﬂ% %For recovery of the failed packet. [0072]

[0082(7] The 35et hmeame'mbchay iAf adyhof ¢Hd eahliRIinends 3634, wherein

oo OB A0 B S AR SR i

delivepy oflef padkdicand wmspah $rRs kﬁ&eﬁ 6 apafiguked bly04d C3htral
8 The thod as in any of the enbodi nents 3-27,

congrolling, rising the step of the ARQ receiver

[oosgndl ngse St gthiéSe8RGY lof Vi HoBniend! 355, WhRBRLihi tHe bhifheters
29. The nethod as in any of the

Eréres 07%
a‘"’é’ﬁJ @?Wéin‘f’g‘e% gt W‘ﬁ@n"%@ﬁ%ﬁ sing the step of the
[00491Q t r aByNi t tifle FRAKES ok NN Fodihitind S38,eRBkteih Y parameters

are 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.

{0085] 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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the ARQ receiver and the ARQ receiver sending a status

report to the ARQtransmtter. [0075] 30. The nethod
wo@Rooenoss nent 29, wherein the ARQ transni tterPCEUS®E4/649306

the status report after transmtting a | ast

packet.[0076] 31. The nethod as in any of the

enbodi nents 3-30, further conprising the step of the

H ARQ transmtter sending a small packet with a | ast

packet indication after sending a |ast packet in a

ooHf fer. 5007’; eggyst-gﬁf &Eteﬁgfgg%eﬁgb@' %ﬁqga receiver

corrprl Si ng the st €ep o recel ver
includingar d-ARQ receiver And a0kARQ mven@b tlm Heé&@s rgce@fer being

sendhan terrar an ort carasm ransmltter
unl%s%oggol x\?ﬁm};gpe ét!}ggsr%%ssﬁg]nst 0¥ Offa}lg ackggs feached a

response the sna
mamnauamatraarsmrﬁsm Hnit, he nsammﬁma tﬁor Aaivaryr of the failed

i i cator.. J0080]. 35. T, th S ,i,N an .of, the
packfithfPblived 0% fireshitin di TR Badies s Rifda, . 07
[0088]t r ansdBssi Thel systém bhembadimtmm t4|2naoxﬁpr1sii@ averanstfitter

| ifespan of a conflgured by
incfaBgE ROt SR8 400 o5 RROSEpSEEEIL' 9ol PC O
[00&9ibodi miat 3Thewystan st iiﬁaﬁﬁroﬁlfhé @mbaﬁmmmfmm, adherein

tho P RRE AAER MK, i Aol Sipin eapisteg Wi e Hharg

process IDgati e theafailedepkat bt the H-ABQ/tIﬁﬁsnilﬁ@ﬁ3] 38. The

t hod in_any of the enbodl 5-37, re
0o 0o 8 SR lem i AP R LG b ERe A5 Hh Wheein
the TENRQ e{mﬂK-ﬂf-A@I@aﬁb@tmd{c 2E534hclies The HRAH® prasesk 1D and

any of .the enbodi msné%'fo &gfrel n the maxi num

a trapgmission SegusRCe MR Pagefngi cat ed by

[oogdenti fygng @‘h@%&%hé‘xﬁ'@h.dv&&yfdf(m’e apsdinieRds \Wtdb, avherein

spe maxi mum retransm ssion |limt
the I?[ Al!t I%ACK—to-ACK error indicator is sent Wlth a fixed timing offset

with respect to transmission of the failed packet.

[0092] 47. The system as in any of the embodiments 42-46, wherein
transmission of the H-ARQ NACK-to-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-to-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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in an associated control signaling for the first

transm ssion. [0085] 40. The nethod as in any of the
wepdotieent s 3- 38, wherein the maxi num r et r ansPCEERIN6/049306

limt of a packet is explicitly indicated in an

associ ated control signaling for the first

transm ssion. [0086] 41. A wirel ess conmunicati on

system for inplenmenting HARQ assisted ARQ [ 0087] 42.

The system of enbodi nent 41 conprising a receiver

[oooeic! udi B3, anTHeAlYREACA] ¥ hand Ul 1h8 &B&d&@tngsé h\%herem
theaﬁéﬁ%lrecm ver being configured to determ ne wheth

ROAATHe- A A Gtrey ingicyloe if genapted hy epe of AhQH -ARQ

recmg(a_ﬁ@-aﬁ%@{e@éwbpdl cator to an HARQ transmtter
| ess the nunber of retransm ssions of a failed

[OOBHcket Ras r &kehostemnesimany reftthersmbediments i43-51, wherein
thenﬁmr@rﬁhéﬁltft@f 1sd@$ §.¥r3éd°cfo deh@ {2l tgatﬁﬁeﬁ -ARY receiver

expi red or the failed packet

up%(mcfemﬂ of E@@éﬁm AI(PK toyACKmrodr iodiradprent 42
[00§8"PT | Si5Ag a'r‘hr a%ﬁ&%% £ | SfbyGnilht! F%OE%R%E“ fhe H-ARQ

transmtter transmtter.
recglysx eemdssthen HaA%Q)N AQK-ordCHi emanrt sndipath? rephatediy unkid the

C
H-ARQIS M shoce iyl Falen B AP fof R IAROM AN o oK
errmrmqbrmtot er. [0090] 45. The systemas in any of the
Odl ts - 4 e[ el e A -1Q- reor .
(00SFE0C TR S e e tCke o o) or T Bl A5 £ LRbrein
thet HeARQ) reseivar se!qdzeﬁw}hAMNAﬂiKttbeMﬂKj drecr patikstor if the H-
0] . 6 The system odi nent s
AR e Recelli% SHEWEPAAe o BAY s fie HAREAOLIR MR iemed for
theifgiled packettinsteafli of edtransinigsiof b tie faiiled paekpect to
nsm ssi on fth fail ed pac . [0092] 47. .
{Ooif@t em as in SRR ghﬁ'g‘ i@%’?siﬁgg‘ﬁfﬁe% é&é%‘f wherein
thetHaKBQi 1e8¢i0ar eéndsl'lﬁhé-HARQQ\MGK&omr dro6r Indicatat of the H-
nd tr an m ssi on of I ed cket., are i ndependent
ARA eSSl A0S R B e tord e RO UL 26 Bt B Aon timer
expirtsdthe WA dndidabiontiARR W’Sbﬂ“ﬂ@ﬁ & NACK ds&att & the H-

nt . vi I n f physi I
bstrggsrgnttera at | east one of physica

[00101] 56. The system as 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-to-ACK error indicator and sends a local NACK to the ARQ
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| ayer signaling, a MAC layer signaling and an RLC
| ayer signaling. [0094] 49. The systemas in any of
wo b@7erdossli nent s 42- 48, wherein the H ARQ tranBOi/USBN6/049306

and the H ARQ receiver are configured to transmt and

recei ve nore than one packet sinultaneously and the

H ARQ transmtter is configured to send the H ARQ

NACK-t 0- ACK error indicator indicating HARQ

1l\_lﬁCK-to£ACKerrprs of nore than one packet. [0095] 50.

Jhe . N in ) ' t5i1dd- '
receiviE (VAo R Ls N e 01 RRPALy TRE Rilld ikl etsielthe
recovériyltimetB&pir896] 51. The systemas in any of the

odi ts 42-50, wherej = U185,
[0015‘2& cat [ sﬂbeeﬁ%srtg?aeﬂf 54331%8%%8%# ?ﬁequl-é%%ﬂ t(rillee?lgiK \(/;g ?-ééb‘iver
sen®@Hs@BudRDore cethee ARQ OOSEmiter fokecoyeyyaithe faledngeket.

of . the odj,tents 43-51 ' ;
001850 i P R dn A UEN bl 5 prein
the Eﬁg@q t%céiﬁ&g Ségrgiseigﬂbcaif NAGK Ho ARe AREKreasivreiifrther H-ARQ

i ndi cat or . ey N t i A .
ol oen habep ety B LA Bhe MR i rosgiee o
pacl@itIWithi M db@@dne mapbed bitheruitinl a sbeudncaR@mber of ghe failed

successfully recejives. the ACK for the H ARQ
PaCW%BI%@@Wﬁ%?W'EBtOL [ 0099] 54. The system as

[001:rc§(]: ginyegi. t hrghst SR tesn oA MBnt \Hoe mdiereinh the-HARR) receiver
\ sends NACK- t O- LA -
sendsna stHROPBER 9IRS ARG g e g ot (1 b8 palhet.

_ he sa
[00T0ARQ PBACESThasyheme sl or anjef the leesbqiamients #Adileguherein

of retransm ssion of_th i ac
the TRARQsrespivas SFHd%ﬁyIOSPFﬁ@b]ﬁ%’O engg{% r%geq%%olf s H-4RQ
recditér EbARRBEEVY Ehe SHISIBpAdlet AR blitita her- ARtransmissions
I ndicator if the HARQ receiver does not.

of thai fadledpersiet TaRtis B OEFITRN FIFCOTT ORI BN AZh Hfig failed
Pa"fégﬁt e{ (r)oI hlenlo—lllAcatlton timer being set when a NACK is
[00X@8li n aMp. of Tbﬁ%ﬁ%iﬁ%@%ﬁé&%ﬁé&hﬁgﬁgﬁgﬁe Sgﬁéel@ceiver
sen%lé I%P%g{&stac g%@t}d\;’ BASARGStrhhemiibd R rhasieey ofithe failedepacket.
{00109} 64. The system as in any of the embodiments 42-63, 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 embodiments 42-66, wherein
the ARQ receiver sends a status report when a statﬁs reporting timer expires.
[00113] 68. The system as in any of the embodiments 43-67, wherein
the ARQ transmitter requgsts a status report from the ARQ receiver and the

ARQ receiver sends a status report to the ARQ transmitter.
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successfully delivered unless the nmaxi mum

retransmssion [imt has reached, the maxi num delivery
wao pove/ormss expi red or the |ifespan of the fail eBCPHS}06/049306

has expired. [00102] 57. The systemas in any of the

enbodi nents 43-56, wherein the HARQ transmtter sends

a local NACK to the ARQtransmitter if the maxi mum

retransm ssion limt has reached, the maxi num delivery

time has expired or the |ifespan of the fail ed packet

expiaged, he ¢f etagl S er at
oo B “ﬁoo#%%ﬁlﬁsé’f TeuRBREE " o8, © WIS B Thra
trangmidtenrequeststhe statysaepprt after tmam@trtm 1@*; maeket. a

ver yat i | t .
[001% )? Q(ng‘rilf}(v)g}’gl rfgp%aﬁ)éﬁg ecglgn S a oca %A?‘gj‘? oo

thetﬂéﬁ%m@mmerusendh@ smaOpacketi with dolest rlmk:kebd:mdivetion

), R 8 i G000 S s o
respR@e rtectélie\ﬂsna]i padseta whieathys a regovery b thd basbRQcket is ensured

Qigﬂ for recovery of the failed packet. [00105]
byt&ﬁ% e ys? émas in any of the enbodi ments 42-59,

[0016r ei n Tithe MhARPstexc ef earbodimdst 720 wheateinlARK shall packet is
if the H ARQ recei ver does not receive

@E&g recei ver
an TR Eg°p: packet until the H ARQ receiver receives a
[00EAd ket Vi2t h a‘hsmsmmasﬁmmroﬂﬂhgmbddiﬂrenas gequekdferein a

nunber the.fail e ket redet erm unbe
res iRl Hhe SR Bagit R G Simibed 1B 555G Ui, BEBRA RPACK to-
ACKB@GMMbrsends a st at us report to the ARQ
nsm overy. of th ai I ack 0107]
00 d{5 L 7oL TR S o pn (G tht o mests 2265, Whdrein
parﬂﬁﬁt@sn foheatH AR 61¢ ij\/ elie seastman Q‘éﬁlaﬂgﬁﬁgsﬁ)ﬁ_ Ilﬂﬁt, the
?el vefr ‘ieé i he cei ver oe?seénot receive
SRGET Ve@m? at HackRtn BB Bf {esprm s bRgRe are

conﬂéui-éﬂi‘b)f' alcbﬁ&awasﬂsﬁbmn@a@dt .@ maxi mum retransni ssi on
[00108] 63. .The system of

r th fal | ed t
[00 od| 4t oFhegystezm ﬂf‘ ?wzwwr#e%%.w@res@ﬁh%par%maﬁeag are
conﬁg@wdwhentth@r&%@éﬂ@%ﬁb&ter for recovery of the

ed packet
[0012a0] p7
configured at the start of a service.
[00121] 76. The system as in any of the embodiments 73-75, wherein

The system of embodiment 73, wherein the parameters are

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.

i

-19-



[00109] 64. The systemas in any of the enbodi nents
42-63, wherein the H ARQ receiver sends a | ocal NACK
WO 2000/08908RQ recei ver if the H ARQ recei ver doeBCTIU82006/049306
receive the failed packet until a maximumtine for
delivery of the failed packet expires. [00110] 65. The
system of enbodi nent 64, wherein the ARQ receiver
sends a status report to the ARQ transnmitter for
recovery of the failed packet. [00111] 66. The system
in a of e | N : rej
00 B o endieg "Srafik O hHbdunn: 108" Shiletful i ARQ
recqivercind andigkB@aeeeivemed nunber of packets

cessyl | ym].0 LB 7 ' the
mm?eérfggodi rrfggt S B‘Le 6%%‘}1%\%% eqfnzgﬁ’g%gﬁgnegéi %@F ?%%ngsea@me
recaiver is configurtediiedetaratine wchatben ani HgARMBIAGKHiorACGK error

0113] SHshe in h odi ment s
ocol ! e SRR ASUE LK Bhrck APRS' &F b p-aRQ
transapidtdr Gnless tatdeAR(Qpue of thve followinghlkas\Begureedi ther number of
sends_a st at.us .r rt he ARQ transmtter.[00114] . .
rersg§RindoRt & 5 AT rhckt AT BB & o apgane ission
limitty ansraxitoem rtégecbt sleliverys bfithe fhipdrpackbt das expired and a

o fransgtti a | ast, packet.. [00115] 70. The system as
llfe%pﬁnanf;@hgffaﬂ%gpg %tol?%e‘?ﬁpére&- 69, wherein the H ARQ
[00127nsm BRer Thedseceisdralof pmbkdiment 81 Wwiereipadket H-ARQ

i\ndj caty.on aft.er. sendi ng a. l,ast .pack jn-.a buff an
NGRS AR Pt Rbich il o Astiatad BB 54 tutrse 1D 24 the
failphplieltet athhediVARQHeRoetterof t he | ast packet is
ured_hy t smal I, packet . 0116 . _The syste f
oofoungh; AbetRare hochaen &% phete, the ARG
NACIn%tmam i @fror| Mklli&a\'/t%]or 7inclddes Sthet GNARQI Tj)rx]'aféssolﬁ})t hehd a
enbodj nents 70-71, erein response to the snma
transIIssion SCRiene AHNBER o (e, Eieg RATESh AR NACK. t 0-
[00¥¥SHer r og4i nd:fmﬁt:&&eizgﬁ g% 1&%}3& tﬂéeeﬁhﬁdi?ﬁr&é‘ fSlEB3% ?;Vherein
t i men -72, .wherein paraneters for. a
the &éﬁ%‘?&oﬁg@g‘q’h@ﬁﬁfﬂﬁ tRdicrtoz s gend; b 2 fj¥ed tipung offset
witH RS g8t b¥ihsheibsion lof VISd tailell phckegket and a |ifespan

of a packet are . . .
[00130] 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-to-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-to-ACK error indicator indicating
H-ARQ NACK-to-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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configured by a central controlling entity. [00119]
74. The system of enbodi nent 73, wherein the
w@200a0et0eF s are configured when the receiver i|iBCHUS1006049306

[00120] 75. The system of enbodi nent 73, wherein the
paranmeters are configured at the start of a service.
[00121] 76. The systemas in any of the enbodi nents
73-75; wherein the paraneters are configured

dynam cal | y depending on QoS requirement of a packet.

[00 29& 12 2] 7 t!i?éél%@%@%n i h%f eﬁlﬂgdgﬂ?n %‘EE @# ‘wherein

2- 76, erein maxi num r transm SSI on
the ﬁé{ﬂ&é@ NAGKto-¢diBderbyr indlicatpf ys ggnerated thycomeof m&:H ARQ

rec%EiJvaV\’?ﬁ‘&iﬁgAﬁégecentzh a specific maxi mumretransmn ssion

n an s6¢iated control signaling for the first
{00138 nsm §8i on Th[e&&i:é@}ar 38 Jnﬂmr ofyidiccembedinierts 81089, ikerein

N N LT TR T,

repesiedlyi anadi the rH{ARanegeméxr sgccessfullyerdeeivel an ACK for the H-

r 1 SSI 00124] A receiver for inplenenting
ARQISRER A shrRcnt

6&)}5] 80. -The receiver of
[00E38jodi moat 7 Theorpeiver A iAmnsRY thRca@nbedindéiits B1-90,Akerein

e G5 Yook OPB300s Pl RS AR RO e 1

AR@het&iobr aébe&w%%nw%dk@t Agémﬁ E&’heCHQ%RQ ﬁﬂdeéi@[é@lgﬂféd for
or 1 ndi Cat
the fo i pcal ingiages Tehapemiei e the SHBARARE ng has

[oogxurred2.th @h@m@weﬂﬁs fiﬁtd’xﬁm&sérﬁﬁﬁdﬂﬁexﬁs f83.L| 91% dwherem
transni ssi on

the AT REeES PoPn DehJeoNAGH b oot asicniat i the -

ARQ4RLEOEr A6k Aot FdceEfRAheThilbd PablRdt @GkiPAS leBFori@dication timer
expired. [00127] 82 .The receiver of enbodi ment

81,
expifiesr Bith ePIRE 1ndigRbioRAdRET bemerh pihen i NALE, Is sent to the H-

ARQSp264Bitgek. W th an H ARQ process |ID and the failed
[Oof:géket at the HARQ transmtter, [00128] 83. The

ei veP3of ARSHELHNAT agin apyeicihe embogi 81-92, wherein

the H-ARQ receiver sets a recovery timer when the H-ARQ receiver sends the
H-ARQ NACK-to-ACK error indicator 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
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NACK-t 0- ACK error indicator includes the H ARQ process

I D and a transm ssion sequence nunber of the failed
wpamker8i 00129] 84. The receiver as in any ofPCTES2006/049306

enbodi nents 81-83, wherein the H ARQ NACK-to0- ACK error

indicator is sent with a fixed timng offset with

respect to transm ssion of the failed packet. [00130]

85. The receiver as in any of the enbodi nents 81-84,

wherein transm ssion of the H ARQ NACK-t o- ACKerr or

of e’h@ 'a%hg;sac@rag bR h SR Rn R FASahahltshP Mﬁtfo@&ﬁe failed

epen [00131] 86. The recelver as I n any of
' Packﬁbodl nents 81-85, wherein the H-ARQ NACK- t 0- ACK - error

| .
0L o 97 STkl 3 b o208, Gon MG A 8 i
theng‘hBQl rRgeived Ge3dk aBTOcaTH‘éACKcm ke ARQireceiver of thad-ARQ
rec& x? ﬂbg@ﬁ{,ﬁ ¥e§:¥1‘%6the\/\‘ﬁqfeﬁl 1@1 ?(E? uﬂfﬁ‘% P}/ne 'i;m56°’ for delivery

Ured to recelve nore than one pac
oftbeMQChD@MIeypand send the H ARQ NACK-t o- ACKerr or

{ heli cat in n 0- ACKekr s or
[Ooﬁ}gn onggpacékybt 6%f C:Kf:eéhree Iglk‘évcér %Stsogril gﬂng?rem
thetAlRQarebexdermem&s Sbt&hs mbertehorthbh@RQ— ARGsmitter for recovery of

% %Kerror indicator is sent along with a

TB ‘ikf] 89. The receiver as in any of the
[Oomeﬁodl M9t s Thelfdceivler msiin aﬂyeoﬁm%inuéﬂ}ﬁaéntsm&rwhérein
ator._i s _geperate rece
thel AR Re¥ipas el bor S0 ¥eolT Bhet Hhs  ARERbERTYL Fopives
predet;emﬁnéd]ﬁuﬁiﬂmdiﬂpankets&he%sﬁﬂber ein the H ARQ
ei ver, .sen the HA NACK— ACK

00} 55t PSS Uil FEriTeR R ot Bif o Rhen 41585, Wherein
therARQir¢esivansddds 4 statub EeMRQWstatué\%p@tmy tufner expires.

| ndi cat [Q0136] 91. The receiver any.of -t
00k Blo G raRits | Artragemifier b deinlemening HARRDHLdu AR,
[ool4n H AR@‘ZNA@'ﬁet Brafckaitter ojfkéxﬁmdiai@fht 161 tcbﬁlﬂﬂfs%QRQ an ARQ

recei v Y new cket via the same H A
traﬁ‘ﬂtté"s“sa% éﬁ%ﬂ ral?qﬁ%f?eg” ed packet instead of
[00148])r anSMOSSi TheOfranBfittat o brsdiftient [ 8Pl $Her8ih tHOH-ARQ

receiver as in an¥ of the enbodi nents _81-91, wherein
transmitter is configured to receive an H-ARQ NACK-t0o-ACK error indicator,
and at least 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-to-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
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the H ARQ recei ver sends the H ARQ NACK-to- ACK error
indicator if the HARQ recei ver does not receive the
wo 2007ehopaacket until an error indication tinmerPERPE06049306
the error indication timer being set when a NACK is
sent to the HARQ transm tter. [00138] 93. The receiver
as in any of the enbodi nents 81-92, wherein the H ARQ
receiver sets a recovery tiner when the H ARQ receiver
sends the H ARQ NACK-to0-ACK error indicator and sends

the%hgﬁﬁbm%ﬁ@nisaﬁnﬁﬁ&f ﬁ%@'r\é&éhéJ thB e kiRt 8ARIHF "time

does not receive the fail packet "before the recover

hag @fﬁefedewbtheebfespeeﬁgrfaegf@ﬂeﬂp@ck@cbm expized, sp that the fguled
packgﬁlseltgegéérgg%%nSARgﬁlevgper ein the ARQ receiver sends

a status report to t transmtter for recovery of
[001pd f ai 116d. pé(‘é#@etranF%lWO]aSQSJ anyeof sheiepabodiments glfp-106,

whngeel}]% Qﬁ@@ﬁ%ﬁ%&e@ %e?ﬁest%%%&?i&ée{eg | Hee@gd%cewer

[00183lei vel08oe T heotransaeitier of @Dﬂmd@@np atke tWhlenteth thee ARQ
tra.ﬁgxﬁﬁ%lr )ﬁe%g%ﬁgﬁrttl’)ﬁengﬁilselsea)%ﬂPﬁ% ﬁ%%l?mhttﬁlg .'% gasf%n a‘ckat

a seduence nu
[00patiket B9P9a Fhedbtamsmitied awuikemy {JD@hd]e]mlgtﬁhm'Elmdas 103-108,

t t 95...,wWher ei.n
w48 RRRC ofordiundyl SRl 20 LRI oftist, RaA i "packet
indi@at®nvaitern éextchagHt Iﬁm paket iera Huﬁ'er, neherebyea recdveey of the

e cket nt retransm ssi onsof
las{ ﬁ‘l’l l?egllfglésmg %%?ag %‘am mum r etransn ssi on
[OONL65H t f Aot h&‘hfeatiaerdmpmkebf e ALAPNO NO9T hereizeithersmall
Ln any of t he enbodi ments 81-96, wherein the H AEQ

packit i s B e o At t o i he ARG T ecai ver TF i he
[OO&E(ARQ r 4aai vahedbasisngttef exsein/eadyhef the lesbqiiflenlts 109-110,

[ failed cket
whiitin 2. fedtiped 49 thegimal] ol it BabmiGa by iy RAS HEarq
NAamwAmbﬁOSh&zato@her ein the ARQ receiver sends a
[00?1[5"2]t f ai @ﬁ? I tg:tef P érR(g cf‘ elS rzrrllglgtg rof f ge prrggggtelrnvegt];mn are

described in the preferred embodiments in particular combinations, each

feature or element can be 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
-28-



[00144] 99. The receiver as in any of the enbodi nents

81-98, wherein the ARQ receiver sends a status report
wob@n/ordees ARQ recei ver receives a predet er nm neRCTUSDE6/049306

of packets successfully. [00145] 100. The receiver as

in any of the enbodi nents 81-99, wherein the ARQ

recei ver sends a status report when a status reporting

timer expires. [00146] 101. Atransmitter for

i mpl enmenti ng H ARQ assi sted ARQ [00147] 102. The

mickhAOSELbEIn sot R e B SRDELoLORNGE L Bpcongpgtr,
Apnlicationi BpenifiofIntedrotedréiircuity (ABECD)i Fielde Progt@@mable Gate

ok EREPIA sy 6P U, Gl GCtBels HATE (0 gaaor

statkR@achiarsmi tter and the H- ARQ transmitter is

[Oof%gf gu ]ré%dq\rltxo&grs 4 ovrg&sasofglaalgmn [vggﬁ Z gﬁif’c\f%%é ezsr;%grn q)ien %ol to
implemastratradio fréquerdnydiransteiddiFor wise iwianwirkkes H-tﬁﬁ@mt receive

ter |s confi qgur send to the
unif (PPN, fherl ol (R RerhiRan, Rodecbvasty orle
controlliec a¢R’NC) [ 001&f} HESE. cdimputeransThet WTREY maﬁnye Qised in
nsmtter

con o RS DR P ol P B R AT R o BT S TR Heh oo

a camaﬁaj (K:eﬁhf)uiah}erdeinbdﬂfeedt videepitorsty al @Rakeppleord, al Vibration
as occ rred Xi,mum retran

devid e PhaRer, BIpREAbEGTRe &g AEFIRSEpT o RERAALee headset,
a keyparéd aBLhetbsthid ﬁﬁﬁl&&ﬂ affréqirenkcfich@thlpek@MD @adio unit, a

e PRl EPRT3 W 6) GBIS Ao Seets SREep Gin diode

(om)dals@mpmht NAQkgit 4l mxamﬁd&aasmemae pldyer1@ video game
maxi nsm SS on [imt d?as r each he _ maxi mum
playgy) F\?’Bﬁﬁ Wagetg PPV Gt He?PY wg%a?ﬁ cal jprea network
(WILAN) esbdeas ket has expired, so that the fail ed packet
is recovered at ap ARQ | eve,,lc [00152] 107. The
transmtter as in any of the enbodi nmeénts 103- 106,
wherein the ARQ transmitter requests a status report

fromthe ARQ receiver. [00153] 108. The transmtter of
enbodi nent 107 wherein the ARQ
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transmtter requests the status report after
transmtting a | ast packet. [00154] 109. The
w0 e@n®moss er as in any of the enbodi nents 103- BOBUS2006/049306
wherein the HARQ transmtter sends a snall 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 small packet. [00155] 110.
The transmtter of enbodi nent 109 wherei.n the small
packet is a null transmgsamis [ 00156] 111. The
transmtter as in any of the enbodi nents 109-110,
Whaﬁhélclﬁlmeélﬁesponse to the small packet is transnmtted
byq u5| AR NACS: @q%g t ]
Al thou the gteatur es ang&é S u#diﬁi%]% pagglé%{sg%%z and
a receivent tltm tranesmitter ripplading a hﬁbpﬂ eeflé:pn@dmemlt mequest (H-

n !
ARG el fds A QI LRARMARE re AL LR (ARR) falTRlbter, the
receternireluding aﬂnefip%léﬁerecsdfeenwﬂlmmMmecewev,am wethod for

- impfIU R HERR oLl ARG AR nfRHISH e RBHIER 00 11 0w

chant SHAARKI dedeiver t ldetgmeisdng iwhether oannell-ABQ negative

et FPRSEBLFE (AP RTBA B LA IR AT S lgro oo

andst orage medi um for execution by a general purpose

COPPEEARRS (B RUOCERTR0, RS 10l CROTPMER: Lo29R0 Gor

to thammcamﬂmmbm( BAV-ARQ ngCﬂ mAcmMr ecmrsyunless

at 1?8 e%n é)%l%gq%%ﬁggraﬂcaw dgg(lrlgmcesq/ at&%gcpet éf(rso retransmlhssi%sns of a
failethgadicd -hopt teashedradinaxinatith mti-arcsmhissiogi 1lBmbl) GhmasihROMme

i.sks, i.gital .versatile disk Ds) . 01
tor dsjfet of U Sl Bpcltel R ireretl iy T RAR, R Toized packet
has gepiredl purpose processor a speci al purpose
processor, a conventional processor, a digital signal
processor (DSP), a plurality of mcroprocessors, one
or 2por emialé rrﬁ@tlhbﬁedisdlﬁﬁn ilnwik‘é;ééiﬁi tlel Hant NAiCmB’ AZ(fOKQarror
a controller ni.croc er |cat| Ci )
indieafoz s 483590181 a‘rlfls é§3 AL Behér&ﬁﬁb 2d e failed
pacléétrétyt&e(]fE@Q)tr&hsﬁﬁittélS any other type of integrated
circuit (1C, and/or a

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.

4. The method of claim 2 wherein the H-ARQ NACK-to-ACK error
indicator is sent with a fixed timing offset with respect to transmission of the
failed packet.

5. The method of claim 1 wherein transmission of the H-ARQ
NACK-to-ACK error indicator and transmission of the failed packet are

independent.
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state machine. [00159] A processor in association with
software may be used to inplenent a radio frequency

W e@netesver for use in a wireless transnmt reR€l/Us2006/049306
unit (WIRU), user equipnent (UE), term nal, base
station, radio network controller (RNC), or any host
conputer. The WIRU nay be used in conjunction with
nodul es, inplenented in hardware and/ or software, such
as a canmer-a, a video canera nodul e, a videophone, a

spgaker Hﬁ%r}%ett?odlvbﬁlgiﬂa Olnw‘i;%}‘éﬁetheaHSRR@; RACR to-ACK error

mcr ophone evl st on transcel ver
indihatotsietsend vln@ybdmsd ong dfphysival idyer sipualing, aamedium access

d cr

contrbERHATS ipfil Hefiufie phdk 1ot RuklUobyrof Rl Bl el Bﬁbng

di ode (C]_ED) di spl ay unit, a di gl tal nusic player,

nedia p i deo nmodul e, anlntern

brgwser t‘E‘wényfevﬁlr ess IoE%’ln APeE {BeRoPRe %\ﬁt is
tranvnaititesl CIE#&Inh/S thhat HIARQ atmeduniister 1. tol ntlee WEH- GIR-:QS receiver
. nuni atlo ransm.tte nd
simfiERPONT $L (B e er SAR IR ek Saer npfaedt mflaies =
ARQ@MGK—t@A@&Sér&moM tnahohé paclestd an aut omati c

repeat request (ARQ transmtter, the receiver

i ncluding an H ARQ recei ver and an ARQ receiver, a
meghod The ihaﬁ’ﬂi(ﬁ]mméliaﬁﬂ IHwiackiastHes HeA RARNA CR e orRC ROgkror

CO sin cei yer. det erm.ni et her an
inaigRiRGs REREIDE ek e DA E R AR (GRGITt o

acknow edgerment (ACK) error occurs; and the H ARQ

5 e Rt S e it R RaCRL R o
indibAédt-ik @eﬂa@&w Bk o tBe FNARKS rédeivedaiid 2R AR rbb@ver.

follow ng has occurred: the nunber of retransm ssions
of a failed packet has reached a maxi mum

r et|pans Mheshethodi dFiclain?1 FarthEH Bbihb Bﬁuf%? delivery of
the failed packet has expired and a |i e an of the

f aph%&lﬁgégaﬁ%ﬁ@gpﬁq ng an ACK to the 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-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. The method of claim 1 wherein the H-ARQ receiver sends the H-
ARQ NACK-to-ACK error indicator if the H-ARQ receiver receives a mew
packet via the same H-ARQ process assigned for the failed packet instead of

retransmission of the failed packet.

13. The method of claim 1 wherein the H-ARQ receiver sends the H-

ARQ NACK-to-ACK error indicator if the H-ARQ receiver does not receive the
-26-



2. The nethod of claim1 wherein the H ARQ NACK-t o- ACK
error indicator is associated with an H ARQ process
wo d@no7dys (1 D) and the fail ed packet at the H PERQUS2006/049306

transmtter. 3. The nmethod of claim2 wherein the
H ARQ NACK-t 0o- ACK error indicator includes the H ARQ
process I D and a transm ssi on sequence nunber of the
fail ed packet. 4. The nethod of claim2 wherein the
H ARQ NACK-to-ACK error indicator is sent with a fixed

falleh' ﬁ'ﬂtﬂl’gt %ftﬁ% é‘i‘r&f‘ﬂcﬁ@ﬁf‘cﬁi tibferldxpRed] 85 &R oPindiBtion timer

packet. 5. The nethod of claim 1l wherein
bemgrsahs‘fhessﬁt BHAGK is ﬁ@n‘HiﬂAﬁQ HpdQtgangmitéer. or i ndi cat or
and transmi ssion of the failed packet are

I ndependent . 6. The nmethod of claim.1 wherein the H ARQ
NALK- t oThernethod of tlaindafustherscoraprisiiga at | east one

Of SARY taRUR: Tt?irr] Qéﬁkhéﬂxttﬂa(ﬁ’%@: 4T GRERS: fiﬂﬁi 'E% failed

ayer signa and a ra
paclieaya ssicepsafulby deﬁvefblde upesiodt dfea%ﬂ anm aof \ﬁher@ Wi ehas

occ“%ransm?et er F&Lflh?et&éﬁ%‘grsygg%#oga%m tg&ﬁ%& Yy an v

delivdry thinaRQ@sNAPiredaniDhedifespan nfithefadledi pagketihes expiRel.
NACK-t o- ACKerrors of nore than one packet. 8. The
met hod of claim 1l wherein the H ARQ NACK-to- ACK error
i nti5.cat The imsethed tof alad mbha'mpnsmgedundancy check

e _net
NALHE FoARG I ERTEI0R0 s B MARIHERD thORRG Bismmigter ir
the thaéR@maetmtsnﬁssionmrﬂﬁQxasewched tHeO m ARt ume idetideyf time
claim.,1 f
s GaRieH profioatonds PRInG SR bl o2 AR B bt e fated
packdtds heéddR@réth\aah ARQ@Revelor i ndicator. 11. The net hod
of claim 10 wherein the H ARQ recei ver sends the HARQ

NACK-t 0- ACK error indicator repeatedly if the HARQ .
r egoi veﬂ‘hd@ﬂ@thﬁdtof%lai:melsﬁimhéycdmpﬁism:t he ACK for the

H %RQI—P% rgcee% s?ert ing a{ Ir']gclo%gxt'y \(.1mer when the H-ARQ receiver
sends the H-ARQ NACK-to-ACK error indicator; and
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.

17. The method of claim 16 further comprising:
the ARQ receiver sending a status report to the ARQ transmitter for
Tecovery of the failed packet.

18. The method of claim 1 further comprising:

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-ARQ receiver
receives a packet with a sequence number higher than a sequence number of

the failed packet by a predetermined number.
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and a radio |link between the HARQ transmtter and the

H ARQ recei ver does not fail. 12. The nethod of claim
waemeresin the H ARQ recei ver sends the HARQ PCT/US2006/049306

NACK-t 0- ACK error indicator if the H ARQ receiver

recei ves a new packet via the same H ARQ process

assigned for the failed packet instead of

retransm ssion of the failed packet. 13. The nethod of

claim1l wherein the H ARQ recei ver sends the HARQ

NAGK-t O @%15@ j .recei ver does
no?é'recg:ﬁ?éﬁt%wfda‘?& pgg%gthﬁ%?ﬁuggir%%%ror i ndi cation
ti vhe AR rassiver irendingp static zepamt toi ther ABQ hrarsetitter for

to the HARQ transmtter. 14. The
recrret?gggto c} al%ec?é?'urther conprising: the H ARQ

transmtter retransrn'tting the failed packet until the

f aigl,ed ﬁHII?¥ I ivered unl ess at

I eggf o@%&%ﬁ?ﬁ ‘?{:ﬁ ow ng has oceurred: the maxi mum

r etthe di-ARQ ireceivemsendings arleced NEACK txethaaARmecdﬁieir\iﬂthe H-
AR(%agS%e)%Qgr G I r ggt %e%e%rgte ﬁ%&af F 1Pe§q aﬁ%lf%{%g i{ﬂ[ ﬁZlP %um er of
retmspnssaong of tirefdiledRfAdket reathescas needichiung retrafsmission limit

e, ARQ transmtter if the maxi mum
forwqr%ﬁgrﬁ%‘%{l )n limt has reached, the maxi num delivery

time has expired or the Iifespan of the fail ed packet

ha expid.ed t .t he, f.ai ac I s recovered at
n2ARg MiFareRipg oFblasin 20 KBtebEr BRI ur ner
COIthé IARQgrecbh)@r HeARRY acstatey Itélﬁidﬁlti)%:h’é ABQYRINémitter for
tlrrer recei ver sends the H ARQ
gﬂﬁ%{ifﬁ‘lﬁcﬁeﬁ di cator; and the H ARQ receiver
send! ng a | ocal NACKto the ARQ receiver if the HARQ

ve does .n C.el e fail ed.packet before the
;Fh(e’ﬁﬁ?h g)(ffrf REOTRIRY of cl ai m 16

f u rthb QI-AECQ‘ﬁé(ceSirélQbethQg AFl?&leACY@fo SRNARAOrReiedifithe H-
: ort tothe ARQ transm tter_ for reCOVfry of _the
AR‘éaqp qeatyep flgeginot receive the failed packet until a maximum time for

delivery of the failed packet expires.

23. The method of claim 20 further comprising:
the ARQ receiver sending a status report to the ARQ transmitter for
recovery of the failed packet.

24. The method of claim 1 further comprising:
the ARQ receiver sending a status report when the ARQ receiver

receives a predetermined number of packets successfully.

25. The method of claim 1 further comprising:
the ARQ receiver sending a status report when a status reporting timer

expires.

26. The method of claim 1 further comprising:
-28-



18. The nethod of claim 1 further conprising: the
H ARQ recei ver sending a |local NACKto the ARQ receiver
wo Rooro®oBARQ recei ver does not receive the faiP@usS2006/049306

packet until the H ARQ receiver receives a packet with

a sequence nunber higher than a sequence nunber of the
fail ed packet by a predeterm ned nunber.19. The nethod

of claim 18 further conprising: the ARQ receiver

sending a status report to the ARQ transmtter for

I e¢RY ARQ A ard NEitl xleﬁQe 8lstafifl repast btk AR kaldRer;

1 further conprising: the ARQ recei ver sendi ng a
and| gpcal NACKto the ARQ receiver if the HARQ receiver

dogfe ARQ rE&RtMSsehlind @gt@cqs Qaﬁ&qtto YRt ARG REa iR, Of

retransmssions of the failed packet reaches a maxi num
retransm ssion limt for the failed packet. 21. The

I? od Q‘fhe gﬂmdzgf f:féﬁltnh% M{ﬂ %11@ eQther requests

recel ver sen a status report to
the staing rrﬁpméraﬁﬁrrtrmxt@mg ao¥ast packet; | ed packet. 22. The
nmet hod of claim 1 further conprising: the H ARQ
recei ver sending a |l ocal NACKto the ARQ receiver if
t h88HARDheguethpdrof¢tadm hfarther comprisire:f ai | ed packet

unt4 ' [ f [ f faile

exths J3-ABY BRIy Hndife) L Hnloff pdohBp Pith°R RE Sk
indicatipniaﬁemgsendhg ARQt packetviera baffer;rgpda st at us report

tr tte far of th

pac e?—[% ?ﬁ 1V<L,T1l L SqIC % P elsgggs Ec%’ thi C%aclkreg Swlr'lxareby a
recdvieey ARthe Bt ipacketse edsurpdobys thad: smatlemmket V\,hen t he ARQ

recei ver receives a predeterm ned nunber of packets

successfully. 25. The nmethod of claim 1 further

co2Pri sihhg: nidthod\RYP clatmi 28r wherdinnthen sadadl ymckepdsta null

when a status reporting tinmer expires.
transmission.

30. The method of claim 28 wherein the response to the small packet
is transmitted by using the H-ARQ NACK-to-ACK error indicator.

31. 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.

32. The method of claim 31 wherein the parameters are configured

when the transmitter is active.

33. The method of claim 31 wherein the parameters are configured at

the start of a service.

34. The method of claim 31 wherein the parameters are configured
dynamically depending on quality of service (QoS) requirement of a packet.
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26. The nethod of claim1 further conprising:the ARQ
transmtter requesting a status report fromthe ARQ

w0 e@eiov®sy and the ARQ receiver sending a st atRGI/USI906/049306
to the ARQtransmitter. 27. The nethod of claim 26
wherein the ARQ transmtter requests the status report
after transmtting a | ast packet. 28. The nethod of
claim1 further conprising: the HARQ transmtter
sending a small packet with a | ast packet indication

af ger squdi DAyRd 8F LAAF %itwh&eqﬂbéﬂef ﬁrafmﬁ Hﬁ}(trpﬁaﬂ'sé%gion
recei ver sending a response to the sna packert,

limijtof agincket istoliieatyd by idertifyang agmrkietlarsmedisun ededsy control
{ e I ket .29 f cl.aim.28 wher.ei.n .

A QLR s RREE wiek s Rl bRl RO SRR in an

assovidtiedcontra} lsignalidg foh thefirstttitensmégstorse to t he snal |
packet is transmtted by using the H ARQ
NACK-t 0o- ACKerror indicator. 31. The nethod of claim1l
wh86ei nTher methat of fcbrint Bé wherein ntheetnaxivanis se@ansmission

i i ti.me f del i . t.
timi qf 2 B OB LATiS BT gty g ed BiFpLpieRatmE for
the fiosit trabkimigsiemt i ty. 32. The nethod of claim 31 wherein

the paraneters are configured when the transmtter is
active. 33. The nethod of claim 31 wherein the

paBHmﬁt &N vaﬁfe?ss?aém' gm:tfiekuﬂdsv\l;1 t Eysteina Lﬁ)r oimplestsnitinge . hybrid
34. .The method o ,m.31 erein t parangters ar
autgatitpRa: Aot - RBR dssiined ddaific et re e B,
the 6§¥ten c@@prisigEent of a packet.35. The nethod of claim

31 wherein th Xi mu ansmission lint. of a

S A ERCeI e Al di o H- AR PP ToToad ly (KR Par ot H-
ARQCERBSve0Béing! cddfidred | toWdatsiatinat WHetdrnad HPARY negative

maxj num retr 1.ssion Jimt in assocj at cont r ol
ackgpy a_eﬁbe%a@ﬁﬁﬂwgfﬁwﬁaﬁeﬁ% eggemsn: %ﬁﬂ%@n&momw
andOderd ﬁh@lﬁ@@lﬂk@l@t&-h@%ﬁdﬂﬁdﬁﬁ%@ﬁ& ﬁhSH'-&RQ trankmitter

of a packet is expl i.citl 3{ indicated in an _assocl at ed
unless, 1§ leg.fsbngpqa ng fthe 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

a transmitter including the H-ARQ transmitter and an ARQ

transmitter.

38. The system of claim 37 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.

39. "The system of claim 38 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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the first transm ssion. 37. A wireless conmunication
system for inplenenting hybrid automatic repeat
WO e@ae08y H- ARQ) - assi sted automati c repeat regREBUS2006/049306
(ARQ, the system conprising: a receiver including an
H ARQ recei ver and an ARQ receiver, the HARQ receiver
bei ng configured to determ ne whet her an H ARQ
negati ve acknow edgenent (NACK)-to-positive
acknow edgenment (ACK) error occurs and send an H ARQ

NAGO. t O-PR&KspdteRN of élgixﬁ gBO\thEﬁflﬁr{:hHﬁ%Qrﬁ ?K %CH?&CEIE grror

Unl ess at |east ogne of the followng has “occ
ndifFipfefs samtrithanSxed singmg offses wishIrespqrt dh dratmnission of the

fmlégqﬁaggt a maximumretransmssion limt, a nmaximumtine
for delivery of the failed packet has explred and a
lifespan of the failed packet has expired; and a

transm e Lackidisngihestt t he ﬁ%‘g‘?}‘%ﬁﬁéﬁ’%. %‘ ?}FFE%Q

transmtter.  38. The system o oa
NAQRs A emrer Agficatomnanidn drzummxsmcm af sthei fiibsll WalcRet are

AdMRQ process identity (1D and the failed packet

the HARQ transmitter. 39. The system of claim 38
wherein the H ARQ NACK-to ACKerror indicator includes

nuer are ey iy Qb GRS The ARG IAER o i grror

mdwaécrreismemrbenmaz\m@me ¢fcphg@{caer1apér sigdhHaE04 rhédiaBhecess
h
c°n¥¥f’gnsm%@lsu g a I eléa‘%n%i rceo%gxf(i (Rhg}) §§,gqr ing.

claim 37 V\herel n transm ssion of the H ARQ NACK-to0- ACK
er Qr and,t.ragsnssi on of ai | ed packet
ar e%I ndepen gﬁ me flauﬁﬁgé y@?‘?ﬁﬁ‘&g ﬁ%ﬂw tqmand the
H-ARQ nelcme;r hlfe(}!eltﬁgiﬂal te rtmnsmﬂdmlmrstrewé n:ﬁﬁg thith @ packet
0 er._signalin a medi Um access
sim oni 1%1? I\M F%Egjigﬁg ‘f"i‘YF’dr &o’éﬁg‘é‘iﬁdotq isgrd céhet FBARQ
NACRHOrACE exros imftiedtion ndicating H-ARQ NACK-t0-ACK errors of more

than one packet.

ind

44. The system of claim 37 wherein the H-ARQ NACK-to-ACK error

indicator is sent along with a cyclic redundancy check (CRQC).

45. The system of claim 37 wherein the H-ARQ NACK-to-ACK error

indicator is generated by one of the H-ARQ receiver and an ARQ receiver.

46. The system of claim 87 wherein the H-ARQ transmitter is
configured to send an ACK to the H-ARQ receiver upon receipt of the H-ARQ
NACK-to-ACK error indicator.

47.  The system of claim 46 wherein the H-ARQ receiver sends the H-
ARQ NACK-t0-ACK error 'indicator repeatedly until the H-ARQ receiver
successfully receives the ACK for the H-ARQ NACK-to-ACK error indicator.
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43. The system of claim 37 wherein the H ARQ
transmtter and the H ARQ receiver are configured to
W@ e@nemoss and recei ve nore than one packet PCT/US2006/049306
si mul taneously and the H ARQ receiver is configured to
send the H ARQ NACK-to- ACKerror indicator indicating
H ARQ NACK-t o- ACKerrors of nore than one packet. 44.
The system of claim 37 wherein the H ARQ
NACK-t 0- ACKerror indicator is sent aI ong with a cyclic’

nda k f claim3
V\hglrléel nﬁg%esg’hﬁ?mg% 4¢§v£5kgr ror @k@ ]ie%ewer sdids the H-
ARQeNYGKed A@Komonfmﬁic@tw ARGhe eHeARQr repeivexnretBiyes a new
ecei Vv yst of . ¢l ai rel n the H A
packf Fia Fi ame SISO BHER posielid ot R BB hackSy gl of
retramsaiiveion of tne fadledi micket t he H ARQ NACK-t o- ACKer ror
i ndicator. 47. The system of cl.aim 46 wherein the

H ARQ recei ver sends the HARQ NACK-t o- ACK error
I néigc at Ghers3tah of k:;am:n&"? wHelreinHthaRP-ARQale¢€iver sends the H-

ul,ly, recei, v e. f e H. A
ARQEATH il pERR ielitoie the F-ARA Soedieeh Yescratmpaiye the
failed packet witgl dh ARQrisdhtion th@BE expides, HARQrNAGKdicataktimer
error nd| if th Al iver .receives a new
beislh rophh 4 TAGT et ikl AR CrISErHRed for 1 he
fal | ed packet | nst ead of retransm ssion of the failed
9. ste of cI 47 wher ei H-
% verﬁ?e l"‘gleﬂ@% eﬁ?eo ﬁl ‘élg&: af’iﬁﬁgﬂltter
retltalaﬁnéldts%m faﬁ!‘éﬂ y@dk_ed Qﬁ:_&ﬂnﬂ%e fARA y@:_Heb @s fstaﬁéeggﬁﬂﬁcaﬂivered
until_an errof. i ndjcatio i mer pi res, e error
unlesiatlepstong o tgbpwbn% Eﬁ‘ MW TefrangEission
hmtﬂﬁm&dcﬁe@ NfHe! :bxin®E&m &'Jlﬁvei'y&hﬁmﬂaﬁ exipaletD AVIMIY Bfdipan. of
?q.l_L 5§etransmtter retransmts the fail ed packet
thelfﬁ’c? rpgiethas expinsdeket i s successful Iy delivered
unl ess at |east one of the foll ow ng has occurred: the
maxi_mum retransm ssion |im¢t has reached, the maxi num

del@lyer yhe sistemofclaim 9 wherqindhe HRQ frapsmifter sends a

locd1aVhesk pagke SrafsRlitRd if e mEXEmMBYS tARMAImMEsMdiadt has
wherein the H A transmtter sends a
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.

52. The system of claim 47 wherein the H-ARQ receiver sets a
recovery timer when the H-ARQ receiver sends the H-ARQ NACK-to-ACK
error indicator 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.

53. The system of claim 52 wherein the ARQ receiver sends a status

report to the ARQ transmitter for recovery of the failed packet.

54. 'The system of claim 47 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
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| ocal NACKto the ARQtransmitter if the maxi mum
retransmssion [imt has reached, the maxi num delivery
wao pove/ormss expi red or the |ifespan of the fail eBCPHS}06/049306
has expired, so that the failed packet is recovered at
an ARQ I evel. 52. The system of claim47 wherein the
H ARQ recei ver sets a recovery tiner when the H ARQ
recei ver sends the H ARQ NACK-t o- ACK error indicator
and sends a local NACK to the ARQ receiver if the
0 % e .
highte Pt o Helibnll ol B 30E BIERCphATEy 0F HfiBllotgrmined
numgberi. m 52 wherein the ARQ receiver sends a status
report to the ARQ transmtter for recovery of the
fail ed packet. 54. The system of claim 47 wherein the
H- AEQ r fbhei systers efid¢kaiom b6 cahernikCkhd ARQme&E%@rr saeisvee status

q o, Lai | ed
replg dpafe (ER P oETt e FabuPohof FRGalSaraieicher witr

a sequence nunberhlgher than a sequence nunber of the

f | .ed ket. b d
o sbom BBeSSran of e &1 RreraAng ke s2peintr fends a local
NA@E&I&;J Shelr amtreéeivémff6bhlaQ{ThtARQ51t‘ﬁcbiver does riot Q@uﬁw fch_é failed
e aC e S stem C er el
packlp it BRGEE oo Rimansmibioe WA for1od, pashey reathes a

maﬁmmn\aetranfsndlh\ﬁoiﬂﬁ@fbﬁﬂw fesled G@eRetnOt receive the
fail ed packet until the nunber of retransm ssions of
the fail ed packet reaches a maxi mumretransm ssion

i |7t f mhetsl?ﬁtél%idﬂbthfﬁﬁﬁﬁ &therein tHOARTY sécivérl séilddl A'ktatus
t he ei ver sen tus report to
rePPﬁet%QAtﬁ% FEFR CTFIQF TR S%P{jﬁ%&rafai‘ﬁg ragketaq packet .
58. The system of claim57 wherein the H ARQ recelver
sen ocal the ARQ receiver_if the H Al
g'r veF[Jh&osé@t%tOf F’%&%ﬁ Ve vihszeindibedd-HRRkeceiyat FP“%F a local

NA(L‘KZ( taTuie WHI® rbedivelell th M- ARG Pefvl |dRds Rt k@Eeive the failed
ire 59., The system qf claim 56 wherein the ARQ

ex

Pac}s@&épv A Ma¥HFRIG té‘?%f%d?lé‘f%ﬂof iﬂae failedmaoket SRRWESt er
for recovery of the failed packet. 60. The system of
cl ai m 56 _wherein the ARQ receiver sends a status

re®St ihersystrn ARolaige a6 veherey the) ARQ regedvrn sgndsregtatus
repOt Ghe ARQALKEESitter for recovery of the failed packet.

60. The system of claim 56 wherein the ARQ receiver sends a status
report when the ARQ receiver receives a predetermined number of packets

successfully.

61. The system of claim 37 wherein the ARQ receiver sends a status

report when a status reporting timer expires.

62. The system of claim 37 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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successfully. 61. The system of claim 37 wherein the
ARQ receiver sends a status report when a status
WO 2@ontiosy tinmer expires. 62. The system of clBETUSN06/049306
wherein the ARQ transmtter requests a status report
fromthe ARQ receiver and the ARQ receiver sends a
status report to the ARQtransmtter.63. The system of
claim 62 wherein the ARQ transmtter requests the
status report after transmtting a |ast packet. 64.
Theasys ' . ' ]
cotds 5 TEE Bt ahfoln BF o okl B PR, AR Shqueats
the gtatus reportiafigr dréngmitpiagleelast pagkdtuf f er and t he H ARQ
recei ver sends a response to the small packet, whereby
a recovery of the last packet is ensured by the snmall
paGket . The.syFtran of claam 87 wherieim $4de WhdRQ irahenhal sends a
ck is.a null tr ission,. 6 The te f_chaim
smefl kot Fith, 3 oo, SRERSTL AR on Afer RBANE (L Bk pfBL T
buffer amginilict HIABQ xeseivgr shedda ARSpddektot theATiall packet, whereby

a rechiarit She b ook BIGSTRE by b Bl piIEh

retransmssion limt, the maximumtinme for delivery of

a packet, and |ifespan of, a packet,.are confiqured b

a %htr Pec %F‘Bﬁ Io?n‘ga"éﬁt%‘%yv.vg%@.m% § rﬁag#etcllai null
trafisinisBidibnei N t he paranmeters are configured when the

receiver is active. 69. The system of .cl aim 67 wherein

the paraneters are configured at the start of a

seBél CeThéGysidie of YRG0 whirina edspoee b Rhé 3énall packet is

BSR4 SRS BAPR REER S SoRER L

The system of claim 67 wherein the maxi mum

retranspission limg}.of acket is indicated.b

i &t | f;%lﬁg’syﬁ e Ff‘[c'*ﬂfi’ﬁa‘?”)3l FRIR AT BEELeYS Fraglle%sﬁ/ﬂéf of the
ma;ltlhmm tal;seweﬁisa&igsliom liitiﬁ% t&iéefnlaﬁdxﬁl uﬂiiﬂniﬁl Tor fabﬁa&s_,nbt 3 f_ai ISBf'bket

m I N an assocCl at e contr Si gnal_l ng or. erirs
and; 3 Lifespre of grparket grpcanfiguepd gr/ aeentrrlernfrplling gotite

maxi num r et ransm Sssi on

68. The system of claim 67 wherein the parameters are configured

when the receiver is active.

69. The system of claim 67 wherein the parameters are configured at

the start of a service.

70. The system of claim 67 wherein the parameters are configured

dynamically depending on quality of service -(QoS) requirement of a packet.

71. The system of claim 67 wherein the maximum retransmission
limit of a packet is indicated by identifying a particular medium access control
(MAC) flow associated with a specific maximum retransmission limit in an

associated control signaling for the first transmission.
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limt of a packet is explicitly indicated in an
associ ated control signaling for the first

WO e@n®mossi on. 73. A receiver for inplenmentingP¢tybs1006/049306
automati c repeat request (HARQ - assisted automatic
repeat request (ARQ, the receiver conprising: an ARQ
recei ver; and an H ARQ receiver configured to
det ermi ne whet her an H ARQ negative acknow edgenent
(NACK) -t 0- posi ti ve acknow edgenent (ACK) error occurs

angasengna Lk ARQNAGK! 67 Aot Ahel AdKRRLAI rbabmission

L trans'm tte.r. un'es_s at | east OI’]Q (0] 1 '| ovvl.ng
limitof apackeatdd:explicithy ipdicated inean assodistadoeantal signaling for

the@ggﬁgn%gg%n has reached a maxi mum retransm ssi on
imt, a maxinumtime for delivery of the failed

packet has expired and a |lifespan of the failed packet

hagqexpired.. T. | .¢l_al : | :

o Ao ARy e Sy gl B p9heif b LACHIBESE RoddiGe e
ARQ@)-ARGted coematidaepeatyrdguest GAQ), Hbe fracdiver gaohdgsingt

th tr.ansmtter. 75. The receiver of claim?74

V\hgfl}e#}neﬁtgﬁ% 1IYEI,'BE(T#\IACK-to-ACKerror i ndi cat or incl udes

t hanHIMNARQr oeedeer] Boafigured rtansietashine sdpthacean H-ARQ

nunber, of e fail t. 76. The recej ver of im
neaRVe aeka e ARk AL posifive APEPOF iRt Riest (ALK ror
occlw@ntndi $dhda ani FHRARQ MNACRKitbsssCKweidor r eghextbr tto an H-ARQ

transm ssion of the failed ket. 77. The rgeceiver of
tran BT ISR B AR OO T £37 B TeSTin 1A eokher i e, GLomBRr of
retransofisdionl ofta0faibsdd phelastshas seached at inaxfAthe depanketission
. are independent.78. .The receiver, of .clalm 73 wher.ei
timfy & FHRARBRRAGR? (onARBTFHF of i afley Febkdh fps PPifhd and o
lifesRacss thedaidéd paylsstQals dspirsd. si gnal i ng, a medi um access

control (MAC) layer signaling and a radio link control
(RLC) layer signaling. 79. The receiver of claim?73

whegei EThBerti’@BQ)f aaﬁthrwhéréiﬁ mflé FLHARR mcxﬁﬁi-xeK error
indir(r:gur‘,o?' %s gsr]sogpa%eg %xc/:iléﬁt ar? '}ﬂ;ﬁcﬁ ngr%légssyicﬂerrlgit;eag) tar?d %Egailed

packet at the H-ARQ transmitter.

75. The receiver of claim 74 wherein the H-ARQ NACK-to-ACK error
indicator includes the H-ARQ process ID and a transmission sequence number
of the failed packet.

76. The receiver of claim 74 wherein the H-ARQ NACK-to-ACK error
indicator is sent with a fixed timing offset with respect to transmission of the

failed packet.

77. The receiver of claim 73 wherein transmission of the H-ARQ
NACK-t0-ACK error indicator and transmission of the failed packet are

independent.
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NACK- t 0- ACKerror indicator indicating H ARQ
NACK-t o- ACKerrors of nore than one packet. 80. The

WO e@eiov®ss of claim 73 wherein the H ARQ PCT/US2006/049306
NACK-t o- ACKerror indicator is sent along wth a cyclic
redundancy check (CRC). 81. The receiver of claim73
wherein the H ARQ NACK-t o- ACKerror indicator is
generated by one of the H ARQ receiver and the ARQ
receiver. 82. The receiver of claim73 wherein the

M

indatoreis sent Ivya b derist amenof plolsimbllayigesienalig@C)médinnt hecess
conff R0 o BB BE, aaz»s%s;\%ﬁg-
NACK—to ACK error indicator if the H ARQ receiver
TP et AT L8, SATEGIE R, REASES recoiver s
conﬁgﬁi‘eahmwim niiret thenf ané pdclpacdatultdhkousiycandcendethe H-
f j erei.n th H- receiy. t Al
ARQARCR AR PRGF Patrrton ikt AR RRALIE AP A s6ps of

mortthahesif peeldebe fail ed packet until an error
indication timer expires, the error indication tinmer
bei ng set when a NACK is sent to the H ARQ
t r ms M (Mherrecéiver dhelaimcEs wheraih thé 3 -ARQ NACKsiRACE error

rece| er sef{s a recoyery tiner he H ARQ
ind{iatin spocalnng Tib b rraean el (R Dnai car or
and sends a |ocal NACK to the ARQ receiver if the
H ARQ recei ver, does not receive the [ et
beffdre (e TeEEiGE P§ cleimetd W slreﬂ%&ﬂe %wglﬁ@%mé%ﬂm
indfeh8drs %nmglbggﬂ&oﬁm H-2000) ¥8feit&¥isd thS ARQ Seceiver.

report to the ARQtransmtter for recovery of the
fail ed packet. 87. The receiver of claim73 wherein

thggaH ARQel REBIVERTOfSERES 78 WRER)in Mﬁ@@m@zhﬁcéﬁ@r sends the
receiver if the H ARQ receiver does not receive

H-ARR| NA Gt Clirerrpr tiRdicptorrrsneatadly apntib the J@sAIaQ receiver

suceék%hﬁiy Weddivés %ﬁqaam&ﬂeaé@ﬁénth (AOR) foPameAHSRRYE MACK-to-
unber  of the failed packet by ‘a predeterm ned nunbe
ACK error indicator.

83. The receiver of claim 73 wherein the H-ARQ receiver sends the
H-ARQ NACK-to-ACK 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.

84. The receiver of claim 73 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.

85. The receiver of claim 73 wherein the H-ARQ receiver sets a

recovery timer when the H-ARQ receiver sends the H-ARQ NACK-to-ACK
-36-



88. The receiver of claim87 wherein the ARQ receiver
sends a status report to the ARQtransmtter for
wo ewoveys of the fail ed packet. 89. The recei VRCT/U82006/049306
claim 73 wherein the H ARQ recei ver sends a | ocal NACK
to the ARQ receiver if the H ARQ recei ver does not
receive the failed packet until the nunber of
retransm ssions of the fail ed packet reaches a maxi num
retransmission limt for the failed packet. 90. The
recekV f scl ai [ he, Al Lver sends
errof b, Bparsdidl MR o2 ipe SRREERELLEGy BTG pPara
recefivey dogs Inotl rpeaikethe fiiled haekebefove thefecoiarntinir expires.
wherein the H ARQ recei ver sends a |local NACK to the
ARQ receiver if the H ARQ receiver does not receive
t h86f ai Thd rpesikex oficlhinh 88 wierieinithé ARE reteided sardls\a status
the fail acket. expires. 92. .The receiver of claim
repdy} T it TR PRERR R dRE Fare et 108 A0SRt hor 1o
the ARQtransmtter for recovery of the failed
pagket.93. The. recei ver cl.aim?7 reinq the, A
r e§é1 v e’?ﬁg dasE" s(’?a‘%jﬁgn (r);égp ST %%ﬁg'% ’feé’gléﬁeﬁReQﬁBnds a
local &ACKeto the ARRQrecaiverdf theTPBARG rpaik@t oes not receive the
..syccessful ly. 94 receiver of claim773 wherein the
fail AP Bl PO (g HEANR FETEST RO YRR oket, St Seavence
nunil&ROrHighgr ttHa &Xped@sce 9 mundbdr’ asfsthet dailédr packet by a
| mpl epenti ng. hybrid automatic repeat request
pre‘%q@%‘?%a‘%%%?f%d automatic repeat request (ARQ, the
transmtter conprising: an ARQtransmtter; and an

H ARQ transmi tter nfigured to receive an H ARQ
B8t v EBA RN O AT (R FBS AR FreRiver SeRds a status
repdi€ ko ehé AKIR PR smibéSr)forfdcovery lithalfailed PhEKES. N at

| east one of the ARQ transmitter and the H ARQ
transmitter is configured to recover a fail ed packet

cogpeS PPREi fedetver dTecldR@ INGEErbior MEKSIIAEQ QBeiviP&ends a
locaﬁé\%@ém tter of claim95 wherein the HARQ transmtter

K fythe ARG meapyeni dt-6RSheemirgrylperapy spceive the
faildtPpHcKRGRtA tHY ndiABef oA Pransmissions of the failed packet reaches

a maximum retransmission limit for the failed packet.

90. The receiver of claim 89 wherein the ARQ receiver sends a status

report to the ARQ transmitter for recovery of the failed packet.
'91. The receiver of claim 73 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.

92. The receiver of claim 91 wherein the ARQ receiver sends a status

report to the ARQ transmitter for recovery of the failed packet.
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NACK-t 0- ACKerror indicator. 97. The transmtter of
claim95 wherein the HARQ transmitter retransmts the

wo 2007ebopaacket until the fail ed packet is succeeEis100§049306
delivered unless at | east one of the follow ng has
occurred: the maximumretransm ssion limt has
reached, the maxi mumdelivery tinme has expired and the
lifespan of the failed packet has expired. 98. The
transmtter of claim95 wherein the HARQ transmtter

Se §§ S aThQ %Lmué% &18irh r’?@v olid B mfi]l% gécell{']exl Jza%ds a status

maxi mum retransm ssi on as reac € maxi mm
repait| whem \the | ABGh zeceiveyi reeellves a peeddteropeed oiimbee of packets
sucddk packet has expired, so that the failed packet

IS recovered at an ARQ | evel .99. The transmitter of
cI aim95 wherein the ARQ transmtter requests a status

rt omtheA ec transmtt
i Bt ot e er Proahfids Phoreh fhe NMQEEANIE drfs htatus
rep&ttaﬂlm a efaius repoding tiansraxpineng a | ast packet. 101.
The transmitter of claim95 wherein the H ARQ
transmtter sends a small packet with a | ast packet
I Nn@bcat Aotraakiittes dndiniplementittg hplaliétautomatiouebedt request

ecovery of the |ast packet ensured, b
e ARED GRbefed acaBimaty ToRiat - ieqbRRY ¢ ARG CItP m trggsmitter
compltidigg:n the smal | packet is anull transm ssion. 103.
cl,aim 101 wherein a response to the

The t snmtter
T AR et 4 1 o oy oei ng fhe: tE AR
NAGK- H-AKAe eXzaisntibidr C8drifigured to receive an H-ARQ negative

acknowledgement (NACK)-to-positive acknowledgement (ACK) error
indicator, wherein at least 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.

96. The transmitter of claim 95 wherein the H-ARQ fransmitter is
configured to send an ACK to the H-ARQ receiver upon receipt of the H-ARQ
NACK-to-ACK error indicator.

97. The transmitter of claim 95 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.

98. The transmitter of claim 95 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.
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99. The transmitter of claim 95 wherein the ARQ transmitter

requests a status report from the ARQ receiver.

100. The transmitter of claim 95 wherein the ARQ transmitter

requests the status report after transmitting a last packet.

101. The transmitter of claim 95 wherein the H-ARQ transmitter
sends a small packet 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.

102. The transmitter of claim 101 wherein the small packet is a null

transmission.

103. The transmitter of claim 101 wherein a response to the small
packet is transmitted by using the H-ARQ NACK-to-ACK error indicator.

-89.



