[0001) METHOD AND SYSTEM FOR | MPLEMENTI NG
~H ARQ ASSI STED ARQ COPERATI ON [ 0002] FI ELD OF | NVENTI ON
10003] The present invention is related to wreless
conmuni cation systens. Mirre particularly, the present
invention is related to a nmethod and systemfor
i npl ementing hybrid autonmatic repeat request
(HARQ) - assisted autonmatic repeat request (ARQ in a
wi rel ess comruni cati on system [0004] BACKGROUND
[ 0005] In conventional wreless comruni cati on systens,
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1804 Thedysterntohincludes & nsex epvirment (UF)140. ’E)MéteB h2Qand a
rA8b FRbAEbntfIRE [(ANTD, 1900 i) @dtities 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 (T'SNs) in
an H-ARQ transmitter. An H-ARQ receiver receives the packets and attempts
to decode the transmitted packets. If a packet is not decodable, the H-ARQ
receiver sends a negative acknowledgment (NACK) back to the H-ARQ
transmitter for retransmission of the failed packet. If a packet is correctly
decoded, the H-ARQ receiver sends a positive acknowledgment (ACK) for the
packet to the H-ARQ transmitter. Upon receiving a NACK, the H-ARQ
transmitter retransmits the packet if the number of retransmissions of the
failed packet is less than a predetermined maximum limit, and the allowed
transmission time for the failed packet has not expired. Otherwise, the failed

packet is discarded and recovered at an ARQ level,
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packet is discarded and recovered at an ARQ level. -1
[0007] ARQ entities are |ocated in a radio |ink
control (RLC) layer 114 of the UE 110 and an RLC

| ayer 132 of the RNC 130. The ARQ entities handle the
retransni ssion of the failed packet. The ARQ entities
recover packets that are |lost due to an NACK to- ACK
msinterpretation error at the HARQ Il evel. The ARQ
process in an RLC | ayer is quite conplex with many

options to performstatus repqrtj H-
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transmtter 254 retransmts the ARQ PDU x to the H
troqRepitieE €P%er 264 (step 208). The ARQ PDU x is *}
(oo decogakhewarid Figerd-i2ARJoral AGE: ingenera whem the H-

AR'\&CtPéansttter 954 fails the H-ARQ transmission, (e.g., due to maximum
retransmission limit). The ARQ transmitter 252 sends an ARQ 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
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to the HARQ transmtter 254 (step 210). At such a
point, it is determned that the nunber of

retransm ssions for the ARQ PDU x reaches a maxi num
retransmssion limt (step 212). The HARQ transmtter
254 then sends a |ocal NACK for the ARQ PDU x to the
ARQ transmtter 252 (step 214). [0011] A Iocal NACK

may al so be generated when an NACK-to-ACK error is
reported fromthe H ARQ receiver 264 to the HAR Q
transmtter 254. Still referring to Figure 2, the ARQ
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ARquVQr(QQpag%?n ARQ | evel (step 226). [00121 As shovvn
| Figure 2, a l|ocal ACKIS%‘aé ted when ne of t

0gk2hve t whseherndniRigure . aoc is gepgrated CRgroge o the
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H- m receiver 264 sends the ARQ PDU z to the ARQ receiver 262 (step 232),
and sends an ACK to the H-ARQ transmitter 254 (step 234). When it is
determined that a NACK-to-ACK error is not reported during a predetermined
time interval (step 286), 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.
[001.3] In the above example of an H-ARQ assisted ARQ system, a
complex layer 2 (L2) status reporting mechanism is removed under the
assumption that the NACK-to-ACK error is the only significant source of
undetected packet loss. The ARQ transmitter will not be able to recover the
packet for cases where the NACK-to-ACK error indicator is lost or a shared
channel is lost due to a discontinuous transmission (DTX)Y/ACK error. Thus

lossless transmission cannot be guaranteed.
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and sends an ACK to the HARQ transmtter 254 (step
234). When it is determned that a NACK to-ACK error

is not reported during a predetermned tine interval
(step 236), the HARQ transmtter 254 sends a | ocal

ACK to the ARQ transmtter 252 (step 238). The ARQ
transmtter 252 will discard the packet froma

transmt buffer after receiving the |Iocal ACE fromthe
H ARQ transmtter 254. [00131 In the above exanpl e of
an H ARQ assisted ARQ system a conmplex layer 2 (L2)
{0014} us rehm-ézim gowahhhanABQs (ﬁbimedﬁ),l ndeas bl specify the

é%a*o g gy% tecte &,%zﬁéts tPRuONkNe HARQ

Sign |ca sour ce pac Ioss The ARQ
trapsmitier oxreceiver daes nofdoutyt the warpwRaruirher of frenapissions

fo %&.{:ﬁ \SMEEH 5 Crts %h%%p%n'%% ghd ARG HENEALREr 4181 the H-

annel | ost due to a

ABR: bronsmitienbave tiesme BHU sizex) Thekl-8RQ franppyitter informs

tﬂ@&ﬁh@%&n&hﬁf&%& %bé}:ﬁeﬁﬁﬁ]ﬁms Ret, Qﬂ&rﬁiét@RQ PBRO). [E@ﬂéA.RQ
Current downl i nk Rel eas

does not, Zﬁem Xl
PDRbis m@ﬁm%ﬂﬁ%? % F%ﬁ%*&gu F *%ﬁnsam § &pruplete
padkds,, néﬂm&&aa%ashmg;@mﬂeher ) L) W@aﬂmﬁ wa-ml:(dvarmhe
of t.ransm ssions or each packet
Iaf’EB?‘g‘a %ﬁﬁﬁﬁf FEREHIE the ARQ transmitter and
the H ARQtransmitter have the same PDU size. The
[0'6"1 transmtter inforns transmtter the

ment that is lost, (not t RQ PDU). If_ the ARQ
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nment . I's al so uncl ear how to recqyer | ast
Qetecwet Heterpoings whatheri b’éf% %‘6!5%%&?“ occurs.
VMQWHMQFN&G%—A@K@%M%@& ueé mmq fbc&vai?*sdiﬂd an H-
A%&q : St f O n‘R‘L e iurllnlgjl r of
hi ©atPBnts A ‘?SSC y eyrme
redﬁhﬁiﬂndiﬁ& Wﬂiehﬁﬂe& lpabkét%d\%ﬂéhéd) -a/GldxEnwor rebransmdssion
limit, a maximum time for delivery of the failed packet has expired and/or a
lifespan of the failed packet has expired. The H-ARQ transmitter tries to
recover the failed packet. The H-ARQ transmitter sends a local NACK 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.
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[0017] BRIEF DESCRIPTION OF THE DRAWINGS
{0018] A more detailed understanding of the invention may be had from
the following cfescriptioh of a preferred embodiment, given by way of example

4.



When an H ARQ NACK-to0-ACK error occurs, the H ARQ
receiver sends an H ARQ error indicator to the H ARQ
transmtter unless the nunber of retransm ssions of
the fail ed packet has reached a maxi numretransm ssion
[imt, a maximumtinme for delivery of the failed
packet has expired and/or a lifespan of the failed
packet has expired. The HARQ transmtter tries to
recover the failed packet. The H ARQ transmitter sends
a local NACK to the ARQtransnmitter if the pmaxi num
andetto abe rinsloreiaod iini coniunetinre With athiee @ccompanying: idravrnes)
w?glj eiyery time has expired or the lifespan of the
ed packet has expired, so that the failed packet
0019 be rBigswelshows aemyqubiqne) wireless sommurieation system;
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conventional wrel ess communication system 00201
of ptgrroBnecting AR RAReBanpl e of ah H ARQ assisted ARQ
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anfdrags BRARntrensinitem@is4. b The meceiper 82Q thdlpdes am ARQ receiver
325%3%%%§%%§*& E(Q(?C) or be configured in a circuit
[0025] 'S Ir1]1 order to support the H-ARQ-assisted ARQ in accordance with
the present invention, the following parameters are defined:

o TErorindicator: 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.
o  NRetransmission: Maximum number of retransmissions allowed for a
packet. The maximum number of retransmissions may be based on the QoS

requirements, and be configured per service type.
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of interconnecting conponents. (00241 Figure 3 is a
signaling diagramof a process 400 for inplenenting

an H ARQ assi sted ARQ operation in a wreless

comuni cation system 300 in accordance with the

present invention. The system 300 includes a

transmtter 310 and a receiver 320. The transmtter

310 includes an ARQ transmitter 312 and an HAARQ
transmtter 314. The receiver 320 includes an ARQ
receiver 322 and an H ARQ receiver 324. [00251 In

or der ¢ 0 Touippo Maximem-ddiery sime ellewestlor shccgeefvl delivesy of
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aﬁ&ﬁ@h&iﬁig&é@ﬂéﬁséé@ic&tfﬁ a retransm ssion of the

fall ed packet before se error ndl
It is brdrevatime ¥oF syRE %@e §%‘1&*ot§ﬁ‘ H-

ARQ%ceﬁ@f‘ sigdets fofeckive a/\hﬁied Méteméxotranﬂlntﬂﬁxg an H-ARQ
rent ati on. However, the H ARQ error indication
e’i’?%é’rdl 8 be adj ust ed based on the qual ity of service

(QS) ¢ eTHifenBat Formynevanpie H-ARQ, al EmgtWwithin which the
er.ror | ndicati I
e i

ABR ertrindaies K‘ba $ma¢11 WAE di»e fagpociated aitkethe @p3 rmr%?ﬁts
W BDES ni% E)Enageg% 2 Sl'.[yﬁ@ S FOR¥xi8pRaassieagitt Bﬁﬂ@t&ner may

configured per service type. -

éﬁ:&;éﬂﬂthwﬁﬂ% edphingarior8¥y tinme all owed for successful
dﬁ' | V&S Y Warg Uln%naas%eh @fﬂﬂ'nﬁﬂﬁelf bf gacuet@nsumﬁﬁlvﬂﬁch a
fafleq epBAioihoBic be Tgoaiverl e e GHFG PRbis ok Belyod gpiein
Wiy, lit #@ksumedibshe confi gured per service type.
o5 ey AR GHRN I e B Ml
ettaf fon aufifespangofnpatkeRRQi.e., the maximum time to transmit the
packet). The parameters may be provided by a central node to the H-ARQ
receiver 324 and the H-ARQ transmitter 314. If the parameters are defined
per service type, the parameters may be given to the H-ARQ receiver 324 and
the H-ARQ transmitter 814 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 fransmissions 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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error indicator. . Tnecoveryssyne: For asynchronous
HARQ a tinme within which the H ARQ receiver expects
to receive a failed packet after transmtting an H

ARQ error indicator. The timer may be associated with
the QoS requirenents, and be configured per service
type. For exanple, the length of the tiner may be
linked to the scheduling priority a W3nne: A wi ndow,
(i.e., the nunber of packets), within which a failed
packet should be received. If the failed packet is not

secendoptidn ¥ tibrdy the\dentjfiedt MAS Bew dedransipded tq Gopepximem
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ﬂ%@%’ zheaﬁ%%”e aggeel ﬁ‘@iﬁmﬁ 3%5
[opﬁa;]aIrFIrLEIA eAS pFeoeshe 400 Vﬁﬁ'lz.ﬂlplléiﬁehﬂ'ﬂ!dbq}ﬂ eH%RﬁFasE%ﬂech nNARQ
t he nsm t, at, .the start of .t .
oneRRTR R e RS Tl Fhed s HrE o B hereater with
refétdhes td Riguke Be §mﬁnHe$RQ trpayiister Bl ﬂnensi;!itam ket to the
C { I
BARAISEErEI Rt 26 .0 Babifit b SRRy Weived, the H-
ARQ! treeivex §R4 sendy the denketf ioi the ﬁﬁ‘&y nenebier 342 (not Shown in
Fi §fn F5ha 'Eck@t fs%t%%%hﬁﬁﬁ@e@éﬂ@@lth@ QH-Q[R recelver 324

entifyin Cflowthat 1S _associated w t

sepdafa YACE %‘hﬂ?@ RARR treepmitger 814 (RSRP @#bnéﬁ%ﬁmﬂmﬁ the
NACROH eféioe«iou ithe HMAHQ reéeivdt 3PN detoh@inusbR6thf an H-ARQ

A ARl PS5, D o o Bl Ban maci:
toIA(mse&rSﬁ | e H-AREC Godeiiearc a:m deletdtes,Sand rendgt annH-ARQ
BRSO PRl SRR
{00281 assoFémaspchronduso H-ARGh dransgnitsiony ke ftimgtof 2 H-ARQ
refBURIARH 8nolvitol TR AU M TP B ALARGAEAVES SO FoclRis o
new packet when expecting retransmission of the failed packet, the H-ARQ
receiver 324 determines that an H-ARQ NACK-to-ACK error occurs and sends
an H-ARQ NACK-t0-ACK error indicator unless the failed packet has been
transmitted for the maximum number of retransmissions.

[0030] For asynchronous H-ARQ transmission, a timer Terorindicator is set
at the H-ARQ receiver 324 when the maximum number of retransmission has
not been reached and the H-ARQ receiver 324 sends a NACK to the H-ARQ
transmitter 314 at step 404. If the failed packet is successfully received before
the timer Terrorindicator €Xpires, the timer TErrorindicator is reset 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 TErrortndicator
expires, the H-ARQ receiver 324 determines that an H-ARQ NACK-t0o-ACK
error occurs and sends an H-ARQ NACK-to-ACK error indicator to the H-ARQ

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

s




second option is used, the identified MAC flow is
translated to the maxi num nunber of transm sisons
configured by the receiver. The maxi num nunber of
retransm ssions may al so be known by an H ARQ Process
IDif specific HARQ processes are dedicated to a MAC
flow for a set of MAC flows. Alternatively, a flag

may be set in the associated signaling to indicate

| ast transm ssion. [00281 A process 400 for

i mpl enenting an H ARQ assi sted ARQ operation_ in

reashed digcoamimymt jebrapsmission limik ibegnaxisnum fleliverytime for
the &,sazéte{m'\ﬁ f) hhE bEHRAE Brldforth Uirespan diife %ﬂ%acket has
transmtter transmts a packet to the HA
expigedver 324 (step 402). If the packet is successfully
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e recei ve t shq Fi
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Amﬁ wmter%zétamsﬁ %ﬂ&hammt? trantzﬁfttéi l\slggKQ TheaHSNRQZISﬁCK-to-
ste ter i t he e
AP rforcfy ety i phshoit Rl P o Bt AR BRocks’ana o
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retransm ssion i S known tO t € receiver. |f .
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eﬁdﬁﬁlﬂet Gf Ahi#tecareD lt‘om-n ) catmehranoiue SH-ARQ pmcbms,pm ¢1-ARQ
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ok SIS A5 e b S AR SRl e e

a physical layer signal at a fixed time offset after the reception of the received

error packet .
{0034] If more than one packet may be sent simultaneously from the

transmitter 810 to the receiver 320, the packets have their own cyclic
redundancy check (CRC) and one H-ARQ NACK-t0-ACK error indicator may
be used to send NACK-t0-ACK error indications for several packets. Hence,
the H-ARQ NACK-t0-ACK error indicator may contain multiple H-ARQ
process IDs, associated packet TSNs and/or timing offset.

[0035] The H-ARQ NACK-to-ACK error indicator may have its own CRC
to ensure reliable transmission. This allows MAC or RLC layer signaling for
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ARQ NACK-to0-ACK error indicator is not generated. If
the H ARQ receiver 324 does not successfully receive
the failed packet before the timer Tsmi,ai t r
expires, the H ARQ receiver 324 determ nes that an

H ARQ NACK-to- ACK error occurs and sends an H ARQ
NACK-t 0- ACK error indicator to the HARQ transmtter
314 unl ess the nunber of transm ssions of the failed
packet has _7-. reached the maxi mnumretransn ssion
limt, the maxi rumdelivery tinme for the packet,

H(!an NACKag -AGH| exrdr indigatien.t Fhe| HféBQaNAQKMCK error
mﬁi\u& ﬁ%ﬁﬂa Sore Rief8er af AOBRG oFPERGHARR

indicator is sent fromthe H

[0088lei ver S@ﬂaefwms@o@m 3, ba asHrerepeint of the Hﬁm CK-
102ROK! exord\Nfedtoy, f %&%‘sﬁﬁﬁéﬁgl@ﬁl@t sénfeardABR o the
ed b

transmtter 314, - A error
HiARRgeivesy %2451@&%‘%]&‘{) %K 5%%16&%5 4may raReptedly send

thgr PPH R ARE) NUICK-toRECKI sﬂbarma&ak@g until the H-ARQ E&o@ﬂreH Aﬁg%
e rror . tor

refoiget ah AGK AP (P AR rirmibRr BEE phEdc Bk e

[opa*nk et | Bfien remuugm}pmmclgwam Eoror sydiciton ab step
408, RECARR HenBm L0 8PL Bl b Il hbor Wb BLARQ lovel

byf wittaggsmittieg te &sledrpaaket mﬂes&theonaﬂepymret;answswdwt

%qgg, o RaAG

hés %ﬁﬁg&:@k% rocess I D™an B ackﬁ%ﬁdyog%gqm@m of

the%aﬂpd @acket haﬁa expized (Ftep418h) ’lgsyrﬂtﬁ%ﬂ dgangmittey 314 may

segg%rgﬁtﬂegﬁcg?e? Hi(,AR@Q mggnﬁaemn 86 ER4t the0iaiall Qithﬁﬁétycan

S | a
bepusepyered at gy ARQ gell\{oﬁtﬁ? eriny gﬁfﬁﬂ‘? ﬂafpgg%%@
SWbeHdAP&ﬁk IMfNME}KGﬁ mkrmczlwﬁnm .’-naodtﬂjr mﬂ;eh Mmmd wm
nt of the er.at hi. s chi eve
i ETS S e Poan RN, W plloRuht a8 ¥ for

trﬂfﬁnﬁsmohmﬂ thenfailey paekephias rexpmeé of thédifespapi ofethe failed
ternatl vely, the H ARQ NACK-to- ACK error

(}’ 180 rray be sent as
[0038] In the prior art, upon successful delivery of a packet, the H-ARQ

receiver 324 sends an ACK to the H-ARQ transmitter 814 and the H-ARQ
transmitter 314 sends a local 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 812 in such situation.

[0039] After sending the H-ARQ NACK-t0-ACK error indicator at step
408, the H-ARQ receiver 324 determines at step 416 whether the H-ARQ
receiver 824 does not receive the failed packet successfully before at least one

of the following conditions:

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

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

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

-9-



a physical |ayer signal at a fixed tine offset after
the reception of the received error packet . [00341
If nmore than one packet nay be sent sinultaneously
fromthe transmtter 310 to the receiver 320, the
packets have their own cyclic redundancy check (CRC)
and one H AlIt, Q NACK-to-ACK error indicator may be
used to send NACK-to-ACK error indications for several
packets. Hence, the H ARQ NACK-to- ACK error indicator
may contain nultiple HARQ process |Ds, associated
packet TS\geachingthe mngiimprgrfuzeher of pefzansrissiops afihe failed
to-ACK error indicator may have its own CRC to
ensure reliable transmission. This allows MAC or RLC
| ayer si ¢Maxpination pf thegimenFmursidad o ACK error

i ndi cat i @) exgitstith 6RR NI GIARKAI8acketddi cat or

acket may be created ejther at H ARQ.or A | eyel
QBE5G] S E Tpartupns 46 b ProARIng Somditions, oSy o HARQ
rét%feivbh @_2&%8&5 MNAGKal NAOK K eméA %ﬁ{% Béﬁeﬁ&t‘(ﬁiz Gt £18)ARTpon

ransm er. en n e recelrLve
regaRtioh phiiedacnt NATHE. B ApR heptiver o By sbd P HSE Tt to
thcARQ trimsrhithiR@ I8AGK etaveAte failed packeti (sepat20inThe mdpping

H- A recgl 4 el A f

bitigh ey SRR Bh1Y grla LORANG LD 16 b rpBTM S [3g T the B
ARErrsiceiven)32is ablARGIdenEfy the-ARKR RPUdhat nerdsdp be regovered.
[ot‘é%i’P 40?[‘hetﬁRQ"'lI3|_é§%Q tale 3h8 ARGOtranddlittdr 852 iiay BE WihPtied

e error at an evel by retransnittin

t he
aftey vegeivingctbetstaimsaspont feomdbe ?%Wﬁhé%‘f’-s%‘h%ﬁta%ﬁpm
fol Ahe' Af¥eh eflacklel CcolBath iRk ORlfdr@ition. hBButh 86cce¥dFullE Geceived

STHOTAIE S oy AR E Ry T
recéivilg WhChordsecitive ApAdktisanasiesifally3d? expitdtivh tdfea timer.
A SRS el B 5 B g R Bk e
tranonittingCe lastiiaeketNQ thedmdfers The reasonoior pollingtil go recover
e QR WASK-RIAGR! LGS S5 ANRRAPRVEPRA #1:8260P facket.
Setting the “Poll bit for the Yast packet” 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 814 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-



transm ssion of the fail ed packet has expired, or the
lifespan of the failed packet has expired. (0038] In
the prior art, upon successful delivery of a packet,

the HHARQ receiver 324 sends an ACK to the HARQ
transmtter 314 and the HARQ transmtter 314 sends a
local ACK to the ARQtransmtter 812. In accordance

with the present invention, the HARQ transmtter 314
may or may not send a |local ACK to the ARQ

transmtter 312 in such situation. (0039] After
teReiRdifgoh Gaetd ARRVOREEhE A@!C&aﬂ:raﬂ thengliesivne traxdsnsissipn. A

wifabE bl SO Sobbin S-S5 LA ho i, 88, mame

tfaishedtiep 314 dtarsugite $hé mullypdebep afienredeption afrve HeARQHCK

B SR WS AR, O Sk

reneiver 1324 rre@gvesram@maah@nt%ﬁsﬂm rzyelb’em%z‘{vﬁn e rﬁefmtion
fﬁhgn%%sﬁ agﬁegaéﬂe'i: r&s% ?ﬁuﬁ%ﬁ& Wi G thé ﬁ-M%cewer

e sequence nu the failed packet

ﬂwhatq packptyyas E@tcwqqgs#"ﬂb’ reeeivied A theaefops a NAYK was sent
?MQQ& ;S&ickw&n& gind B xiRasKRimbd) oftrRhémissdAs was

i mer TDe uver and ti :
nv# f%agbsai thye ’fq?epv%m ge&‘e%aciﬁgdﬁ@] qng t’%?ﬁ‘% Sfiggiver
324 td dtet ﬂhﬁ%wAﬂKa{bDﬂdlmér%i‘s OECKW S, Lhe H ARQ

iver sends,,a to.the receiv
[({9%% ( st ep BF1 BPOSTYNERT 3% r%‘fe“feﬁe?’ﬁ%ﬁyﬁg&, g a
ba¥e(stution| oreanyd a&ara;etmnld entidy dn s WGPBFA, €DMAZW0/Jong

te&éwo%? %&f g.é’éﬂ)zoftao ﬂ%ﬁ? %e Jralzlgﬁ A{!?%‘ %elgﬁg@% (ﬁ%des but

isj motnkimited| tevamserasmn& e apmobitgstation, \ﬂeﬁxglzqr F%Obﬂe
s@RbAbLLuhRED Fh%éé ]UL% &t@ta PE8Gisalldatd Gssistant (PDA),

recover ed. ffer at the A
a cpmpYtaEr; eRany g@quﬂ?pib gf W tdexipe capable of opera in a wireless

environment. "Base station" includes but is not limited to a Node-B, a site
controller, an access point or any other type of interfacing device in a wireless
environment.

[0045] Although the features and elements of the present invention 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).
-11-



after receiving the status report fromthe ARQ
recei ver 322. The status report for the failed packet
contains the information about successfully received
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
[Qoggason Sﬁitabnl Ipra@sga-st Gm}mdmv b¥ wagtL of éxammpleha [gadkral
error an ev. Qr the t
puBis Pﬁ@ceﬁ?& ARty ppgre B o %‘J bpBF ffbssor, =
digitabiggul pbdespmr ADSPEra fpbaradityl aff. ame&'bpmce:{sbﬁﬂ 29ne| of more
mxﬁfoggéegs%ré PELUE bR vFi%ﬁ ASSEP cQ;fe Eh:@nﬁ@ﬁ& RakkRbconbroller,

transm ssi ons, spect al _Smal | acket wth_a

Appleation, Speqifi¢ @mgﬁe@ncwbéems;@ﬁl Kipld Prograppmglle Gate
ArddyR"FBAAS cirdhitsAbh§ othee efb&%@hbﬂé&fa&éd Ie&cﬁﬁpﬂm, SiFor «

tfansnj-ssi on of the special packet with a |ast packet
stafeymachineon ensures early recovery of the |oss of the

[00%2}2t P aQ!k Giiroééss&h ein""a%%é;ﬁ?&@i Vﬁlﬂiﬂl_@oAﬂHwAfQ ﬂhaye w etised to
sends O ns acC 0 e te

e e e
uniea(wmm;ausdiee@npﬁwnp atKe), tganivadf baheastatimnHraAﬁQJetwork

opieler Ok esr i Mook bttty BEme B Bp e in

conjalmmom with gaedudes, jagilenented ipdrdrdyars and/or softwage, such as
a c&&%pé) 'Lf’%d‘eg amme er. ?&Hul@ ag l@ﬁeopﬁ&%} 3 8M3fﬂiﬁhbvﬁ l¥bratiBn

ore S|gnaI|n over head,
devigea asppakiron mal;onbengemte leviskp trarscpiyer e headsgt,

a k@,ﬂ)da'r&‘RQ BI'u@%o‘l:ﬁ@'}ﬁﬁﬁlﬂé' ﬁ-@&@éiﬁ:ytxﬁodzﬂ&wﬂe@mpraWumt a
check pr evi ous.t r.ansmi.ssi on. nﬂ% acket . 4o
Lauid) ryptad| Qiﬂlé‘é‘yc:@fﬁ% IS ik BR ‘(fﬁa’ém f %@#ﬁdﬁ
(0@}1?) ispRQ uhitd asmfgwae rmﬁﬁéaAé plagets i oediahglayet, a paddocpame
after .rece n_of, .an
Pla%?cﬂ’éf‘“}%n a?‘t#é‘%ﬁf’ﬂ&@rf’f”gﬁg ﬁé?roanﬂ ueu eQ&&]o%if ?ﬁ&t Ef%—%bk
(WLAN®module324 receives a null packet, the H ARQ
recei ver 324 confd rns reception *




of the | ast data packet as well as the null packet.
If, at the HARQ receiver, the l[ast packet was not
successfully received and therefore a NACK was sent
in response to the [ ast packet and the maxi nrum nunber
of transm ssions was not reached, the reception of
the null packet will allow the H ARQ receiver 324 to
detect the NACI{ to-ACK error. (0044] The transmtter
310 and the receiver 320 nmay be a Wi1UJ, a base
station or any other network entity in a WODVA,
CDVA2000 or long termevolution (LTE) of a third
generation (3G system S i ncl udes but is not
limted to a user equipnent (UE), a nobile station, a
fixed or nobile subscriber unit, a pager, a cellular
t ellephore meshadefos cinglleroientiag dybridt fammf\(ﬂ@Dmpeat eequest (H-ARQ)-

ut er n Y, ser devi ce capabl e of
assi g?‘ﬁ?‘inﬁ%c ﬁeﬂeag %ﬁuf’sé?[gggt) tﬁ ﬁgﬁﬁgwprlsm%ase station"
| NQetéptfmidpUtthdtS am OH-ARQI heghtitve Qckhbd&:d@eméhtS(NECK)—to-posulve
controller, an access point or any oth

acknqyyledgeaientich Cko\Arees P%OG&UWW @’I‘thé%sl)e‘éﬁ‘?/?? Wﬁﬁﬁ&et ;[ 0045]

Al t &ent f R-tBLASIe 2} dicat

[ n\fig{r%y?%ﬁl{é;‘?g& %ESCH ogtgéhlsﬁlllt he ﬁ?eﬁégd ten‘oo di rFé’H“s oo
wherrein plar Hi ARQAVACK b AGK i epos indicatdr is hetatransmiténd @il @ pendition that

can, be .used alane e
the GiBRE e 5P RisR T, P b ileg s B leng R Gl etsapsmission
limigQ@aRi nations with or without other features and
el ements of the present |nvenﬁﬁo . e nethods or flow
chaiﬁtegmmmgowheal@ea of Roktpdrapsrait a @g%t'i on may be
i npl enented in a conmputer program software, or
firmvare tangi bly enbodied in a conputer-readabl e

st @& age Tire diatimdf erclaameb whengin thy FRARENNASIK-puppEseror indicator
is 3588{1%8{1 (‘—Wthrage@ Q&r(gp Stor e ’denu i@?ﬁ%@sﬂh%ﬁﬂlﬁ% Backel: cad onl y

menory (ROM, a random access menory (RAM), a
reqi ster, cache mem

ragnet | dAEEBHREL PHEBRHAF [TAE BAGREo-Shi Sror dicator

! Pibe &Rl pack
incl L ERARL AR Q RS Imae%tga;ﬁ.gwsggge@g?%n@g oPHc R packet.
di sks ( DVDs) .

4. The method of claim 2 wherein the H-ARQ NACK-to-ACK error indicator

is transmitted 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.

6. The method of claim 1 wherein the H-ARQ NACK-to-ACK error indicator
is transmitted via at least one of physical layer signaling, a medium access control (MAC)

layer signaling and a radio link control (RLC) layer signaling.
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-11 (0046) Suitable processors include, by way of
exanpl e, a general purpose processor, a special
pur pose processor, a conventional processor, a

di gital signal processor (DSP), a plurality of

M Croprocessors, one Or nbre m Croprocessors in
association with a DSP core, a controller, a

m crocontroller, Application Specific Integrated
Grcuits (ASICs), Field Programmable Gate Arrays

(FPGAs) ¢ircuit y other t ype of integrated circuit
(1S, r?glﬁomeﬁlo s? @y [I@@gﬁj}alA oRacket s fransmitted

smaﬁaﬁ@sm@ R IliJAR&@NAV@(-Qo BRK BRolBaRaloP mdlmsqmmm NACK-
radi o frequency transceiver for use in a wreless

to-ACK gafstof mease thaa ongpgoket WIRTD, user equi prent (UE),
termnal, base station, radio network controller
(RNC), or any host conputer. The WIRU may be used in
cor. unctThemethdchofiadainl b svheteirpihe e ARCHNACKyar-AWET @ror indicator

and/.or oftvva uch . as a video canera
is trapsRjfted a 8“5/W&é8ﬁﬁéf?eredlﬁld§'b"é’a‘%€%m® a vibration

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

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

Bl et ootThermethedof claim F mdwgreim etyISndﬁﬁmmeédnqt thtranalmtoa local
NA&RI dna @oqd!iti(%;{bg tﬁ&% ?aﬁ%(ﬂ) Crﬁg tsﬂln%{ra_ég@ bSbRRx BN adth ’aax@&very

gani Cc di splay unit,
tlmd‘lvghlﬂﬂis smmhan the NM—tcﬁA@Kaﬁnéicpﬂoagseransrmmd deo gane
pl ayer nodul e, an Internet browser, and/or any
vvi rel ess local area network (W.AN) nodule. -12 CLAI M

®. ”El’mh@dnétﬁbd lofRlBAENtiHe eI YOTs! dbtetmmindidBidt Go Itef@ealt a local
re uest R%@iaSSI sted automatic repeat request
At

NA@KR@ a qon@ltl dhe &ailedi @p@ is et &qcaivad wgtik ﬁfaqr gpacket with a
seqda_{atrzl’élﬁglv\lﬁg% ibRes tl?azﬂkapc%e{her c Er ‘)M@@lletdg)ag&?'bty' a/ edetermmed

as occurred W th-respect
nunttxar'mréwi\ledd packet; determ ning whether or not to
transmt an H ARQ NACK-to- ACK error indicator,

11.  The method of claim 1 wherein it is determined not to transmit a local
NACK on a condition that the number of retransmissions of the failed packet reaches a

maximum retransmission limit for the failed packet.

12. The method of claim 1 wherein it is determined not to transmit a local
NACK on a condition that the failed packet is not received until after a maximum time for

delivery of the failed packet expires.

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

determining that an H-ARQ negative acknowledgement (NACK)-to-positive
acknowledgement (ACK) error has occurred with respect to a failed packet;

determining whether or not to transmit an H-ARQ NACK-to-ACK error indicator,

-14-



wherein the H ARQ NACK-to0-ACK error indicator is not
transmtted on a condition that the nunber of
retransm ssions of the failed packet has reached a
maxi mumretransmssion limt; and determ ning whet her
or not to transmt a |local NACK. 2. The nethod of
claim1l wherein the H ARQ NACK-t o- ACK error indicator
is associated with an H ARQ process identity (I1D) and
the failed packet. 3. The nethod of claim2 wherein

t he ARQ NACK-t o- ACK error indicator incl
Wh‘F‘F‘AFQ% HrRQ%QﬂFB ‘Qn’g&é eften HdiPLOL IHMPt SentuiHe Oﬁaﬁﬁ‘é‘ﬁt‘% that a
kit Bk 861 d%ﬁ%"r?bfthe‘faﬂeﬁ'}fac@h@so& pftd:Ghal m 2 wher ei n
error indicator is transmtted
WI t@tqmﬂmm whethed grgroplofteaasmitiatlecat Bldddet t o
transm ssion of the failed packet. 5. The nethod of
claim1l wherein transm ssion of the H ARQ NACK-t o- ACK
errpr. i ritiec aetliodanél dlaiandBi Mimem afe tHiARQi NAGCKp@ek€K error

ind AR RIRBIRUE A0 e B0 Prorgroraly (0 69 edhfedefid o

at | east one of physical |ayer signaling, a nedlum
access control (MAC) | ayer S|gnaI|n%{and a radio link

contX ol TRL@)ethody of odaigin al|4| wiereim shey H-pARQ IAREtooACK  error
indfé’:%tﬁh Rcf'ud%@?i AR @}Sr%%éspﬁ? g&%@ ﬁ%\%&h?ﬁoﬂ %&ﬁén@@ ﬁ{ﬁlnf)ér%‘%the failed

aneousl error
packetrdi cat or |nd|cates H ARQ NACK- to-ACK errors of nore
t han one packet. 8. The nethod of claim1 wherein the
H ARQ NACK-t0-ACK error indicator is transmtted

al ofy WTHe shefiodl bf diAmUNdaRBYreh ehk H-ARQ . NACKIREACK error
met hod of claim1 wherein it is determned not to

indicptan isriransraitied veith a fpedktiraing ofEesriwith Tespect todranpissiogiof g failed
pac gcket is not received before expiration of a recovery
Imer which is set when the NACK-to-ACK indicator is
transmtted. 10. The nethod of claim1 whereinit is
| ocal

Conb U O, method R el B Whdeirotimisiin ofie HARQNAGK-to-

ACRfdrRF irlidaestlefd trhdntission SFREGRIIEE paukBidAE iddegdidentt han a
sequence nunber of the failed packet by a

predet er m ned
18.  The method of claim 13 wherein the H-ARQ NACK-to-ACK error

indicator is transmitted via at least one of physical layer signaling, a medium access

control (MAC) layer signaling and a radio link control (RLC) layer signaling.

19.  The method of claim 13 wherein more than one packet is transmitted
simultaneously and the H-ARQ NACK-to-ACK error indicator indicates H-ARQ NACK-

to-ACK errors of more than one packet.

20. The method of claim 13 wherein the H-ARQ NACK-to-ACK error

indicator is transmitted along with a cyclic redundancy check (CRC).

-15-



nunber is received. 11. The nethod of claim 1l wherein
it is determined not to transmt a | ocal NACK on a
condition that the nunber of retransm ssions of the
fail ed packet reaches a maxinumretransm ssion [imt
for the failed packet. 12. The nethod of claim1
wherein it is determned not to transmt a | ocal NACK
on a condition that the failed packet is not received
until after a naxinun1tine for delivery of the failed
pac d for .

P Be (e aEbad of sliiaol pheracy 1o Beranah nal fooaiomt  loca

NACRP&RA c&rﬁﬁ’ﬁ’&%at(tﬁg@iledk f@@&@%c&%@ﬁéféie&g{ iration of a recovery
determ ning that an H ative acknow edgemant

timemyair) istset e the WA Ckatae '@ eleeisttrapiaiteder ror has
occurred with respect to a failed packet; determ ning
whet her or not to transmt an H ARQ NACK-t o- ACK error
i ndi2cat ofhe methdd whietagnnl 3t WherblnﬁiR@ Hi€itained AQKtoetranemit a local

i i cat or n d on cond|t| Q hat a )
NaCK b arangiian 1Bt BEARBE preft i€ el rRivet Bl bt plbket with a
seq@éﬂ@é h@:ﬂbeﬂnghéﬂeﬁaef maqmagse%ﬁtbeﬁbf e fRld ﬂa@kétﬂﬁ’rbsﬁ’eﬂetérmined

| ocal NACK. . The nmethod of claim 13 wherein t

nunppen ROLPGNEH- to ACK error indicator is associated with
an H ARQ process identity (I1D) and the fail ed packet.
15. The nmethod of claim 14 wherein the H ARQ
NACK- t o-Theknethodof claimdi IGawbereinnic lisidaerniihed hbtAlRQransmit a local

cess | trans SSi on seguence r,o
NAPKCSER CopdiRihat i Ao ol RGBT o ons St il skl fophes 2
mafhﬂﬁQeMﬁ%‘leﬂnﬂ@ﬁt ﬂfrrtl%fallédlﬁhcﬁa:t or is transmtted with
a fixed timng offset with respect to transm ssion of

the failed packet. 17. The nethod of claim 13 wherein

sm s’lsh'quet%d BF?laﬁE W it % é%gﬁuﬁécf Rbt ﬂontge{ gfﬁstoe[ local
an fransni ssion o e fa pac et are | ndepen t.
NACK orifheomtittonabatdhe filad packst isimet eceivedhentiaARQ maximum time for

delibelA}%_f %h%_tégeé p%rcf;eq rexpires.

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

determining that an H-ARQ negative acknowledgement (NACK)-to-positive
acknowledgement (ACK) error has occurred with respect to a failed packet;

determining whether or not to transmit an H-ARQ NACK-to-ACK error indicator,
wherein the H-ARQ NACK-to-ACK error indicator is not transmitted on a condition that a
lifespan of the failed packet has expired; and

determining whether or not to transmit a local NACK.

26. The method of claim 25 wherein the H-ARQ NACK-to-ACK error
indicator is associated with an H-ARQ process identity (ID) and the failed packet.
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indicator is transmtted via at |east one of physica

| ayer signaling, a nedium access control (MAC) | ayer
signaling and a radio link control (RLC) |ayer
signaling. 19. The nethod of claim 13 wherein nore
than one packet is transmtted sinultaneously and the
H ARQ NACK-t0- ACK error indicator indicates H ARQ
NACK- to-ACK errors of nore than one packet. 20. The
nmet hod of claim 13 wherein the H ARQ NACK-to- ACK error
indicator is transmtted along wt

otindanty Sl pLrtgim 265 pereiihe YR ACK-igrAFKs error
ind AR RicThdbd the ?H-Qﬁt(fféﬂ&&g D QQ& a t8ndntisdiclehuéhck A6@ber I Failed

on a condition th the failed packet is not received
packeff ore expiration of a recovery tiner which is set
when the NACK-to-ACK indicator is transmtted. 22. The
nmet hod of claim 13 wherein it is determ ned not to
tragssm tTie hetald oNATmorR6awheril tthorH-ARY NAEK-@FAEH error
packet is pot received until after a acket wth a
indicaign SrfEwSHURA Y ¥ tiripgp e Ui ERet Iy FsmisgIonf ghe failed
packéi | ed packet by a predeterm ned nunber is received.
23. The nmethod of claim 13 wherein it is determn ned
not to transmt a local NACK on a condition that the
nu r r
o R s FEBBE IR el s PERE I AIRT IR K0
ACK%rroTIi’r&hcrﬁﬁtrhﬁdi trafisntiksdomofliBe fdiled padket dre irglepkatdentri ned
not to transmt a local NACK on a condition that the
failed packet is not received until after a maxi num
ti g forrhed ﬁie‘tﬁb@r Bf Aaith QSf ahkRth RRE KR RRY PINAEK-102RCKA error
nmet hod for ' ementing hybrid automatic repeat
mdrcetques,ttra(nsmm via atsiﬂastt enf afipbymgal dayes signeling quegdium access

ok DS A SATPEUBLAR AR, S0,
acknomﬂedgenent (ACK) error has occurred with respect
aﬁsf al nmp&% tf,\&l%% ?ém &{nglr %?et Eh ((gnraet Bz}ctket is transmitted
mm%ﬁfe@hfﬂ'y BAE tHF ARR NAREC K 20 ACK @FrbPIndica@d eificHtes! 1$-ARY NACK-

transmtted on a condition that a
to-ACK errors of more than one packet.

32. The method of claim 25 wherein the H-ARQ NACK-to-ACK error

indicator is transmitted along with a cyclic redundancy check (CRC).

33.  The method of claim 25 wherein it is determined not to transmit a local
NACK on a condition that the failed packet is not received before expiration of a recovery

timer which is set when the NACK-to-ACK indicator is transmitted.

34.  The method of claim 25 wherein it is determined not to transmit a local
NACK on a condition that the failed packet is not received until after a packet with a

sequence number higher than a sequence number of the failed packet by a predetermined
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i fespan of the failed packet has expired; and
determ ning whether or not to transmt a |ocal NACK
26. The nethod of claim25 wherein the H ARQ
NACK-t 0- ACK error indicator is associated with an
H ARQ process identity (ID) and the failed packet. -16
27. The nethod of claim 26 wherein the H ARQ
NACK-t 0- ACK error indicator includes the H ARQ
process I D and a transm ssion sequence nunmber of the
failed _packet. 28. The nethod of claim 26 wherein the
numpeR [y EeFEAYSe: t 0- ACK error indicator is transmitted with
a fixed timng offset with respect to transm ssion of
the failed packet. 29. The nethod of claim25 wherein
t r atsni sEieanetbed of slaim ASQVheeie ¥ ds deferniaed get fonigansaitos local

BRSO 1 8 A 1 R
matidGHe tetrarEHsstorr lomit fornkk failedpacket. t ransmi tted via at

| east one of physical |ayer signaling, a medium access
control (MAC) layer signaling and a radio link control

(Ri4g) | aptRrmé&thedak icRen Blwhdbm 8¢ Bedrmiihed had 18 @msmit a local
wherein nore than one packet is transmtted

NAEKnen @ eonsirins thatshe failsd ppekaRo nahkeived Wtk afiey pmaximum time for
4 ndi indicates. H ARQ NACK- to-ACK errors of nore
dehltvﬁlg/r?cf%g&pl)%dgx%g[i& eggl.ré?The met hod of claim25 wherein
the H ARQ NACK-to0-ACK error indicator is transmtted

| ith a.cyclic.redund CRO) .. 33. The .
retTad o R Hiomi, Epaprenies: GHARQL Rk RdimeigRenting an
H-ARQRsdHtéd Autbasal repé%ﬁlgu@srﬂ (ARCONHE tdceiRert Boalg donfighrad ted

packet . is not received before expiration of -a recover

ti rAstermiiec Hhats aget-REh negatixpcrcknewledgemandi éngSK)Ttg-stitive
oI R RS el BEL BN o SRR AT Egacn ¢ 1

not"to transm-t
conttidringre whethertdrendt 30 [tolsmia @k 8i-ARQ NACK ¢o-@iCGle drraniridicator,

afte I t h sequence nunb hi gher than a.
whedel i BRRONER AR i FEFEHCTolREE iyt on & 8ndhion th
the RLABE ETrBkdnSfhissions of the failed packet has reached a maximum retransmission
limit; and

determine whether or not to transmit a local NACK.

38. The receiver 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.

39. The receiver 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.

40. The receiver of claim 38 wherein the H-ARQ NACK-to-ACK error

indicator is transmitted with a fixed timing offset with respect to transmission of the failed
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-17 nunber is received. 35. The nethod of claim 25
wherein it is determned not to transmt a local NACK
on a condition that the nunmber of retransm ssions of
the fail ed packet reaches a maxi numretransm ssion
limt for the failed packet. 36. The nethod of claim
25 wherein it is determned not to transmt a | ocal
NACK on a condition that the fail ed packet is not
received until after a maximumtine for delivery of
he fail ed packet expires. 37. A hybrid automatic
Packglheat request (H ARQ receiver for inplenenting an
H ARQ assi sted automatic repeat request (ARQ, the
recei ver _being configured to: determ ne that an H Al

neght.i veThectenovreefgdmens7 (aacy trapsmissipn jof ghe H-ARQ NACK-to-
T

transmt an H-ARQ NACK-t o- ACK error indicator,

UIEEE N S AT AT o5 TRl e AR, R REK e

indlcgior amﬁhmue@sn@fat st b bﬁ%h?ﬁ@iﬂ hydh agrafAE Ne thedium access
maxi numretransmssion limt; et erm ne vvhet her

congol AC) dpyer tignahing and f gdia hmtrOB@LGDHa-yer sigaslingr  of
claim 37 wherein the H ARQ NACK-to0- ACK error
indicator is associated with an H ARQ process identity
(1 B)3.andlteheectised ofl clairo kKt whad&in fivee rtisoe bre padkiet ¢4 alamsmitted

. wher.ei n. th - 1,05,ACK i cat
sim reanu ab eyt ARk AGK G s dfielRo ARQ NACK-
t0-REK UL MHGE ean¥ne phdkef.ai | ed  packet. 40. The

recei ver of .claim38 wherein the H ARQ NACK-t o- ACK

error indicator is transmtted with a fixed timng

of f st whi.h r .SS [
packet . V\g% 0 E@Qfg}(zfe{:l\%& %P%%qegﬁﬁmqge%v\}%ﬁgi fﬁ@xdl@g)-ACkS error
indicatan sitraasn vted @fong wathH AR MA@Kdanoy check (CRC).

45.  The receiver of claim 37 wherein it is determined not to transmit a local
NACK on a condition that the failed packet is not received before expiration of a recovery

timer which is set when the NACK-to-ACK indicator is transmitted.

46.  The receiver of claim 37 wherein it is determined not to transmit a local
NACK on a condition that the failed packet is not received until after a packet with a
sequence number higher than a sequence number of the failed packet by a predetermined

number is received.

47 The receiver of claim 37 wherein it is determined not to transmit a local
NACK on a condition that the number of retransmissions of the failed packet reaches a

maximum retransmission limit for the failed packet.
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ACK error indicator and transnission of the failed
packet are independent. 42. The receiver of claim 37
wherein the H ARQ NACK-to-ACK error indicator is
transmtted via at | east one of physical |ayer
signaling, a nmediumaccess control (MAC) | ayer
signaling and a radio link control (RLC) |ayer
signaling. 43. The receiver of claim 37 wherein nore
than one packet is transmtted sinultaneously and the

H ARQ NACK-t 0o- ACK err.or_jindi cator, indicates H Al )
NACK: t J%G%%Y?&fs‘ﬂ%f“ %Wge&eﬁaﬁ ip detepiRd ot iytangpt @ Toca
NACRCE ¥ 86ndPiorCthad tit BleWhalit I} dob feckivARGhMNAGKr & RraR{akum time for

error indicator is transmtted along with a cyclic

deliveny o therfoiledcpask®t ekDIRG) . 45. The receiver of claim 37
wherein it is determned not to transmt a local NACK
on a condition that the failed packet is not received
bef4r e eXxhiybrd hatomafic eepeatcreywssy (HHAR®)Y reabivehfor $mplementing an

H-AWG ey GO Tepe e SARO) S Eoh PTG ()
tr aRfdinined thaCah NARQ OHegalﬁc@ P&Hkhb@[édgé}ﬁéntt ImaAE:wd)lt&@osiﬁve

packet is not received until after a packet with a
acks@glgdgraeenh (W) errerdiae peaurrgd wathgespgetrie @ filadthaekesf t he

faile C Y, I Eag | IS, [ .

R U s e
whateih theoHtARQNA €K atod ACK lerrohitydi€aton isonot craskniitedion habnditien that a

nunber of retransplssi.ons of fhe failed, packet reaches
e R i P B AL SO ReTIeH I PORCGREL o | od packor
- 1YefBminEheheiiRs 8F N&fto Ghnith Bl NMORIEin it is
determined not to transmt a local NACK on a
condition that the fail ed packet is not received until
al Ly 2 TR WPELiR] 499 hEXET Yn® TR TRACR0-ACK  error
packét expires. 49" ybrid automati c repeat request
indicdo ARG socatediwitr arf B¥rAR Qpraxesritemiy D) ahdl iNRGhiksigiasketd
automati c repeat request (ARQ, the receiver being
configured to: determ ne that an H ARQ negative
ackyiow eggerReived NAGRInt Gopasiklein’ @h@ Tk AR ERAESKERLACK error

~ (ACK) error has occurred with respect to a failed )
indigafekiagtudes the H-ARQ process ID and a transmission sequence number of the failed

packet.

52.  The receiver of claim 50 wherein the H-ARQ NACK-to-ACK error
indicator is transmitted with a fixed timing offset with respect to transmission of the failed

packet.

53.  The receiver of claim 49 wherein transmission of the H-ARQ NACK-to-

ACK error indicator and transmission of the failed packet are independent.

54, The receiver of claim 49 wherein the H-ARQ NACK-to-ACK error

indicator is transmitted via at least one of physical layer signaling, a medium access

-20 -



determ ne whether or not to transmt an H ARQ
NACK-t o- ACK error indicator, wherein the H ARQ
NACK-t 0- ACK error indicator is not transmtted on a
condition that a maximumtime for delivery of the
fail ed packet has expired; and determ ne whether or
not to transmt a | ocal NACK. 50. The receiver of
claim49 wherein the H ARQ NACK-t o- ACK error

indicator is associated with an H ARQ process identity

! d the faijled t. 51. T i ver of clai
contg (B4 a4t veratianed ke Vi oROURLGD 1ok aeealing:

i ncl udes the H ARQ process ID and a transm ssion

sequence _nunber of the failed packet. 52. The )

r ec¥- verThsf reg¢izempE Glaith e4% wherefre maraHBNNAGK paeke\EK transmitted
. r tQr, o 14 it h. Is iy
syt A4 B 1ARQ NACRIEACI St il iyt I NaCK-
to-Ao@Klegtfors d3nord tianroae packet. of cl ai m 49 wherein

transm ssion of the H ARQ NACK-to- ACK error indicator

and transm ssion of the failed packet are independent.

54.56The TIRCedc¥REr f Sh@t MAWNRY qhd HPRGH RROK-t0-ACK error
NACK-t0-ACK error indicator is transmtted via at

indicatgs ts tegnamidted pleps ivdtdil a ¢yslieredgndanay Fhirgk (GRERdi um access
-20 control (MAC) layer signaling and a radio |ink
control (RLC) |ayer signaling. 55. The receiver of
cl &7m 4T hehrecadvar afonlant #awherein jias determmed mansnirdrisedt a local

Lmul t anegusly and .t H ARO NACK-t 0 error..
NARK & SO e BT apeRRaRt e AR Bhtign ghgigoovery
timéMAIclPR&ePRndhe NATK 1018 OKeREicH®F istfanSihie? 49 wherein
the H ARQ NACK-to-ACK error indicator is transmtted

along with a cyclic redundancy check (CRC). 57. The
recy. VerTh%fregéig%r'Bf@&%@ ShBrelid g: is .dgl%}tﬁ@% %Sﬁgdq?%rlxs i da local

transmt a loc on a condition that t
NAQEcket donditioh th&cthe faitbdbercketeis avop irecatvied inGf afierr @ packet yvith a

sl B e S bR bR A S8R e eines
nunmber gat&@ivadned not to transmt a | ocal

59.  The receiver of claim 49 wherein it is determined not to transmit a local
NACK on a condition that the number of retransmissions of the failed packet reaches a

maximum retransmission limit for the failed packet.

60.  The method of claim 49 wherein it is determined not to transmit a local
NACK on a condition that the failed packet is not received until after a maximum time for

delivery of the failed packet expires.

61. A hybrid automatic repeat request (H-ARQ) receiver for implementing an
H-ARQ-assisted automatic repeat request (ARQ), the receiver being configured to:
determine that an H-ARQ negative acknowledgement (NACK)-to-positive
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NACK on a condition that the failed packet is not

received until after a packet with a sequence nunber

hi gher than a sequence nunber of the failed packet by

a predeterm ned nunber is received. 59. The receiver

of claim49 wherein it is determned not to transmt a

| ocal NACK on a condition that the nunber of

retransm ssions of the fail ed packet reaches a

maxi mum retransmi ssion limt for the failed packet.

60. The neth of claim49 wherein it is. determ ned
ackﬁawlefiaem%ﬁéﬁ%e 501 b5 SFCURGA CRUILRREL G AR SRRkt he

f al §@mRRCKBEtheSoMRdt th aFAEMR hnUNIAR QYA EK-B-A®KI dRdMindicator,
time for delivery of the failed packet expires. 61. A

whergisrthel HabRErA CK-toeiSktertos indiastor (- Rotansimisied oy ércopdjfion that a

.o l0ml ' ég’% ssj;sted automati c repeat
hfe%ﬂe%uoggfg}%i&%a@?tﬁgkr C(g?i/a;ﬂrd bei ng configured to:
det duterimire: whether @0 nbt tdR@nseig alocaENACKNowW edgenent

(NACK) -t o-positive -21 acknowl edgenent (ACK) error has
occurred with respect to a fail ed packet; determ ne

whegher THe RQkiveP Jff s 61 Wheldin\RR: NAAR O ONACK -8-ACK error
i ndi cator, wherein the H ARQ NACK-to0- ACK error

indicaigr iscassnciates! widh an HahBQinrecsss idantity €Bhand therfatledapacket.
lifespan of the fail ed packet has expired; and
deternmi ne whether or not to transmt a |local NACK 62.
The6d. eceTheerecoiver |di chatid 62hevierdin tthe HH-AMQY) NACHK:-twaALEK error

B A R s s R S R Ao S
pacRft. cl ai m 62 wherein the H ARQ NACK-to-ACK error

i ndi cator includes the H ARQ process ID and a
transm ssi on sequence nunber of the failed packet.

rhe 12%;%&% Jr. Ghal BB wnss eho ﬁl}aa«g;ﬁgm@t%m&«cK error

64.
NACK-'t 0- error indicator Is transmtt
indicatoe & transmitgpd ofiflsefixed tihingedeicwith cespech stmarssiisionadf the failed
he failed packet. 65. The receiver of claim6l
PaCiferei n transm ssion of the H ARQ NACK-t o-

65.  The receiver of claim 61 wherein transmission of the H-ARQ NACK-to-

ACK error indicator and transmission of the failed packet are independent.

66. The receiver of claim 61 wherein the H-ARQ NACK-to-ACK error
indicator is transmitted via at least one of physical layer signaling, a medium access

control (MAC) layer signaling and a radio link control (RLC) layer signaling.

67. The receiver of claim 61 wherein more than one packet is transmitted
simultaneously and the H-ARQ NACK-to-ACK error indicator indicates H-ARQ NACK-

to-ACK errors of more than one packet.

68.  The receiver of claim 61 wherein the H-ARQ NACK-to-ACK error
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ACK error indicator and transm ssion of the failed
packet are independent. 66. The receiver of claim®6l
wherein the H ARQ NACK-to-ACK error indicator is
transmtted via at | east one of physical |ayer
signaling, a nmediumaccess control (MAC) | ayer
signaling and a radio link control (RLC) |ayer
signaling. 67. The receiver of claim®6l wherein nore
than one packet is transmitted sinultaneously and the

. H ARO NACK: t error j.ndicator ind H ARQ
indiGRERI® (FapSTRERY Z1oG gt Yol B RSARCB Ik SERED. 66 The
recei ver of claim®6l wherein the H ARQ NACK-t o- ACK

error -22 indicator is transmtted along wth a

cych9.c rErpuserireryofctiaiak6] oheyein ggs d«m@nméé ot &y trgygsmit a local
NARIELT SRS AL L TR 00) o8 LR o rcovery
ﬁmﬂ@thbﬁﬁkﬁﬁMﬁb&éb@dﬂ@mmmaﬁ1mhumw1%&mwmn&dry tinmer

which is set when the NACK-to-ACK i ndicator is

transmtted. 70. The receiver of claim®61l wherein it

i s et erTHen@ekiv@toft @aibd’ @NWhketei it! i9 GetermNALHoP T Ransmit a local
condition that the fail ed Eacket is not received until

NAGHK: en acqpdisieatthyli th failedspagkietnis enoh aersbied tingh after; h gAckgt with a
sequéridt %ﬂ&%eﬁlﬁgﬁd&rtgﬁlf r‘r%gr cnﬁé’ udthePBE ﬁl%tfaﬁ)é/d cket b 3 8redetermmed

predetermn I'S recel ved. ; ere
numﬂeansme&iv@er einit is determ ned not to transmt a

| ocal NACK on a condition that the nunber of

retransm ssions of the fail ed packet reaches a

MBXT INUM TRt feddi®e oFdlfm 61 WherelrOft it lietefraink@ dopackaismit a local

72. The receiver of claim61 wherein it is _determ ned

NAR#: o @ qopdifiemithat ghe pember ofqewansmissions ithe Fled pagket faches a
mailﬂfuhﬁ%tr@n‘?sqg%ﬁod [fm it Bdr tﬁ@%ﬁ%(? E&kk’@t il after a maximm

time for el1very of t I 1 ed packet expires. 23

72. The receiver of claim 61 wherein it is determined not to transmit a local
NACK on a condition that the failed packet is not received until after a maximum time for

delivery of the failed packet expires.
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