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METHOD AND APPARATUSFOR | MPROVI NG DATA TRANSM SSI ON

RELI ABI LI TY | NAW RELESS COVMUNI CATI ONS SYSTEM
WBRBAOKERIND | . Field [0001] The present i nvenP€DNS2006/010501

rel ates generally to wirele comuni cati ons, and nore

specifically to techni ques for inproving data

transm ssion reliability. Il. Background [0002] Many
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by a receiver or the maxi mum nunber of transm ssions
has been sent for the packet. A HARQ entity at the

transmtter (which is oBAMIKGROBNDR transmtter HARQ
entity) receives packets that have been assigned
L. seqiiielde nunbers, encodes each packet into one or
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sp@difi&dNE tbeeBhi@Es fothpldving datd eahsaadsi@ckeBatiiBgei ver HARQ

entity) receives the transm ssions fromthe
transmtter and conbi nes the subpackets that belong to

IIt heﬁ?ﬁfﬁﬁﬁset. The conbi ned subpackets for each

tra acket are then decoded in an attenpt to

I ecoMady witeletd ngitdit /IbnRgSkRk entpMVEMARQ tigngréve reliability for
degradation caused by deleterioqus effects in a _
datgy traspspassiqn. nWithddAR Qp paghrdaty packiet, BWY Padreasitipdyonge or multiple

. dec d.d : r l; k .
Ol vor P AT SR RIBE o HhnBHEr LcHBR B 3 Shofer or the
md{xA@Kin monbee &t hraconiseais has deemshad fopabk phcket AdIAR Qadngity at the -

t he. transm ssion o urther. su ets for this packet
tragpR s ?\gﬁ% g@?ﬁ? e AdRPEBYITE HEIE R ooty R RaBas have
bePRasSinc Gelpinkt AhRbbrds 2ARBUES RN &Ek&ﬂ%ﬂﬁ{e c?r%pé&ﬁj‘ﬁ{bpackets,

for the packet. The transmtter ‘may erroneously

and ¢rapsroigs thisee sabpackeln il aquedtiké oxlent by t he recei ver.

Each, ACK t hat. | oneous) detected,as .a K he .

Eoc i Stteinsnvint HARGIARRNE! the SR IRRRF e lpd & Seceiver
HAROPaskSH kedived BRClkehsnhibaén &SndltheathnsReen &Y ce@blngs the

decoded bel the receiver. The redundant transm sSSion

subagkefe 1bak beloneytodieo s Bckdie rldeerarahinethdubraskets fop each
trofsHHR ﬁa%k@t RBSKS! decoded in an attempt to recover the transmitted packet.

However, due to degradation caused by deleterious effects in a wireless link, some of
the received packets may be decoded in error and are called erased packets. The
receiver may send to the transmitter an acknowledgment (ACK) for each correctly
decoded packet to terminate the transmission of further subpackets for this packet
and/or a negative acknowledgment (NAK) for each erased packet to initiate
transmission of another subpacket for the packet. The transmitter may erroneously
receive the ACKs and/or NAKs sent by the receiver. Each ACK that is erroneously
detected as a NAK by the transmitter results in the transmission of another subpacket
for a packet that has already been correctly decoded by the receiver. The redundant
transmission may be correctly decoded by the receiver and result in a duplicate packet.
The error rate for the ACK transmissions may be high and, consequently, the receiver

may frequently obtain duplicate packets.
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The error rate for the ACK transm ssions may be high
and, consequently, the receiver may frequently obtain
walxpbilcat®e packets. [ 0004] The recei ver HARQ enpd1/yS1086/010501
al so tasked with providing rrectly decoded packets
to upper layers. In many systens, the upper Iayers
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duplARG dstedtiomandue-pidsriag ARQ JARGheirsmEsstorused for t he
HARQ transm ssion, and the tinme at which each ARQ
channel

SUMMARY

Techniques for performing duplicate detection and re-ordering for a HARQ
transmission are described herein. For a synchronous HARQ system, multiple ARQ
channels are used for the HARQ transmission, and the time at which each ARQ channel
is sent is known a priori by both a transmitter and a receiver for the HARQ
transmission. For an asynchronous HARQ system, the time between subsequent
subpacket transmissions on same ARQ channel is variable and is determined by a
scheduling entity based on channel and/or other characteristics. If the scheduling entity

resides at the transmitter, which is typically the case for the forward link (or downlink),
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is sent is known a prion by both a transmtter and a
receiver for the HARQ transm ssion. For an

wa@asyaasenous HARQ system the tine between subPCEUSENG/010501
subpacket transm ssions on sanme ARQ channel is
variable and is determ ned by a scheduling entity
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is ®Biméd/thasbah thdearsedaevand, thevidcetver Bndwdre timanewbichteéaeh ARQ
ti g]g at which each ARQ channel is sent. For both

chapglig s§ous and asynchr onous HARQ systens, it is
as s yEPhe HIAR QAL fifort, KRN GHshhi®dr BMves el Rl b8 ata packets
know the time at which each ARQ channel is sent.

thaft @0 She MsignehsctiERCE npwbersi tosindnatetther ordengmithe egquence. The
receives a sequence, of ta ckets. t hat b .
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sedueftiABHeMB&ed BiBpddkan sd¥htifi€f (SPUDHSSTHe eAGHMARE KRIsmits the
and generates nultiple subpackets that are assigned

padstiarsequanfigl ordedned GUBSHERICCY BRTPEIS eprsarfivp guggr from the
up%ér}gae)’eﬁ*sa} NRthé SA?{Q Ic{ﬁaﬁﬁ%fy atﬁhésg %h%%ﬁ%e%ofn@ aV AR 1t packet is

r (based on el r sequence nunbers, or arriva
sem rotiernef ARQY dhaanalp er chay picket, die $ubpadde fol almn glackedsire sent in
vai | abl e. . Each packe

s e o B Bt Aol B s AR recevea
forf tBE pAdRat oRACHBhackER 98 bednkeiequent i al order based on
therr SPIDs, ohe subpacket at a tinme until an ACK is

r ec Fov elipliente tdetecpank die saceniet deteminck ewbetheive fiwem correctly

S ..[,0009] For. dupbLicate tecti,0 he receiver
eGP PATYES ok aceies BRGT Slfinich FehPDeals e B bp cprrectty
deddded Pagketen aRQ shi@NE@tecily decadédupddkeat® ARCKeharkdbed Upon
on correctly decoded packet x and a prior correctl

obitegithe WiEicerrestht dagrded Ragksb ths recejysh S%%ﬁramnﬁwngcnea SPID for
' d =y .
A P 0B by K HET 2R B AE Mppd R FBAGLLR 38 ghich borrecty

dedcristl paciep pidsednel egiuvechetied SHP Br/i+or. The naetpegted SPID is the
decodeggygacket pl us one, i. nexpected SPID = +1 .

SPHA for geSnBRtket tapiip nok eﬁh@%btoog? Spcerved th Ak icherngl v For
exéérgpo‘lr@r,gfhg erér{%ﬁvgefr ?ﬁiae)[ LoB&n’ KERI M4E g'xegﬂid%%%&?}n od¥d Pgér%t’ which

ecel ver nmay sen ACK for the pr
maydrer @xinegusiie detdaed pae RAK bytthe tramenyittee whichomey thehytransmit the
ransm t.ter

nefhfEiRe Fi SRIREr Hinbatheitamer D e et iibpacket
redeBRR1 YL Lo Mtoldte pRRePxOborhhiRed BBt SEMPBRAKE bubpacket to the
unexpected SPID, and declares packet x to be a duplicate packet if the two SPIDs
match. The receiver increments the unexpected SPID each time a subpacket may be
sent on ARQ channel y, so that the unexpected SPID tracks the SPID of the subpacket
not expected to be received on ARQ channel y. This incrementing is done even if the
receiver did not detect a transmission. For example, the receiver may decode a packet

with SPID = £/ on ARQ channel y and send an ACK which is erroneously detected as a

NAK by the transmitter. The receiver may not detect subsequent subpacket
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received for correctly decoded packet x, conpares the

SPI D of this subpacket to the unexpected SPID, and
waelewbanmsd packet x to be a duplicate packet ifPthes100e€010501

SPI Ds match. The recei ver i%remants t he unexpected

SPI D each tinme a subpacket y be sent on ARQ channel
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1S a pac S sent ore pac

wiffiyw $itoind the Rarre@deinke OThelisigharidinioispR ginigd &3 rthé sart time for
packets on another ARQ channel z if (i%ma correctly

pagist gfed the araberpisARE-ehapasls graiklts £ dhs EIARQ ggangmission. For
v ASERER SR W Al Sty ol 15 S R e o
subpactets/fdreanh pavdecandribe numbendf. ARQehdesil g it @slyrichrmmons HARQ

. determined by the start.tjnme_for packet x and t .

in BRI SRS oA B iaR 481 BRI 1 TRy ARQ chamnel is

knbWanRs HesehQ@RlingeAtityynchr onous HARQ the time w ndow is
determ ned by the nmaxi mum nunber of subpackets for

eac Vastouk etpeatiy @nd kabadiptrats of thaRyesthemare dsscribed in further detail
beﬁ&’ynchronous HARQ i n a schedul ed system the tine

wridow for transm ssion on each ARQ channel is known

to the scheduling entity. [OQ |l Various aspects and

enbodi nents of the invention are described in further

detai | bel owBRAIERPESESIRTHONQRFHERRANINGSS [ 0012]

FI Grrds. $ 00 PRE&GoREAAE 36 RITARD SSepARQ system
FIG. 2 shows a synchronous HARQ transmission on one ARQ channel.
FIG. 3A shows a synchronous HARQ transmission on four ARQ channels;
FIG. 3B shows a data buffer for the HARQ transmission shown in FIG. 3A;
FIG. 4 shows a process for performing duplicate detection;
FIGS. 5A and 5B illustrate two conditions for determining whether an earlier
packet is still pending on another ARQ channel;
FIG. 6 shows a process for re-ordering packets;
FIG. 7 shows a process for determining whether there is a pending earlier packet;
FIG. 8 shows a process for processing received packets for a HARQ transmission;
FIG. 9 shows a process for re-ordering and forwarding packets to upper layers;

FIG. 10 illustrates processing for the HARQ transmission shown in FIG. 3A; and
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[0013] FIG 2 shows a synchronous HARQ transmn ssion on
one ARQ channel. [0014] FIG 3A shows a synchronous
WoiRRQ104ensni ssi on on four ARQ channel s; [ 0015PCHUR008@ 0501
shows a data buffer for the g—lARQtransm' ssion shown in
FIG 3A; [0016] FIG 4 shows a process for performng
dupld.ca detectign;. [0017] FIGS. 5A.and 5B illustrate
twh TGO et o ciabeihe i iy STl o S paor.
packet is still pending on another ARQ channel; [0018]
FIG 6 shows a process for re-ordering packets; [0019]
FIG 7 shows a procBﬂA@Ewm?@)Mhet her there
i's I4N | er '. «El .
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or ilhanatids i Any efmnBOd dentlldscriBedslitawin a3 “pxedgsias’” fivniot necessarily to
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(OERB ). nesh Ltra-oidolsand Thysteny (UWEY éndeoeen.i oh GANIA system may
1m¥)fe'rr%rng ahA90dE c\'/W&G%HI? —Cgﬁ\ﬁ&r \Q‘—e@DfQ/ﬁ{ C1d TR ?ﬁi&y%ﬁgMA radio
or various conmunication systens sutch as a e
acEAsy itschmplolidst (RAEs) ACAeTBMAYK s yaily eimplémdrt nGlobal System for

Di.vision Miultjple ess (TDMA) . system a Freguency
Mepils éwwmoa_ﬁ e<<3§§@ésfg §mm§th%ry&1*§n A GitiNgatum may
iml lre%%@mﬁﬂsm.ﬂ ofepifi| dooplee ACHEES 09PMNAR APWB system may

tra- Wdeband System (UAB] and so on. A CDMA system
impleynenmBD2 At ntcdodZe0® 0versN$He b a2 @l and \I-GBWngd isrdescribed in

sone_.ot.her CDMA radi o access .t echnol Qqi es 1s). A
oS B SRR AT DIraMER 1 o SERT AL C MY KL (GGPP2)
WEDRLNi mat GENE atCaMcrBed SiANBocileafs ROk aAtbrshilaMhs Yaked «3rd

may inmplenent | EEE 802. 11, |EEE 802.16, or |EEE )
Gegoratipn . Panfnersii® Bipiec m(3ahP )k npCERetnd 3GPPA slocemieni @00 publicly

' s . i i hed i
o GENEE Th Sl SR RS L EAEE A8 MBI Bk o e
folParrd tiek $év dovhiliakpaid tRE r{vaSBMAk (oMIfHDMA Bord14o)) thé techniques
gg%cr,f'aqbe% in docunents froma consortiumnaned "3rd
arqaiveriBrd 1on sdPYSRRT ki 1y Broped Reyisepd) . 3GPP and 3GPP2
docyent  sRb®s :%H&ie't ?ré(qe@éﬁ liaPlag- HAR®) ggs% CahCyireless device
detection and re-ordering techniques may al so be used
préassses [gech data packet to generate a coded packet and further partitions the coded

packet into three subpackets. The data/coded packets are assigned sequential sequence
numbers and are labeled as PacO, Pacl, Pac2, and so on, in FIG. 1. The three
subpackets for each coded packet are assigned subpacket identifiers (SPIDs) of ‘0’, “1°,
and 2’ and are labeled as SPO, SP1, and SP2 in FIG. 1. Each subpacket contains
sufficient information to allow a receiving base station to decode the subpacket under
favorable channel condition and recover the packet. The three subpackets for each
packet contain different redundancy information for the packet. The three subpackets
for a packet may be viewed as different versions of the packet or different transmissions

for the packet.
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forward Iink (or downlink) and the reverse link (or
uplink). For clarity, these techniques are descri bed

wo ooo6tibzey ever se | ink in cdma2000 Revi sion D. PODRS3006/010501
FIG 1 shows packet processi6ng for an HARQ system A
wi rel ess device processes each data packet to generate

a cqded ket and further, partitions the code acket ..
"t 4o Pl i it vstorit i o e oL S anios

pad@&@s D IPRY) HasRAl it befQd PanEe | TPAHISwhioh & drSniddededste packet
as PacQ, Pacl, Pac2, and so on, in FIG 1. The three
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H H H . S | . f 1 1 1 1 1 1 d
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fologirck B FEPRARFH A (SR inf:‘?d&ﬂ- 2eE: ¥ o e @Hﬁﬁ_@epsa_éwg?ts may be
tramﬁmteg rf&eea%ﬂggf%ﬁé‘t?t'fhé ckEEGBcRME I dPHsRiRi Al dds &t above

redundancy | rmation tor the packet. The three
mayispsek &irdlafdirafficpheknels inepribes systewsduels agl iféif exampte, a Reverse

Pt T Ry 0B AOGHE n, Sirat ol SR uob FE "FL Sty B detals
arsSdREfibddDbeldlv SGGHERLPRECHOr der. Thus, the earli est

packet Osi.lPacO is transmtted before packet 1 Padé,
whi G 2 shewrdhg struciup ot datp sbRreel ! p PyRGIyONaKH iW System.

Th%rt?:ﬂ@msg{?%dtilg?fl&re op %f?ekgglt %h& rﬁ? :1)’5) aﬁ’iﬂgnéd) it £ aﬁ%rs with each

each packet, the three su%pac ets gre ransnt tted in

frasreq lheﬂ;n'gah ﬁxdibrdumnioaa(afeg.ARQ Q?H?Fajnds T(gms, f(ﬁuﬂreﬁiRKBDCH in
0 (SPO is transmtte irst, followe subpacket. 1 .. .

ccpapi0)] Orieeiteekeh ety 151 B} fm?@&%{ra@ gion) tipoe line is

futisee gﬁlqi_tio@@ intd Wur A8Qhhndell §RiHURPAGKSEIA ATRY cRfhnel identifiers

transmtted for each packet. The packet processing and
(AQIas)sofi ‘95i‘dh ‘e snd i Be dhalfomeARRychbenals e ifirlaced such that ARQ

en SR AR PLBS ik BB BB R bl gl e
ARG RMinS AD: 1 F&&Lﬁgésawéry,foﬁ&m Ak @il RESlowing

described bel ow for the R-PDCH "[0028] FIG 2 shows
ARQectwnpelc Our AR o channghtZ wittanASTID =2 aocoppich r gty sfopaiRQrame

. _Syst The tra 1 ssion .ti lj e, for,the. d .

Y L R ROGRA e 8 ARSNGB GPuRd occupies

evOg\bigh SafleXRehdditidl fMbwits ARQ dkhniikl 2.1 TREARASs (488 )for all four
for the RPDCH in cdma2000). One subpacket nay be sent

ARQ chaunely prendelingd dasadaens sistes gimet (SedITIME) agdfage kpewn by the

BB AR R DA A e B o
ARQ'instdilves hndimadRQ vibwened foualezitalchadmetest fouc bulichatnels of the

ARQ channel 0 with ACID = 0 occupies every fourth
daﬁ%@u@pg isygchpnays QEYHER: f r ame,

FIG. 2 also shows an exemplary synchronous HARQ transmission on one ARQ
channel. Each packet is transmitted and possibly retransmitied on a single ARQ
channel. For a given packet, the wireless device first transmits subpacket 0 in a frame
for an ARQ channel, then subpacket 1 (if needed) in the next available frame for the
same ARQ channel, and finally subpacket 2 (if needed) in the next available frame for
the ARQ channel. As each subpacket is received, the base station attempts to decode
the packet based on all subpackets that have been received for the packet. If the
decoding is successful, then the base station sends an ACK on a Forward

Acknowledgment Channel (F-ACKCH), and the wireless device stops sending
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ARQ channel 1 with ACID = 1 occupies every fourth

frame i medi ately foll owi ng ARQ channel 0, ARQ channel
WQ@2006t10240CI D = 2 occupi es every fourth franme PCT/US2006/010501

i medi ately foll ow ng ARQ ch?nnel 1, and ARQ channel 3

with AQD = 3 occupies every ourth frame i medi ately

ol | gw han used fo Qur
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stafiOY SSEAVE) NI @ @hk TONTKITH,! bed Whé eliggessdamiice séiild the next
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cobg:ggtp@t&a SIS 9f $418¢H Apglgl e ARQ channel . For a

gi Ve pRC&EInpIE BRowh HEFRS 2, dRY 1WeRlekd biSticd Hanemid subpacket 0 of
subpacket 0 |n a frame for an ARQ channel, then

pagligh g oklaeh is (dc¢0d¢éeme¢r;0rl by theebasexttatzonai ffabl\elmlmn@ewce then

trafﬁgrrggé g)jqopagly% # o F%S%acgat andde{clpg?#e L%/r{)ecﬁ%/ﬁggkgéfezaé ACK was

setatfeThe AgreRIE Bex&é:&)tmaﬁ &ﬁﬂisninﬁs subp&ik¥Elof the ﬁaebtq%@ket 1, which is
station attenpts to decode the packet based on all

degqﬂ@é de REPsbY H@tbqﬁ@\?@ﬂ%ew éverél% gevies thep drapgraitesubppgket 1 of
peb 1 RRP Mol i i GRBRGI N sk RS Er OB R B O

( F- ACKEMyity, &hG. 2 kizows traisasssmimf both Ntbd{mand ACKs. Many systems

seRiL a1 Mgk ? B GG AKSd Gfduce Rl oot oL SEnes | ERF SLAGE-based
scl@en’féo\lﬁ RBeit&esdndf G ALKy 1 patifee hﬁﬁ@co@@d{ 'cﬁﬁeégngﬁi does not

he next subpacket for the pacCket. ay f
se@br@dy riﬁ;AKhe AQKs are NoK ¢xpliotily $qnarra=nd sz\Iéeh are lmphClt sent (i.e.,

er i e dpeeiet o AT s B RS s o o e

baﬁdﬁQcﬁ&ﬁaﬂﬁé redeider lsBRisea Namﬁnlsllli(@@a&kdﬁﬁs detodéd @nerror and does
bet ween consecutive transm ssions of sane A channel .

nof sgB0FIFACK: hd hexiarkaniques Kissgited teram may b ase Pithey kind of
fe%i%\!tékce transmts subpacket O of packet 0, which is
ecoded in error by the base station. The wirel ess

deviAk eectivencan dansmibes whethgrac gieen packet xsaiek@ded(};ormbﬂphr in error

i s, decoded orrectl hence was sent bac
bakd g dradestion cale NG for BRoRRRS Eab iR, paRsihdecoded
coftgly 1@%%‘&/@150 Pedudined ch&kdERCIQSr ihe tp%l{e@pasl% Mhedé@@é&l in error

station. "The wireless device then fransmts subpacket
if tbecs}R@) é@l@etAﬂuseQéleemm,raaiesﬂdeslspagheto@ ADReHee that s ddgpded correctly

o TSRSl BECRESHS D, AT EPBbEt iy i e

in error by the receiver (e.g., the CRC fails).

As shown in FIG. 2, some delays are incurred to transmit a subpacket, decode a
packet, and send back an ACK or NAK. The subpacket transmissions for each ARQ
channel are separated by four frames to account for the processing and transmission
delays. The wireless device can transmit up to four packets in parallel on the four ARQ
channels. At any given moment, there can be up to four outstanding packet
transmissions. Each outstanding packet transmission is for a packet that has not been

acknowledged as being decoded by the base station.
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send only ACKs or only NAKs to reduce the anount of
signaling. For an ACK-based schene, a receiver sends
wamos@kdeonl y if a packet is decoded correctly POUSIE&010501
not send any NAK. ACKs are téﬁus explicitly sent, and
NAKs are |an icit sent (i.e.; presuned by the absence
SOne

e TC2 38 sbhes it B SRR P B e R Rl oy By rour ARQ

ch@arket The virtadardvicd sehdiubpacket @esf gﬁdkeﬁe(ﬂ 1di,aN¥nd\GKon ARQ
The_ techni ques descri bed herein nmay be used Wi t h any

chpansls &f L.i%eartbackespeatioshy) imfiamesilydr 2cand Herenentively. The base
sta%ﬁtr&% vel t% Y& sﬁﬁlgzlf:ﬁéts' %ﬂctgg%st Ilsia%getg%r rlea%tdl ¥i Errb]{] and decodes

e€rror based on an ‘error on code Used T
paglat Rebrredthr. Eneanjitiess devizachket trarsnie Gobiedkerdr asfegabkgts Df1 and 3

a clic redun an y. check . or t pack passes
on i ekadael tnl apd o rP%Pe?%\ie?Rt% %%HHF% Asarlﬁisidrq%e‘?%ﬁvaly, and
traﬁsrﬁﬁé? Qtijcﬁﬂcl&%@(@ﬁ theSheit BQ&&?M SPARQ endRerded rERhd SCt'fﬁé base

by the receiver (e.g. CRC passes), and an erased
stapian kedeivies the yydbpkaketst ﬁmodasp@éctsd)e:mdl mcm’ecd[y, ind ddvedes packets

1 a@inflop TSyl IS adiEe (R b busaty SopraER Dl B ek packet 5 on
ARQ hpagieeto, indfendes, aubgeket 2 ofpEcleeNdob ARQ ARaieK 10/ frame 9,

NAK. The subpacket transm ssions for each ARQ channel

subpaskefelaf Backgt Hiyonf OBR ehamnels? in frgmeolthand spbpagket O of the next
pable? 6o 'A%Q el %nﬁlnfrﬁrﬁla inod"?hé‘xsﬁie, %Egt?onwferc@wg? %hﬁ sublgackets

evice cantransmt S In para
detdues packetsARQ anﬁmn&kmr aﬁd daendeg pa’c&a&t Am)mﬂidﬂ,y tIhervardess device

R MBI AI LD DRARL OB ShemalD o TFATeR 2. Rgteke O of
thd Sk PP oS, ARKNGihgLoPth ASmRaENGuisiAERY @doftme tB% RRRE& 8 on

st atl on. [ 0034] G 3A shows an exenpl ary synchronous
AR{AR@amneéﬁsmfmmM amdzubpacletr 1 Aﬁghdmaﬁ el z%RQTdi@nneI 3 in frame

SaliCsTRle AR ER SARRD SHOTPAICL AR R PRGHELE, Dep Jrose pecker

1 Iﬁzrsa{ms:e@n ddcoddd adiflce3all tlﬁs@@lﬂipameétyha@&eha&ﬁt fdrgdacRA 1. The
recei ves the four subpackets, decodes packets O, 1 and

wigelgsg deyiee FONTHIVES HoEHWELL PaLK packet pheraver py AR ghannel becomes
av%Y'lz[bTé.eSS device then transmts subpacket 1 of packets
, and 3 on ARQ channels 0, 1 and 3, respectively,
i n fRI&GY8B shows tlamdbn't’ent tof a platat buffelr ysedatocktdre alosodeti packets at the

sub acke 0 .of next packet. 4 on ARQ channel in
bae SRR T Goip 0 es FoqRRONIS Cellcd & ¢ RBIEa8 P Fach decoded
pagles 9&%6 R0 e R undne g&q@ﬂﬁ SeRAG Bbont to

In error. he wirel ess device then transmts
uppcrblpmrk etF1G. 3B Shhws igasdt dfpmdtdapacﬁcebmd!\m@ fmnewh&‘hl the packet

w]c r eﬁ%degl ?5’&(@9 ﬁk\xgas c?i‘ecode rame pac et was ecode]d in frame 4,
packet 3 was decoded in frame 7, packet 4 was decoded in frame 10, packet 5 was
decoded in frame 12, and packet 8 was decoded in frame 14. Packet 1 is detected to be
missing in frame 9. As shown in FIGS. 3A and 3B, although the wireless device
transmits the packets starting in sequential order, the base station recovers the packets
out of sequence due to the additional transmissions for erased packets.

For simplicity, FIG. 3A assumes no detection errors for the ACKs and NAKSs
sent by the base station to the wireless device. For each ACK that is detected as a NAK,
the wireless device transmits the next subpacket for a packet that is already decoded by

the base station. For each NAK that is detected as an ACK, the wireless device
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subpacket 1 of packet 4 on ARQ channel 2 in frame 10,
and subpacket 0 of the next packet 6 on ARQ channel 3
WO oobnears 11. The base station receives the subP@RURBIE)10501
decodes packets 1, 5 and 6 i,n error, and decodes
packet 4 correctly. The w rgl ess device then transmts

ok Bt atret ERG haweh (R L PTG st R D00 P the base

stafi6dMEhd AR UESPATK @FroP rA¢ id PicARY kmRAGK 8L, 081 BNt RRieve reliable
channel 2 in_frame 14, and subpacket 1 of packet 6 on

dataranemissival  Howavery thee ACK-torNA Knierrer saie ngast/be digh and variable

r ' e e . -
(e PR 45 1Re00] HRBEETr SEKOTRARIGS, he HE RaliBOURRY receive
duplidapagikkéts. have been sent for packet 1. The wirel ess

device continues to transnmt a new packet whenever an_
ARQTgFl aPRTe| S0 Sy av%q%aueﬁcth?%cm do lsnatippad discard

dup 8t ORERT Jile %h;gigﬁt@ deucligh SicthRi%H46E BAREE following

ackets at station. The data buffer iIs
asspophions: (1 cthlelbask statien @rdegeivey) hasf frowledgaali thie ARGR dhannel sent

in G5 Fioph Plosalor SRS Rititd, @) BEueleiordi i PHasBee sent in
seqolefiial RIS ANS(3§ Btbase aaEG I MasHie hscantintthe SPIIRBEa kibpacket if a

whi ch the packet was decoded. Packet 2 was decoded in
pagkepisedepodedacket 0 was decoded in frame 4, packet 3 was

Sechet 4 T gl IAGHEL f 3o L o
detdettmifod packeks ®o® vddlviaRaHRERQ trahsnidgibec Thd bhe fgtion maintains a

m.SS| in fr . As Q in FI.GS. 3A and 3B
V%@%tﬁgwicw&-%?%ggc@m@iw@ns it yangle piqaigsdhe SPID of
a sibgdckbi@al R REGMRRBENAL RME& G ved Mtlﬁ@@lQQséh%BhE?ﬂ g‘he base station

recovers the packets out oflsequence due to
inithaldies itlenhexpeetnd (RAPI fonsadhoARQr cigrit] pae lnenwalifl 386 Jat the start

or shiplicit F assunes np detection er S
or g Rk Bk o Rtk 0 o e R Lt SEED ey be st
to MakeNais THEWhRE is fRmBaMim KdmbRAI shispadRdte Edrafdc@Padket, where
NAK, the wreless device transnmts the next subpacket

MpoNum phek 8t forthe R-BDSH ém@dma209dRavipipntlpe Bagsaitialization in
S i.on. For each Kt is detected as an ACK, the

blogk AL S el Bo e e ARG S P ket evan. though
t he TRE ivate RAGKEherRtRfs g&bn&%@ﬂa@&f&%ﬂ eith frh8e P&"i‘@hefransnﬁssion.

station. The NAK-to-ACK error rate is typically small
The dage stagon Ppterrpingg hee HRQ ehangp] éordhe gurreatnane wbieh is called

ver e ACK-I q- rror._rate. igh .
AR kLt BRe 605 T GE oy Bl O M Ml pgsacon
the@ratefmpis thliechrsbe ﬁzto&éti fon theayiriegicfeani® (Klogd 4223t & determination is

packets. [0037] The base statiaon rra¥4)perform dupl i cate

thegamady whathep thegragksty yasaderoded calpek 4

then the base station obtains the SPID of the subpacket received in the current frame
(which is called SPID k) (block 426). For cdma2000 Revision D, each subpacket
carries the SPID assigned to the subpacket, but the base station can reliably ascertain the
SPID only if the packet is decoded.

. If the packet was decoded,

The base station then determines whether SPID & is equal to the
Unexpected _SPID for ARQ chanunel y (block 428). If SPID k is not equal to the
Unexpected_SPID for ARQ channel y, which would be the case for the first packet sent

on ARQ channel y because the Unexpected_SPID was initialized to a non-valid value,



[0041]

[0042]

dupl i cate packets. The duplicate detection may be

perforned based on the foll ow ng assunptions: (1) the
whawe/162484 i on (or receiver) has know edge of tPeT/BRD06/010501

channel sent in each frane E sed on systemtimng, (2)

t he subpackets for each packet are sent in sequenti al

orde and. (,3 e base i 0 nl ascertain the
e e S Sl 2P % 2 TbloBR 4621 BN s 36 G ol Bxpect
to flcbive 4 subpXskePwith QWHDaGT 2l Gh tie RE2ERSR HPAR®@Channel y since

perform ng duplicate detection for packets received

pagkiehx & irqRdy eeodedd &fsa sbpadise withsreSBIhel &ri Inireaeiiieddn ghe next

varlab Unexpect ed] I D C channel . Thi
fralf 108 AhEQ ARG 54 B TiteQuPhotP Sl B sEAMRCto s Bk Ak
err6X pRC ied duwplibae paciek.verthveNbidkeinARQck A2BNE! SPIDNE iDageal to the
station initializes the Unexpected SPID for each A

Ungrpaeirsl SPHP.athen rpagkati g isy dealared tast  duplicata pepket gad pjriscarded
i S | l e, .t
oIbfiRRSTT, 8 R 436 g Hhbxpdofla SEATR &1 o £E 1, blaekcazn), |

max ifnhepacied 6o thé cuatenp frakne tveasfopasce ashlepanket] in bloek d24, then a

Max. Num Tx = 3 for the R-PDCH i 2000 vi sion D. .
detPHBMARPT AamRdatheHes e we%i@&l’?g@r r@?@ggalaw & 1 gpn-valid
(e.g.lﬂ %?mwmmm %h Wlock 293911 HreaRReLisSNRE | tﬁ_@rtl ‘F]he base station

perforns duplicate detection for each frame w
inareraerg sriitesiimax peciid SPal8 dos AR drandeltyerinomeedlacket 30RA the answer

i cREnnar bl RGOS Rhen HBF dafolrl et Siois 6 Bhoek 420 1

prdoagmgnggq}amahe base station then attenpts to decode

t he packet for the current frame_ (bl ock 422}5 A
det dhgidyaticase detsctiondin e d seisdbe PnexnestedaSRidt baggd on the SPID

424). & f e t d : .
of (RS RESL SRRl Rival et [FGBRRED plRR B FERULRE Betection
inareneity gt Unexiphated \BPTRity doednmbldokid36h(1) whemdvbeah SRidd garket is

bl ock 426). For cdma2000 Revi sion D, eac ubpacket
TECER{CH SIS HBPASHP s 90G e é)rgwﬁgég)e{}, (R Eﬁleiﬁmsted-sm
haPASEreadREINEK_ S8 TS 4k YoPHE fohdalld Wake BB R danhWiddk 410. I

the packet 1s decoded. [0040] The base station then

- thed€hexnperted sSRietehahes 3fxDNuni_sxeiguzbck 436, ieen the Unexpected_SPID

[0043]

[0044]

Unexpect ed SPI or channel bl ock 428). .l Pl D
may BE ARt M RO ettiely’ &R0 4ibv R Lidar  The
duplicaed) debctisaindy Reotdeepaasmell O e rhirfnsts 6K Sh tB&€ Bbscription
on ARQ channel y because the Unexpected SPI D was

hefeii-t i al i zed to a non-valid val ue, then the
Unexne . i + 32)
UnREROATPRCY | 0610 kbl BR300 G 88
recdiVEy) pafkets out bfisequechee ereent thbnginthebopadde@ mhpmeedentyin sequential

X al rea decoded. . I f a subpacket w th

or Irgéggp agsl%eglpltoi rward Sach desodeg packet ip the upger layers as soon as

possible to reduce delays. However, if the upper layers expect to receive packets in
sequential order, then the receiver HARQ entity typically buffers the decoded packets,
re-orders packets that are out of sequence, and then provides the re-ordered packets to
the upper layers.

For a given decoded packet x, the base station can forward packet x to the upper
layers if no packet was sent before packet x and may still be received. Another packet b
is sent before packet x if the transmission of packet b started before the transmission of
packet x. If packets are sent in sequential order, then if another packet b was sent before

packet x, then packet b should be forwarded to the upper layers prior to packet x if the



[0045]

[0046]

[0047]

frame for ARQ channel y, then this subpacket nust be

sent due to an ACK-to-NAK error and is a duplicate
w@awka246hus, back in block 428, if SPID k i sSPerjustoos/e0501

t he Unexpected SPID, then pggket x is declared as a

duplicate packet and is discarded (bl ock 430). After

nex .SPID is set. to +1 (,bl ock
upgsd et i pect 1 re P BB ST St heb R Gliet oFtbapFer ot decoded
afRf deadaxigfind ORI NeEbérbfARQKe 4rfsmiskidAs, ahen packet b is lost and
determination i s made whet her the Unexpected SPID for

pagkeh epEhbreforyarded fRthewaperdayess-g. , equal to Max_Num Tx)

bl .

(o 5 bacbh ol ARRH0S e C?Q%CM%@% et 8 oy clcar this

flag foypmket £ titherk ad36) penidingt daelicamaviets distheYERQ chatinehl Agdending
I bl k

caiet DRUNEL B 4 BB LBELS e an AR D Fhiiel BeEaTAcIpi ind which may

stﬂUHé' &R & w&eﬁl@ %éé)é%atid?x Hievade Si8hich Mb¢ f&%&‘cpg&tk@px-l%ahpupper

based on the SPID of the |atest subpatCket el ved f
lawraeﬁdmﬂag%Meall of ribe RN dmneelsiar@@;iqamﬂ i Aablentrists various

Unex ect PlD.b e in
vaiABles RERSE B8 REnlpidt 86w e h oioui] ASsehivtion M5 B, ypriabte.
Dd:fﬁuls eﬁlum 3bme b eHe @ﬁﬁbl@? hrel givdnhtﬂ thingviiesolitin SPTED1E aFor the
not reached Max Num Tx and is not the non-valid val ue

Rﬁw%ﬁe@im#%%ck 410. 1f the Unexpected SPID reaches
Max_Num Tx in block 436, then the Unexpected SPI D nay
be maintained at Max_Num T, 1 set to sone other
non- valid val ue. The duplicate detection - may al so be

[JE Ulle‘U rrpottrer—manmers—basetonmthe—descri [J'r[

'
he8rRblg 00431 As shown in Pessgiption and 3B, the Default

recei ver HARQ y recover
Paswsbhennsly of iglg&)bﬁggde%ggféﬁ gﬁ%%%%éhfgg gﬁgacket s |may 4

be _sent in cnmmn' order 1t is desirable to

Madiuth_&xc h medmm mmﬂieebf Mbpbdﬂ&:ts.lﬁmp esch mybefts as 3

SO0n daSs pOSST 348 O TEJUCE FET dysS. er,. 11

uppes Wayer s | 4HEREm ¥neuot af cfﬁaé’ﬁ‘%\g%w%&ﬁé'ntl alg f
order, then ttPéCl?eé@’éF‘WFerl-&E@‘:@ﬁWe@y typically buffergames

JS eyl o e L S TRV

t he upper | ay dibs tmﬁe[mMﬂwlrFmpackegls\fmt tchesmoided. packdgt ‘ X,
t Frarha¥mest at|iSeart_Jdune iomuiataingdefokeichxpatiet bhéisupper
| ayers if no pga@lﬁeﬁ uim;soﬁmﬁesbef ore packet x and may

stv1+—berecegirved—Another s—sent—beforg

packet x if fHdetimeasphich ?b‘iiPC@fle H%"I]é@ftwﬁs@ﬁtarted

LRefr8ad FI?mEH aersiied ongn ARQ channel. Last_Decode_Time is
- - maintained for each ARQ channel and is given in

units of frames.

For synchronous HARQ), the Max_Wait may be computed as follows:
Max_Wait = Num_Channelsx Max_Num_Tx —1). Eq (1)

Max_Wait =8 frames for the R-PDCH in cdma2000 Revision D. It is possible to have
autonomous transmissions on the R-PDCH for synchronous HARQ.

For asynchronous HARQ, each transmission on the R-PDCH may be scheduled.
The Max_Wait for an ARQ channel is the time between the first and the last subpacket

transmission on that ARQ channel and may have a variable duration. The Max_Wait
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packet x . If packets are sent in sequential order,
then if another packet b was sent before packet X,

wo b@a/1peket b shoul d be forwarded to the uppepCl/agmne010501
prior to packet x if theuppg | ayers expect to receive
packets in sequential order ”If packet b is not

fory ) SR A ETeb e T I8 BRRERo SR sitlsteiges at the
recBB¥r. DEhis Q8 Wk detcdiplele® stbb@iled ayiREse lifkd QA& ad IEEH 3R 16. If

station may maintain a flag for each AR(%efchanneI and

theppgheduling entityi is of thegirimspifirrciben the Maxt Rélefosag AYQ channel can
[ on;: ) el

be BERALE P2l Flns BT RIS WASCHoE 4Bl in B Ret and
ARt almenad! ibaftifiee tptelketeiverand whi ch may still be

recei ved by the bas? station. The base. st atign may

f or WA GaadiREe chaprsl 14 eVhisp et € Fayiaf SCidenpire the 65 of g ARQ
hathbisOfhot B8 TRRDELCS: R0 TRk it fkS one of ¢
¢ a\ﬁ/lllg%lls’ol?g l{’/ha?;%ggogs seoef [ neﬁlwég g(gscr itha?aon b%fﬁov{/ angn%O he
folkivang twiesanditpins enmebr each vari abl e. Default val ues

for sone of the variables are given in the third

chl Wrpadikt hablsentl oh kR QhehaRn Dk ten thed FaR0Tine Tabparkdt x or,

Eg%@%ggéﬁ%gg PL%}_%S F@ﬁfr{et Eo?‘ X?{)&z‘ c Ialgneqazy ist,) elater than the

Numsthamiae %gya&b\é%ﬁmnﬂq)_cm%m (1) Max_Wait =8

franmes Tor the RRPDCH in cdma2000 Revision D. It is

pbs it Bdast ¢MahNem gl o hd shpacketsalrsribesih sant oo ARQehannel 7 since

R- PDCH for_synchronous HARQ [0047] For asynchronous

HARSre Ha HTipjedASPAEE  Hn on the R-PDCH nay be

schedul ed. The Max_Wait for an ARQ channel is the tinme
Fop en wasehetpled fiug synchienaup dIARS: transppesictetthe mymbai oF ppackets

t v i t .

Rl e i LA ARG e n Wi A tnE R 1 iRea since
last edxeodiap. | fFdrhe sdhisdaled i HARENt trinsndigsingewhethett Bgnchronous or

receiver. This is true for conpletely schedul ed
asynglyongis. therieseiyerdn ayarg efrthe sehpaglet befng ygheditsh gy thefgase, the
' j t bt A.Ws%% for an
"e‘%gc%} %%oﬁsﬁ‘gﬁéncg%ém‘%g?g% mi ﬁé[g SI&? t e%@tﬂ?r ansm ttglr' has a

r el iCabbigion@y ah@n dré dombed indetiihBeldwhioaskhrandds AARQ where
channel identifier to the receiver. [0048] For each

cachRePTsRGHivE| SuPpaghb e 3 SRS ghanrel de rﬁé’tl'feéift@rh'é foed dfay. This
st GG L S eRlo LG sl iy o

be asedl fdri asgschrencwstHARQ #A thacdoeivendksowe e StartARGhe bhnadl ARQ

z a{ter the Start _Time for packet x or, equivalently,
chinpgl | ast Decode Tinme for ARQ channel z is later than

the F1G. 5A shows the clearing of the flags for the ARQ channels based on the first

condition. For the example shown in FIG. 5A, packet x is sent on ARQ channel y =1
starting at the Start_Time shown in FIG. 5A and is decoded in the current frame. All of
the frames starting after Start_Time-—4 (which is the designated time, and is equal to
Start_Time ~ Num_Channels ) up to the current frame are shown by diagonal hashing.
If a packet for any ARQ channel z was decoded in any one of the frames with hashing,
then any packet that may be sent after this decoded packet on the same ARQ channel z
would have a start time later than the Start_Time for packet x. Hence, this ARQ

channel z cannot carry an earlier packet than packet x, and the flag for this ARQ channel
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Start _Tinme for packet x m nus Num Channels; 2. At

| east (Max_Num Tx - 1) subpackets have been sent on
WARQoatmmel z since the Start _Tine for packetPI/UEmneG/010501

an unschedul ed but synchrong s HARQ transm ssion, the

nunber of subpackets that have been sent on an ARQ

T L g
or ISy SR ERAGES oL BTN AEHE 1ol AR SRS o
fot preketecei ver knows when (Max_Num _Tx - 1) are sent on
et Ak A S Ve b D Bbeed om e
se&i;i‘lﬁrboﬁgﬁ%ﬁp Llfjdr‘d’tﬁe SWRBEKEbwWANnANGARR, chak rl@l!lm'_'gx $8Nbnd up to

after a fixe elay. This sinplifies'the Timn

thide Sabpdeket® rr®fseiithfor adag@rjatken gpacket Rek @éht SWEARQ channel y =1
al gorithm may al so be used for asynchronous HARQ i f
startieg atetbeiSteet_Tkmewkowhén BiGiriB Tindres ddcoderttoraRQy dh diramel Tc -3,

.Q050} FI.G. 5A.shaows.the.clearing,of the f s, for. the
WSROt s GRS N e e Pt PRl oA REE Bl & M has
cafedNPlag SHAWNx L1 dobfacke siRRGkE Siatt_TImé @6t %&ﬁeﬁﬁ@mot carry a

channel y - 1 starting at the Start_Tinme shown in FIG

pablset simd wes sdeicbafert the Sthe Tinrerfentpadikeare . Foil dxanipld, AR Q channel
frames starting after Start Ti -. 4 ich is the
Z 3ésFgHst %o‘“{’l? ot ‘é’nﬁal?“% &k W C}S%Sa‘r‘éofg?%s prior to the current

Fraipen R LIen i
AL bl b £ 1640k B0 RGH0 Blh car

framees Betb stibphckets swgy sant ©noAR Qhehahned rPeaftenithdr Stagts Wime for packet x.

hen an cket that .nm e sent. after this decoded .
Al R PR B Somialehas KREASERNG S fambals-3 Gyt possivle
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for packet x. [0051] FIG SB shows the clearing of the

befquggydher aximum AROLEh ah Aebrickis 8ave heathtens éurothg packet.  For the
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hree subpacket's are sen
detaied dac ARGa clemine]l Padthat the las MentWah fAR@sdhannied cytrent Irame,
starti at the Start Tinme shown_jn FIG 5B and is
W BB BT 4 ﬁﬂﬂw%w S ApYCHAPI yapld be equally
ap{émﬁfe%f BAdKES x vBR ReaddalihitiRnd PE—PaGkeEA &f frfife ARQ3 .

hannel "z that has
FIG. 6 shows a flow diagram of a process 600 for re-ordering packets received

via a HARQ transmission. The base station performs re-ordering for each frame with
transmission. The base station determines the ARQ channel for the current frame
(which is called ARQ channel y) (block 620). The base station then attempts to decode
packet x for the current frame (block 622). A determination is then made whether
packet x was decoded (block 624). If packet x was decoded, then the base station
determines whether another packet may have been sent on another ARQ channel before
packet x and may still be received, i.e., whether there is an earlier packet that is still
pending on another ARQ channel (block 626). If there is a pending earlier packet and

the base station needs to wait for this packet, as determined in block 628, then the base
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carried Max_Nurn_Tx-1 subpackets since the Start_Tine

for packet x cannot carry a packet that was sent
whedoonasshe StartJTi me for packet X. For exanppPer/usdRQr/010501

channel z =2 carries a subpaf:# in frane Tc - 2 ,

which is two frames prior to the current frame, and

SIS} 56 BORE Kb Al AE Tz i bk g i

eﬁ]@ﬂfﬂpa@kbtﬁlﬂ@rﬂi’la basd stﬁlcalf foewartif packet hndVbNA@1 ﬁé&keﬁ@ﬁeﬁ%ve been
(f«fter rocessi ng the subpacket for ARQ channel
decpied andear aiting for packeg x {block 63Q) pThsre may bAR@;se@ lia nmcrh packet

x gan?lBi bd fo?@fﬁ);deﬁ Shift tﬁé‘&&%ﬁm%r@?a&?& S918ks %ﬁ{e? D ckpeés Waifing in the

Start Tinme for packet X ecause
datmbuferto berfoAR@lehalhe bradedsahar estirhe tShtk 620 1@ pfddkss the next
f%ﬁCket X, then this packet would have to be sent

rtlng at frame Tc-10 and woul d be finished at frane

Tc- 2FIG.I BORbHL 53109/ dieidiest Menm@&l“ﬁ%a ‘ggztggag %éﬁ%oﬁm 6.

erased, because the maxi nrum nunber o ets have
Ingiadlyy, thersttart JFimerfer paciebt is Femputhe as desoritied beldint (bbotk 710) and

o 5] 0 S RO R B8, BT e o

thNM(Y\ahinnﬁarsaﬁre& tore10 fdtehe fifst AIRQ thMB) okt &AldRRd Bfock 7 14).
wed as a sliding tinme wi ndow. The above exanpl e
véﬁﬁlﬁmﬁéwe g&dheny IW}éed'éﬁrepqcketp’&chlCh xwatedecoded om dbe current

frélﬁ‘e f&ﬁ%e&@e@oﬁ 'ﬂg%ﬂa@{d BB ¥§0)6 0]3 the kO824 lis FVG ntgr block

hows a fl ow di agr rocess or re-or de
72@&1&1@9 the ﬁi@ﬁmr VR vhannal HAIREatdda(bBﬁk §26pNOtheheiss @S(%tenmnatl on

il P eEFE & TheOBE ek (o  BBTGIE ok KRG ARgnel | afe

StahannR - Nom_Chéndew 1 f
channel y) (bl ocr%l%Z\gl)%re %%ﬂggglghg? g‘% |%ﬁtcﬁhéﬁg%?ma  {block

T0p HetbodaswadkeYes fopbloche2e hermite flagre [(IbQQSthﬁﬁZ)ls cleared
(b@ ge} gg (g%sl on i s then made whet her packet x was

68 ol GEKisE o9 determingtien de r&a%wh%ré@roa@odecpqi%p@qket was

bbeﬁ%f%% AR@&&%&E&H&W \Aﬁ}%ﬁg@f tarlofrlf\lxﬁés Jf(e'}Z thhe answer

have been Sent on anot anne ore ket

is aned” fanpbladkd 124, then tecRig/fed ARQ ehannmeé Beﬁreafe%ek f736)an
ear | | er packet that is still ?en I ng on anot her A

chartietks( Mlband g2g)are [fpr theefies |C§nfé}t19’erﬁ1@$ql@eéaabw@nn FIG. 5A,
Wkﬁ@f?ﬁesho@g gs B\E(? eér%ﬁﬁﬁ dfo?%é Q%I@egg% lg%t&’: ?{1qu4 19 ¥5r the second

packet Bl'ock
cobdities dascribad sboves Btk ¥ the ahbheerdatNobedrf 8 thidd B16kks 720,

32)., e se, i.f there are no pendi ng earlier
7282028, TR ot derSC om0 o dekehieraee packet x and
whagHinay sall e PavekRids ANadidAaye 1sb£ﬁ§r‘f‘pf$‘%?d?:gqgat gkéi‘ xqg waiting for

wai ting for Eacket X (bl ock 630). There ma
anpthepricket (plock 884X a@(éthﬁmfocmesmg)fcmmm%mwa

CecahB i, PRSP aip Al YR SRR B b b8 e
carlief paciet o thisOARE 2Rarinel, RRAC L WWtekMalBXlis made whether all ARQ
channels have been evaluated (block 728). If the answer is ‘No’, then the index i is
incremented (block 730) and the process returns to block 720 to evaluate the next ARQ
channel. Otherwise, if the answer is “Yes’ for block 728, which means that the flags for
all ARQ channels have been cleared, then an indication is provided that packet x may be

forwarded to upper layers (block 732), and the processing for block 626 terminates.
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frame. [0053] FIG 7 shows a flow di agram of an

enbodi nent of block 626 in FIG 6. Initially, the
wEe@etlodisae for packet x is conputed as descri PEURBB©OM0501

(bl ock 710), and the flags f all of the ARQ channels

are set to logic high (block™712). An index i for the
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FirdtGFrabol,— 3hi EHirst Frahown, asandwo BepFrahe—b) ogkspetbtive), G where
7 for clarity. Block 724 is for the second condition
Figg Jpmbeld the dvame in Pyhgch 518 vedy fitse subpaeliet iss sentidor floe HARQ
e IS .tsfbrnee bl ocks 720, 722, and 724, then there is at
Sast “Ohe pendi ng packet that was sent before packet x
and MIG.stoas $1loll digaimestel Mebess B00IfBE pfoabdsiiy paekéth @teived
provided that packet x is walting for another packet
for g IFeRQ Aty mission. tHyacess 80Q sierigrmed o5 egelk figpe with transmission.

er, 1 . I f i .S .
ok DR A ARG A0 REIRINEL Wk s
AE@r¢haepelga_dﬂmk_ 820)1 ecodéRprokhian el thetdueenaframe (block 822), and
aEteL T phon L e shelhEr, ol ROFanel s have
thé beg dtheon é’é@lse‘ihe'Ldsﬁ_é)leESﬁee oAt e6k AR@%HK@IO% &0 ER%ent Frame

E%ocess returns to ck 720 to evaluate the next A
(biekrf?e),. de@rménasi the , SRIP ofhibe subpsket ceived in oy cipramt Krame for
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packet x may be forwarded to upper layers (block 732),

and $tar_Pinece€sirag_Faimeb! Nol_6RéneRvEPIBL eS. [ 0056] A Eq (2)

speci fic enbodi nent for processing packets and

performng re-ordering is described below. For this
Thersirgtitimeripr cash Paplgt és ysapitaingdeonly éf thppeekes isTdesedédsand is further

cols gFEtgg%ag&g%{ ﬁ‘fecrg%‘g%r éﬁ&b%?%@seéhi%g?ib%eﬁj ?rglgsr}li?ted for the packet,

rons*1 and
which is indicated by the SPID of the subpacket received in the current frame for packet

x. Packet x is then stored in the data buffer along with its Start_Time (block 832).

If packet x was erased, as determined in block 824, then the base station
determines whether the Last Decode_Time for ARQ channel y is earlier than
Max_Wait from the current frame (block 834). If the answer is ‘Yes’, then the base

station sets the Last_Decode_Time for ARQ channel y (block 836), as follows:

Last_Decode_Time = Current_Frame — Max_Wait . Eq (3)
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the ARQ channel. The Last_Decode_Ti ne for each ARQ

channel indicates the frane in which a decoded packet
wor®eliesito obt ai ned for the ARQ channel and i s BEL/USI06/010501

the current franme (or QJrregitq_Frane) whenever a

decoded packet is obtained t he ARQ channel . The
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tetnigatdRQ channel i s processed, so that condition 2 may
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t he thoatssnflew; dagrapnel 1 pracesseQUHEor Tewrdearisg anpgdorwarding
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sef 1 (AP RO Dl LEne fndnb o] A Shamsibirck P

di agk ANRephindtih RCESE nSHR \frﬁ%‘%he? HRE 8RS 'bﬂﬁepﬁcé&gﬁt? (block 920). If
recei ved for a HARQ transm ssi on. Process S

the apgwesr e O dsbrihenie procesetepintrtatesy e@tlamwsm, thre. oldést pbeksestored in

th&? td%aI 1\“&3% ﬁ({emlﬂgal(w hﬁggaliﬁgf t L o{bg)t Ecig?(f%r j arc]I(et Z has the

ea.d&@Ddlﬁﬂ thae atony 4Dof tie psikefsedtbreliriange (ctataoséfff@rZZThe decoded
and det erm nes whet her packet x was decoded (bl ock

paghedy may foe staggchin e datd Qﬂ’éf@b setpd hasechon Heisagetisest Femexample,
t
B e PR P R SA Rl By Ly R0 E IR b g Bl ppigea by
the phykat kath the ek eldestrstirhéneuandsd ohr difeanfyoras@ahk Stark Time of
%Eltock 28§d bznq?%%o utes the StartJTime for packet x
PRkt gk o 3aTd (Rlack Whows: StartITime = Current Frane -
Num LChigieRgingtidn |PtHen- mﬁﬂa \Q/géthé_lhﬁeﬁizfi‘ﬁést tDéE%dé qflm%qg later than

packet is ascertained only if packet decoded

they ety Firpeek mketca)mpmsé\ama@lwwa (blhek %ﬁﬁbe"cs shbwn in FIG. 5A, if
e hav ans tted acket ,
mﬂ%@ﬁ&k i’gdg& A B @% ngphey h&é@bp@@% ¢ ' frame

Ste®CHineedNuf_Chéreldr be lHterf EMEARQV chaeke! istnotf@ek@le X pending
is then stored in the data buffer al ong with its

cagitea packet. nBingcb ipedict 832 pnly[f006BHed i there et no pwahngeaihacbackets

as_det.erm.ned bl ock 8 t hen the e st
o ERE IR oL ek HEF heo' 06 EREabosaTFog AR vely evaluates
cosfieionel for kB Fafel ARG RRMMBRX WM § ki cbﬁ%aﬁwnf ﬁﬁblock 926.
frame (bl ock 834 If the answer is 'Yes t he

Fugheanaseqby efiting ke Lag Decods (Besdior Feee AR CAR@eb trahenello later

th%J o en’?tkgég%)e %%%V‘ﬁm@()z 1?)%1& ggo%ﬁg%? is glso ﬁ%aluated

byftggc@h}gég}goﬁgﬂblogmgz@l so after blocks 832 and 836, the
process term nates.

If the answer is “Yes” for block 926, which indicates that there are no pending
earlier packets, then packet z is removed from the data buffer and forwarded to the
upper layers (block 928). The process then returns to block 920 to evaluate the oldest
packet (if any) in the data buffer. Otherwise, if the answer is ‘No’ for block 926, which
indicates that there is at least one pending earlier packet, then packet z is retained in the
data buffer and the process is terminated.

FIG. 10 shows the processing for the exemplary HARQ transmission in FIG. 3A
using processes 800 and 900 in FIGS. 8 and 9, respectively. The first subpacket

transmission occurs in frame 0, and the Last_Decode_Time for ARQ channels 0, 1, 2,
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[0059] FIG 9 shows a flow diagram of a process 900
for re-ordering and forwardi ng packets to upper

wo ayens2469r ocess 900 may be performed after prpPCEES2080010501
and whenever a decoded pack i s obtained on an ARQ
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obtaingd, egndn Smes 2, #n7.4hyl0c b3 d3 andd 48ndilE. T0.nEonachdiaes with a
de%ﬂélesd lg)a%gal ﬁv\ﬁ‘g érh%t%%% (%Eg?rel l?%g%& \]jliﬁpggg eflﬁ;%%?ﬁap}ukq%nfp}é ﬁae frame,

(2) tierpatkes Sosudtin Ther@atebuffacket thé stfzmr’[ﬁﬁe fb+aéihaorel gacket, which

(bl ock 926). As shown in FIG if a decoded packet
is \gen B HR Ragnthgsesa ARt f?él’thfm’@ké‘ﬁaﬁ 8y, thaf e fpryasded to the upper

r I
P! o WS s NURAERS, 00, bASL 4 TR e
packétshasmoy bear decatied onf ARIQs cleanacle 1 ndf plen pacﬂ@t eequeh@r number is

o BRE 53ir2 Beie T ehit ey BF JO3 et 880%a0 Ao lspedy been

fofwdrdéd. | of the ARQ channels with a single conparison
in block 926. Furthernore, by setting the
LastEoamdas psapdofcodeseden PAREsIeh abiiland098@ inoFIGS.e® and 9,
et ST -I\/axV\altlanock836|nFlGS
re%p%n et% 0% a 39 eval uat ed by the conparison in
bl ock 926. [0062] If the answer is 'Yes' for block
UiSP0: invdni ihke i vetr Selbbsst hat there are no pending earlier
packets, then packet z is renoved fromthe data buffer
1@ENnd Jffor(\mcdedrtmad]&wmppez&cimy@msébi orter®28) . The
oces en re 20 to evaluate the
11q1r dest iﬁggkg?c? [RC%ﬁe %Xfa&bu?ﬁ‘ er. O herw se,
130 the Saaswze’flms[PdWetfcd)r— lﬂmﬁ‘lﬁ%— MRﬂD[tPadkeia;t]es
at t ep a 4N i er packet,
1%(Een pac q:et él(gkxlg‘ésxre %Frf]g%"el&% g ? blﬂ‘fer and the
process i sincereashay et 1ys3063] pdﬁt}@t EBashaWsnd he }
144 06essi ng for the exenplary HARQ transmission in FIG
3A

150 Last_Decode_Time[ACIDy] = max{Last_Decode_Time[ACIDy],
Sys_Time — 4* (Max_Num_Tx-1)): }

Re-ordering and forwarding packets:

200 eval_next_packet = true;

210 Earliest_Decode_Time = min{Last_Decode_Time [ACIDO],
Last_Decode_Time[ACID1], Last_Decode_Time[ACID2],
Last_Decode_Time[ACID3]};

220 While ((eval_next_packet==true) && (Buffer not empty)) do

230 |
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usi ng processes 800 and 900 in FIGS. 8 and 9,
respectively. The first subpacket transm ssion occurs

wo oobneare O, and the Last _Decode Ti ne for ARQ BUBEDE®IE010501
0, 1, 2,and 3 is initialized,to -4, -3, - 2 and -1,
respectively, at the start t he HARQ transrri ssi on.

24b0€ Lagl.Pego ﬁ%eftoé gagh EAg%Ehf\r Jgupdat ed

whenever t‘ﬁat channe rOCesse | S updatl ng
25Nt ai | éffséE@rhvgeﬁm@eEaéleDe@od’es;Tané_Tme(LN)@Xtthéacket] - 4)

urrent frape d t aj or the
6?2RQ channel , mﬁﬁg@aﬁg%%ﬁ% ggglgg’?otr& ?Pg%%singgrﬁ 7, 10,

212 and 14 E%GFP@li@?XtamC(‘iQ}t 1t Halsgrrent franme mnus

2d¥ax Wait if the Last_Decode_Tine is later than this
val ue, which is the case for franmes 9, 13, and 15. The
base station re-orders and forwards packets whenever a

o “FHE 18368 2 blpc R ANE Lo yGooqllnl ST R By Fryice 140 and
a lhee srdeoh pEiikiata, wﬁ-bl@ss chhrslgyBioh kystéie A wireless device may also be

i est Decode Tinme conputed for the frame, (2) the
Caﬁﬁi&g’@ U sigHap 4 pscf/ RecetiieEnipak f s A08 RIRRIL.c} hgndsetj raubscriber

unttObr %@Btﬁéﬁéﬁﬁn@]%%?e% bbb Eoﬁ B agfl rhté(ﬂotnr%gllﬁ nay al also be called

par ent heses, and he packets, any,
a Hase wemsdeintet snattmle(HTrSpean dcagss Ipsint, FEONO(ﬂth ecan c&hahemmnology
G, 10 caus

o8t e VRS Tt Grshaod 1o ks onlimeate 10 6F Forg fy ireless

depiee KAl 0 F6fUSHSRQ uEhRhisdisn aNdipkdBhRs fe@fh UBMOFRRE 10%enerate a
then packet 4 may be forwarded if packet 3 has al ready

cogementipe\kadae packayo dcodsiehidlamyy Suhad dpagdiiens edcbr coded packet

d |
o ASERIERIRAT D B N
ent@tin®dntedtaving aAdl sD}OnpaﬁcS&Sdet&hﬁﬁbd{byl&ﬁ applicable standard for the
AR AR RS TR b R kB ey
pelfBRK&T n | RcBUbiR wI@r E&Haﬂ)@@eﬁe{wﬂ ggnﬁr eas Bg&logzﬁb#?ﬁloﬁf 1114

packet Start _Tine; } 140 El se Last
redeiN@s Myd subpackety a_raisprocmmacbacﬁl' strhpa@M@;ﬁ}an,snﬁ,smnTle processing

bypxggé\gﬁgrwgg% névafnchiélg}sy glgr der n?}:}?fgxgeﬂ;?aru\é@ specgal spreading,
and so on, and is also determined by the applicable standard for the system. A
transmitter unit (TMTR) 1116 processes the output from modulator 1114 and generates
a reverse link signal, which is routed through a duplexer (D) 1118 and transmitted via
an antenna 1120,

At base station 1150, the reverse link signal is received by an antenna 1152,
routed through a duplexer 1154, and processed by a receiver unit (RCVR) 1156 to
generate received samples. A demodulator (Demod) 1158 then processes (e.g.,
despreads, dechannelizes, and data demodulates) the received samples and provides
demodulated symbols. A decoder 1160 decodes the demodulated symbols for each
packet sent by wireless device 1110, checks the packet, provides the status of the packet
to a controller 1170, and provides the packet (if decoded) to a data buffer 1174. The
processing by demodulator 1158 and decoder 1160 at base station 1150 is
complementary to the processing by modulator 1114 and encoder 1112, respectively, at

wireless device 1110.
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210 Earliest_Decode_Tinme = m n{Last_Decode_Ti ne
[ACIDQ , Last _Decode Tine [ACID ], Las t_Decode Tine
W 2@sDR2459 Last_Decode_Time [ACID3 ]}; 220 Wi P€T/US2006/010501
((eval _next packet==true) &&,(Buffer not enpty)) do
230 {240 Next Packet = Get ofdest packet from Buffer

R prbede "oy BROOE TR oo Dol on s oyt taver
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foiwae¢ ¢ink esgrial@s edtlePlll Hy aiedadLIZY, esutdd Whoagtd doglesrat @S, and
a reverse link signal, which is routed through a

Prefghieedr 2 (rpyeiver oAl fageraArate dapW taramlesante Apmoduigtor 1142
pr&cggsgz ]théb‘ﬁn ?E%méfe@tah&’ @ﬁ%&é&%i%%%uﬁﬁgtg g?@h&l's,néhds % %@&Jder' 1144

I's receiv n ant a , rou rou
furdhgp | peocesset 1hed deraodhlted spabas ahd peovidseadecededuduitd to REMBR)buffer

1 1% ﬂ}.56 to .

Controller 1130 receives from decoder 1144 the ACK/NAK feedback sent by
base station 1150 and directs transmission of subpackets for erased and new pacl%ets.
Controllers 1130 and 1170 further direct the operation of various processing units at
wireless device 1110 and base station 1150, respectively. Controllers 1130 and 1170
may implement all or a portion of the duplicate detection and re-ordering techniques
described herein for HARQ transmission on the forward link and reverse link,
respectively. For example, each controller may implement the processes shown in
FIGS.4,6,7, 8 and 9. Memory units 1132 and 1172 store program codes and data used
by controllers 1130 and 1170, respectively.

For clarity, the duplicate detection and re-ordering techniques have been

described for the R-PDCH in ¢cdma2000 Revision D. In general, these techniques may



generate received sanples. A denodul ator (Denpd) 1158

then processes (e.g., despreads, dechannelizes, and
walatoa/10=aodul at es) the recei ved sanpl es and prpeT/us®06/010501

denodul at ed synbols. A decodgr 1160 decodes the

denodul ated synbols for each packet sent by wrel ess

devi checks th k rovides the statusof
bep ok e AR, SR, T BRHET Tl AuBhnhe Susbeckets
trapa@iesions fdr cdetlcpaleel), abds@ortlat a buffer 1174. The

processinq denodul ator 1158 and decoder 1160 at

b

[0072] b dlhe dyRliste: defertion shin-endsrrgischniuen dleprribed dwreig may be
. . d i .
a9, 00kl TR, Wb 39 Ky e n
haidvée peffoaren pr acesstimgiohotheteh® Hoysd halddwlasey anpletdéi@ion, the

is t é)icall};ingleme.ted at. a di um Acc s.ControI

ProGaRESE | sy et (RSB AERlcEiSy deeCite ABIPE | EeardrTigemay e
imipfenfineeBRRRE B ¥ mdRd &Q%%ié&%cifmh@gﬁg&@cﬁ%%s PASIEs), digital

part of a transmtter H entity for the
signah meeressoro (DBPOmMdigitab signsl deogessegl daicaso(IBSRIRs) s pagrammable

o8RG, AT PR BR b R RREL br B, convotr

mieftdierollersh adicimnbcessors; 0bthE® leleRtrodit 3GnitsMabLARAL fo Petform the
art_of the transmtter HARQ entity, and

or a part LtLe
fupctions gesceped hergin, Ayt errabination theispl.a part of t he
recetye Eﬁg@a@n-' . eX I deco 6 .
pr osfito\éeﬁt e stat Ellgb%Pl eg%[:lﬂﬁ’r g%g;i@lggggtgcggttreag\(;nndoinﬁ?fehordemg
techagmede ntaynee fngplereaabd dehodednlpake] proaadhres) fiinctibhgrand so on)
170, may rformdupljcate detection, re-ordering, and .
3t GRepior i TBPR0E GRS (e PR Erder dy B stored in a
&Ro bl @'z, Ihd@ofBonif HI3RN&T1100 QY iFeE. ARREQRE
mA%NAK egedbacﬁ for‘1 each subpacket %ie)gagi \%d&?rdo?g ® processor
(egi, raontrelerd&ldcer 1170).  [Tbe aggmezyr unihenayobavampletnientied within the
to be sent. by base station 1150 and t he ACK/ NAK
pr?‘%tr“%\fvﬂg Sglf?pet\}}?ﬁreociﬁfb are processed (e.g.,
[oo74] for m&ietpﬁéiviom&gﬁionaﬂ(ﬂh§&isc§16§edb:lfntﬁﬁirﬁé1ﬁ@i§?ﬁoﬁé&pbo enable any
further processed (e.g., channelized, spread, and so
pepen skijled ipdhearhicomake @puse dbpipreswdinyeptien Nygrigus modifications to
i M t . r i .
tnise 383 Bulzhl MRl be Rty BpRRAC oG B Bl dle sl the generi
principiesrdefined heiemn may éanppplichsd. otifdr enmbodimass dethiowtalepadiBg from

the forward |ipk.signal | s received by antenna 1120,
the SRIFLET FHPGRHPBIBIEREH ThYS e RS dhuadan Ihyomintended to be

lichi@%e o/ Me ERibbdikiehs SOVEERERR] Bul AWPW beaiRbRRd t’f‘x\(ej widest scope

denodul ator 1142 processes the input sanples an

copsigiontaeish therpyigipdasadd sgvdl d¢ayreadidclasddvoder 1144
further processes the denodul ated synbol s and provides
decoded data to a data buffer 1134.

[0073]



[0070] Controller 1130 receives fromdecoder 1144 the
ACK/ NAK f eedback sent by base station 1150 and directs
w0 e@ndm4esi on of subpackets for erased and neww@HURBI&010501
Controllers 1130 and 1170 further direct the operation

of various processing units®at wreless device 1110
and base station 1150, res&g_‘(xl'g)f ly. Controllers 1130

and 1170 may i npl enent all gorti on of the

waups tleab&l @et ection and re-ordering techni ques
descri bed herein for HARQ transm ssion on the forward
link and reverse link, respectively. For exanple, each

contyolle ' . - . [ .

SO 8 Bl BB QuBHGREBERGBANE oyl Suomaie
repEaogpgacst (HARQ jarahsahésks mn ysebrizyngont rol | ers 1130 and

1170, respectively. 071] For cl arj , .the duplicate

det éjr?f?‘gﬂg Arfyrieat %/Hba h _C?léIE ﬁch‘E}e‘éﬁ : m_&f‘ééﬂ obtain a decoded
pa@l@é%[‘ h@@&s@@@a&@ﬁo&h@%'cﬂa&ﬁﬂ%@oo Revision D. In

general, these techniques maybe used for HARQ with any
nunbiér dsfodedacketrin @btainedripr thenBBR dfangelb detekmingig whether the

aciBULRE 58 nuat PR P Ebaf Mg TPetiint Bt slificket and

andigsgifiddest 4 Risebubpaehet Receiver! forRis de¥odedl p2UsS: HMaIASd for the
For exanpl e, these techniques nay be inplenented in

ARQrchopnicd, software, or a conbination thereof. For a
har dware i npl enentation, the processing units used to
perform duplicate detection and/or re-ordering may be
I npl2ment’Be wethoidofaiginod, whereintie! datatdining spethdrithe decoded

integrated circuits (ASICs), digital signal processors
pa@ﬁ‘éﬁ’%ﬁ aulgfcéfet%cg icﬁﬂ‘gfl_s‘ﬁr ocessing devices (DSPDs),
Pr ogeRiiiihE AP GinbxReNlC RRnfife:DFr td SO PERBhaMBRRIC on the

_gate arrays (FPGAs), processors, controllers,
identidien-of dlag tast behpacketireqetisddioe shropor dededed phaket, rtherinpexpected

Junit s, design t rfaormt functions, describe
iagf et R A0S p Shhak Bt S perGiRs T B el on he ARQ
chagddiwar e i npl enentation, the duplicate detection and
re-ordering techniques may be inplenented with nodules
(e. gomnaFips dhg idestifienpicthe gerentasibpaekes Ay the,rexpested idantifier,
he functions descri bed herein. The software codes may
e stored in a nenory unit (e.g., nmenory unit 1132 or
117 Aeclarik Ghe Hegodad haeket qutteda ldyphcase pades af theeidgntifier of the

controller 1130 or 1170). The nenpry unit may be
CuRE) RBRRRELISIEH h BB SEESSTIIBE ext er nal t o t he
processor. [0074] The previous description of the
di scl osed enbodinents is provided to enable any person
ski13.ed iHhet heetbed of oclwimk e2,0mhersén tthe getewdning the unexpected
idén'ﬁ‘f%%ér%ﬂﬁse\s{ar ious nodifications to
setting the unexpected identifier to the identifier of the last subpacket received
for the prior decoded packet plus one for each subpacket received on the ARQ channel

since the last subpacket.

4. The method of claim 2, further comprising:

setting the unexpected identifier to the identifier of the current packet plus one if
a decoded packet is obtained for the ARQ channel; and

incrementing the unexpected identifier by one if an erased packet is obtained for
the ARQ channel.



these enbodiments will be readily apparent to those

skilled in the art, and the generic principles defined
wheweiloe4nny be applied to ot her enbodi nents w PEDUS2006/010501

departing fromthe spirit or2scope of the invention.

Thus, the present invention is not intended to be

limted to the enbodi nents shown herein but is to be

accorded the w dest scope consistent with the
prl néi pl ednganparedisefor frecaivingf iyt ayedatie repient @gaEVEHARQ)
I [ t rf.orm ng
up lfgééar%fefl ag%{@g?sl cg)n 01}18%{621 Sg/ COIJ g Watsc r epeat
r equeshcc(ddﬂlﬂ@)iectcrchm; nnﬁaltcvilbpalﬂtﬁpfdcéﬂvﬁ@ onURCARIQBhahnel and to

[ bpacket received on an ARQ channel to obtain
PRVl iR GO bR 0 S135el BASKA DREIECAR DGHARIR 39RO
ChanQ %bntr(ﬁfég td.fif & dg&%qgﬁvﬁé’f‘iﬁ Sﬁtalmﬁd? @b fcﬂ[u& el, determme

ARQ channel, determ nin er t ecoded pac
whetBepthe cetededauictt ibasbuplioate qlacke:ﬂ diasddf drean ¢dentifier of the current

s Gl “PERERlsa Wor Tt 5Pk el Foriden JarR rics leasdetpecket

oﬁt@lhedftﬁtmcj’kﬂﬁﬂﬁé]_ 2. The method of claim1, wherein
the determ ning whet her the decoded packet is a

dupl i cat e packet conprises determ ning an unexpected

iden|f|e 0 Al nel ased nthel ent,i fi

of the Ia@ilg {?Bm ¢ %@r ‘gl?:lg]? vg’d v?herm °pf pigtFol 508‘?}8’6“1“63 an
umpk@d:d 1dahlef1etrrfer(ﬂECARQ dhdendlitabel orbﬂieﬁ@en@ifﬂlet detHel 1hétQubpacket

fa ?fﬁ ackeﬁ& t. expected to be received on the Al
TeEHY E‘?“ GCRged Preke ¢pmpayes ihg Kentiféerqfithe gerrent subpacket
toSHO BAGHRL &Pde‘hﬁﬁ MBRX e&qsl%gi badd

t he decodgd pa ckgt to J{ug(ﬁecat eﬁgg%tag?eqeﬂpﬁgétg%acmtlf
the identifier efrthe furrdng s'dmapleatus spbptcke tnéxpeetgdi alentifiett he

unexpected identifier. 3. The nethod of claim 2,

wherein the deternmi ning the unexpected identifier

conpr.i sesTikehppangiud be MILXBE Ghekid @ﬁ:"‘&éﬁtﬁo@l@r tsé’cs ttH@ unexpected
identifier of the | ast subpacket recei ved f

idgpifisyr te)theddemifisa ek Bie qurigst parket plbs eacif asclclgp@d(pttcket is obtained
fof € 'A\Iﬁﬁl cﬂQanep ﬁ@c&m&eth &%%ecttgc{e 1Aen§i 1er Hy one 1? an erased

packet is obtained for the ARQ channel.

8. The apparatus of claim 5, wherein the decoder decodes packets received
on a Reverse Packet Data Channel (R-PDCH) in cdma2000.

9. An apparatus for receiving a hybrid automatic repeat request (HARQ)
transmission in a wireless communication system, comprising:

means for decoding a current subpacket received on an ARQ channel to obtain a
decoded packet or an erased packet for the ARQ channel; and

means for, if a decoded packet is obtained for the ARQ channel, determining
whether the decoded packet is a duplicate packet based on an identifier of the current
subpacket and an identifier of a last subpacket received for a prior decoded packet
obtained for the ARQ channel.



4. The nmethod of claim2, further conprising: setting
the unexpected identifier to the identifier of the
weesam4epacket plus one if a decoded packet iBCT/US2006/010501
obt ai ned for the ARQ channel23 and increnenting the
unexpected identifier by one if an erased packet is

obt aied s ap}{))ﬁatém afianalhebein e RRHRA B H@telfngﬁ whether the
rec id automatic repeat request (HA

ving a h

d??ﬁﬁiﬂ%@§?@ﬁ‘%ﬁhﬁﬂﬁp$$$@§§ﬁgﬁﬁhun|cat|on syst em

conp ket

Fecersa i RUHRERAEE WolHeGRqSIG R hithe HIBAHE! based on
thpaddatifienof e last aﬂ@dclﬁacdceltved for thé pn&R@cﬁM’mket and a

controller to, if a_decode %cket is obtained for the

ARQ D&Y CORPPERGTFIGHEH ! th CurERoMbRaGksE I thej wegpected
ideHipidrCate packet based on an identifier of the current

subpacket and an identifier of a |ast subpacket

r ecemérds oo declaging e ddewlsdgdclpatt bt achiphicaie gadket ifttheidentifier

n rat us of c 5, wherein the
Ofg}g% I}Q ﬁt%?gg%tfﬁ?%ugzpdptﬁe Hﬂeéspﬁ‘égflé%enflgl%t ifier for the
ARQ channel based on the identifier of the | ast
subpacket received for the prior decoded packet,
conpht-es The apaaatusf oleelagn f@iewbelieﬂbrﬁhe suaspa dlor tdetegmining an

B HPNRREAGToL AENAG ETmedyflfgl ares, Lhe decoded

a duplicate the identifier of
t he wearseior saubg)ﬂlekmbxpestedqdaitlfieo td e idaeifjeeof €@ current packet
i dentifi e.appara s of aim6, wherein the
plsb it i B odebinec it " HRARELER b ABGTmRelr iy ¢ h
i dengobdrisefor Qﬁcrérﬁ&atﬁ%ﬁh@ ﬂheﬁﬁ@t'é@ﬁdéﬂtffﬁr %p%nh if &n gﬁﬁ&fj?ﬁjcket is
packet is obtained RQ channel , “and 1 ncrenen
dﬁﬁéﬂhﬁéﬂweéRébdwﬁ@ﬂtlfler by one if an erased packet
is obtained for the ARQ channel. 8. The apparatus of
claimb5, wherein the decoder decodes packets received

on alReveAsroddask edadbsit andditafon @ﬂonﬁ iiRetdiorsbpeABR2800.

9. An apparatus faor receivin rid autonatlc
r epedcode g raisient sykmagkef rege! < @m AR{Q ghesinebte obtain a decoded

&Eé?ﬂf%h%?&sg@g (éc)éﬁo‘?me&lgggﬂlhﬁﬂeﬁlga means for decoding a

current su receiv on an RQ channel to obtain
a ded Gidéezbopied: lpetkeoiis abtamedded tpadRe} chamel, RiRteAil@e whether the

and ns fo i f decoded packet is
de&B@%ﬁq Fhsketio diRkcak %ﬁta‘?ﬁ%%ff on AR {QEPHiRY pigthgmeens subpasket and
andRIeAEIRSt dras kRt sﬁlfpa@ke‘il YodeheR! B RAGHSH deRBERIpRARePPbtained for the

identifier of the current
ARQ channel.

13. The processor readable media of claim 12 and further for storing
instructions operable to: -

determine an unexpected identifier for the ARQ channel based on the identifier
of the last subpacket received for the prior decoded packet,

compare the identifier of the current subpacket to the unexpected identifier, and

declare the decoded packet to be a duplicate packet if the identifier of the current

subpacket is equal to the unexpected identifier.

14, A method of performing re-ordering for a hybrid automatic repeat

request (HHARQ) transmission, comprising:



subpacket and an identifier of a |ast subpacket
received for a prior decoded packet obtained for the
WORRQoabeasmel . 10. The apparatus of claim9, wheP€&l/nS10h&010501
means for determ ni ng whet hex4 t he decoded packet is a
dupl i cate packet conprises neans for determ ning an
unexgieaingeg 4 deoled ]ibe@:ketff@f at ARQARngHannel based on the
identifier of the last subpacket received for the
pri ofcteraupiag avisaar an carisa nackebis Séléltﬂﬁ‘éldmgg)rt 4my one of at Jeast one
f e._un
oth%:m ﬁc::lgaﬁma ba g&ﬁgg %5 H P &Q?saﬁh%e %1 lea 0618 00312360 pfglgéé‘thannel
each poediag dariet patket penk etpad:kfet tttae Wad eéﬁtl tfeﬁﬁé tlef dddaed packet and
cur%fgt subggcket is equal to the unexpected
may 8 Pg fesPIved@ndThe apparatus of claim 10, wherein the
nmea t R t t he
AR L B S PO e BB kbl R, o
identifier to the identifier of the current packet

Chanke . S PRREET Pt M CRbR PR unoxpect ed

i dendipdingthe ycora flaéke@ﬁ tRér8 $e4 1@@@8@ iRl d SHciepr
the ARQ channel. 12. A processor readable nedia for

storing instructions operable to: decode a current
subpacket oht.ai n
decodsd pfapiof bR A REIRG Rty tiver an carter
packetninstil] ptarahhg én anydaead ¢ick alaeds’ebnd sth@hARQrdended CotaPeises
han det rm ne et her the decoded packet 1s a

ARQ
duplﬁét‘iﬁt1 ‘]Bfatéﬁét TR R fdARRe; igdicating therecye merpending
caflitR Ppucked @nd d@ébdeg eﬁh(:két' §hs Uceeaast g Q)'ﬂ?eg l$ c]%annel at a
received for a prior decoded packet obtaine
deaRaptef fimeedr laig3. The processor readabl e media of cl ai m
12 and further for storing instructions operable to:
deternmi ne an unexpected identifier for the ARQ channel
baseqy.on THeme@eabf Elapi 16ffuithé dodphisiigbpacket recei ved
for the prior decoded packet conpare the identifier
of tdsterpypg e @étgp&téd dmethgsedhen ypfest iowst fod thedlenedetipacket and

mitfiy OPARE &hhR8s deARPRGPAE PAR DA RERSIP! | Cat €

pac € curre Subpacket is
equal to the unexpected identifier.

18. The method of claim 14, wherein the determining whether an earlier
packet is still pending on any one of the at least one other ARQ channel comprises

for each of the at least one other ARQ channel, indicating there are no pending
earlier packets if a decoded packet was not received on the other ARQ channel within a

time window.



14. A nmethod of performng re-ordering for a hybrid
automati c repeat request (HARQ transm ssion,
W@ 9pnd=sng: obt ai ni ng a decoded packet for an PEQUS2006/010501
channel ; determ ni ng whet herpqn earlier packet is
still pending on any one of at |east one other ARQ
channel based on decoded packets for the at |east one
ot her ARQ channel, each pending earlier packet being a
packé?- t h&he N§thodofclaafls firthaecateprisieg! packet and nay
stil r he d cod d
' %?éﬂé@%%%ﬁﬁs Rl Bt B R G T 4RSS ror cach
paoketaond minbet af ARchchahmsm heaﬂabxerfbf ttﬁlm@RQ&t@l@nﬁb@mhh e
decoded packet if there is at |east one pending
earlier packet. 16. The nmethod of claim 14, wherein
t he t er 4,0 I thR Ak i ' .
pendig(%g odgh@an&ﬁy&%dr/}&;%? ?d{ilﬁ te@F ééggtthgne Lnf1111(lenr?1gA ther an carler
p@lkatn'n elill pejing eesny ane efabdatdbast hee athet AR) changelabhgrises

anneJ a ere.are. no endin earlie
pac ké gyiping a&%% ‘é‘?ﬂi Bﬂ’@?(g’tr egelsof the & %Sa OBh t(hﬁ%AgQ@Iannel
ARQ @éi@di‘rﬁﬁﬂrlF&h Arld8E1a0 @Bk timBFoPthela® 1t onk/othdERQ channel,

nmet hod of claim 16, further conprising: determ ning
aghe desi gnated tinme based on a start time for the

deco r el s avai |l abl

o BRI PR Pt R G RO EYL P ot e
omhathei AR Qlvhanted based minnhe sdtkédh bist ddvodatilieer packet is

still pending on any one of the at |east one other ARQ

channel conprises for each of the at | east one other

ARQ shannghe nlefHHdCat d1kigh QG 8F Rer@iCthB UecRERGHiA tl?eafagt{j&:é'code time

packets if a decoded packet was not receive
f@pmofmtdmmm othet ARRQ channeleomprisksw. 19. The net hod

o ot B0 sk HEdodF ki Ry otdpe T RE oty ARG G to be
whBRkeimée Vihddwhen LdmARQyERR AR tBeraVRO| BRI {decdiigl.

HARQ transm ssion. 20. The nethod of claim 14, wherein
the determ ni ng whether an earlier packet is stl [
pendifnNg f one .ot her ARQ
chan%i]e %hn%%%lgg%f&t é}rll%ghﬁhldéraﬁﬁé)qmn@écode time for

eac hreoéivingehaHARQstanemissioh hes a pREGakityastneRQ channels that include
th}s(é n|n nearllest | ast decode tine for the
the

pe Atdeas(t’ KBS H’r@pr ARfHchannel, the plurality of ARQ channels

being sent in a predetermined order on a time line.

23.  An apparatus for receiving a hybrid automatic repeat request (HARQ)
transmission in a wireless communication system, comprising:

a decoder to provide a decoded packet for an ARQ channel; and

a controller to determine whether an earlier packet is still pending on any one of
at least one other ARQ channel based on decoded packets for the at least one other ARQ
channel, and to forward the decoded packet if there are no pending earlier packets for
the decoded packet, each pending earlier packet being a packet that was sent before the

decoded packet and may still be received.

24.  The apparatus of claim 23, wherein for each of the at least one other

ARQ channel, the controller indicates no pending earlier packets if a decoded packet



determ ni ng whether an earlier packet is still pending

on any one of the at |east one other ARQ channel based
wontbhe2dear | i est | ast decode tine. 21. The netPorUS$006/010501

clai m 20, wherein the determging the | ast decode tine

for each of the at | east one other ARQ channe

wao fgvei ved ons@ktdtng AR émheldﬁwa@si%{afea fide o@astter, @he WB&gnated
I e

.at | east one other ARQ channel to be within a

tige gl deresmingdibasad o 2 sipTtdime fos tha drspdaiRcetaandatumibsr of ARQ
cih€ls WoHiabror HAGTAR g.i?%s&];i_i& aim16, further
conprising: receivin € transnission via a
plurality of ARQ channels that include the ARQ channel
and e aihl east one ot her ARQ chanpel, the plurality
ch

of A _ 1 @PRATYYS 9f kiR 23.nW erﬁ‘f"e@)éteé?}_moﬁé]@ ak @é_ﬁt Qe other
Ag& tRBnkl, W€e cantrolle iriRadsat ) E%I)cﬁ{l% gﬁ‘ﬁ@f ﬁé&gtSQf Y ®bed packet

omati c repeat request (HA nsmsSsion in a
Wik nell reess vasbemithn iother IARQ shstnehwithonptinsiwigdowa deeemihed based on

t rovi de decoded cket fqr an ARQ channel; a
Bl BB SEARES b cndh vl BAGE it ARG Thanneis
awiilable foehe MIRQMraddtiissibg. of at | east one other ARQ

channel based on decoded packets for the at | east one

ot her ARQ channel, and to forward the decoded packet

if there @ aﬁ?l?sﬂ#i [ s for the

decoded pafc‘lzf%dtb%reac cg%r? [ ﬁgﬁ@%F?%ES%g%'ket bei ng a
packabufférad stwasths @atodedpaclet ifttheides adesbt pRCp@iding g packet.
still be received. 24. The apparatus of clalm 23,

wherein for each of the at | east one other ARQ

chanpel , Thea sl Bfird 233,' hRtES tlfé?ﬂe@@&g id@%hdgég%%qu{s received

packets if a decoded packetwas received on

onRBeEdsmakeaty Cheried (B tRIACH) mecdma2DBf.er, the
designated tine being determ ned based on a start tine
for the decoded packet and nunmber of ARQ channel s

avai 2&bl eAh aipphags HHRER delvans 71 15id uteiRaticTRPeAPRGIAE YSARQ)

of c¢claim 23, wherein for each of the at |east oné
UrSHES10NRO acKisHeRs COmpmiGaE AR SHYeTEr camptisingt es no pendi ng

ear| | .S f e t,. recei ved
on t ggngﬁﬁlg(?ﬁé{ gc%cgeﬁﬁ‘gqp%%gﬁi nﬂg1 {Xll{%a‘v?nﬂ ﬁ%}bw
det emnamsefdr dasedning whethiex amenanliet phuket ©fstil popdiak 6h Sn§ 6he of at
each pack nd nupper of ARQ channpel s avail able for
1oF PR (YR CHIRE] Bired 28, dor e pRraderihe oL EPatapemsher ARQ
cHaHhdIN@ichGRARMb HaRSr fackY Tefls ﬁgaccﬁe% ¢ W8 sgﬁt‘:lg’é%&% the decoded
packet if there is at |east one pending earlier
pqgggtka@gl may still be received; and

means for forwarding the decoded packet if there are no pending earlier packets.

29.  The apparatus of claim 28, wherein the means for determining whether
an earlier packet is still pending on any one of the at least one other ARQ channel
comprises

means for indicating there are no pending earlier packets for each of the at least
one other ARQ channel if a decoded packet was received on the other ARQ channel at a
designated time or later, the designated time being determined based on a start time for

the decoded packet and number of ARQ channels available for the HARQ transmission.



27. The apparatus of claim 23, wherein the decoder

decodes packets received on a Reverse Packet Data
w@h@oned46{ R- PDCH) in cdma2000. 28. An appar at uBCT/082006/010501

receiving a hybrid automati c27epeat request (HARQ

transm ssion in a wireless comuni cati on system
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RQ channe nmeans for detern1n|ng whet her an
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cansiRkher ARQ channel based on decoded packets for the
east one ot her ARQ channel, each pending earlier
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wherei n the neans eterm ni ng ther an earier
parkekand riugnter of ARGReidinngs evaikable fonthedIARReramkmissmat one

ot her ARQ channel conprises neans for indicating there

are no pending earlier packets for each of the at

| east one ot her ARQ channel if a decoded packet was

recei ved on the other ARQ channel at a designated tine

or |later, the designated tine being determ ned based

on a start tine for the decoded packet and nunber of

ARQ channel s avail able for the HARQ transn ssi on. 30.

The apparatus of claim28, wherein the neans for

determ ni ng whether an earlier packet is still pending

on any one of the at |east one other ARQ channe

conprises neans for indicating there are no pendi ng

earlier packets for each of the at | east one other ARQ

channel if a decoded packet was not received on the

ot her ARQ channel within a tinme w ndow determ ned

based on a nmaxi mum nunber of subpackets for each

packet and nunber of ARQ channels available for the

HARQ transm ssi on.



