WD 2006/ 071831 PCT/ US2005/ 046985 1 EFFI Cl ENT ACK TO
NACK ERROR DETECTION Cdaimof Priority under 35

U.S.C 119 [001] The present Application for Patent
clainms priority to Provisional Application No.
WO0/26B87832 entitled "EFFI Cl ENT ACK TO NACK ERRIRIS2005/046985
DETENTI ON' filed Decenber 22, 2004, and assigned to

t he assi gnee hereof and hereby expressly incorporated
by reference herein. BACKGROUND 1. Field [002] The
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apparatus, and system for efficiently determ ning ACK
to NACK errors in nultiple access conmuni cati on
systenms. |1. Background [003] In recent years,
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processing, rotocols. In the area of wreless
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pr.ot ocol E bee devel oped to i ncrease system
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These various nmultiple access schenes and standards

include Time Division Multiple Access (TDWA),

Frequency Division Miltiple Acce EDVA) , Code

Division Multiple Access ( ,G hogonal

Frequency Division Miltiple Access (OFDVA), etc.

Geher allligld in a system which enploys TDVA techni que,

each user is allowed to transmt information in his
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PaNACK ks ingeiltipld aCidd conaystieamonisystanant rast, is a

spread spectrum system which allows different users to

transmt information at the sanme frequency and at the

same time by assigning a unique code to each user. In

anH(]:DI]gQ‘,cﬁ?ﬁ;uelm a high-rate data streamis split or
divided info a 2 nunber of |ower rate data streans

V\'hﬂﬂgfﬂ ar erp feedhs Wcﬁﬂs ecbnithufidatiBh SRdshy pbﬂoﬂ%@é bd c4péBilities have

a number of subcarriers (also called subcarrier
f rengtiededi és imepreven)rapiglycin ukght ph sgweral technological advances and

improvements with respect to telecommunication network architecture, signal
processing, and protocols. In the area of wireless communications, various multiple
access standards and protocols have been developed to increase system capacity and
accommodate fast-growing user demand. These various multiple access schemes and
stam'i'ards,' include Time Division Multiple Access (TDMA), Frequency Division
Multiple Aecess (FDMA), Code Division Multiple Access (CDMA), and Orthogonal
Frequency Division Multiple Access (OFDMA), etc. Generally, in a system which
employs TDMA technique, each user is allowed to transmit information in his assigned
or allocated time slots whereas an FDMA system allows each user to transmit
information on a particular frequency that is assigned to that particular user. A CDMA
system, in contrast, is a spread spectrum system which allows different users to transmit
information at the same frequency and at the same time by assigning a unique code to

each user. In an OFDMA system, a high-rate data stream is split or divided into a



OFDVA systemis provided with a subset of the

avai |l abl e subcarriers for transm ssion of

i nformati on. The subset of cafriers provi ded to each

user in an OFDVA systemcan be fixed or vary, for

exanpl e, in the case of Frequency-Hoppi ng OFMDA ( FH

OFDMA) . Mul ti pl e access techniques in TDVA, FDWVA, and

CDMA are illustrated in Figure 1. As shown in Figure
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t he access termn that the previous transmssion is
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transmissions, the access point typically sends an indicator of acknowledgment (i.e., an

ACK message) to the access terminal that the previous transmission is received
correctly and that the receiver is ready for a new packet transmission. A negative
acknowledgment (NACK), on the other hand, suggests that an error is detected in the
previously transmitted packet and that a retransmission is required.

[006] Generally, there are two categories of packet combining techniques: code

combing and diversity combining. In code combining systems, sub-packets are



3 concatenated to form noi se-corrupted codewords from
increasingly longer and | ower- rate codes. An exanple
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RS04 183hsni ssi on requests by sending addi tRGIHE2005/046985
parity bits to the receiver3 The receiver appends
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Caused Dy an error on the acknowledgment channel. Unfortunately, such a signaling is
rather expensive and is itself unreliable. Often, a disproportionate amount of bandwidth
is required in order to transmit the sub-packet ID reliably.
[0010] Accordingly, there exists a need to detect an out of sequence transmission

caused by the positive acknowledgment being mistaken as a negative acknowledgment

without an explicit signaling.



SUMVARY Enbodi nents descri bed herein describe
efficient nethods and devices that can be used at the
physi cal |ayer to detect an out of sequence

transm ssion caused by a positive acknow edgenent
woizng/omisdt aken as a negative acknow edgenent RUTYERIWIS/046985
the wuse of explicit signal#ng of sub-packet
identifications. The nmethods and apparatus descri bed
are both applicable to code conbining and diversity
conmbi ni ng techni ques. I n one enbodi nent, a nethod and
apparatus to determ ne whether a transm ssion was
successfully received in Smﬂﬁ access

comuni cation systemis | . First and second
encoded data packets are received and decoded. The
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determ nes that the sub-packet in question belongs to

the old transm ssi.on and i ssue anot.her sitive

ek nowl BT ATOSUTIoRR P apBras o ARSTER ahPRELE o Hgpsty
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| ow degree of correlation, then the receiver
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;I' F';I%cogﬁg\g/r\éﬁlt%s gﬁﬁ%g%ﬁ}ﬂlm\{{%&@lﬁ%c@ei? glgtgarr%gt%f {?Z:%Hilgru?esd t%fcorrelate the
received packets of data with previously received packets of data to determine if the
packets are substantially the same. If there is high degree of correlation, the receiver
determines that the sub-packet in question belongs to the old transmission and issues
another positive acknowledgement to indicate to the transmitter that the packet has been
received correctly. If there is a low degree of correlation, then the receiver determines
that the sub-packet in question belongs to the new transmission, which implicitly
indicates to the receiver that the acknowledgement was correctly detected by the

transmitter.



followi ng detailed description and references to the
acconpanyi ng drawi ngs, in which: [0012] FIGURE 1 is a
diagramillustrating various €hannelization schemes in
various nultiple access systens; [0013] FIGURE 2
illustrates an increnental redundancy transm ssion;
[0014] FIGURE 3 illustrates a bl ock diagramof a ‘
t ransni t t e BRIEF MESCRIPTION DFFT HERDRAWINGSat es
a call process in which an ACK-to-NACK error occurs;
&8016] FIGURE 5 illustrates a flow chart of an )

11lci enfariops eREctsofnd) EpBEes plythgrpressakinvgnipirredisglpsed by the

K0 e QOIS S b e R PO Pl P, n whih
jool2ist r FIGSRE Wl écly diagamanlafiradng AGkolo-dNAGIKI@atie schemes in
detection technique. DETAILED DESCRI PTION [ 0019] In

YHOUP Bultinle Agceaetvatamsd descri pti on nunerous specific
0858 | © FI6PREPS IRRELD: o HONBKER dduismdyisEatand. t hat

arious e i'nvention nay be practrced

(01 4jout FIGERE 3 fasirhiesa BRIcRIdidpran bf § handmiitleeand receiver;,
[%ﬁired ated and understood by one skilled in the art

] t nEIGYRE ds ilBwisales rresls rspceshdni whisht 3o ACK-to-NACK error

g%ﬁﬁri bed bel ow are exenplary and are intended to be
'II'Ustrative of the invention rather than [imting.

[00920] ENGURBTEtlGstaitest HElownvtemnt b0 SEGdrt ARetddd for detecting an
efficient nmethod and apparatus that can be used at-

ARK-9NYACKastayer to detect an out-of - sequence

ORFAE™ SIERECEY B BpBRSEHE PR IR o o

&g explicit signaling of a sub-packet ID. The

t echni ques described are equally applicable for both .
088 combORIRAY7 alhestratey artdpelydiegiani o g AREO-DAUAK gtres detection
% 0%1e When there is an ACK 4 NACK error, the receiver

PR teady successfully decoded the packet and is
expecting a transm ssion of the next packet. However,

an ACK -* NACK error causes the transmtter to

retransmit the paddELAILED DESG@REIRFION t her sends

t he next sub-packet, when code conbining techni ques

are used, or repeats the transm ssion, when diversity
O8I ni Ay thesfollewing deteiladsdesempijon nungigusespsritisi details are set forth.

00 B8 OBl ] s SbMROpLEy niUibyiaPps practied
Wiglicit Ahase sp%efﬁdﬁ&ertaﬂl_s_het shewldybeadppraceded sttt piadekRbod By pad $killed in

t(})1£ atrtht?latotlhg various embodiments of the invention described below are exemplary
and are intended to be illustrative of the invention rather than limiting.

[0020] Embodiments of the invention describe an efficient method and apparatus
that can be used at the physical layer to detect an out-of-sequence transmission caused
by a positive acknowledgment being mistaken as a negative acknowledgment without
an explicit signaling of a sub-packet ID. The techniques described are equally applicable
for both code combining and diversity combining ARQ techniques.

[0021] When there is an ACK - NACK error, the receiver has already successfully
decoded the packet and is expecting a transmission of the next packet. However, an
ACK > NACK error causes the transmitter to retransmit the packet. The transmitter
either sends the next sub-packet, when code combining techniques are used, or repeats

the transmission, when diversity combining is used. Because there is no explicit

signaling of an identifier of the packet, such as a sub-packet identifier, the receiver is



transm ssion (i.e., retransm ssion) or is a new
transm ssion. [0022] However, since the receiver has
al ready successful |y decoded fhe previously received
packet, the receiver may be able to detect whether the
recei ved sub-packet is part of the old transm ssion
or part of the new transm ssion. |In one enbodi nent,
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FOQBZ]eCt IHoweRen sehceheRceiler RRGOEEd) sidbeAtledecdbded the previously
performcorrelation with. However, the receiver does
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such as the Automatic Repeat/Retransm ssion (A

RQ)
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art that the teachings of 'the present invention are

not limted to nultlple access systemw th ARQ

sm ssion,s u e also ual Iy i cahl .
DR2E he A Bk ARG edhbehfieR 8 dErsieiin AR et o using an
lﬂulmhﬁl Ofredund8fidyaCAR) f @fanéhRsiBH' REB&ESe, Ofsubk Ok dithd  Automatic
redundancy. [0024] The techni ques described herein for

Elgien@Rﬁmrlsmpsswmﬁfd%ﬂ)hNMmescuhbcrﬁgpe &F hygbrids ARSD éHpéaRQémrotocol
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system a Time Division MiltipFe Access (
Ey@nr@m ofghe presentanegntibn\ars nainlirMied ipneltite esssy HBMA) with ARQ
system an, orthqgonal fre nc i Vi sion
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Frequency Division Multiple Access (OFDMA) system, a Code Division Multiple
Access (CDMA) system, a Time Division Multiple Access (TDMA) system, a
Frequency Division Multiple Access (FDMA) system, an orthogonal frequency division
multiplexing (OFDM)-based system, a single-input single-output (SISO) system, a
multiple-input multiple-output (MIMO) system, and so on. These techniques may be
used for systems that utilize incremental redundancy and .systems that do not utilize

incremental redundancy (e.g., systems that simply repeats data).



[0025] FIG 2 illustrates an increnental redundancy
transm ssion between a transm_tter and a receiver in
a comuni cation system The ti’meline for data
transmssion is partitioned into franes, with each
frame having a particular tinme duration. For the

i ncrenmental redundancy transm ssion enbodi nent shown
in FIG 2, the receiver initially estimtes the
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deagrmmegsethat Racketnlimbdacoddd ini ares .(i.¢.0026JedPpand sendsxtank lagegative
shown in FIG,.2, the transmtter receives a NACK fo

FRRUERER BSRGHR R etind. ¢ ¢ Hifs HRTSnida: 4o NACK and
t?iri%%ts Mad Bloggdk ad¥h sifﬂbolaﬂ%‘]@%Blécld M o ?Hclﬁ(et Min WARTESS . yl'}fe receiver

) e recei ver retceives and detects Block N, decodes
BEawéssant] datgatuBhockN, ddeddes Milowks 1t dralt 2,tdeeerpdimdsethati Backet 1 is still
ecoded correctly,. and sends bha an _.ackn dgnent o
% Finfifirnaid atids PR RGN ATek ThAGGech! i tuack, Frgsmission

SRMINEKCREARG: FRINARNT arSSlfes of BmaRde for the next
dat a packeI%, %nd§s ngsarf}ﬁle seefgctgld node to the
002¢iskart therexamplier shosvn m ¥IG. 2,Tthe ttanamsttertreegiveser NAEK for data

stelbTosk Mg Frdranitt 0o sy BBOH B ATBORHY Fevechsfan frme
RN Akt Ry REEREORIFS 1 Bl BFLBS I | v
N) ddtermimacthatt th packet is decoded correctly, and sends back an acknowledgment
(ACK) in frame n+1. The receiver also estimates the communication channel, selects
a mode for the next data packet, and sends the selected mode to the transmitter in frame
n+1. The transmitter receives the ACK for Block N and terminates the transmission of

Packet 1. The transmitter also processes the next data packet (Packet 2) in accordance

with the selected mode, and transmits the first data symbol block (Block 1) for Packet 2



8 in frame n + 2. The processing at the transmtter

and receiver continues in the sane manner for each

data packet transnitted via tBe communication channel.
[0027] As shown in FIG 2, with increnmenta

redundancy, the transmtter sends each data packet in

a series of block transm ssions, wth each bl ock

nr femei s o nTlnfapnoyi:ssglgaat the transmittef andheeqeuek €pntinuge in the same

de,th ck fit h
BRG 151 Aah RR STy TBATRUED tadnt S BLREShettiee T or
{0027}3?'@ kBbwn TRFIGT 2N$/7iht thefernfeBialr&RiEEndyN€he transmitter sends each

ransm ssi on of the packet after successful decodi ng
tata pheket ecaiserags. of] lhocksirarsorissidns, thhnrptle bitebwransmisFioG,carrying a

st AL ek asfet nbe ety Gamay BOTRRIR dspeifate Packet afer each block

trhRRS SR oh B BERRE MoeiveBifSr the %ha&t MRy BBnOM@ePlerminates the
mul tiple frames. To inprove channel utilization,

waristiigsian cafahapaqkatﬁmrsum%fweiewang hyttheen&cmneran

(5t & B aRrr FeoB8 £ BGnet (B0 | D8N RbEPBd ame for the
ACRIRACRD %sﬂ@ﬁs@ REEKRE SecdeRler #10RRHlodkr @&fshﬁss?d?ﬁnﬂmeéeneral this
may be transmtted in even-nunbered frames. Mre than

cﬂaAmy maafkfa cne chamiigple framyesal Bo ithprove tchahreed emllllzalcgl, mulfiple data
CK del. a JS |.onger than one frane. JOOZ%]Sk p
Fﬂ‘? etég;we t‘m% GAngRiHacss BamsEr £ onexasplesdatp,packets for one
WAYEE RhABY Rla Z‘Be RenSAlHe8%n oH@h@rﬁber@é?ﬁﬁ{es 28 H%ﬁmcl(él‘sdfo? another
configurationhs, or some other term nol ogy.
matfic dhenms soni Be ecdnymittedanpaetinombared cloatees. atMorerthan two traffic

odi sch , .& particular, m i chepe, a
ﬁmagma&aﬁgﬁﬁemﬂﬁﬁce& FEchihE y‘\%@g gt nger than one frame.
WOE g @s&ﬁ?fna? Be A0 gFedBnp ;?d?@ ?feft ef %ﬁ@% hetiétPmayhiKbe called
req | red’to achieve atarget |evel of perfornmance;
m’teg, packés fopaatk.atdieravofiguratiens; PERme Gpecterminoéfdyi daehmode may

refers tq the data rate (or the information bit at e)
'FFoF‘??ﬁFlla‘zeadWBl}/ atﬂaemgg»lé& ERD I GPRINgFHems, @.R?éthcuﬁaﬁ modulation

KIS fboBbde ARG EERE B ang o AR iR Sifhal tp-noise-and-
mfefrfecanea Catis (STNRDereqeirecbfo scpper 4 mgﬂokdesl @fep@fc&nance e.g., 1%
ge of sp ral _efficiencies, typical
?teqlff@ﬁf%e I?#aff é@cgéﬁéﬁms@cw@fﬁ © t%ﬁ@éaaw (9yrthg information bit
ﬁ*@? R e
Hercz (bpaz) Sl INRete], e glsse | STDRe chramdededefdr higheedapertral efficiencies.
transm ssion. [0030] Spectral efficiency is_determ ned
e tSﬁeOEéa@mréﬁde S [ROYEHS at i1aRecs Oh ewpectiatnefficieggiss,r fipically in

ii11§re ﬁtsr?%f tgﬁes%% hﬂumﬂf ogféace@puf:orb ¢ vé tg %@l ﬁ%)ndmon and

encoder er of Its gen

Iecmodieﬂ[\ﬁhdhé frm)ﬂs mntht ttel highest spacar bﬁ]me&hcy @dp?pdr&tiEbyCIﬁat received
enerates nine code bits for every

2 (or

Iﬁh@mﬁbbtﬂ S?JF%tgd am@ v Pr afpBansHiesqe. g., R = 1/ 4 or
[@63@)8 @ﬁalrgfﬁgleﬁ %%?&Yneﬂ% b LS Pf£ALE L Rkion scheme. The
correction capabi’lit

code rate is the ratio of the number of input bits into an encoder to the number of code
bits generated by the encoder and transmitted. For example, a code rate of 2/9 (or
R =2/9) generates nine code bits for every two input bits. A lower code rate (e.g.,
R=1/4 or 1/5) has more redundancy and thus greater error correction capability.

However, more code bits are transmitted for a lower code rate, and spectral efficiency is

thus also lower.



However, nore code bits are transmtted for a | ower
code rate, and spectral eff|C|ency is thus also
|l ower. 9 [0031] Various nodulati on schemes may be
used for data transm ssion. Each nodul ation schene is
associated with a signal constellation that contains M
signal points, where M> 1. Each signal point is
defined by a conpl ex val ue and is identified by a
itvhi-nary. v 1
@Qgﬂ Xg},l&?sh)énocogl el%Bl m%} e tlr)egﬂgrengtari edy%t?e%m%gg? . Each

BbdupEsh iscietes &t 8ssotialBdcwile Dbighal EARiRlIagsn @Pﬁat B:oemiﬁs M signal
bits forns a B-bit binary value that is map

Bq;e@ WheresMgnhi Egel pignahipdiiritis definedery a @qmnl@mvptu@dmggs glentified
REAE 8L b YRR A DT e 2R AR RS ORBPbPoiaE o oce v

t*é' BStramaTRed QRETRRK Yrél$Rd iRAtabf Bods WIRMESadhnéh WES code bits
Bi nary Phase Shift Keying (BPSK), Quadrature Phase

Bininf ta Relyif hipary @’lsk{)thatl\/tsamypmldats)ea Spédific Kegpirhgoint, which is then

M PSK), and litu ul ation .

FSTI o5TRan A DR R0dE Biet SFoyr Sl kB i Saphppdulation
§y§)bo‘l7QHusb€‘arr19§ Yrﬁ"BnﬁaStloanoT]B %ﬁoc §R§K Soﬁle ?(?mfn%ﬁlng)s%ﬁ mBtulation
mhelmsm 1rmludel331mry Hdaseaﬁhlﬁtel(qflng @Pﬂﬁﬁd@uanifratare Phase Shift Keying

(B Ry St Shli Nev o Morelon Hoaaly opustietird Rmplitude

SoR&EESH (O3RN Fhifk éx%nib'elr W8 Lh&d Sﬁs gexbxln%lﬂaﬁbﬁgyﬁggloﬁ) can be

atransmttér 310 and a receiver ina wre
gioenmani Bat i dor BYSKemB 3Q0 forh@PSKt |B £3efrI&RPSK, B=4 for 16-QAM,
transm ssion. At transmtter 310, a TX g€ processor

aceOé

B e QAM cpmd 098 »&tsen@%meaofa%& erdgp ylgtionrseheme, and
fata BB My b%ZQenP e&? S glu?%r{lbglof&afl%he at%g&?%ﬁodulanon

partitions, er eav es) eac
@ﬂahai in accordance wth a node sel ected for that
ﬁacket and generates up to T bl ocks of data synbols

832} HE. Faid &ratesrhévle%q dagran ploviEansgpittend H) aa@ a rﬁ%f‘éY@ét350 in a
\:Q;H?leésn& i r%g&tfc) 51?1{ lll(tﬁ z)%? II‘\ éra%%us% Eﬁ D\l{r{g‘ﬁgmger 310, a

OF na pac

DXrd‘atanib@dssorCﬁﬂ’chfbﬁl‘l?dsQﬁtaC}ﬁackad frofred €atalcura®dul. anlXCtnita processor
schene to use for each data synbol bl ock of _that
Plcesesses €t fosmplsy ergadesy Paritigas 1igFlpaigs, dshmedylgtesheach data

;ga%{«g in ggi&? r%és%&él nToiéﬁg@lgee ed ér tg)gt n[%gketsa%g V%e ra?e%q.{ﬂ to T blocks
dfﬁﬁtiibs@ﬁ‘lboli RBEKINCKL. l’l'@l@%bl‘é@t@d frde E&lﬁaa@ﬁﬁkﬁtpackeft may indicate (1)

desired. This process is discussed further with

the pprket sizd (if,che pumy efdn@rppiderekisoior Q@maskeﬂ/ prbE2) dhe particular
ST R EadY B S PEIoR e ottt il ook of
thit Rickaced cm&dnetr B80 pldvagdsSyations Edifro®y tormatLsUrEEeF12 and TX data
peggelésegr 320 for each data packet based on the selected mode as well as the feedback
(ACK/NACK) received for the packet, if desired. This process is discussed further with
respect to FIG. 2. TX data processor 320 provides a stream of data symbol blocks (e.g.,
one block for each frame), where the blocks for each packet may be interlaced with the
blocks for one or more other packets.

[0033] A transmitter unit (TMTR) 322 receives the stream of data symbol blocks from
TX data processor 320 and generates a modulated signal. Transmitter unit 322

multiplexes in pilot symbols with the data symbols (e.g., using time, frequency, and/or

code division multiplexing) and obtains a stream of transmit symbols. Each transmit



[0033] Atransmtter unit (TMIR) 322 receives the
stream of data synbol blocks from TX data processor
320 and generates a nodul at ed'Osi gnal. Transmtter unit
322 multiplexes in pilot synbols with the data
synbols (e.g., using tine, frequency, and/or code
di vision nmultiplexing) and obtai ns a stream of
transmt synbols. Each transmt 10 synbol may be a
I, [
sgfﬂb%l 8‘%9 uaedao wrélgérlof‘%qaoskmbg ogra'?ﬁih syﬁ}?ggﬂw@gax s{p8aiPvalue of
#ees.f Dramyaitfed nAit D2 QEYMenfoett | aafoirn o f IOF DI DM ddatisseid ORDIM is used

the system _For exanple, _an OFDVA system e{Bpl oléli n%
tm:tbmswﬁ@neﬁorn@gmrwée S@BDMph ssdem tamaloYing schemes may be

&%@erﬁﬁﬁﬁnlﬂfé%ﬁﬂﬁggg%@@ ?%ﬂ%rﬂ m% %%nﬁﬂij sﬁd{falte.b%d further

condi ti1ons anal o

dmdmoner(é §., cohVdrer ®, araiesk;, &mqhexfdyeﬁpcoh{mts sfﬂmrﬂ &lnﬁtarnqﬂfﬁes) the
enerate the nodul ated signal. The nodul ated signal .

sagl theHeam r tonsenaretedther @ﬁd&lﬁteénfléwa 3he mwdulpted gignal is then
t?anmedﬁ?(%ég fiﬁ %4 End \El? 33 Pﬁ%un? Eélgon Cila%%%ﬁ{ilo IA&:Dver 350.

recelve ransm I'S receive

[0036NAEredbier ami th@eranfrﬂm@d\segﬂlasisg[@aéwdzcs bpraﬁvan@@@hatmaand the
receiver unit ;i 354. Receiver unit 354
reenwd isignal 1~°dlpg¢\t1ﬂ 40 Arerepyes- wbéE%’é?s) ged.g. Regyrpaw unit 354

the,recej ved s ej
RO PR, A AEBl A Ehef [ P87 Orphd PHBURGT I, §flyg0 siena
t3obtaM R¢Ees dataRPmbekeind e@bemaqm@ymcﬁs t Re@ivietuaft384 provides
356 and the received pilot synbols to a channel

the recaived daRsEmMbofsataredetestar Ivdtand thscpived pilglesymieds to a channel
est i mt

S ol s_an provi des .channel
EGtor b g BB B R8P RS 8 28R Yedy BUGT PyfBols and
pro@ides HERMBI S £ &@n&ﬂmel%@‘éﬁtﬁ}hat§5ﬁn@m¢{r 8&imates) for the
detection on the received data synmbols with the

comanvratationtchamneds Detegtop 366 ipedermfedasestion ouethar®yw1gdldeta symbols

det
B8 B e BisRE G L Riovise® Boter s aRf s bRG G Ahx data processor
6oL Rk defictedtdag @%’&)lpinh? ble'$<§ﬁ|e§eﬁteﬁ ?%éjﬁﬁel@lﬂi@ ratios (LLRs) for
synbol s (as descri bed be

th@moéSebltSatuﬁeﬁhéo fmenén@edata wevbom dak descridved ebelew) dat by other

d f
5&8&6&@&9@ e daieir Bty Fesualy RAER 1o ghfpined fr a iven
ecoaaR) RK| datdei8&dsest Y Bro¥iie!(8 o ObfedittehvE O and t'kﬁ:‘é:odes) all

pacget and provi des a decoded packef’to a data sink
B 62tedRMtadsmabqls obtemedfor3het pdcket aldguirdgdehe ddecled edcket to a data

s b 300 HerSint P oy ek SR oD ikt g grovides te
PaBk ST, whRAIRlicAeC QRLNE! hebackePidBERIYRDklsy GIANARE.

estimates from channel estimator 358 and the packet
[803] us comtorHeRR 70 atceives cbhﬁesmonel&s@ma@s itormo thame B&Bimator 358 and

0P a5 6L bS58 T8 SCBREARS A e o moce o e
R&l AL BRket {60BE tRAbAIted 1@ RLS0AISEHRLAS of 8RERASKNE] estimates.
i nformati on, which may include the sel ected

Controller 370 also assembles feedback information, which may include the selected
mode for the next packet, an ACK or a NACK for the packet just decoded, and so on.
The feedback information is processed by a TX data processor 382, further conditioned
by a transmitter unit 384, and transmitted via antenna 352 to transmitter 310.

[0036] At transmitter 310, the transmitted signal from receiver 350 is received by
antenna 324, conditioned by a receiver unit 342, and further processed by an RX data

processor 344 to recover the feedback information sent by receiver 350. Controller 330



node for the next packet, an ACK or a NACK for the
packet just decoded, and so on. The feedback
information is processed by a'rX data processor 382,
further conditioned by a transmtter unit 384, and
transmtted via antenna 352 to transmtter 310. [ 0036]

%} transmtter 310, the transmtted signal fro
prRiaigs e recsiyeds feedbasky wéorpyptionnpsss The Kﬂ%ﬁéﬁ 9 saetpol the IR

f 4
Yy R5PLY B ok S B0 LA GEESRE 0Bl e o
pmﬁmsmhﬁmmdstamhchytdmlelwearce%mscmnt roller 330 11

all\&s e recei ved feedback i nformati on, uses the

!&3&7 Bfr%%ﬁﬁ ans) 310hdirqcrtheroparadian ek rapemier i) nalareiver 350,
t

?Sf)&%r%?-ﬂ,shg&%‘ﬁéﬁﬁ@iﬁvﬁoﬁa%%"a 3T PRVHRERORE AP BRI TRnd data

Bs2d.by[c0nBI1]er BN aind 37, sesp8Aivalyd 370 direct t he
0 eratlon at transn1tter 310 and receiver

Blct M@Ky * MBS UmCeS pss«zesw@%mzwbmva AGKoioaK crror
L8 SPUATA0T PR SRl B B SO A5 B 404 and

acekds ]jbﬁIQGle)SS MOAN isrestablished aniNAGHous@oATl SRS areBEEIA 1. from the
Speci fical | FIG 4 illustrates signals sent between
%@é@s@rm@ahﬁ%ﬂo A aegiees PaiaE 498 pldieat cquso! signrals include Channel

S3LRD! LGN LR ¢ A5t IR S ALE NI quatity, o

access-term na € access poln

RBEQUE IO CHANNHIgRAich iifglcude thhanital reqdesl iofya channel, and an
I nf or mat i on C‘ng which is an indication of forward
ACKINAKRERhe vefuel is g0 ipdicpmouRsto GHANKER (esatssion was properly

i_ndi e .jnitial request of a channel, and an
%@yﬁﬁéﬁﬁ%ﬁ%%ld\ﬁﬂl ch is an indication as to whether a
transm ssion was properly received or not received.

h0039] Upon recei pt of ACKs, data is transmtted 416
3% t hdnendeesiptoedi AEKaodta i trapgméstas 41e6rﬁwrna*he ageess pejnt 408 to

c%éﬁqngﬁnélloﬂﬁuclcn r%ggogllge 9 %lﬁ:CéSﬁﬁlA SSI SS{(}I}I aé:cgss terminal 404

ermn resp

ROpIHds Hath arl ACKESPO (S ietadedse §BinY 40 @ﬂﬂre@%se tb t€ceiving an ACK,
access point 408 then transmts the next data packet

e acesement 48 4hew trapnwmitc hesext datpmapkdt of Ontergst 43¢ dedhe access

oded t he
el e, R e RERIn% SEEGTE 15088 Bieiaal b rpsmitigan ACK
ﬁl@ssﬁg@ﬂ'mﬂls ?&ﬁr agadven, dirNtoedHathel Afgradladod CalérrorS4€ N may occur
that the ACK nessage 428 is actual l'y |nterpreted to be

aueh tCrhard §Kamessag6 428 is acturtlyvinigrigted de be 9n PoAGK mesage 436 as
%e %(i Access t@% 408, assum ng the access term nal
B4Vl Y ASESROWE®y  decoded data packet 1 A (as

ﬂObh St r afcgeksaboiRPi4ug, ‘h@ﬁﬁnm%eﬁlé afeBist ferfdiad 4RIC KR rioA properly

40) to access term nal 4. Access term nal 404
cpdqgjeda@ef paskat] Adasndnstngl at i dger tr¢trapsmits data packet 1A (440) to

access terminal 404. Access terminal 404, by virtue of sending ACK 428, is expecting a
transmission of data 2A, but instead receives data 1A (440). This may potentially
causes the access terminal 404 to become out of sync with access point 408. When the
access terminal 404 and access point 408 become out of sync, then various recovery
mechanisms are needed to get the access terminal 404 and access point 408 back into
synchronization. This process is cumbersome and usually results in many data packers
being lost. In any event, this situation is one to be avoided.

[0041] FIG. 5 illustrates a flowchart of an efficient method for detecting an ACK-to-
NACK error. A first data packet 504 is encoded by encoder 508 and transmitted across



transm ssion of data 2A, but instead receives data | A
(440). This nmay potentially causes the access

term nal 404 to beconme out of sync with access point

408. When the access term nal 404 and access point
wio3ooeeTiese out of sync, then various recover YCT/US2005/046985
mechani snms are needed to gde the access term nal 404

and access point 408 back into synchronization. This
process is cunbersome and usually results in many data

packers being lost. In_any event, this S|t@a lo? f
orqérap@m@sﬁowbméldﬁ?[ poufst poread of g, Ja Fighe arly, in time 1,

\prlaé\{ mgilsaéhc&ﬁé‘d' %'OQHH s%ﬁﬁ@dseﬁtoicr&?ttﬁﬁéﬂuﬁﬁo@@hannel 512. A

error first data packet 504 is encoded
byeoewencke«onﬁg&eand rd:qea/nstm tudedidate packaD A2008#DF18BA 0 and the
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across transm ssi on channel 512. A receiver is

c endadgdi packet B’ ripael the seme 28 §oeREd paekieh By dekavse AT npisp a5d other

at_ti e t data packet B (528) at

ti ngm%ﬁnﬁpaﬂ%ddnﬁﬁaﬁ gﬂ%g@ the receiver is not

r EEGIBIIIZH jDataqﬁlcEetW isleiep dadoded 5324t temch eretidgra phadet B isidscoded 536
he sane as encode acket A _ar.that, e poded cket

B e o 1o BegfRl r"e?ﬂfBQFéds‘@a‘@f?e?acEet elLivg %“la re-encodes

NGU$ Ga@McIRd 1L Tat tidfel Il T B R-dnBEdAUARAFhCRYTA Mg the re-encoded data
transm ssion. [0042] Data packet A" is then decoded

53ackat B 340 @ndaid reeneetivehi leest then corelafed §6@d /sdgermipation 552 is
tAI tﬂ%?lnml%de-rﬂqB At §4e¥ - enclg oegi data g%%gt d§ i an%41% ﬁ%@{)&&pﬁ%ﬁckﬁ B’ are

re-enc a pac
t itigesaine. Tfl&xer(ﬁtaqmekﬂﬂede datiseanpatk Sinildy, ada‘drmimetlon is made 556 that

re-en ded dat cket B, 540 and 544_.resp
[ AR DO rempR ASssorguned andh @ T O PERPWEPHIACKD) i
MRER. agy ?@eﬁg&@&@gﬂchrﬁcﬁ‘éﬁcﬁﬁg%&eﬂ%} & BACKSUe®rmi@BIf the correlation

re-encoded data packet B are the sanme. If the data
paJ@K)Gt i8 haa'hetl@utbstsabrpacm ly qs¢sntpn belongs teldeenl drirarsmission; s

i%%n gel%f # g% 6Wa er% 85@?%10%C§e¥w%§1d a@n@oded data

|ca

r Q)aﬁ{éﬁfad eshogand rapacddd, dataﬁﬁckcﬂ(‘fel(yﬂr) thén ﬁhbterdnaatlon is made that
determne_if the correlation output is_ high, that the

s %%@N AGK &M DERYT 5RO o’ﬁl@esrcg%vqr keengjetermines that the sub-packet
t rb@l%ﬁg & HRMe Qrgf}éﬂns WSHicte I}ighdlti orglgtrgfeé' ® e rQé’é’f(ver that the

degreg of correlation bétween r ata pac
A'ackroadddgamentreasenvedlydiettated bp dektensBitte{.544) , then a

odhBHTERS o e desiarc i Sl b AT o T ALK P etector. Data

S packR&C k@t inphelifd Ogank@itleh 60AE Wertt I RRSE thdisRissionhtiahinel 608 and
inplicitly indicates to the receiver that the

aé‘F@ﬁU\ﬁP S Feteativerfds ddiy e@mple drserihes & qmRaRigon between two data
5 CS)O OP g%?gackkpg%éﬂ Eﬁ&atg?dcg&%ffh@} %atgpgé@ﬁkx 19&&98@%ereby

erro etec
producing an encoded data packet A, 624. Similarly, data packet B is encoded

producing data packet B, 628. The encoded data packets A, and B, are sent across
transmission channel 608. Transmission channel 608 introduces noise and other
artifacts into each of the sub-packets, such that receiver 612 receives the noise corrupted
data packets.

[0045] Receiver 612 comprises a number of elements, including a decoder element 632,
an encoder element 636, a channel interleaver 640, a sub-packet selector 644, and a

correlator 648. The noise corrupted data packets, A’e and B’, are received by decoder



packets are input into transmtter 604, sent across
transm ssi on channel 608 and received by a receiver
612. This exanpl e describes the conparison between two
data packets, data packet A (616) and data packet B
(620). Data packet A is encoded thereby producing an
encoded data packet A 624. Simlarly, data packet B
is encoded producing data packet Be 628. The encoded

AT R R SRR N I e N

Moo een RLdnchd By eRdddee83d Bhcddee 638ReRAIRE She data packets
such that receiver 612 receives the noise corrupted
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hen i nput .i nt o, sub- packet e ctor . 644. The, output
b Qo hoied bEloot TR Shre T hel € aesed e declaifg he sub-packe
iriRWissidd Qs %Ql:cr)%?llngtt@rth@%w trgﬁﬁﬁ?sllc?ht O'Th@%%}m@bfnelatlon causes the
conprise a su el ement 652 and a conparat or

wheiger te orrbsme sant AECK vmessagee bawdd tod dltea trpastkittes  afidlow correlation

co ;es t hem agai nst the threshold. If the

ORI FBDARASARS (R BT o laph e SR HEORaRARL [seaisetly dpiected by the

a5 gb4. t he recei ver declares the sub-packet in

guestion as belonging to the old transmission. If the

[Bod6le| atklGn Toutystrates 2 floswdidgheen elfyarhei CKj-tb&N dKaerror detection

certain thrfshold thennége reﬁ hver decl ares. t he

EEBRinUR ReOTIRG dnaRiasBIcEnBlosk P JHITIRES: ® teRumiigiyused to transmit
S [ [ t

SLEBRERS) 20 LRl RO T TR TH M0 PO BBkt A is encoded and

atraoknT40; data pAcked B s@nc@ledt Thoencodyd dath phoket AdT(tadreisdata packet

é éhe recei v t hat the acknow ed enment is correctly

e714 Qfedgpnsipit Sllt%%%fml@%trondw Poo46] FIG 7

t I . .
ot 2155 728 AR AR A O, e

d)\l'elr wsinhaingsitian tihR Y461 At Block 2d ahd 744 ahs lfréotalved &toawes a first and a

packets A 704 and data packet B 736, At block 70
waond sedst drta Pagkft diraerample B’ prhEk) ,mepecaaﬁla ‘At block 728,

%%?é@&p@%(é%k%@&%ﬁeo&@& rb%?ad;fz@k%% 3 Bé‘&c!ﬁ%& af p1606 734 dAt block

are transm conmmuni Ccat 1 on
7327 khedeSoddd04a padBeDAK an@fedolibdigats @hcﬂ&t B aRC&nvRited fdadetermine

1rf%(a:1t%| p\g%l%etg ?n%n IIfC taflxte;eolrs] aI nq;tgkrl %en at block 756, an ACK is sent indicating
that an NACK error occurred. Otherwise, at block 764, it is determined that NACK
error did not occur. ’ '

[0048] The steps of a method, process, or algorithm described in connection with
the embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two.

[0049] A software module may reside in RAM memory, flash memory, non-volatile

memory, ROM memory, EPROM memory, EEPROM memory, registers, hard disk, a

removable disk, a CD-ROM, or any other form of storage medium known in the art. An



over conmuni cation link 716. At block 724 and 744, the
receiver receives a first and a second encoded data
packet (for exanple A' and B'), respectively. At block
728, encoded data packet A is decoded and data
paxrioes/oms31i s decoded at bl ock 748. At bl ock FGERYSI0bs046985
decoded data packet A" and @ecoded data packet B' are
conpared to determne if data packets match. If there

is a mtch, then at block 756, an ACK i s sent

indicating that an NACK error occurred. O herw se, at

bl FEFaPiABY Storage jraediyp df FPRRle ihHie MRESESOTeRICh theyPEPCfitspr can read
ociﬁfb'i'mai&of%&h, :ﬂ?lewnge_qg%nggtioﬂ tHEhHE Qg)_rag}%rrﬁ&ﬁﬁﬁz InGthe alternative, the
al gorithm described in connection wt t he
endardgamedismdnaychaointgrd ér b pravessobh eFetisodhedardius ewthogs may be

in_hardware,, in sof t war nodul,.e executed by a .
o5 BEEST i e Prits Bt ihds SREBe PRl Bl B pformed using a
sohbdBEE orREUE StepRY AdERBiof ]yl BndRAMuvRdTBess dradéthod steps may be
menory, non-volatile nenory, ROM nenoré, EPROM

MedRFHd OEPPROMIBREPINGCEs Blgngthed $tephanay be gfdedgto the methods and

SR ] RN e 0 BUPSL LS SBGAAE .o

PGhifebS20@ sS4 BURHOEBmentd obthe mpthadyargt mpeageesnedi um i s

c d to the .processor such the processor can r.ea

BT § B¢ rRaRE ERFGr pith B e PorDREPTt UREeon have been
stRagRd didMithl Feghkie takieeitioadhblimbie.  A$ @k&D Berein, the terms
nedlun1nay be integral to the processor. Further, the

v afATRRIESCHE ETRRIES /2R \OT [FBY OBeF Yasiahers {hareph crgingraded frobghinterpreted

inthe dl I i e S|
e TR Rt SBoto LA ol those ems
prAcessngdy, asgstbmdmsthedsorroeher babodiniehtt thal comparss aoset oftdl@nents is

process or thod steps may be added to the nethods )

arff" %B}Hsg i Gy Wi leglinsi %s*ﬁavayslpgla,ge sﬁﬁaﬁlﬁmsws Het §xgFpssly listed

TRy iR g ERidderRR@ARLNG, end, or intervening

exi sting el ements of the methods and processes [0050]

THAOSAr i oWdila sheopresen iy enticat has dseroflescribedowish egference to particular

[ ' n ' a wth regard to

| BB o IR o561 B E DR RNR SRl anc e

" oo iof @Be 'inventiopris Shorglimital t@niieset BRbodimehtat i OBy variations,

thereof, are inIende%.to be interpreted _as )

n JReEReAiaEH AAFION, AP ARG RS o e erBbasimpathidesetibeshabove are

WhiosdiblE Ol oW IRARBIREdRhat AEEOVAIRGhY, nRdFNSEGHR) additions and

nmet hod, or ot her eﬁ%odlnent that conprises a set o

elimprayements falhotithin thet ssdpet of thaligventios es dktaitehwithinathe following
m' clude other elements not expressly listed or

i nherent to the clained enbodi nent. [0051] While the

PrwsEAT IS CrATMEM I$as been described with reference to

particul ar enbodinents, it should be understood that

t he enbodi nents are illustrative and that the




scope of the invention is not limted to these

enbodi nents. Many variations, nodifications,

addi tions and i nprovenents to the enbodi nents

descri bed above are possible. It is contenplated that
wbeem/ovasi at i ons, nodi fications, additions arRtT/US2005/046985
i nprovenents fall within the scope of the invention as
detailed within the following clainms. WHAT IS CLAI MED
I'S: WD 2006/ 071831 PCT/ US20051046985 15 CLAIMS 1. A
nmet hod of determ ning whether a_transm ssion was
successfully received in a.CE%MHﬂﬁle access

comuni cation system the method conpri sing:

receiving a first and a second encoded data packet;

degodi NG ntelifddf dif RtenditthoSORARG RGOERE oA a8 spaekddilly received in a
re-encoding the first and second data packets;

complsipletacesss commbhicaiongysienelde method cemposied dat a -
packets _to .determn i.rst.and second
re-encdﬁ%ﬁwa%ﬁg“%é%fgwggggé&Pﬁgﬁggﬁ%Fﬁ . The net hod

set f ordebodifg tHedirsnand sdcond beodabdapd pasketg transmitting

an indi cat or_of acknomAedqﬁnent kf.there is a high
cor r el deicBrrdyes the &t erbsecridiatapiskedScond re- encoded

dat a pa&)ﬁ@faﬁn% the it @nA8LRRE re&icoded dath P& & dBtdrmine whether the

further conprising determning that a previously
t ransmi t fisstiaridwgcongltroenesfded ditapodkeggetbasamas correctly

regeiv if there.ds a .l.ow coryel ati . L
(Pt ety nebdf ¥ At Ryt R B ARad BHRRRE R indicaor of
meidracwisegenfiedt ifhthérd icd Righcdsrelbtior heeweenah® firss iang) second re-encoded

determining that a previously transnmitted indicator
of 4242 RIEMFedgenent was not correctly received if there

isga high Qi b RIMDEI WeeR 4NGurkHef %onﬁﬁﬁ'ir%g‘a@t@ﬁmning that a

re-encoded data packets. 5. An apparatus to term ne ‘
whpehieuslytrensariged wdicatr olaskearledgssient Wys ¢arsetly eageived if there is a

o o s : :
colpr RuRsS RS EP PR YR b e Rp I AL o

engodedlidahatac ket forthMaansaimon, daeeedidognpriRthgf idewimiaing that a
second encoded data packet; mneans for re-encoding the.
f i PrEYioushy trapsewtied weicatopalcackpawiedgemsat Vay netspresthrosyyed if there

der i er e ol REMeth e TR SR T Ea RN felinty
daf.a patkepmravetotdaersmpmhether a transmission was successfully received in a
multiple access communication system, the method comprising:
means for receiving a first and a second encoded data packet;
means for decoding the first and second encoded data packet;
means for re-encoding the first and second data packets;
means for correlating the first and second re-encoded data packets to determine
whether the first and second re-encoded data packets are the same.
6. The apparatus of claim 5, further comprising transmitting an indicator of
acknowledgement if there is a high correlation between the first and second re-encoded

data packets.

7. The apparatus of claim 5, further comprising determining that a previously
transmitted indicator of acknowledgement was correctly received if there is a low

correlation between the first and second re-encoded data packets.



6. The apparatus of claim5, further conprising
transmtting an indicator of acknow edgenent if there

is a high correlation between the first and second
re-encoded data packets. 7. The apparatus of claimb5,
further conprising determ ning that a previously
WOHEHH¥3dd i ndi cat or of acknow edgenent was BEFUSIPI/NA6I8S
received if there is a |low ltorrel ati on between the

first and second re-encoded data packets. WO

2006/ 071831 PCT/ US2005/ 046985 16 8. The apparatus of

claimb,, further c LisiLn eterm ni ng ,that. a

o Bl ou i PP if BT s SRR SHORFBRgeinp previously
VWagafteittéOimtREb! ¥f X@BHA8erhdnt WASTEt EdiredtNir€Rived if there is a high
correl ation between the first and second re-encoded

datraitior detveen theAstangd 4eeond se-ensodesdt Gtnpasketfhet her a

prgvi ougly it i ndi f : rent ...

s suoab R oS FRLAE 2 pre Ol imdicator of
deeadaewledgméntgas sk cessfulpcrecaredathd apiecadecqamicatgs of

encoded data; an encoder .configured to re-enco
kot o2 Rcons O P Eceiy g CRGE BRPt Ol eBed g

to corrgl &lcBddrBenfiRE& 16GeleRARK Bhckei ofaéRdd¥l Bita;aind
previously received packet of data to determine if

t he packearselapreconfigursd tecortdnte e meshied @agkeb ghdatawith a previously
medi um CompLL S0, q%%ta{al{gﬁétgrrﬁ% Mkh%*hacw§§e?%ee§&%?d by

a machine, cause the fachihe to pPert orm oper at 1 ons

I ned.udi Agnacheetadablg neediuni sémpithgangarcdots which oe@dn da¢cated by a
packet; decoding the first and second encoded data

patRehine. cayse diegerhHY 1 REFTeTT Qreralnes Welding: dat a

packetgeeiiRg h k@b d'PsdcbRd Edcbadd ARbagrGONd re-encoded
dat a packets to determ ne whether the first and

secondlecedieg o diesd andsesophenceder datapackes; sane.

_re-encoding the first and second data packets;
correlating the first and second re-encoded data packets to determine whether the

first and second re-encoded data packets are the same.



