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Mul tiple ACCiﬁ&;?pc&%%}efm%ﬁ&he%ﬂera' ly, in a systemwhich enploys TDVA
techni que, each user is allowed to transmt information in his assigned
or allocated tinme slots whereas an FDVA system al |l ows each user to
transmt information on a particular frequency that is assigned to that
particular user. A CDVA system in i spread spectrum system
\gbj*ch allows different users to trarg&ﬁmpmi on at the same
frequency a atgHi&\ sanme time by assigning a unique code to each user.
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herei n). Eaqhortip@tichlBrlA a method, apparatus, and system for efficiently determining ACK to

NACK errors in multiple access communication systems.

II.  Background

[003] In recent years, communication systems’ performance and capabilities have
continued to improve rapidly in light of several 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
stanc—‘lards._ include Time Division Multiple Access (TDMA), Frequency Division
Multiple Access (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
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Such difficulty and in-efficiency also apply to other communication systems which

employ orthogonal multiple access techniques including, but are not limited to, TDMA,
FDMA, and orthogonal CDMA, etc.
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[005]

In such communication systems, a packet retransmission mechanism such as

the Automatic Retransmission/Repeat Request (ARQ) scheme may be used to help
increase efficiencies in message transmissions and to improve packet transmission
reliability. A packet transmission acknowledgment is signaled from the receiver to the
transmitter using a low-rate feedback channel. Upon successful receipt of such
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

1



3 concatenated to form noi se-corrupted codewords fromincreasingly |onger
and | ower- rate codes. An exanple of a code conbing technique is the
Type-11 Hybrid ARQ (H ARQ protocol, where the transmitter responds to
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PCT/ US2005/ B4698Bdgrient mistaken as a positive acknowledgment (NACK - ACK) causes a

retransmission at a higher layer (e.g., RLP). Both errors, if not detected, can cause the

transmitter and the receiver to lose packet-level synchronization.
[009] Often, a sub-packet ID (or at least a one-bit flag indicating an original
transmission or a retransmission) is signaled along with each sub-packet to help mitigate

W this sequencing/synchronization error. Specifically, by looking at the accompanying

P

sub-packet ID, the receiver will be able to detect the out-of-sequence transmission
caused by 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.




SUMMARY Enbodi nents descri bed herein describe efficient nmethods and
devices that can be used at the physical |ayer to detect an out of
sequence transni ssion caused by a positive acknow edgenent bei ng m st aken
as a negatWaevgeksiowl edgenent without the use of expl ipeirtussiogoabssng of
sub- packet identifications. The nethotls and apparatus described are both
applicable to code conbining and diversity conbining techniques. In one
enbodi ment, a nethod and apparatus to determ ne whether a transm ssion
was successfully received in a multiple access comunicati on systemis
clainmed. First and second encoded data packets are received and decoded.
The first and second data packetséggﬁgypgﬁ. e-encoded, and correlated to
determ ne whether the first and s -'encoded data packets are the
sane. If there is a high degree of <correlation, an indicator of

acknow edgement Egbddiaeastiédcabed ikréif discabeeftibaht HB@OEs And devickl ik Aggr ee of
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received is,described., A ,decoder is confiqured to receive and.decode
packets of %egf%.ed&ﬁee%%l&%@éﬁpaﬁg goc Or#icaa&%lg%flg%}Vgsétﬁ@%lgmﬂgete B%ed data
packets of decoded data. The channel interleaver is configured to

separ at e t he r edeionedmtadimeniae kettsdiand eppatmnneldsternhine vhethepacket sel ect or

i-s. configured to sel ect se tial sub-packets. A correlator is configured
o corr el at B HES TP S URET L DICETLVedrT ATFRIF pieSTTRRYop Stk B

packets of dahRd! Pirslehekdtone ehdodbdBata PRARKE LS BERyTURE Waddidb@! The fildfaraame.
If there is high degree of correlation, the receiver determnes that the

sub- packet $eROHLIR Faskethe dhrgsreencadsd aad aomrelaind i daserovineamepthes sheeférst anot her
posi {1 ve ackRQulegerRlied fuh BACRNR thosdll® 1 HRASTL HidlackRighe L he packet
y. 1 ow degr 0]

has been recei ved correctly. there is a correl ati on,
t hen t he r eweiclagion,detindicatorad ackrivantledghmers ubtrpeokiedd torindicatsthittherbéd HNgs t o

the new tr M, SSi 0N, ich i Iic'tg indicates to Qere eiver that the
acknowl edggﬂ niiegﬁ%esor}é%’\fl\r@@%% ff/qug‘?netb? %’t B SFF\‘E% r?iﬁaﬁ%dﬁb ?térp?éi@ts' g{m EF
DESCRI PTI ONh&E isTiowriRAE NECorr €18tk a YetinankdioasPRatisthante peafousgs of the
present invention are disclosed Qy t he
transmitted indicator of acknowledgement was correctly received.
In another embodiment, an apparatus to determine whether a previously
transmitted indicator of acknowledgement was successfully received is described. A

decoder is configured to receive and decode packets of data. An encoder is configured

to re-encode the received data packets of decoded data. The channel interleaver is

AN
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configured to separate the received data packets into channels. The sub-packet selector
is configured to select sequential sub-packets. A correlator is configured to correlate 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

fransmitter.




foll owi ng detailed description and references to the acconpanying

drawi ngs, in which: [0012] FIGURE 1 isba diagramillustrating various
channel i zati on schenes in various nultiple access systens; [0013] FlI GURE
2 illustrates an increnmental redundancy transm ssion; [0014] FIGURE 3
illustrates a block diagramof a transmitter and receiver; [0015] FIGURE 4
illustrates a call BRIEEDESOGRIPTHONOF THRADRAWINGSccurs; [0016]
FIGURE 5 illustrates a flow chart of an efficient nmethod for detecting an
ACK-t0-NACK error; [0017] FIGURE 6 illustrates a block diagram of an
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transm ssi?@q}%iaus}gi@élgg g lﬁB%iTatt‘?Své k RORFEdgrrichh annd G-t N &8108
negative agkpow edgment wi thout an explicit signaling of a sub-packet |ID.
The techni ques described are equally applicable for both code conbining
and di ver $0G1¢] conBiGIVRG ARQstrate mi fipve sharft @0 24] efiient tiedrod fos dateciiiKan 3

ACK error,, .t he receiver has already successfully decoded the packet and
\{? expect i 'éﬂ%‘ﬁ‘gﬁr@&i on of the next packet. However, an ACK 4 NACK

error cauggn7) he AIANRETE HBErdies & BldcRNrim drnpRCKeloNALK LAGNEHLALET

ei ther sends 1he next sub-packet, when code conbining te I ques are used,
or repeatsndthe transm ssion, when diversity conbining is used. Because

Sub packelEERt  FIGHRE Rl ees S bioth gt S QK el Rreariscldoner -

t he neW‘yt@hﬁihM§d sub- packet is part of the old

DETAILED DESCRIPTION

[0019] In the following detailed description numerous specific details are set forth.
However, it is understood that various embodiments of the invention may be practiced
without these specific details. It should be appreciated and understood by one skilled in
N the art that the 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 uséd, 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., retransmssion) or is a new transm ssion. [0022]
However, since the receiver has already®successfully decoded the

previ ously received packet, the receiver nay 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 enbodinment, this is acconplished through a
correl ati ot rbevde ndeteranise bvhetberethei ne‘qh’e@tm\@ld si-haakiae i eparierof otie dold
versi on of_the. dec ded acket .. The recel needs to correctly choose
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transmtted. Thus, if the correlation output is hi ove a
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recei ver declares the sub- packet belong to the new transm ssion, which
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described I'n I NCrenen r edund
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schenme or the Type I hbrldA R%{nrotoo er, though H ARQ
syst ens arcerrahag% guipyt F&th Feg. Reohodsw tbssﬁh@ﬁhttheowcalﬁar dficllarf@ﬁs‘thﬁtaﬁhf’«on
it shoul d gﬁpgﬂgﬁég é%ﬂoﬁ“ﬂgloﬁ RS B &a%ﬂnégglsgeﬁ? ecgiq/‘ellﬁ}lhﬁ%u@srﬁnottﬂ?t the

—eachi ngs sent 1| nve tI on are n e aCcCess

yst em wi tpbsﬂﬁ@acknbwhﬁigrmt mnnslmbertashe tparisdfte thzitstbe papkat has pplécenisie to
other nmultiple systens ich e y different nunbers of interl aces for
the pur po§8§e‘iﬂ‘y PV \Qgtheec@m% ﬁwutp[uc)cﬁzl@}v s the aensivn declarss dhs By
herein for,ush B&oH%l& fheln%w%%?sfsiognwﬁfcmfﬁﬁﬁmhs? ncﬁ%%tééhﬂa%@rqqgﬁ/ oY be
used for ari ous conmuni catl on syst ens suc as™ an ona requency

Di vi si on Ntirtovwlédenfint éseor{cCHDN#Ectsy by gy trams@itke. Di vi sion Multiple Access
(CDMA) system a Tine Division Multiple Access (TDVA) system a Frequency
Division Multiple Access (FDMA) system an orthogonal frequency division

mul ti pl exn[emmﬁ OFDiM¢ aaﬁsﬂnéxat&g&md%ewh %re ARtib&d ﬂgih% “OHRHbf (sthoD)

system a multiple-input nmultiple-output (MM) system and so on. These
t echni quesnarayeridel  ngdundanoy IRt etransthissionut sdhieme, | mwahengnt tie rAdomddacy
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However, though H-ARQ systems are discussed for the purposes of explanation and
illustration, it should be understood and appreciated by one skilled in the art that the

teachings of the present invention are not limited to multiple access system with ARQ
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' transmission schemes, but are also equally applicable to other multiple systems which
employ different numbers of interlaces for the purposes of providing redundancy.
[0024] The techniques described herein for using multiple modulation schemes for a
single packet may be used for various communication systems such as an Orthogonal
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).



100251 FIG 2 illustrates an increnental redundancy transm ssion between a
transmitter and a receiver in a comunication system The tineline for
data transmssion is partitioned into frames, with each franme having a
particular tinme duration. For the incremental redundancy transm ssion
enbodi nent shown in FIG 2, the receiver initially estimtes the

comuni cation channel, selects a "node" based on the channel condition,

and sends t. de t.o the tra n fra Al ternatijvely,
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first data synbol” bl ock (Bl
transmits the second data symbol block (Block 2) for Packet 1 in frame 3. The receiver
receives and detects Block 2, decodes Blocks 1 and 2, determines that Packet 1 is still
Q / decoded in error, and sends back another NACK in frame 4. The block transmission
and NACK response may repeat any number of times. ‘
[0026] For the example shown in FIG. 2, the transmitter receives a NACK for data
symbol block N —1 and transmits data symbol block N (Block N) for Packet 1 in frame
n, where N<T. The receiver receives and detects Block N, decodes Bloci<s 1 through
N, determines that the 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 transmissfon 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 inframe n + 2. The processing at the transmtter and receiver
continues in the sane manner for each ®ata packet transmitted via the
comuni cati on channel. [0027] As shown in FIG 2, with increnental
redundancy, the transmtter sends each data packet in a series of block
transm ssions, with each block transm ssion carrying a portion of the
packet. The fragwenvel. iy aotessipg at thedeosdetitrhandpmeizer adrtimueencthe samek
transm ssi on based on,all bl ocks recei.ved for the packet. The transmtter
t er mi nat es"4HE fsotr F%‘ﬁ]sqﬁ%%g‘?c At tS?nSPWge‘g‘é{EE@t“ﬁ?’?‘é@‘@ﬁ’@c@é@?‘ﬁl decodi ng by

t he recei \g027] [Q0dRwiFR Fidhe2 exARRh@emfi@inredindaney, e tdi8mBidr SeAdsdglcay of
one frame for the ACK/ NACK response fromthe receiver for each bl ock

t r ansmi ssidei. packetgjaresesies of hlosk trebmissiony wich eard Weckrirhnsnpksiort carrpsg aTo

i mprove channel Llizati nuttiple ta ckets, may.b ransmitted in
an interl é’8§£?nn%ﬁh%|p .aczl?—:&ir qﬁ%éﬁ%fvee,r %bagtagt%gl% It<(g?gcoﬁﬁh%ﬁg‘:kef?Ité?rfeiaﬁ%t?ﬁﬁneI
may be tr anashistied bhsedaHCal NHIBHIES R6ki{ BRI Sheaptidk 82t BheldilBiitfer ft@imiANES hET
traffic channel may be transmtted in even-nunbered frames. More than two

traffic dleasipesion ghihedlagketiséiet seeessad depodimedhy, the teaekiuser ACK/ NACK del ay i s

| onger th r 0 Th t may . b signed to support a set
of nodes, mﬁiﬁ(’%&@% %%lﬁjgeeglggé elg ﬁﬁt%?ﬁh%%&gt &ieﬁ%% %Et%n,e rg{ilieo{%r.tthe
confi gur AtACKIANACK reeptRs@ vl tHeeretdine fof ¥achEplobk fadsmiMEYn. U8 Ra&aritksed
with a partjcular code rate or coding _schene, a particular nodul ation
schene, adplaytmeubaong gednpliplecframes. edeyimpsene chapael pidlidation.ninitiplerata

cherre, a dgiayumeubans seceHidr i wdiion
&?S‘ét | cPAPCRArd: palRh R ERT Tl ReR prh i n kb o aBRY U B o

o

fi ci encyraffef eiagindlandyhie: Waistifted @ dddrnuinttRrddfrah e@dddadutdpdckets Fbeanother
normal i zed bP/ the system bandwi dth, and is given in units of bits per
second pefraffigeshannelmay ey transmitiech gy aven-mngesed Sprrs. dylerenthendworteaffipi gher

spectr al . Ci j : of p r of

Spectral CPPELEE 8% be BRALER. . PHRRROKACA PRI R ISR Db MRl
spaced. F§029] Ghv eystahaimuydle dwotpted toosuppmnd a sétesfahodd, WhiRmdyhgsotdallad t h
t he hi ghest spectral efficiency. supported by that received_ SINR nay be
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bi ts genesdican, byattivalae spetet effivicricy cairin pareidulaForinigXaipigal-1@-Hd@dendat e of
2/9 (or R =21 9) .gegﬁ]r}ﬁies nine code bits for every two input bits. A
| ower coddtsirencealago ( 19941rgdl 19 ashicrma targek loveligh aareymanse ¢Bud %

greater epifk: GRS ReIPER).COPANal Lfi¥iency refers to the data rate (or the information bit

rate) normalized by the system bandwidth, and is given in units of bits per second per

Hertz (bps/Hz). In general, higher SINRs are needed for higher spectral efficiencies.

o The set of supported modes covers a range of spectral efficiencies, typically in

increments that are somewhat evenly spaced. For a given channel condition and
received SINR, the mode with the highest spectral efficiency supported by that received
SINR may be selected and used for data transmission.

[0030] Spectral efficiency is determined by the code rate and modulation scheme. The
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 efficiency is thus also lower® 9 [0031] Various nodul ati on
schemes may be used for data transm ssion. Each nodul ation schene is
associated with a signal constellation that contains Msignal points,
where M > 1. Each signal point is defined by a corrpl ex value and is
identified by a B-bit binary value, where B > and 2a = M For synbol
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synbol (B) can be iven as: B =1 for BPSK, B =2 for QPSK, B = 3 for
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illustrat eﬁmaolbih@@ %aﬂie@@ﬁhﬁjﬁ‘rﬁflo@ for Bnedtet Bigl §61Qe %%rﬁ‘oﬂl?(i@bd/ %ocﬁﬁﬂiohn a
Wi rel ess com‘rum cation system 300 that utilizes IR transm ssion. At

transmitt é? e@?@ ingluder Bigggy & hf?ﬁ?)@éﬁé SeymgoBPS&ei ueduatire Rhask Shift Kepinga

dat a sour e r ma codes,
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th a nnMocBﬁ%it@ﬁt(M—QMM)t Hate pankat ofasvde 3919 §Fed n@SduldionOsym i 4Bk an 86 dat a
synbol s for the packet. The selected node for each data packet nma

i ndi cate @WfN ashd p&cﬁ@étBPsgiI%eB(—r 2 gfor QERK, nBrvk o B-BS. oBrm‘i i fon 161QAM; or
the packet}j %%r 63)%A u ée 53 bff Uigé}g c%ﬂpé n@tth'fa %gq%f {%ggc?dutleﬁ Sﬁﬁ%ﬂ&%tﬁlnd

nmodul ati on schene or each

contr ol | emd38Qope Mlisdemy Vied Is@mtsp@loﬂiddﬁlaﬁoﬁcs fhibod 50 Wi gfRer %kaeﬁﬂﬂ)dﬁl)étlgﬁlt a
processor 320 for each data packet based on the sel ected node as well as

the f eedbé@@m% ACK/ NACK) received for the packet, if desired. This process
o) SeUS IO AN SRRl BB SO BRSO ey
wher e t he wilelsk sothmunizatidn pmétﬁBOfmhat leliza3tiBr traeeeksidnt AL gnsnhih&ck9, § or
one or m)[r% é) Tﬁh E"lrroce:s%(o:rk ??2tOSrecelves data packets from a data source 312. TX data processor
320 processes (e.g., formats, encodes, partitions, interleaves, and modulates) each data
packet in accordance with a mode selected for that packet and generates up to T blocks
of data symbols for the packet. The selected mode for each data packet may indicate (1)
C the packet size (i.e., the number of information bits for the packet) and (2) the particular
combination of code rate and modulation scheme to use for each data symbol block of
that packet. A controller 330 provides various controls to data source 312 and TX data
processor 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. Transmitfer 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] Atransmitter unit (TMIR) 322 receives the stream of data synbol
bl ocks from TX data processor 320 and '§enerates a nodul ated si gnal .
Transmitter unit 322 nmultiplexes in pilot synbols with the data synbol s
(e.g., using tinme, frequency, and/or code division multiplexing) and
obtains a streamof transmt synbols. Each transmt 10 synbol may be a
data synbol, a pilot synbol, or a null synbol having a signal val ue of

zero. Tra Lot ' ulatign jf DM
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error. [0035] A controller 370 receives the channel estimates from clﬂannel
est i mat or 3@58Thadrteaterbdaiaskmbols ey s reprosaniRd jakog-liketibest matio8 GOLRs) for
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data packet, RX data processor 360 processes (e.g., deinterleaves and decodes) all

detected data symbols obtained for that packet and provides a decoded packet to a data
‘e J sink 362. RX data processor 360 also checks the decoded packet and provides the
packet status, which indicates whether the packet is decoded correctly or in error.
[0035] A controller 370 receives the channel estimates from channel estimator 358 and
the packet status from RX data processor 360. Controller 370 selects a mode for the
next data packet to be transmitted to receiver 350 based on the channel estimates.
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 i d1processed by a TX data processor
382, further conditioned by a transmitter unit 384, and transmtted via
antenna 352 to transmtter 310. [0036] At transmtter 310, the transmtted
signal fromreceiver 350 is received by antenna 324, conditioned by a
recei ver @htains3ge, regeived deqdback priotesmad uses the RKKINACK procegwbithal R t o
recover t ck i nf iLon se by receiyver ,350. ntraoller 330 11
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the IR tpaiess thshext data pdeRetiacleRt tokedcorgrseat to receiver 350, and uses
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with an ACK 4 t.he access point 408. In response to, receiving an ACIC,
the acces mégd@’t‘ﬁ D115 FHsidication @s fexvhear 2 FapKaission Wk BOREHY 424

to the acggsfedhELSH BAivé04. | f access termnal 404 properly decoded the
data 1A transmtted, an ACK mnessage 428 is sent. However, due to channel
degradation, an error 442 may occur such that the ACK nmessage 428 is
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1o, B v, ool andpisly (b Aoty el e BBl e

404, by viaspomlsofitls emadiGig 42CHo 4&B3ccess moxpeldBi rlg response to receiving an ACK,

the access point 408 then transmits the next data packet of interest 424 to the access

terminal 404. If access terminal 404 properly decoded the data 1A transmitted, an ACK

message 428 is sent. However, due to channel degradation, an error 442 may occur

such that the ACK message 428 is actually interpreted to be an NACK message 436 as

b received by access point 408. |
[0040] Access point 408, assuming the access terminal 404 did not properly
decoded data packet 1A (as illustrated at point 436), retransmits 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 may
potentially causes the access termnal 404 to beconme out of sync with
access point 408. Wen the access termnal 404 and access point 408
become out of sync, then various recovery mechanisns are needed to get
the accesVQ ¢ HEH 404 and access poi nt 408 back i nt o PCEAS2UIs/0PSsat | on.
This process is cunbersone and usualﬂ% results in many data packers being
lost. In any event, this situation is one to be avoided. [0041] FIG 5
illustrates a flomchart of an efficient nethod for detecting an ACK-to-
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i |1 ustrat ed083pICoarergelagifathe® 09 aofovadega@Kof comvABIOne betore et-embded dilat a
packet A’ (540) and re-encoded data packet B’ (544), then a determination is made that
an ACK-to-NACK did not occur 560. The receiver then determines that the sub-packet
belongs to the new transmission, which implicitly indicates to the receiver that the
acknowledgement was correctly detected by the transmitter.

k/ [0044] FIG. 6 illustrates a block diagram 600 of an ACK-to-NACK error detector. Data
packets are input into transmitter 604, sent across transmission channel 608 and
received by a receiver 612. This example describes the comparison 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. 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.

A[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’ and B’,, are received by decoder




packets are input into transmtter 604, sent across transm ssion channel
608 and received by a receiver 612. TH#s exanpl e descri bes the conparison
between two data packets, data packet A (616) and data packet B (620).
Dat a 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 data packets A and Be are sent across transm ssion channel 608.
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whi ch cog&i nei the two recei ved data packets and conpares them agai nst
the t hr esPi-BRCket ingayigstionys balepginghtodiie plsk transmissipn. Idkaeaieelatimmeutputder t ai n
t hreshol d LV EeR I: [ .oh . as, hel.angi ng
1o the ol '} AErEEr BUNEReRAEh SRSy (e Y RAPHE R eediPe ORI e i BEOO0E: ne
‘bel ow a ceatsaiissidhae dhbindingt toethe treey trads@iivdn. dGhlkeaiigls cofielativh-cpadek ahe

transm ssi on as bel ongjng to _the new transm ssion. The high correlation
causes t hECCIVEC & JEPSHE 3Ty AYf{dy messagenbrcknins gy drapspitter.o Ahlow camelaiion er . A

| ow corr eg@ﬂc@e& intRtels € %Hexeémr%&g% 56:3n6x91%dé6§1§81t‘fse5qrfée@?9g%%?teﬁ&g;z}%ﬁ F G

acknow edgenent” i s correctly detect t he ansm
7 il1ustratmesitderfdodw di agram of an ACK-to-NACK error detection technique
Bl ock 7 illustrates a transmtter used to

cccord g agE 35Rect otk JiR stiales sppanster vsed te
packel A EEASRECHSIgng 3 BhaRalh o, acte B BeP USRI,
comuni caddtopadkietskA 708 .anfl 8t AjacBitd K3 24 blbdkuzA6, anmspaskéetel &4 siodédaid
receives e%%qgc}f(n’h ?El.iatg T:Jaci:l?eft rlrsr%glicg&d. The encoded data packet A 706 and data packet
B 740 are transmitted using communication link 716.
[0047] Block 720 illustrates a receiver that receives communication information
N over communication link 716. At block 724 and 744, the receiver receives a first and a
Q,/ second encoded data packet (for example A’ and B’), respectively. At block 728,
encoded data packet A’ is decoded and data packet B’ is decoded at block 748. At block
752, the decoded data packet A’ and decoded data packet B’ are compared to determine
if data packets match. If there is a match, then 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 communi 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
packet B wa2mecndad at bl ock 748. At bl ock 752, the decademdsdabss packet
A" and decoded data packet B are compared to determne if data packets
match. |If there is a match, then at block 756, an ACK is sent indicating
that an NACK error occurred. Ot herw se, at block 764, it is determ ned
that NACK error did not ogcur., [0048] The steps of a nmethod, process, or
al gorithm d%‘é’E’tPi%dtoFargec‘Bﬁﬁlé’@t is ounleq i ﬂi%@"&%%?%n@% RAPCSEI0 Sa% 19dr ei n

may be embogiRhadbd 86h! ¥nd BrilemENREGon t'onth@ s?cﬁ‘{ig V‘?E(ﬁurggg‘pfﬁts %lt%%ét g by a

processor, or in a conbi nation of the t tware nodul e may
resi de i n Ri(egemediym Iﬁat)abmlﬂmﬁrtythemmvessot aFuIItl@r themqqs mndmmayrby:

EPROM rrermr i.st sk, a yabl £ dis a
CD- ROM or e’fl]ff ogcﬁg‘rvlﬂ?%r%%{%fmg gr% tgé me&)B ﬁfng ngs mzﬁ' Peh P{me HSl%a
2006/ 07183 ImRGTiASRRO bf @e@ﬁgssxddﬂtfbnmgenrm ar )'ncﬁé (phﬁggs oregleiod isgpe edaplted to
t he processor s::.{lch t he processor can read information from and wite

i nf or mat i on” e toﬁ@ngtOBHH(gg SR methof heeps et Rarfded to the methedsazd
nmedi um may Kecdsits € NpddditRnhN@ed rb%ﬁso?chﬁtlorl: leaS/ heradddd'® tM@Bi:,é?lgﬁ %r%l‘rl?o&ls may

be performed in the order shown in the enbodi ments or ‘or med
usi ng a materve@@g@m@ngdﬁmgntépéthemmm artbprogessesne or nore process or

met hod ste y b e 0 pr.Qc r. eps may be
added to tﬁ@ f@t ho lée gma&ss qo‘%tgtsssglgd % tﬂQJ t{hgngﬁség o leengllogclﬁave Beeactl on
ay be addeitscrrrbeﬂl"eé)ob@gvmnrdmd emdpecrﬁm emlﬁkic&ﬂhkiﬁll ngs exéd hekth, ahenapiks of
\t he net hods_and. Er,qcesses 0050&8{*1@6 var.i ou f)ects and featur es of the

present i nvERERTERS hSRFPT5Ten O 48 Bé@a&B’?f\/ et G E’&‘é‘fiﬂd o) %B’éf‘éPlﬁeé

enbodi ment sas Mm-d1SREIvEIST BtRdinghe teinfBhits o€ AMMali SRS which OB | ®bfddierm®r any
other variations thereof, are intended to be interpreted as

non- excl usi AP A FFER. P08 @rviist embedimens thaitcompsiseat sshofial¢thans is hose
ternms.  AcGpf didkgd Yo oty ok @I&neﬁﬁt 4% r?plthﬁhQ Gthef F]J@Rnlgﬁntgﬁ&t ex%) aﬂ%%ra(i&gﬁ rises

a set of elenents is nhot |limt to o ose e cl ude
ot her el eneqiitllﬂlemtmetkfmlewdwnhhodnmm or |nherent to the clained

enbodi nment 51] e the present enti.on described with
reference (9 pgrt |‘é’§p%rthe %rﬁ%eélg THERTG. haF e%‘h%‘?fFla‘Q%’ZWﬁ PIEPRSe RaHipulaf he

enbodi ment sndodinidntsyBshaild be vaddstbdithatith€embodiments are illustrative and that the
scope of the invention is not limited to these embodiments. Many variations,
modifications, additions and improvements to the embodiments described above are
possible. It is contemplated that these variations, modifications, additions and

improvements fall within the scope of the invention as detailed within the following

claims.

WHAT IS CLAIMED IS:

o

Wi




scope of the invention is not Iimted to these enbodi nents. Mny
variations, nodifications, additions and inprovenents to the enbodi nents
descri bed above are possible. It is contenplated that these variations,
nodi f i cat ivamanoe/emiaitt i ons and i nprovenents fall w thinpthassoepsssl t he
invention as detailed wwthin the follldwing clainms. WHAT IS CLAIMED I S: 1|1
WO 2006/ 071831 PCT/ US2005/ 046985 15 CLAIMS 1. A nethod of determ ning
whet her a transmi ssion was successfully received in a nultiple access
conmuni cation system the nmethod co ]Lm% receiving a first and a
second encoded data packet; decodi 285 rst and second encoded data
packet; re-encoding the first and second data packets; correlating the
first and second re-encoded data packets to determ ne whether the first
and second rle- endadettiodaf detpratkiaf svhather & henssdssion Was dfeeessRillhastesed if art h

in claim1, ﬁrél:ﬂr'tlher con‘g&‘ixsi. n? transm ttiglg n indicator of

acknow edge FEN{PIE feoPfiommunicatinn systeny, e nefiodermRIisiigan the first and

second re- encodegceifaigth MRCAHALSecohd ehbiclBAAQEIREt forth in claim1,

further conprising determ ning that a c{)r eviously transmtted indicator of
&

acknow edgerent deeodingrthefinst gndrseemideaepdefl dathgpekel:is a | ow correl ation
between the first, SEGUK S packets. 4. The nethod set
forth in claim 1?6 %{J&??%g(r% co?fpaﬁﬁggér?ggggttaggénlﬁ%ﬁi ng that a previously
transmtted indi catapatingfthafiishand secgererhcodad dnapadetsrte deleymine waéti@dhé f

there is a high correlation bet n,the first and second re-encoded data
packets. 5. An ap%‘éﬁlg? §ecf’5‘51’é'fé€in§$$ﬁ%rf@%a\m6]f%"rm theestMsni ssi on was

successful | g recehyeditiod sat foftHlid tRIE 1@%@@1&&@%@? ek m@inS %S ih@i¥htok BE
et hod conprising: nmeans for receiving a first and a second encoded data

packet; neadfdoybdeemendf higretina highrcorreltien betweenithefirsicrad seeond rpemsioded

means for rexgpeqdisng the first and second data packets; nmeans for

correlating the first and second re-encoded data packets to determ ne
3. The method set forth in claim 1, further comprising determining that a

previously transmitted indigator of acknowledgement was correctly received if there is a
low correlation between the first and second re-encoded data packets.
4, The method set forth in claim 1, further comprising determining that a
previously transmitted indicator of acknowledgement was not correctly received if there
is a high correlation between the first and second re-encoded data packets.
5. An apparatus to determine whether 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;

\\J/ 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.



whet her the first and second re-encoded data packets are the sanme. 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
conpri si ngVAeueirisal ng that a previously transmitted iPEIVICR00604685
acknow edgenent was correctly receivedd if there is a low correlation
between the first and second re-encoded data packets. WD 2006/ 071831
PCTI US2005/ 046985 16 8. The apparatus of claim5, further conprising
determ ni ng gt hat TR B evitouslfy1 1 rsn? i.tted indi cﬁeor of. acknow edgenent
was not correct |y BT 3Pk re IVECE CRTBHS DS SEITRUNRE Hah & HEER s Ke

first and seeonfitteeirioasded adaioygelnehswashot A0réRRakadiHal i theftelsed Righe
whet her a previously transnmitted indicator of acknow edgnent was

successf ul | yorgagmbsgveanike Hispandseaandasmwpeadsd defa packsteoder configured to
recei ve andgdeco f Gode ; : i t

re- encode pagé:ket %%ofg ec%stsjet(g C(ijegéf}a; aﬁ@gg{e%gr Pg%gtﬁfglﬁpg%%ﬁ‘rllﬁggér elg&{:%gr of
correl at e t heknosdwiguedt paciketessthllyl atceaived, the apppres icomptiying:r ecei ved packet
of data to determine if the kets are the sane. 10. A machi ne-readabl e
medi um conpri si n§ FESE ?W@Eglgﬁgg?/ﬁ%lﬁ? a%%ﬁ(’dg%’éﬁlfﬁt%ﬁfo%o%? chi ne, cause

the machine to pei émodereRefigirt®fiSrelencddePadi@ts dTRISEIAEH Matafarddi r St and a
second encoded data packet; decodi n% the first and second encoded data

packet; re- encolCHECIEIRECTTIBETeddR qoselets iy taeni tedmaeka of date tithed BreviRgsly he
first and second ieerpgofad: dald BREkERR, rthdBkRERLARKYRRISIer the Tirst

and second re-encoded data packets are t
- 10. A machine-readable medium comprising instructions which, when executed by a
N

machine, cause the machine to perform operations including:
receiving a first and a second encoded data packet;
decoding the first and second encoded data packet;
- 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.



