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Priority under 35 U S.C. 119 [001] The present
wappisioceasion for Patent clainms priority to ProPCEiusmmb/046985

Application No. 60/638,542 entitled "EFFICI ENT ACK TO

NACK ERROR DETENTION' filed Decenber 22, 2004, and

assigned to the assignee hereof and hereby expressly

i ncorporated by reference herein. BACKGROUND |. Field
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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
stanglards‘ include Time Division Multiple Access (TDMA), Frequency Division
Multiple Aécess (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



of information. The subset of carriers provided to
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(T, agy Ofth‘égoé"?aﬂéﬂ\ié’rf’é‘?' suggests that an error is
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a retransmssion is required. [006] Generally, there

dhe Automete Retranssisgon/Baptes tReswatii (iR(Q) sehens guagsbe used to help
Clr?grgase 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 (NAK), 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
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[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.
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received packets of data with previously recelved 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
wdizeqgroamsi | | ustrati ng various channelizati on seOemss005/M046985
various nultiple access sysfens; [0013] FIGURE 2
illustrates an increnental redundancy transm ssion;

[0014] FIGURE 3 illustrates a block diagramof a
transmtter and receiver; [0015] FIGURE 4 illustrates

a call pr OMEWDESGRIRTIMOCFMBMWHHGSS

[0016] FIGURE 5 illustrates a flow chart of an

efficient nmethod for detecti n? an ACK-t o- NACK er
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[0020] Enbodi ments of the invention describe an
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GBS, DB BE GLUBR et DAk A B BohRABIVACK ot detection
ctg%j‘% | .Ng and diversity conbi ning ARQ t echni ques.

V%en there is an ACK - NAK error, the receiver
has al ready successfully decoded the packet and is

expecting a transmssion_of_ the However,
an ACK - NAK error DIRFAdLE Iﬂg)ﬁﬁgﬁghlﬂﬂ@$fi
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signaling of an identifier of the packet, such as
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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 = NAXK error, the receiver has already successfully
decoded the packet and is expecting a transmission of the next packet. However, an
ACK - NAK 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
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[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).



used for systens that utilize increnental redundancy

and systens that do not utilize increnental redundancy
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n, where N <T. The receiver receives and detects Block N, decodes Blocks 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 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



a node for the next data packet, and sends the

sel ected node to the transmitter in frame n +1. The
wonremgmigsier receives the ACK for Bl ock N and PCT/US2005/046985

term nates the transm ssionsof Packet 1. The
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frames, and. dat a packet. or another traffic ngl .
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r.ange of ectral efficiencies ypi.cal I v in s
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LA Ghe 0861 ithQRe Biedt SPEIEEriSIeNEy stipprte® e that received
with the highest spectral efficiency supported by that

& mey bssolreterhgnchised dpredatebangmissiffied for dat a
t[bﬁ‘élﬁ rgpse%{rglnéfficiency 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.



[0030] Spectral efficiency is determ ned by the code

rate and nodul ati on schene. The code rate is the ratio
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nunber of code bits generat®ed by the encoder and

transmtted. For exanple, a code rate of 2/9 (or R =

2/9 ) generates nine code bits for every two input

bits. Alower code rate (e.g., R=1/4 or 1/5) has

060341 MVedionsl anedulativa tshiasnegr eztye be evsedr ferodatec trppgnission.  Each

capabpi.lit However, . noye.code. bits ar ra 11t .
FOROR b aEberit s Aroak e SATCh it Lo Rp kbR (g siena
Bbds, WHeRy M 993 HaclaldnaloiffDd WeBhd DBy § CORPRK VAR 0@ is identified
used for data transm ssion. Each nodul ati on schene is

ag s bitt wohrwivelue awbegnB > 1c amb 28 H M. i Bor syimatol owppiaignthenode bits
si gnal pojnts, ere M> 1, Each.sjgnal, poinat ,is .
i B s SR e fiStiestouad ey £L B Hedh R elfogly S of B code bits
BsBst 2 BRI NR|Vafue WREGE nBppedl td?atkpd&ific d¥bnal pInt, which is then
synbol mappi ng, the code bi tps to be'transmtted are
frangnitigd o pedtofintators eymbelf foB thas dwokp PE B Fedehbitset Eagh podulation

code bjts forns B-bit .bi par | ue t. i -
St ol nPriaton ok afe 5ty FaOME ol P RS, Ifbautaiion
acHEaeHd| iatiu@d BsuP Ehabcd Shifh&eyig g (BPSESD, BuaddardiPhase Shift Keying
Each nodul ati on synbol thus carries information_for

B
¢QBSKD M-arysBhesec ShifbrKeying (Y -RoHM abd oM-ayhHadrature Amplitude

. . " . o dr
MRSLIAE I8 LS (RO RGP © can e
meﬂ%) B aﬁdfoMEHSK,CBadZ afor PSAMpBi=tider BARAK, aBi=oh for 16-QAM,
e e L e PP R S S here,and
8- RSK,. B = - = . -
e g St S80S Ol oo
Scl’(ntgm?, f and nore code bits may be sent per nodul ation
) 0 or higher oyder nodul ati on sche : 032] . .
st p ikt BioBk SERBTER GbAdATS RSP TS § (piver 350 in a
Hifk1a8 Q:oﬁm{u%&%ﬁ&? Kystaf 300 tRat \Wili Sd<SRStr HREIMNE 8A{ @Fhsmitter 310, a
system 300 t hat At

utilizes IR transm ssi on.
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shat@aeketo Auccatpler E3Lproyides vaigusaoniiplg ¢ dgte source 912 and TX data

processor 320 for each data packet based on the selected mode as well as the feedback
(ACK/NAK) 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



that packet. A controller 330 provides various

controls to data source 312 and TX data processor 320

wobanoemacisi dat a packet based on the sel ect ed nMDHETAS2005/046985
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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 NAK 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



detected data synbols obtained for that packet and

provi des a decoded packet to a data sink 362. RX data
woro@sssl 360 al so checks the decoded packet BQ@/US2005/046985
provi des the packet status,11whi ch indi cates whet her

t he packet is decoded correctly or in error. [0035] A
controller 370 receives the channel estimates from
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the next data packet to send to receiver 350. [0037]
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and data used by controllers 330 and 370,
respectively. [0038] Figure 4 illustrates a cal
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Al 0,to _the Cess. I.n I es| .

ol o s RSB B o DB RRAR S e popler 14 10 @
t @0y dccetattarnpiagikand. ofcdesd er@sial 404, byovirtne oicerdiag ACK 428, is
expecting a transmission of data 2A (424) 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



termnal 404. 1f access term nal 404 properly decoded

the data A transmtted, an ACK nessage 428 is sent.
weélavsxwers3idue t o channel degradation, an error PE2ASHAF/046985
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Rk, datdRackee (616) anddabbackeoBA62Mr Manepadket Ads encoded thereby

Cp%cqueclinqgt iag nencoded 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’ and B’., are received by decoder
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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



inmplicitly indicates to the receiver that the
acknow edgenent is correctly detected by the
wonres@mgster 604. [0046] FIG 7 illustrates a PCOWS2005/046985
di agram of an ACK-to- NACK ddror detection technique
according to an aspect. Block 712 illustrates a
transmtter used to transmt data packets A 704 and
data packet B 736. At bl ock 706, data packet Ais
exroplery sipragetmesliwmkis 7aropled 40 Ahp suReass@ sush dhe pgeggssor can read
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descri bed above with regard to specific enbodi nents.

As used herein, the terns 'conprises,' 'conprising,'
wonro@y183t her vari ati ons thereof, are intendedPCo/us2005/046985

interpreted as non-exclusivély including the el enents

or limtations which follow those terns. Accordingly,

a system nethod, or other enbodi nent that conprises a

set of elenents is not limted to only those el enents,

and may include other el endoLABMS expressly listed or

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

present invention has been described with reference to
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et hod BB HY short RO RPLER 10 gEmine whether the

successfittk hivd §@66d #eshcofedddi bidkelseragieaste. o
conmmuni cat1 on system t he net hod conpri sing: recelving

a2-f i r stheamgthedseiclont 18 stdmeld fadhe copprsng terasmélting ap Hulicator of
fj : - i

kB R8BI 90 Rl AN S cncoded
aduth peegomd re-encoded data packets to determ ne

whet her the first and secopnd re-encoded data packets .
at-e t hEl%s éﬂeé.ﬁodz.%frff%ﬂthﬂmgeﬂ, BiheR  $OMmRgSing, %terrmnmg that a
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cknow edgenent if there 1s a high correlation between
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thod_set forth jn claiml, further conprising -
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claim furthe i Si determ ning that a T
ot evi ot gL SRS hRRGTL PR b ety received ina
VWaSItiPRE ac6&Ns cBfinhihidat6 R kyé | the b¥&d™ 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.



is a high correlation between the first and second

re-encoded data packets. 5. An apparatus to determ ne
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packets to determ ne whether the first and second

re-encoded data packets are the sane.



