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METHODS AND APPARATUS FIELD OF THE I NVENTION 5 The present invention is
directed to i nproved nethods of conmunicating in a wireless comrunications
system angygmigo7ageaci fically to inproved net hods of aug@RBdbs0faeat
requests - rn a multiple access w rel ess conmunicati ons system BACKGROUND
10 Cel lul ar conmuni cati ons systens gre becom ng ever nore conmon. In
cellular systens, a conmunications area is divided into a plurality of

cells. ANt |y A Sidb i Qn e base
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termnals, located within the sane cell as the base station. The base

st at i oNFIBURION THE ENVENTIQN a nobile termnal's point of attachnent to a
conmuni cat 1 ons net wor Ich includes the base station. Since access to the
comuni cations network is obtained by a nobile termnal through the base
station to ' ot . | el ' ; Lons are
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term nal vi ) %téantum @f resour.ca§ called a traffic segnent. In such

syst ens 4 RBIERIEACESH Fiele s OmmmiGEPIS SYSIS M o riuini cation in a cell, e.g., a
traffic channel, is often partitioned into nmnultiple traffic segnents.
Control _information may be transmtted via other channels, e.g.,

acknowl BAGKGROUNBDnel s. Downl i nk traffic segnents transport data traffic
from25 a base station to one or nore wireless termnals, while uplink

traffic segnments transport data traffic fromone or nore wireless termnals
to a base st@tliudar.cornionirati@dgyeerhs abbacoaisg evet mote camonwinedioaniysgagnent s

whi ch can be used to i ndicate whether o ot_ipfornmation i ne or nore
o oo ey e frea KGR Bia el deelS dpashicgl Ry dpe udkn SLIBrE e
acknow ggtoRge tatidie MR lbaseAtatidf iV SRH cBlY cAnMBRikASs WY b pRirdlfy ofdanRt, dhat

information transmtted by the base station was successfully received, e.g.,
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the base station. Since access to the communications network is obtained by a mobile terminal

through the base station to which it is coupled, e.g., by a wireless link, base stations are

sometimes known as access nodes.

20 - In cellular wireless data communication systems, data is often transported between a
base station and a mobile terminal via a quantum of resource called a traffic segment. In such
systems, the available resource for data communication in a cell, e.g., a traffic channel, is often
partitioned into multiple traffic segments. Control information may be transmitted via other
channels, e.g., acknowledgment channels. Downlink traffic segments transport data traffic from

25  abase station to one or more wireless terminals, while uplink traffic segments transport data

traffic from one or more wireless terminals to a base station.

Acknowledgment channels include acknowledgment segments which can be used to
indicate whether or not information in one or more corresponding traffic segments was
30  successfully received. An uplink acknowledgment channel can be used by a mobile device to
signal that information transmitted by the base station was successfully received, e.g., was able
to be decoded by the mobile terminal. This may be achieved by sending an Acknowledgement
(Ack) in a segment of the uplink acknowledgment channel. Failure to successfully receive



-2 informati on may be communi cated by sending a negative acknow edgenent
(NAK) instead of an ACK. The ACK and NAK can be represented using a single
bit, e.g., a1l to represent an ACK and a 0 to represent a NAK. A downli nk
acknow edggBpfyosdeannel can be used by a base st ati onptwusigaeal4saashet her or
not information transmtted by the nobile in an uplink traffic 5 channel was
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to incrtEase ec%g#)r resiliency and reduce the need for the retransm ssion of
dat a, T eind rection coding nmay be used. Error correction codes (ECCs)
result in the addition of redundant information, e.g., one or nore ECCs,
bei ng added in a selective manner to the transmtted information. By using
t hel® edundarfiheirgifanpmissipn AL the prayippsly drapyaidted informatipp Eeprespnts theArpasmissiarpy
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used, afelays ifHlevingfa shERETA tFankiBRsiBh fe@ile, there may still remain a 30 need
for an Al mechani sm I n view of the above di scussion, it should be

app¥eci ated that inproved ARQ nechanisns and met hods of conmmunicating

redundant i RiQuIRP LG, b whith 2GR EmindBor s hiAtk G0 whether or not redundant

information, e.g., previously transmitted information, needs to be transmitted is sometimes

called an automatic repeat request (ARQ) mechanism.

20 In order to increase error resiliency and reduce the need for the retransmission of data,
error correction coding may be used. Error correction codes (ECCs) result in the addition of
redundant information, e.g., one or more ECCs, being added in a selective manner to the
transmitted information. By using the redundant information, it may be possible to recover
transmitted information even when some errors occur during the transmission process.

25

In order to provide efficient utilization of communication bandwidth, it is generally
desirable to minimize the amount of redundant information, e.g., error correction codes,
transmitted along with the information to be communicated. As a result, even when error
correction coding techniques are used, as a result of transmission errors, there may still remain a

30  need for an ARQ mechanism,

In view of the above discussion, it should be appreciated that improved ARQ

mechanisms and methods of communicating redundant information to increase the efficient



WD 2004/ 075023 PCT/ US2004/004831 -3 utilization of limted anmounts of
bandw dt h avail able to communi cate data are both needed and desired.
SUMVARY OF THE I NVENTION 5 The net hods and apparatus of the present

I nvent i onwghedd@est ed to techni ques which nmay be use¢riuszeenbsnati on with
error correction codes, to mnirm ze the anount of redundant infornmation
that needs to be re-transmtted, e.g-, in the event of comrunications
errors. The invention is also directed to new and novel automatic repeat
request RS T [V widh fiml i | SNB.
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Codes (d5®@k), which differ from and offer various advantages over, other
wel | known error correction codes including Reed-Sol onobn codes are

descri bed and used in various enbodi nents. 15 Methods and apparatus of the

i nvent | SUMMARNAGF TR INVENHON0W edgenent) signals that are transmitted
to indicate a transmssion tallure, e.g., uncorrectable errors in a decoded
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i nformati on. ' |1 ahi A i ned from
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plurality of 25 values, e.g., values in a set of pre-selected values or a
val 4@ i methodsofdmplemendng jualy dgshapismge mprpied ARK) mechatisms Nhichsagbebseds used to
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or i gi naidvyntages ananbthtewell kiowmeator oorretigm addes TetudAR EidgSrddmotadades sray be
determ ped,, i.n accardance with,  the present invention, based on decoder
error s@e‘é?‘i‘baefliae‘g‘,me g varions emBAIMERS et ect ed errors in a 30 decoded signal or
ot her information, such as soft information values indicative of the
reliability of decoded values generated fromthe transmtted signal as part
of &5 decodi nYethpdscad appasatunof the mventiongse NAK, (ndgatiye mpkrowledgementhsignads odi ng

SUCCeSS . Frd transfn?t‘ﬁé%rto Wiy Eﬁrﬂgxlis%ioﬁ ffgjﬂfrg, ei.gr.',qlingg}%eectablc errors in a decoded

signal and/or an unsatisfactory level of reliability with regard to decoded information. An

unsatisfactory level of reliability may be determined from one or more reliability statistics
maintained by a decoder, e.g., a count of uncorrectable error and/or soft information values.
20
In cases where decoding is successful, an ACK (acknowledgment) signal is transmitted

to the device from which the successfully decoded signal was received.

In accordance with the present invention, NAK signals may assume any of a plurality of

25  values, e.g., values in a set of pre-selected values or a value in a range of continuous values. The
value of a NAK signal is used to convey information useful in determining the amount of
redundant information that should be transmitted to facilitate decoding of the originally
transmitted information signal. The NAK signal value may be determined, in accordance with
the present invention, based on decoder error statistics, e.g., a count of detected errors in a

30  decoded signal or other information, such as soft information values indicative of the reliability
of decoded values generated from the transmitted signal as part of a decoding process. Such
statistics provide a measure of the decoding success, e.g., fewer unrecoverable errors indicate

greater decoding success than a larger number of unrecoverable errors. Since decoding error



greater decodi ng success than a | arger nunber of unrecoverable errors. Since
decodi ng error WO 2004/ 075023 PCT/ US2004/ 004831 -4 rates are a function of

the quality of the received encoded signal, the NAK signal val ues generated
in accordance with the invention are indicative of the received encoded

si gnal quawiapo4/078@3part of the encodi ng process used iRCNERPYH8488hbodi nent s
of the present invention, an 5 encoded information signal is generated al ong
with a set of redundant information,-4e.g., additional error correction bits
whi ch need not be transmtted with the original encoded information signal.
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i nforrratl on which is not transmtted with the 10 encoded i nformati on signal.
The redundant information is stored for a period of tinme after transm ssion
of the encodeds paf ofitheencodingipgorass, usediglvari'puts enhlwdients oﬁhmsdmimemen I n

the c CK.i s ;receive tion bits can, and
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val ue of a recei ved NAK signal the amount of redundant information that

shoul d b#formageR pignal o lp Jomercasss) the grigingleaerricr dnfermation Stﬂniﬂgmﬂafiesl SRS EFEL i on

si gnal B f i
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achi eved without_the need, in nost cases, to retransmt the entire original

si gnal . ¥hereqn Adpisdaesived, @egcdunwﬁéw@@aa@mws{ﬁ?@smﬂmﬂ&r argydiscardgdal val ues
are suppQkd&db ﬁ?%an%ﬁ@&” arity of the transmtted NAK signals may be finer
t han the granu F ity at which different anounts of redundant information
are selected for transm ssion. Accordingly, in such cases nultiple NAK
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of redundant information is transmtted follow ng receipt of a NAK
transmitted to facilitate decoding of the original information signal. Different amounts of

redundant information will normally be selected for different NAK signal values. This provides
an efficient repeat mechanism which avoids the need to send a fixed amount of redundant

20 information regardless of the quality of the received signal which could not be decoded. By
varying the amount of redundant information to reflect the relative level of decoding success,
transmission efficiencies can be achieved without the need, in most cases, to retransmit the

entire original signal.

25 In some cases, e.g., where a continues range of NAK signal values are supported, the
granularity of the transmitted NAK signals may be finer than the granularity at which different
amounts of redundant information are selected for transmission. Accordingly, in such cases
multiple NAK signal values may correspond to the same size portion of redundant information
but at least some NAK signal values will correspond to different sized portions of redundant

30 information.

The selected portion of redundant information is transmitted following receipt of a NAK

signal. The device receiving the redundant information uses it in combination with information



signal. The device receiving the redundant information uses it in

conbi nation with informati on WO 2004/ 075023 PCT/ US2004/ 004831 -5 obtai ned
fromthe original received signal in an attenpt to successfully decode the
previ ouslywo 26R%84¥ed signal . Successful decoding of thperseoosousily recei ved
signal through use of the redundant 5 information results in an ACK being
transmtted in response to receiving.the redundant information. However, if
t he device receiving the redundant information is still unable to

success n
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sel ect emcdived sigtiabat e t he current |evel of decoding success. Thus, the NAK
transmitted in response to receiving redundant information 10 will normally
be a different value than the NAK transmtted in response to the original

received sigijtadssfilliechb@ing offihe peRfoukl§\tedeivell sPRSIARIOAEH Bt T eMSredfliafved t hrough
the use of the redundant™ information. In various enbodi nents i nformation

si gnal sinfrmationigsyiisin atAGK heing trappiitted i epapraise togreesiving thesedundent traffic
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i nformati.on i onal__i nfor nte the devi ce to _which the
redunda‘i’?flu‘iqﬂt'tolpﬁ’ﬁ‘t‘f‘tﬂﬂ i e yplug HF@S% F'ﬁ It‘h atcﬁhqwegtlgﬁ%lp used to
comuni Je%b&né bcegd ‘IH@?EHe Nﬂf{%aﬁﬁﬁﬂtted‘m I%Ebohﬂe t§%£%1\ﬂ‘ﬁ§%ﬂﬁﬁ’%ﬂﬁ for@g@dnment
i nformati on, which i ndi cat es assi gnnent of a traffic channel segnent for

uselby wilbearmallybes different valug @ammmwanntt@mnas@pm the mwége@ewed

Assi gn n nf ormati on
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commnlm&irmaﬁw I nformation or 25 redundant i nformation. In the case where
redundant information will be communi cated, the assignnent nessage nay al so
include information sufficient to identify the previously transmtted
signal to W%&J&%ﬂfb%éfﬁ{bﬂé%fohﬁﬁtﬂfn@édaﬂ%é @an@&ﬁé&%ﬁ@tﬁaﬁﬁfjch%ﬁél cor respond.
This information af%q e.g., information identifying the previous traffic
chathel segmgntenEadhrir Hanne] lsegraant baseofixedrdotachepacitsif &y eases where hewpdundanthe

redu ndairﬁtfonnaﬂgr{ (R m?tped(iﬁ) Hsgc?rﬁg Po a NA% does not require the full capacity of the channel

segment being used to communicate the redundant information, additional information intended

for the device to which the redundant information is directed may be included in the signal used
to communicate the redundant information.
20
In some embodiments, assignment information, which indicates assignment of a traffic
channel segment for use by a particular device, is broadcast in an assignment message.
Assignment messages in accordance with the invention may include information indicating
whether the corresponding traffic segment will be used to communicate new information or
25 redundant information. In the case where redundant information will be communicated, the
assignment message may also include information sufficient to identify the previously
transmitted signal to which the redundant information to be transmitted will correspond. This
information may be, e.g., information identifying the previous traffic channel segment in which
the original encoded information to which the redundant information corresponds.
30
The multi-level NAK and retransmission methods of the present invention are well
suited to a wide range of encoding and transmission methods. Low Density Parity Check

(LDPC) encoding methods are particularly well suited for use in accordance with the invention



The nultilevel NAK and retransm ssion nmethods of the present invention are
well suited to a wide range of encoding and transm ssi on nethods. Low
Density Parity Check (LDPC) encoding nethods are particularly well suited
for use in accordance with the invention WD 20041075023 PCT/ 11S20041004831
-6 since wochosenmesii ng nmet hods al |l ow for the generati acTafS2e0adesssiant
information at the tinme of encoding which nay be used to increase the
chances of successful decoding and/-6¢ the reliability of decoded
information but, assum ng no transm ssion errors, need not be used to
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codes. RidpBROuRcaddi tional features, benefits and enbodiments of the present
are discussed in 15 the detail ed description which follows. BRI EF

DESCRI PTION OF THE FIGURES Figure 1 illustrates an exenplary comuni cati ons

system i npl .1 n_accordance wi.t.h and.using nethods. of the present
Thvent o' AV EignPeRGRR R0 6 LG Hhdpe BRAmR Bl OB ot 1 on

i pl emegthigdiméntoefane Hhaaeidnyit sivuld ReappreeReidithit Meembliiasvel XA K in@tHods 8f ths an
illustration of an exenplary wireless term nal inplenmented in accordance
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il lustragl ARk a0l Bk Q‘nﬂﬂ{w s used
to illug%ﬂrog%et%)a%n exg‘?%ll ary n%'?ﬁgcgqgﬁ‘aegﬁ ocC *ﬁgb{?ﬂféﬁi}sc C annlztitﬁg% segnents,
i n accorssignoentunassageher LIPS eordesi nvention. Figure 5 illustrates an exanpl e of
usi ng increnental redundant codes, e.g., increnental redundant LDPC codes,
in accordance with the present invention. WO 2004/075023 PCT/ US2004/ 004831

Numerous additional features, benefits and embodiments of the present are discussed in

15 the detailed description which follows.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates an exemplary communications system implemented in accordance

20  with and using methods of the present invention.

Figure 2 is an illustration of an exemplary base station implemented in accordance with

the present invention.

25 Figure 3 is an illustration of an exemplary wireless terminal implemented in accordance

with the present invention.

Figure 4 is a drawing including diagrams illustrating exemplary downlink and exemplary
uplink channels and is used to illustrate an exemplary method of allocating traffic channel

30  segments, in accordance with the present invention.

Figure 5 illustrates an example of using incremental redundant codes, e.g., incremental

redundant LDPC codes, in accordance with the present invention.



-7 Figure 6 is a diagramillustrating time wi ndows and segnent index wthin
the time w ndow, in accordance with the present invention. 5 Figure 7
illustrates an exenplary assignnent nessage structure, and provides an
exanpl e 0 2btjoR2d Ncrement al redundant codes, e.g., ipoeSERNOEE31r edundant
LDPC codes, 1 n accordance wth the present invention. Figures 8 and 12
illustrate exanples of using increngental redundant codes and using a 10

mul ti-level NAK signal, in accordance with the present invention. Figure 9
is adrawing illustrating an exenplary representati on of the phase of the
codeword of an acknow edgenent signal including an ACK and an exenplary 3

| evel NAK, iHigura@ isor diagrea illpstratingfamp winsiows anthsagmentindex| Sitkinghetémd0 i s a
drawi ng_. ratl . esentation of the phase of the
code\/\o%&hgé‘bj’g}ﬁa%@k%gﬁﬁg@%@@{%‘%gﬁ&f‘ncI udi ng an ACK and a conti nuous
range of NAK and how an exenplary NAK maps into a range of requested bits,
in accordance with the present_ invention. 20 Figure 11, which conprjses the
conti nat i on Fagurey Hlustratas gmesemplary aspigament 1agsEsss SUBERTeaRdRIOYIdes AR 3 AREce it h
one exe&jiRkiab ncRFRAe FRAhddo coMak Gl MHrbhedtRMeluntiANS IFE cHREdn abddrifOT dance
with the invention. 25 DETAILED DESCRI PTI ON The net hod and apparatus of the
pr esentwiththe ptesent inventionel | suited for cellular communications systens but
are not limted in terns of applicability to such systens. Cellular systens
in which the invention may be used normally include nmultiple cells with each

cell 30 i nclrugira® aid ﬂmﬂﬁétra&r&mhgl&@oﬁﬁsﬁgj ifdtemBttaFrefirdam dotlys M vsing @l ess
termnals, e.qg., nobile nodes. igure 1 illustrates an exenplary wreless
comfuni Bwiiflews NaKsigwal.1p @cqordsnes with &g ProfentiBvestielince with and using t he

nmet hods of the present invention. Exenplary wireless comunications system
100 supports efficient automatic repeat requests (ARQ in accordance WO
2004/ 075023 BaaT¢ 982004w @4 BB tratinganixetnplanerepressntationi of vrerphiageof thexenpl ary
wirel C R dEWOrd Of Art 5eX 8\%3{13 n%etn?g]]g% an usdir?g a A&ﬁdand an exemplary 3 level NAK, in

accordance with the present invention.

15
Figure 10 is a drawing illustrating an exemplary representation of the phase of the
codeword of an acknowledgement signal including an ACK and a continuous range of NAK and
how an exemplary NAK maps into a range of requested bits, in accordance with the present
invention.
20

Figure 11, which comprises the combination of Figs 11A-11D, illustrates steps
performed in accordance with one exemplary embodiment in which multi-level NAKSs are used

in accordance with the invention.

25 DETAILED DESCRIPTION

The method and apparatus of the present invention are well suited for cellular
communications systems but are not limited in terms of applicability to such systems. Cellular
systems in which the invention may be used normally include multiple cells with each cell

30  including at least one base station and a plurality of wireless terminals, e.g., mobile nodes.
Figure 1 illustrates an exemplary wireless communications system 100 implemented in
accordance with and using the methods of the present invention. Exemplary wireless

communications system 100 supports efficient automatic repeat requests (ARQ) in accordance



spectrum OFDM (orthogonal frequency division nultiplexing) nultiple-access
system Wiile an exenplary OFDM wi rel ess conmuni cati ons systemis used in
this application for purposes of explaining the invention, the invention is
broader ioSseeseinan the exanple, and the invention pcranzbsotagml i ed in
many ot her conmuni cation systens, e.g. a CDVA wirel ess conmuni cations
system System 100 includes a pluragity of cells: cell 1102, cell M 104.
Each cell (cell 1102, cell M 104) includes a base station (BS), (BS 1106,

BS M 10k ik BRASE irhidRoh. ERIbIASHRAEOESnfiRchbnlif R 300 GONFRAGE area of he

base station. I's coupl’led to a plurality of end no (EN(l) 110,
EN( X) Bperug GFIAM (elthegonkl fndguexicy idivision Siu]tiplexdng oniltigepcceBS yhemD While anoupl ed

Lural j ! d N(1') 118 EN(X ) 120) via wirel i nk
(125, BpBesitindla e 20 SRunleaiS bt uped i sbbideth By g BT oo | ¢

and/ or explainirBé vedtich] B8 Snveafianie bfaldran Scope aaeSe exditfplea b theffehi@sh t 0 as
wreless termnals (Ws). Mbile WIs are sonetines referred to as 15 nobile

nodds (RNBS appiRE invagnyheiler CORVBITHIAERN SYSiPEE che. BICDMBsWirelegommunBRLmas1 08 ar e
couplegyg network node 126 via network |inks 128, 130, respectively.

Net wor k" node 126 is coupled to other network nodes and the Internet via
network |ink 132. Network |inks 128, 130, 132 may be, e.g., fiber optic

cabl es. 20 FEiqur Ny niJluystratjon of e r ase station 200

ol ement od SYRA0G insliEe e oty P nel i Pa e AT ey Sabeed Subdish 200
may be 1mariﬁcld&ésalﬂa&ds_tmw(ssg@stt1I199,Béwme;),qfespeém;fzaﬁ&re%}e@éﬂt@m% 106, 108
of Figure 1. Base station 200 includes a receiver 202, a transmtter 204, a

pr o¥es sbirelesg eovezage ared of thedrapeagtationoBS 14A6 isconpled tya plugalisyofxinddodssget her vi a

bus 21 r ' t val i . n i C t n
't or maEeE 19 Rt P SR L Py T CBE M0 RieudBio o
:jmdul e ﬂ&&]ity'ﬁhmdgﬁfled@N(mlﬁl& BB(X'Jd20)vial eirelded laﬂ@r(llﬁ(]j,@wmés;&cﬁvay.i’nhy

eterm nati on e 21 The, recegjver, 202 .is coupled to an antenna 220
over wf oges lg@dtiaahl%y i%%ﬁl%b%maw apd/eg sigtionagy, WiglessogpmynicatipBtlaNiess 300
(see FigHb@ rfbred RRlsWidlds RERRRIM RAGE DRI HARNERL sohhdlintts Seraidh tiRki nk traffic
channel s 30 signal s including data. coder 214, e.g., a LDPC decoder
per ¥sor rmeohille eodks{yINsD YIRS mwy naye thipegheitayatemi ¥HaB8 1 106 and BSMdR8arewi t h t he

present_ | ti.0on. . r I N, QRer atd.ons on
P ecer vevRbEReBbonk REREEHE 1 Bl iR 12 130, refiBOES, Mol b BBRL Pl f
det er moapapledtd oild nkwvorld Hodpe aed tit ERembidvinRetwbek livtk 13aC Nttwgrk $inkd 128, 136!
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132 may be, e.g., fiber Optic cables.

20 Figure 2 is an illustration of an exemplary base station 200 implemented in accordance
with the invention. Exemplary base station 200 may be a more detailed representation of any of
the base stations 106, 108 of Figure 1. Base station 200 includes a receiver 202, a transmitter
204, a processor 206, an I/0 interface 208, and a2 memory 210 coupled together via bus 212 over

which the various elements may interchange data and information.

Receiver 202 includes a decoder 214 and a NAK generation module 218. The decoder
214 includes a demodulator 216 and a quality determination module 217. The receiver 202 is
coupled to an antenna 220 over which BS 200 can receive signals, e.g., uplink signals from WTs
300 (see Figure 3), including acknowledgement channel signals and uplink traffic channels
30  signals including data. Decoder 214, e.g., a LDPC decoder performs decoding operations of
received signals, in accordance with tilc present invention. Demodulator 216 performs
demodulation operations on received signals in accordance with the present invention. Quality

determination module 217 generates and maintains decoding statistical information indicating



-9 the quality of the decoded signal, e.g., a neasure of count, nunber,
and/or level of detected errors and/or statistics on the reliability of the
decoded signal such as soft information values. NAK generation nodule 218
gener at esw M75628 accordance with the present inventpOnysvfiadssd) recei ved
signal, e.g., received data, cannot be decoded successfully. The receiver
202 is coupled 5 to the transmtter Q04 via link 222 over which a generated
NAK may be conmuni cated for subsequent transm ssion by transmtter 204 to a

WI 300. ,Transm ther, 2 i.ncl.udes an encoder 224.. The encoder,. 224, e.g., a
LPC entEBAaRi of ofidedraita yBfi 185 BenSBCEY it ibs MG T otseler

pr ocess bfgrs ARdior atdd&; onathiélretiabiflt ﬁ&m@d@mﬁ%i@m SRRGE Qft AsHHaBor’ Bhues,
Qperations of encoder. 224 include encodi ng bl ocks of information bits into

bl ocks Bk ghertipn modulRdd peremtes i Aky i Acegrdance it the pressnt inveutias, when &,
e.g., d Lk ' W N i i ' '

acknow Eegggﬂg%rd;%?ﬁé?g%a S ed?ra%hgdn@ £t e?w%dzfa F%&%%E‘m’g%ﬁ% %lgglk re%]ozgg(i%lefi hr ough
whi ¢ dowhe irabsositeyr284 siartnk 228 overowisch & padratddIN XKsmB06k cohakndedtaifge ment

si gnal processing nodul e 228 0 ses owl edgenment 15 si gnal

i nfor ma ‘?Qﬁ?ﬂuegtt&%,sm‘amf’%g%%‘?(ﬂﬁkﬁ% i“b'ﬁ&?lcg&bm a WI 300 corresponding to a
previous downlink traffic channel transm ssion which was not successfully

decoded by the WI. 300. Such processing may include obtaining a |evel of the
recei ved NAKTrapsmigiexdMdaciadeswn encadpie224i Fhe sn¢odar 22ee-gandMRSensadasont r ol

oF 1 edufiudee R mbiiaiol 24 b BISBLARLALR yeh APHASAMs nbAISCIELRER: 0 P! 00k
Ret nans mitaasmissiaoetintrol modude 230, Dperatiays qfenéaien2ontindd efcoding poRser t o

i nf ti f. 1th knowl [ ' dul e 228,
ot 1 ancIRGRAIAY BHBRAIONg! Foe ot NoauFn 4G RabiNes IATBRRoBIN Gk e of
redunda%,,Eb@ﬁ]!&kt&si@ﬁg;&ﬂt@igﬁﬁlis,tdo%linﬁ&%E?%énﬁl@,%%@lﬁ%lc&g@meﬁt%ﬁg‘rﬁﬂ?m t the

bl ock of “information bits,” and/or control It ng whether to abort™ further
t r ansm FeAnsmister 204is eouples ta anigurai2l?) throkgh whichdawnlinksignal smhy begansmiftdadnes 234

and dat a/y ' executes the routines
354 and A8 SPUEALE el R Ahockitne miadls 2o ottees ERRTHRAEEpIcHC

openst i @i@mfir/lfghmﬁba,see%.set ﬁbézigegi RAE @gﬁﬂ]l f’rgmlggg&“rmotzbﬁesﬁeﬁdj@glﬁa epli;ireﬁg@ present

i nventiagn. 1 Lnterface 208 .couples B t t her network nodes, e.g.,

r out er s GOBRIHHLr @@ﬁ?gﬁ?%?“wﬁlﬁb W%PQ/@P"‘%%’%@B’, degpded byfhe Wihe0l. nt er ngt .

/0 int Sﬁélﬁﬁ‘@c&%ﬁﬁ% Akl B30 PRELIFE tHRGeMANKE NG a6&rdancOitBRhe200 to

conmuni cate with peer nodes outside the cellul ar coverage area of BS 200.
invention. Retransmission control module 230 controls the transmission of redundant

information, e.g., blocks of redundant bits, to WT 300, in accordance with the invention.

20  Retransmission control module 230 may perform control in response to information from the
acknowledgement signal processing module 228. Retransmission control may include
controlling the number and/or size of redundant block to be transmitted, controlling whether to
retransmit the block of information bits, and/or controlling whether to abort further
transmissions related to a coded block.

25

Memory 210 includes routines 234 and data/information 236. Processor 206, e.g., a
CPU, executes the routines 234 and uses the data/information 236 in memory 210 to control the
operation of the base station 200 and implement the methods of the present invention. IO
interface 208 couples BS 200 to other network nodes, e.g., routers, other bases station, AAA

30 server nodes, etc., and the Internet. I/O interface 208 allows WTs 300 operating within the cell

of BS 200 to communicate with peer nodes outside the cellular coverage area of BS 200.



WD 2004/ 075023 PCT/ US2004/ 004831 -to Routines 234 include comruni cations
routi nes 238 and base station control routines 240. Base station control
routi nes 240 include a schedul er nodul e 242, an automatic repeat request
control npguhAe?hds and signaling routines 246. ComumrCTas2aaen4suUt | nes 238
are used for controlling base station 200 to perform various comuni cati ons
operations and i nplenent 5 various-fpmuni cati ons protocols. Base station
control routines 240 is used to control base station 200 operations,

e. g., 1/ 0 i ntrefutinss234 0@ 162 blunicaB6Ri ¥ @ined 838 magé)étau&{ QRED bhfes 296
control power control, scheduling, ARQ control, signaling, etc. and to
i npl emdhase slAdoneaRfsl rofitines R40 inshuide d seffedn emodds 342, anaviomatio mpeﬂttreqmﬁwedul er

nodul e 24 ed, t on _.schedul j m’rum cation

resour cé é?ll |%4r411 Qﬂlﬁé&saﬁ%lﬁ?u n%‘lflsj%dé'{) iy q%r%ugg\/se%ﬂqiaseg Thedul er.

SChedU|d©htrﬁIﬁdglb&e%tfhﬂmﬁTm0 e earitRie témmenigation¥bperafiéhstad GhgBnel: segnent s,
e.g., uplink traffic channel segnents and downlink traffic channel segrrents

Aut énat\fa@ov%%aﬂfmrfl@&awm@eﬂﬁ r BRSeHRHON €ongupd ropbiags 449ds Heeddp PORtR! RESei on 236 i n
Menory g4 2@09{)&5&3&@ dg, F@ﬂit&'&fc% a@glcemtfom 1hdavel SELLMERDL, %%%ma g4r ansm tter

204 to control the operation ARQ, in accordance 'wt e present
i nvent i eontrolSpeericonteoly sshedulies, Amm cpmrd‘lmgmhmg) etcatand to inapleroent thel steps ghal

gener at | I tra sm s he wirel ess
o er f dhg e e ot B R Rint The SR8 BEAR LRt oL kiRl 0505
Dat a/ i nichedutihi &mf&%@mﬂﬁﬁddﬁ@ﬁrsﬁiﬁtr@ 1bBationl ThE echediler Moaat 24 ¥hhy serve as

dat a/i nformati on ést eminformation 252, downlink assi gnnent

meskag easscmlerd §9#ﬂdphkm9fl%lﬁ Femapshade usess 0.5 e chanrbiseregenent
ffi h |
mss:ggge:g %g% an ac &ﬁ%ﬁ%m%&rﬁMQ%ﬁ&haﬂﬂéﬂ % dhaffic channe

mes dgenent nessages for uplink traffic 264. Data 248
I ncl udes user data, e.g., data received fromWs 300 over wireless |links,

data 25 recgi.ved.from ot he at .0.be tr mtted to WI's
200 ang oSl oS SRSt ATl PRtuR AEF s B B RrdBal SCPRTR Wbl ” TS
dat a/ i ré10raf8 okt i7 66njinbtibh derh tite ﬂabaivalzon,wnﬂfcrawm&aﬁ 204it0 toitrol theperaiidn 1

I nformation 266, WI' N information 268. WI. 1 jnformation 266 includes data

27015 t AR In aegprdancs with theprssent ipventiony| Sigralingroytines 24HApSrioRmp PPESatiopdo bl ocks
f cod f 2. Dat
of co gﬁ%ugglsﬁ%g gengﬁaﬂgn dEher din SIGHgAng%ng ngﬁegs%rw\pﬁgag I?Qrf&% a

270 in ata receil ve I nt ende peer
node ofe.wmngughagteuna\mow32aﬂdithsmghll’@tlaterfmeeﬁ%ed to be transmtted from BS
200 to WI 1. Terminal identification (ID) information 272 includes a base
station assigned

Data/information 236 includes data 248, wireless terminal (WT) data/information 250,
20  system information 252, downlink assignment messages 254, downlink traffic messages 256,

received acknowledgement messages 258, uplink assignment messages 260, uplink traffic

channel messages 262, and acknowledgement messages for uplink traffic 264.

Data 248 includes user data, e.g., data received from WTs 300 over wireless links, data
25 received from other network nodes, data to be transmitted to WTs 300, and data to be

transmitted to other network nodes.

Wireless terminal data/information 266 includes a plurality of WT data/information, WT
1 information 266, WT N information 268, WT 1 information 266 includes data 270, terminal
30 ID information 272, blocks of information bits 274, blocks of coded bits 276, and determined
quality of decoded information 282. Data 270 includes user data received by BS 200 from WT
1 iﬁtended for a peer node of WT 1, e.g., WT N, and user data intended to be transmitted from
BS 200 to WT 1. Terminal identification (ID) information 272 includes a base station assigned
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communi cations and operations with BS 200. Bl ocks of information bits 274

i nclude bl ocks of information, e.g., blocks of user data bits, to be encoded
by encodego3dfe9dozs ransmtter 204. Bl ocks of coded bi tegTA&G00M®IBIIDE bl OCksS
of information bits 278 and bl ocks of redundant bits 280. For each encoded
bl ock of information bits there is.H-usually a correspondi ng bl ock of
redundant bits. The bl ock of encoded bits is usually tranmtted while one
or nor qplRREd i il @RMPEROE o b ARsBkt ' event of a
NAK. Bl ockédtogg&gg%o eglri[ nformattilgiri\)d ébn?t(?e%%ﬂ can |§1(:2P§'d§[b§%prr§f r edundant

i nf or metfoomnatioa bits 274@clude blocks ofénformatisn, ag., placks dfus¢tdatabisowitegnprdedess.

Bl ocks ,of  co Its 276 a t Qut .fr n codi.n .ation, e.g., an
PG orOSarAaT apeyfbhitehaft IR of o @ olR2rE S8l flog Rl Elopps if

i nf or mey78 @fd biotles of fédunBhm ©kts 287, Fopbahneatodea blick of fSmidyn bAdthereqs mal |y do,

I ncl ude the information, voi ce or other data, included in input

.g., t {,
bl ocks %Fa‘iyr?f@ﬁﬁmqnélﬁg@i%%‘éged!mda%'égﬁ- g block 6f enreferblitsgs aal y traprerited
. r ‘ ) ; f
i nf or magipn,ng %pglggé@g%ﬁ (ﬁa{aegﬁ&ﬁqdm %ftgf‘;}g%%gﬁttea BORE Svent gpﬁﬁg@;ﬁlﬁcl&

redundant bits I t1ona ntformation, e.g., error
cor r ectafencoded tifoxgpaticul bits 2i6adan bictgle sdne rdduodans inféroracion redgaHECObits 280 i ncl ude

a plurality of gro of 15 redundgnt. bits, rt redyndant bits 284

© hr ougEepHES ¢ PECRITERATEodie BR58E: PhFsoihiet BT QURUARELRaiPEn bi (s
278. Fprcfaﬁ@tﬂ%[E.,?&%'IQ]iP(pbﬁcB@ﬁg%per_ﬁt'ibrﬁlp;ﬁﬂﬁﬁfédle,r @fdodérBain Bibdk@lofat i on  bits
may be grouped with a corresponding first portion 284 and transmtted as a

set Wof iafesnefic bifs 37 br Blackiorf infopatioa bits A7 gapandinermalyrdo; aslvdathet bits
corres H%%Etgmt gl tkgt,%ﬁ%f%&%&tagin%ﬁ#ﬁe@fn infRYFObE i ti&fltﬂtsb%?t ored as a
un torn I In e

set of red an ornmati on whic S accessed and use event of a
NAK butThek incaly aleeindhededione aiediiedantl prfornratior geniengedas padiof ithedincadingiprosesscessf ul

recei pt.,a ecodi.ng. of. . corres di transm.tted bl ock of coded

o o Pt Hocks SEabas vifs 380 FeiiE SRRPE e R BT eck Rt FOSB9 s an
out put doiREalidilokie B¢l eThebldeks BeifedaridaMEhiRf280 tltenddladlhrhtyl o ¥RJup®bf t he decoded
I nformation and thus the | evel of decodi ng success. NAK generation nodul e

21815 orfpdiingantbife, naettlaedyndant bifs 284 thyough pgd wndant bitsrgpiferradgbloglpob 5

i nfor O 4 . ' i Bﬁug?éci t [ her

:jec od %H%}gf&%hﬁé@i@g}i&ﬁ% Jrr\%;éﬂs?hﬂi’ no L%‘%?%dc@ e?r?? r?glsﬂ%l a(8 K shoul d
be gendianey bargdyuped with a chivespoadipg Hist pation P&V aid theAmitedge a setaf encded

functian.of the,level .of decodi ugcess _when th decodi ng. i ot fully
succesSP eSS SpEFerAinE BPar) T eauaunt pip ot BrROTHITILR bk of
nmodul atdoged Bidf278 ¥R4 b®§orR8Es a set of redundant information which is accessed and used in the

20  event of a NAK but which may be discarded upon receiving an ACK indicating successful

receipt and decoding of the corresponding transmitted block of coded information bits 278.
Determined quality of decoded information 282 is an output from the decoder 214 indicative of
the quality level of the decoded information and thus the level of decoding success. NAK
generation module 218 compares the determined quality of decoded information 282 to

25  information included in NAK level information 296 to determine whether decoding was
successful or not. Thus, module 218 determines if a NAK should be generated and, if so, the
appropriate level NAK to generate as a function of the level of decoding success when the

decoding is not fully successful.

30 System information 252 includes tone information 288, modulation information 290,
timing information 292, code information 294, and NAK level information 296, Tone
information 288 includes information identifying tones used in hopping sequences, channels,

and/or segments. Modulation information 290 includes information used by BS 200 to



timng information 292, code information 294, and NAK | evel information 296.
Tone information 288 includes information identifying tones used in hopping
sequences, channels, and/or segnents. Mbdul ation information 290 i ncl udes

i nf or mat iwg 2009@%k0RY BS 200 to WD 2004/ 075023 PCT/ US20@41@8%88d0483112

I mpl enent various nodul ati on schenes used by the nodul ator 216 and

denodul ator 226. Timng informati gre-292 may include timng information used
for hoppi ng sequences, superslots, dwells, duration of channel segnents,
and Ui Mo} AlloB03BERARIGAINGER Wlbd bPHEBlodEARRIEH and afor 969 . @ timng
rel ati onshi p between an assignnment segnent, a tra ]?uilC channel segnent, 5 and
an ack ribiwingigfomsationc2$armay ingladmtiming informatigniusédiforrbopping 2g@enaesy suglesstots,ncl ude
timng ,info tiop.used in e ARQ net hods of e pr nt i.nvention. Code
i nf or me “l’eglrsf °p H@F%‘B‘g SCW%T&’%% girggﬁ?qsﬁwp h%wéglaﬁﬁﬁfﬁnﬁfhé@?eqt he type of
code us@gmertts,.g., adirhiDP¢elatfonthip bbtele@nlan iskipmemist SienitSeeaftio cR@nersefhea, of

coded information, and ECC rel ated inforpation used in _ recovery of coded

i nf or el 3R ackuapladgeraentichangehssement: Piggng wéqroaaen 4P ey elso inglnde timitgr mat i on
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I ncl udelsﬁ?[ﬁ@rﬁr#g%@#ﬁe thﬁa ?rtgg(jsgfgﬁ%tsﬂé%ggéﬁ n&%@&%&?‘éﬁogﬁéﬁ%gg[ﬁ téﬂcgllaggt o]
gener atiefoNaktsn identifidop cattimrrten) thértyph ef cddawest, &.gn a IDRC, S0 etusnt
transm.ssion.to a. W= 300. l.evel 1nformatj 96 .al.so i.ncl udes

1 or BB RRY Y ATIerDR PO S aRH HaRAIPE w355

| nt er pretoveRtbiRbAMGEHrmaRHENAE e WA fEiriIdh 296 [0 MY 8issefd level mfdridaBion evel

I nformation 298 includes information 15 defi ni n% and relating to discrete

| evll s 298 apgrentinpausdeveh infermation B2 A Kileveh nfermatipn ¢ inclyges in et e | evel

evl s _ _ | vel
NAK_S1 Gy ar e AR el i 21 olendf PABL M S SRR Tl

ferent |evel
qual i t yinvemtiphdemsubsdquent trrosmiss@otodci W 300. XK lewh ihfoliniation 286 alphmskdesl ues

corr espopdi to each of the different NAK |evel Conti nuous | evel

ot or neltiegnRg R T hedted B AL RSB PetRAE mySlE A28 o BREL BBt  nuous
| evel s @feiNANAK gipakls YrailWs 309.Dsdréte KYBEnRIMARGEHIEIRt ificlOdestifBratognt | on.
Conti nuous. level .information 299 includes a continuous range of NAK signal

val Hes degigingangeatingdo digcratedeyels of e, pepddp veme embodirenn s ke inveptigise val ue
corre | Bt ' : | CcOl ing to and
mappezl p%ra%lﬁnﬂg??%plc ont |an uo%%ﬁ?%}?\gltéﬁg%@kﬁggshy @g@gﬁk%hgf %atrllgﬁs’s%cg §§ ﬁJ\A%‘n;: [ %k

assi gnniBAK sigasbadies c@fetpomihg e dffseapiesehof enesdmigésnaligedity, @ phazeivhlpea WI

corresponding to ACK, and different phase values corresponding to each of the different NAK

levels. Continuous level information 299 includes information defining and relating to

20  continuous levels of NAK signal values, used in some embodiments of the invention.
Continuous level information 299 includes a continuous range of NAK signal values
corresponding to a continuous interval of NAK phase, a phase value corresponding to an ACK,
an interval of requested bits corresponding to and mapped from the continuous range of phase of
NAK signals.

25

Downlink assignment messages 254 include assignment messages used to notify a WT

300 that it has been assigned a downlink traffic channel segment. Downlink assignment
messages 254 may include a new/old bit indicator used to convey whether the corresponding
downlink traffic segment is or is not a first time traffic segment. The downlink assignment

30  messages 254 may also include information indicating the ID of the intended WT, for a first
time traffic segment, or information used to obtain the index of the first time segment, for a non-
first time segment. Downlink assignment messages 254 are transmitted by BS 200 to WTs 300

on downlink assignment segments.



300 that it has been assigned a downlink traffic channel segnent. Downlink
assi gnnment nessages 254 may include a newold bit indicator used to convey
whet her the corresponding downlink traffic segnment is or is not a first
time traf higcoeg@s@Bt . The downl i nk assignment 30 nessagasudbdoimy al so

i nclude information indicating the ID of the intended WI, for a first tine
traffic segnent, or information usegszto obtain the index of the first tine
segnent, for a non- first time segnent. Downlink assignnent nessages 254 are
transmitted by BS 200 to WIs 300 on downlink assignnent segnents. WD
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i ncl ude dat aDawdlinkttaffitretianael madsapes 236 inclkde difta aridihfoifatidnB.ghblcekPd®, coded
and then transnmtted fromBS 200 to W, 300 _on downlink traffic channel

segnent Sforpatien Y2 4c s andienaatsmieizom 85208 to FN:T BeRomdoerdink
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e | o BRRBRERLplFRgions b enan i aouRent ity abs GEUMETRIT R natHge " C

r et r ans fessfyRig th (ﬁltwefaslﬁiwﬂedgéméﬁ(mmf&aEv&ﬁoﬂn@gﬁﬂe%ﬂlﬁﬁﬁﬂé@@h&ﬁ‘t sent, in
accordance with t 10 invention. Uplink assignment nessages 260 incl ude

assi gnmENaEpede &‘g@g leyyelead npsﬁme@FWWépdwm%@mytmal@ed to dstegmipedhe assi gned an
upl i nk D %@% % | ncl ude
a new okﬁ%ﬂﬁgﬁlﬁgi@%&%ﬁ) ﬁuse tod%@hi\}gg’ b\%{%}gﬁ r '? ké&???‘%g‘g‘%%%g‘?% upﬁ I nk
traflbi ciftdntsegnment is or is not a first time traffic segnent. The uplink
assi gnment nessages 260 may also include information indicating the ID of
the intended WI, for a first tinme traffic segnent, or information used to

obtain the lUﬂEﬁk Abighmentimds §ﬂmnaam%méﬁrm@s%eauieu&@ho%wmgoent-
Upl i nk assi gnnent nessages 262 are transmtted S 200 to s 300 on

upl i nk H=bitgankesn assigngdramuplinkAtpffig,¢hannel segament. &Jnllﬁlwﬁegnm@s Bggpeges269 i ncl ude
receive rom coded
si gnal sgr[ 93%102%@\%9315 rHl(%iE&fCﬁ&Eb rga#tf’lra@%gganntqe?gﬁg%ﬁ%&wﬁ%}ég%ﬁ& %gﬁ{ o BS 200.
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information used to obtain the index of the first time segment, for a non-first time segment.

Uplink assignment messages 262 are transmitted by BS 200 to WTs 300 on uplink assignment
segments.

20

Uplink traffic channel messages 262 include received data and information that has been

successfully decoded from coded signals transmitted on uplink traffic channel segments by WT
300 to BS 200. Acknowledgement messages for uplink traffic 264 include acknowledgement
messages generated by NAK generation module 218 based upon the quality of the decoded

25  information, e.g., an ACK message for a successful recovery of information and messages
corresponding to various levels of NAKs for an unsuccessful decoding attempt in accordance

with the present invention,

Figure 3 is an illustration of an exemplary wireless terminal 300 implemented in
30  accordance with the invention. Exemplary wireless terminal 300 may be a more detailed
representation of any of the end nodes 110, 112, 118, 120 of Figure 1. Wireless terminal 300
includes a receiver 302, a transmitter 304, a processor 306, and a memory 310 coupled together

via bus 312 over which the various elements may interchange data and information.



25 information, e.g., an ACK nessage for a successful recovery of

I nformati on and nessages corresponding to various |evels of NAKs for an
unsuccessful decoding attenpt in accordance wth the present invention.
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I npl emented in 30 accordance with the invention. Exenplary wrel ess
termnal 300 may be a nore detail edig-representati on of any of the end nodes
110, 112, 118, 120 of Figure 1. Wreless termnal 300 includes a receiver
302, atransmtter 304, a processor 306, and a nenory 310 coupl ed toget her
via bus 312 over which the various elenents may interchange data and
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of Bncdeesubssnentitanggissiehepamsgutard@kio BS 209 i nformation bits into bl ocks of
coded bits. Mdul ator 326 nodul ates information into signals, e.g., uplink
traffic signals, and acknow edgenent signals. Transmitter 304 is coupled to
antenna 33ZTradsnoug30hinchidesipd ¢nckdexi3@halbe ereyddré24 reop sai DPE@nt@leBS 200.
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retransmission control module 330. Operations of encoder 324 include encoding blocks of

20  information bits into blocks of coded bits. Modulator 326 modulates information into signals,
e.g., uplink traffic signals, and acknowledgement signals. Transmitter 304 is coupled to antenna
332 through which uplink signals may be transmitted to BS 200. Acknowledgement signal
processing module 328 processes acknowledgement signal information, e.g., a received NAK
signal from BS 200 corresponding to a previous uplink traffic channel transmission which was

25 not successfully decoded by the BS 200. Such processing may include obtaining a level of the
received NAK, in accordance with the invention, Retransmission control module 330 controls
the transmission of redundant information, e.g., blocks of redundant bits, to BS 200, in
accordance with the invention. Retransmission control module 330 may perform control in
response to information from the acknowledgement signal processing module 328.

30 Retransmission control may include controlling the number and/or size of redundant block to be
transmitted, controlling whether to retransmit the block of information bits, and/or controlling

whether to abort further transmissions related to a coded block.



signal from BS 200 corresponding to a previous uplink traffic channel

transm ssion which was 25 not successfully decoded by the BS 200. Such
processi ng may i nclude obtaining a |l evel of the received NAK, in accordance
with the invention. Retransm ssion control nodule 330 controls the

t ransm sswonom@forsoeriundant i nformation, e.g., bl ocks offCragetid/aissstbits, to BS
200, in accordance with the invention. Retransm ssion control nodul e 330
may performcontrol in response telS5nformation fromthe acknow edgenent
signal processing nodul e 328. 30 Retransm ssion control may include
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i nventi on. ﬁtﬂ&ﬁh}cr}tg?erapféﬁ]ﬁ&?éonﬂgﬁmggﬁlg %ﬂiﬁegﬁﬁrﬁfa{iﬂ&r&lgﬁm%tiﬁ enttirpnal

i
generation, "sigha ansm ssion, and signal reception over the wreless
I nt er f &16,and &vogks,in tdmjmetibn avith ¢heracei 32 02 raid §3Rsmitbert 3Mita tartroh theapea86n
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quality of decoded information 362, NAK'level information 364, received

downl i rfie-aibeugh ArteanapB2Q age?32368, received downlink traffic messages 370,
acknow edgenent nessages for downlink traffic 372,. received uplink

Data/information 336 includes data 346, terminal ID information 348, tone information
20 350, modulation information 352, code information 354, timing information 356, blocks of
information bits 358, blocks of coded bits 360, determined quality of decoded information 362,
NAK level information 364, received downlink assignment messages 368, received downlink
traffic messages 370, acknowledgement messages for downlink traffic 372, received uplink
assignment messages 374, uplink traffic channel messages 376, and received acknowledgement

25  messages for uplink traffic 378.

Data 346 includes user data received by WT 300 from BS 200, e.g., data from a
communications peer node of WT 300, and user data intended to be transmitted to BS 200 from
WT 300. Terminal identification (ID) information 348 includes a base station assigned ID used
30  toidentify WT 300 in communications and operations with BS 200. Blocks of information bits
358 include blocks of information, e.g., blocks of user data bits, to be encoded by encoder 324
of transmitter 304. Blocks of coded bits 360 include blocks of information bits 380 and blocks
of redundant bits 382. Blocks of coded bits 360 may be the output from the encoding operation,



assi gnment messages 374, uplink traffic channel nessages 376, and received
acknowl edgenent 25 nessages for uplink traffic 378. Data 346 incl udes user
data received by W 300 from BS 200, e.g., data froma conmunications peer

node of Who30sko76asl user data intended to be transm t tpegdstoonbodH0 from W
300. Termnal identification (ID) information 348 includes a base station

assigned ID used 30 to identify WI_g)0 in communications and operations wth
BS 200. Bl ocks of information bits 358 i ncl ude bl ocks of information, e.qg.
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coded information, and ECC related i nformati on used .in
information used in the ARQ methods of the present invention. Code information 354 includes

information identifying coding rates, the type of code used, e.g., a LDPC, ECC related

20  information used in generation of coded information, and ECC related information used in
recovery of coded information. NAK level information 364 includes discrete level information
388 and continuous level information 390. NAK level information 364 includes information
that may be used by NAK generation module 318 to generate NAKs, in accordance with the
invention, for subsequent transmission to BS 200. NAK level information 364 also includes

25  information that may be used by ACK signal processing module 328 to interpret and process
received NAK signals from BS 200. Discrete level information 388 includes information
defining and relating to discrete levels of NAKSs, used in some embodiments of the invention.
Discrete level information 388 may include a plurality of NAK signal values, each possible
NAK signal values corresponding to a different level of encoded signal quality, a phase value

30 corresponding to an ACK, and different phase values corresponding to each of the different
NAK levels. Continuous level information 390 includes information defining and relating to
continuous levels of NAK signal values, used in some embodiments of the invention.

Continuous level information 390 includes a continuous range of NAK signal values



recovery of coded information. NAK | evel information 364 includes discrete
| evel information 388 and continuous |evel information 390. NAK | evel
information 364 includes information that may be used by NAK generation
modul e 33Bobepsgeoey ate NAKs, in accordance with the POVERIDGIVISINOr
subsequent transm ssion to BS 200. NAK |l evel information 364 al so includes
25 information that may be used by-1#CK signal processing nodule 328 to
interpret and process received NAK signals fromBS 200. Discrete |evel
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or information used to obtain the index of the first time segnent, for a
non-first tinme segnent. Downlink assignnment nessages are transmtted by BS
200 to WI's K&B@v@lrdoﬁhﬂmkhﬁfﬁcaﬁmi@rmmhgesewmhﬁle dia aad ifornthtion, d. gk traffi c
channel ss s 370 | ncI de data and inf tion 15 bl ocks
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i ncl udeAdkaswlgdensant amssagastienidavrnlink \&Wa@y@ﬁ@rmessaggﬁmnﬂﬁt@mvw 300 to BS
2 ndicﬁ?owl%eﬁy@ﬁts%&s%on{'% W 3% i&)@%mdxcatmg whether or not WT 300 has

successfully decoded the received information, e.g., an acknowledgement signal conveying

20  information in its phase identifying a positive acknowledgement (ACK) or information in the
phase identifying a level of negative acknowledgement (NAK), where the level of negative
acknowledgement may be used to determine the retransmission, e.g., amount of redundant bits

being requested to be subsequently sent, in accordance with the invention.

25 Received uplink assignment messages 374 include assignment messages used to notify a
WT 300 that it has been assigned an uplink traffic channel segment. Received uplink assignment
messages 374 may include a new/old bit indicator used to convey whether the corresponding
uplink traffic segment is or is not a first time traffic segment. The uplink assignment messages
374 may also include information indicating the ID of the intended W'T, for a first time traffic

30  segment, or information used to obtain the index of the first time segment, for a non-first time
segment. Uplink assignment messages are transmitted by BS 200 to WTs 300 on uplink
assignment segments.



successful ly decoded the received information, e.g., an acknow edgenent
signal conveying 20 information in its phase identifying a positive

acknow edgenment (ACK) or information in the phase identifying a |evel of
negati ve wekiowradgenent (NAK), where the |evel of negetriosgoosaeignon edgenment
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Corresponding to each traffic segment is a unique assignment segment that includes the

identifier of the wireless terminal 300 to which the traffic segment is assigned. Data transmitted

20 by the base station 200 on a downlink traffic segment is decoded by the intended terminal
receiver. Data transmitted by the assigned wireless terminal 300 on the uplink segment is
decoded by the base station 200, Typically the transmitted segment includes redundant bits,
e.g., an error correction code, that helps the receiving device, e.g., base station 200 or wireless,
e.g., mobile, terminal 300, determine if the data is decoded correctly. This is done because a

25  wireless channel used to transmit the data between the base station 200 and wireless, e.g.,
mobile, terminal 300 may be unreliable and data traffic typically has high integrity requirement
to be useful. The receiving device then provides feedback to the transmitter. The feedback
indicates successful or unsuccessful decoding of the received traffic segment. Successful
decoding of a received segment is indicated a by sending a positive acknowledgment, e.g., an

30  ACK. Unsuccessful decoding of a segment is indicated by sending a negative
acknowledgement, e.g., a NAK. The acknowledgement is sent using a control resource, e.g., a
control channel comprising a plurality of acknowledgement segments. Each ACK or NAK may

be transmitted in a different acknowledgment segment corresponding in a predetermined manner



identifier of the wireless termnal 300 to which the traffic segnent is
assigned. Data transmtted 20 by the base station 200 on a downlink traffic
segnent is decoded by the intended termnal receiver. Data transmtted by
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base station . Typically the transmtted segnent includes redundant bits,
e.g., an error correction code, thglg helps the receiving device, e.g., base
station 200 or wireless, e.g., nobile, termnal 300, determne if the data
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Figure 4 is used to illustrate one exenplary nethod which may be used for
allocating data to be transmtted to traffic channel segnents and the use
of @cknow ey ishgeendisgra® 400 @0 deynlakichandetds Midh the hezvatal @ds 4¢5CKs or
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and the vertical axis 454 represents frequency, e.g., frequency tones. In Figure 4, a traffic

segment is logically represented as a rectangular block. Diagram 400 includes the following

20  downlink channel segments: an assignment segment for a corresponding downlink traffic
segment 406, an assignment segment for a corresponding uplink traffic segment 408, a downlink
traffic segment 410, and an acknowledgement segment corresponding to an uplink traffic
segment 412. Diagram 4350 includes the following uplink channe! segments: an uplink traffic
channel segment 456 and an uplink acknowledgement segment 458. In a real system, the

25  physical frequencies, e.g., tones, occupied by the traffic segment may not be contignous, e.g.,
due to hopping or other reasons, and may vary over time. Each traffic channel segment may
correspond to one or more tones. In addition, each traffic channel segment may last one or more
time periods, e.g., symbol periods. Figure 4 shows that there is an assignment channel in the
downlink. The assignment channel includes a sequence of assignment segments 406. Each

30  assignment segment 406, represented as a rectangular block, is used to transmit the assignment
information of a particular downlink traffic segment 410. The assignment information includes
the identifier of the wireless terminal(s) 300 which are to receive the data in the associated

downlink traffic segment 410. In order to facilitate the receiver operation, the assignment



al so includes a diagram 450 of uplink channels in which the horizontal axis
452 represents tine and the vertical axis 454 represents frequency, e.g.,
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pThe wireless terminal 300 that has been assigned the associated downlink traffic segment 410

20  transmits the acknowledgment in the corresponding uplink acknowledgement segment 458,
while all the other wireless terminals do not typically transmit using that particular
acknowledgment segment 458. The acknowledgment information can include as little as one
bit, either an ACK, e.g., a "1", to indicate reception success, or NAK, e.g., a "0", to indicate
reception failure. A downlink traffic segment 410 is associated with a corresponding uplink

25  acknowledgment segment 458 in a prescribed, e.g., predetermined, manner. Similarly, thereisa
downlink acknowledgment channel in which the acknowledgement segments 412 include the
acknowledgment information for the corresponding uplink traffic segments 456.

Cascaded codes, e.g., cascaded LDPC Codes, may be used, in accordance with the
30  present invention, to provide the redundant information transmitted in response to receiving a
NAK.



Figure 4 shows that there is an acknow edgnent channel in the uplink as in
the 15 downlink. The uplink acknow edgenent channel includes a sequence of
acknow edgerment segnments 458. An uplink acknow edgnent segnent 458
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Simlarly, there is a downlink acknow edgnent channel in which the

acknow &dyeabesrpresshnpeergonted bymefbigaee- t he acknow edgnent information for the
corresponding uplink traffic segnents 456. Cascaded codes, e.g., cascaded
LDPC Codes, may be used, in accordance with the 30 present invention, to
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mapped into a set of constellation synbols, e.g., as part of a synbol

nmappi ng LFErcacoding enesmtionayiontoftmnpaistiecr i bed as a nodul ati on operation. The
lo ggnerat ed synbols are transmtted over a wirel ess channel. The receiving
deviCe perforns a synbol recovery operation and then processes the

recover ed sy@hainsl dodinglidds redbddanty tamientrdnkmilted 3igngl in Dider tcecomvbert thed bl ock of

Gecodi ngoamspuEkeh & porouSibnprston peerarane ordek Gv% hiSFhation bi ts
subj ect pfqaufaliéh scheme, the larger the number of redundant bits added, the larger the amount of
corruption the transmission can withstand while still decoding (recovering the information bits)
20 correctly. When a block of information bits is to be transmitted for the first time in a traffic
segment, the block of information bits are encoded into a codeword having some specific

redundancy.

In one particular embodiment of the invention, the encoded bits transmitted in a first
25 traffic segment represent a codeword of an LDPC code. LDPC codes are well suited to hybrid
ARQ wherein additional redundant information in the form of correction code information is
transmitted instead of retransmitting the originally transmitted information when a NAK is

received.

30 Given an LDPC code, as represented using a Tanner graph, an extension of the code can
be defined by introducing additional variable nodes and constraint nodes into the graph. In
effect, the extension of the code includes parity checks of bits in the original codeword. In the
particular embodiment in the Tanner graph, the additional parity check bits are represented as



LDPC encodi ng operation prior to transm ssion. 15 Channel coding adds
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i ncremental, redundant bjts, transmitted in response to.a NAK extend the
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c odsworivforthationrbits énwbidh tenncrementalttitsoadrespamd.t y  check bits, formed by
perform ng parity checks of the original information bits or the original
LDPC codeword, conprise the increnental redundant bits. In another

enbodi nent  Gh adcddRlance with one feature of the invention, when two traffic segments, e.g., first and

second traffic segments, associated with the same information bits are NAKed, the transmitter
may transmit incremental redundant bits in a third traffic segment, so that the receiver can

20  combine the three received traffic segments to achieve better decoding performance. The
incremental redundant bits are constructed similarly to those in the second traffic segment. The
above procedure may repeat a number of times, e.g., N times, where N is a positive integer, until
some termination criterion is met, e.g., decoding success is achieved. In some embodiments N
is greater than 3, e.g., 4 or 5.

25

Figure 5 illustrates an example of using incremental redundant codes, e.g., incremental

redundant LDPC codes, in accordance with the invention. Figure 5 includes a transmitter 502
including an encoder 504, implemented in accordance with the present invention. Figure 5 also
includes a receiver 522 including a decoder 524, implemented in accordance with the present

30  invention. Transmitter 502 may be used as transmitter 204 of BS 200 of Figure 2 or the
transmitter 304 of WT 300 shown in Fig. 3. Receiver 522 may be used as the receiver 202 of
BS 200 or receiver 302 of WT 300. When a block of information bits 506 is to be transmitted,
the transmitter 502 with its encoder 504 uses a big parity check matrix to generate code bits 508



I nvention, the increnental bits include sone/all of the information bits
and/or sone or all of the parity check bits transmtted in the first
traffic segment, e.g., the first transm ssion of 15 information bits to

whi ch t hewgsagomaizal bits correspond. In accordance wdhu@baohgadt ure of the
I nvention, when two traffic segnents, e.g., first and second traffic

segnents, associated with the same haformation bits are NAKed, the
transmtter nay transmt incremental redundant bits in a third traffic
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510 and sen e transmtter 50 sen second part of the
the transmitter may discard the unused parity check bits.

20 In the Fig. 5 example, the receiving device 522 is unable to decode the first and second
traffic segments 520, 528 and responds to each of these segments with a NAK 526, 530,
respectively. By combining the information ((510 and 514), (516)) received in the first and
second traffic segments (520, 528) with the incremental information, e.g., incremental LDPC
information, 518 received in the third traffic segment 532 the receiving device 522 is finally able

25 to successfully decode the received information 510. This results in the receiving device 522
transmitting an ACK 534 in the acknowledgement segment corresponding to the third traffic
segment 532. In response to the ACK 534, the transmitting device 502 is informed that it is not
necessary to transmit additional redundant information, e.g., additional redundant bits, e.g.,
additional LDPC bits, 519.

30

In the above example, when multiple traffic segments 520, 528, 532 associated with the

same information bits 510 are transmitted, the retransmission traffic segments 528, 532 include



10 parity check bits 516 in a second traffic segnent 528. The receiver 522
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included in the first-time
explain the invention, for each downlink traffic segment, there is a corresponding assignment

segment, which indicates the assignment information of the downlink traffic segment. The
20  association between a downlink traffic segment and the corresponding assignment segment is

pre-determined and fixed.

In accordance with the invention, in some embodiments the assignment segment
explicitly indicates whether the corresponding traffic segment is the first-time transmission or

25 not.

If it is the first-time transmission, the assignment segment should include such

information as the identifier of the wireless terminal(s).

30 If it is not the first-time transmission, in accordance with the invention, the assignment
segment should include, e.g., in place of the identifier of wireless terminal, information that can
link the previously transmitted traffic segments that are associated with the same block of

information bits. Such information is called “incremental assignment” in this description.



transm ssion segnent, e.g., first traffic segnent, but also the new
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have not been able to be decoded The wireless terminal 300 also stores the past assignment

-1_)

information within the valid time window. This information is stored in the memory included in
the wireless terminal 300.
20
Consider a traffic segment that represents the n™ transmission associated with a block of
information bits, where n>1. Some embodiments of incremental assignment are described
below. '

25 In one embodiment, the incremental assignment includes the index of the first-time
traffic segment of the same block of information bits. In another embodiment, the incremental
assignment includes the index of the (n-1)® segment transmission of the same block of

information bits.

30 In yet another embodiment, the incremental assignment includes an index difference A
(A>0). Denote the index of the current traffic segment as I. For example, the incremental

assignment can indicate that the first-time traffic segment of the same block of information bits



608, followed by a traffic segnent 2 610, followed by a traffic segnent N
612, followed by a traffic segnent 1614. Additional segnents, in a tine
interval T 616, would be included in cases where N equals sonme nunber
greater thamodyorAny past traffic segnent within the tiperawodewssef T 616
can be uniquely identified by the segnent index. The time interval T 616 is
thus 15 referred to as the valid tipe window |In accordance with one feature
of the invention, the wreless termnal 300 stores the assigned traffic
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menory incl uded in the wireless term nal 300. 20 Consi a traffic segment
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the sanme block of information bits is given as (1-A) N. Figure 7 expands
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assign ock of
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ncl udi a new ol d indi.cat or nd bi 704.
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t o gomMunyseghént Waek by 704NRdicaEd ASR@RAINE fikalhd fegaRanent is a fi rst time
traffic segment or 10 not a first tine traffic segment. If new old bit

indicator is, e.g., 0, the assignnent nessage may
Figure 7 further includes a diagram 720 of downlink channels plotting frequency, e.g.,

frequency tone on vertical axis 722 vs time on horizontal axis 724. Diagram 720 includes three
downlink assignment segments 724, 726, 728, and three traffic channel segments 730, 732, 734,

20  respectively. Figure 7 also includes a diagram 750 of uplink channels plotting frequency, e.g.,
frequency tones, on the vertical axis 752 vs time on horizontal axis 754. Diagram 750 includes
three uplink acknowledgement segments 756, 758, 760, corresponding to downlink traffic
segments 730, 732, 734, respectively.

25 Three exemplary transmission intervals are shown, first transmission interval 762,
second transmission interval 764, and third transmission interval 766. In the first transmission
interval 762, assignment segment 724 conveys new/old indicator bit = 0 736 indicating that
corresponding traffic segment 730 is a first time traffic segment. Assignment segment 724 also
conveys WT ID/segment index bits 738 indicating an identifier of the wireless terminal assigned

30 to traffic segment 730. The base station transmits the traffic segment 730 information including
information bits and a first part of the redundant bits. The intended WT is unable to decode the
information bits successfully and transmits an uplink NAK signal on corresponding uplink

acknowledgement channel segment 756.



comuni cate that this assignment is for a first tinme traffic segnent and
that the information in W |ID Segnent index bits 704 indicates an
identifier of the WI being assigned the corresponding traffic segnent. If
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that thi syassisgmoent is not a first time traffic segnmear/usiohaensshe

I nformation in W 15 | D/ Segnent index bits 704 indicates an index of the
first tinme segnent. Figure 7 furthe&7-includes a diagram 720 of downlink
channel s plotting frequency, e.g., frequency tone on vertical axis 722 vs
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The basﬁamtcaidgﬂmmtmnsm ts the traffic segnent 730 information i ncI udi ng
information bits and a first part of the redundant bits. The intended WI is
unal¥l e to decode the information bits successfully and transnits an uplink
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successfully and transmts an uplink NAK signal on correspondi ng up
acknow and drenssmits angipkink ACKsvignabon caqrggponding uplink acknowledgement channel

segment 760.

20 The same incremental assignment method can be used to enable the use of incremental
redundant codes in the uplink traffic segments. In the uplink case, the base station should, and
in various embodiments does, indicate that an assignment is for a first-time traffic segment when
the base station is ready to receive a new block of information bits. Upon receipt of the
assignment segment for a first-time segment, the wireless terminal transmitter should start a new

25  block of information bits and generate a large block of parity check bits for the new block of
information bits, The wireless terminal should, and does, transmit the block of information bits
and the first part of the parity check bits. If the base station receiver cannot decode the block of
information bits, the base station should and does assign another uplink traffic segment. The
assignment includes information indicating that the traffic segment is not meant for a first-time

30  segment to be transmitted. Furthermore, the assignment includes the incremental assignment.
Upon receipt of the assignment segment not for a first-time segment, the wireless terminal

transmitter traces back, through the information stored in its memory, to retrieve the



10 In the third transm ssion tine interval 766, assignnent segnent 728
conveys new old indicator bit =1746 indicating that the correspondi ng
traffic segment 734 is not a first time traffic segnent. Assignment segnent
728 al so wenyR¥ssoYYW | D/ segnment i ndex information 748 preondsti/ioagsit he 1 ndex
of the first tine segnent, e.g., information indicating the index of traffic
15 segnent 734. The base station trgnsmts the traffic segnent 734
information including a third part of the redundant bits. The intended Wr
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i ncremental redundant codes in the uplink traffic segments. In the uplink
case, the base station should, and in various enbodi nents does, indicate
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subsequent part of the parity check bits in accordance with the invention.
Mul ti-1level negative acknow edgenent and adaptive resource allocation shall
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segnent corresponding to a traffic segnent 1n order to 1nprove t
per f or rmd impeenodntal ivfoimyddion delive@dsiehemds on dbwgmanycedumdatt dits predranstaited endli ng,

€9 o %(;verggcq{[ (%ergryeig g}?p%gggd pIEr i%.: ﬁn%gllng%hses, the receiver may need a large number

of incremental information, while the transmitter only sends a small amount, resulting in an

20  excessive latency due to a large number of ARQ loops required to achieve successful
transmission. In other cases, the receiver may need a small amount of incremental information,
e.g., a few bits, while the transmitter sends a large amount of redundant information, wasting

system resources.

25 In accordance one feature of the invention, when the receiver needs incremental
information, it first estimates the amount effective incremental information, e.g. in bits, it
requires in order to correctly decode the block of information bits, and then sends a multi-level
NAK, where each level of NAK represents a distinct quantity of required effective incremental
information. Thus, in such an embodiment, the receiver transmits, in addition to a NAK, an

30  indicator of the amount of redundant information to be supplied, €.g., as determined by its
estimate of required bits. In such an embodiment, when the receiver does not need any
incremental redundant bits, it sends an ACK. The above method of indicating the amount of
redundant information needed or desired is applicable to both the downlink and the uplink traffic



10 In the above nethod, the receiver sends an ACK if the bl ock of

I nformation bits has been decoded correctly and a NAK i f nore redundant
bits are needed to decode the block of information bits. Upon receipt of a
NAK, the woeme4ntsier sends increnmental redundant bits gEypd200/0968 t he
probability that the receiver can decode the block of information bits
correctly. 15 However, when the trapgm tter has only a NAK feedback fromthe
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1gure 8 continues the example in Figure 5 and shows how a 3-level NAK
acknowledgment, in accordance with the invention, can improve the ARQ performance.
20  Figure 8 includes a diagram 800 of downlink channels plotting frequency, e.g., frequency tones,
on vertical axis 802 vs time on horizontal axis 804. Diagram 800 includes two assignment
segments 806, 808 and two corresponding downlink traffic channel segments 8§10, 812,
respectively. Figure 8 also includes a diagram 850 of uplink channels plotting frequency, e.g.,
frequency tones, on vertical axis 852 vs time on horizontal axis 854. Diagram 850 includes two

25  uplink acknowledgement segments 856, 858 corresponding to downlink traffic segments 810,
812, respectively.

Specifically, when a block of information bits is to be transmitted, the transmitter
generates a large low-density parity check codeword. In the first transmission time 860, the base
30  station transmits an assignment message in assignment segment 806 including a new/old bit
indicator 816 =0 indicating that traffic segment 810 is a first time traffic segment, The
assignment message in assignment segment 806 also includes WT ID/segment index bits 818
including an identifier of the assigned WT for downlink traffic segment 810. In the first traffic
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downl i nPHI#UE{i ¢ segment 810. In the first traffic WO 2004/ 075023

PCT/ US2004/ 004831 -30 segnent 810, the information bits and the first part
of the codeword is transmtted. Now suppose that the receiver does not
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segment is such that the Euclidean distance between ACK 902 and any of the multl-lcvel NAKSs
20 904, 906, 908 is much larger than that between any two of the multi-level NAKs 904, 906, 908.

In another embodiment of the invention, the number of NAK levels is infinite. Figure 10

is a drawing 1000 used to illustrate the phase of the ack/infinite level NAK. Figure 10 includes a
phase representation of an ACK 1002, a phase representation of an exemplary NAK 1004, and a

25  continuous interval of NAK phase 1006. Figure 10 also includes a continuous integer interval of
requested bits 1050 corresponding to the continuous interval of NAK phase 1006, a minimum
value for requested bits 1052, and a maximum value for requested bits 1054. Figure 10 shows
that the phase of the received symbol or codeword, which is a continuous variable from x 1008
to y 1010, can be mapped to a continuous integer interval of the number of additional

30  information bits needed, Figure 10 shows exemplary NAK 1004 mapped to, as illustrated by

arrow 1060, a specific number of requested bits 1056.
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1002, a hase re sent at.i o exe, Iy, 004, a 25 continuous

" nt or vAplGRsTRRERg TR fozféecpupﬁﬂmﬁo tgh et g e torursive eger

i nt er vahcigfe, ef éequ%@l emtiolisd thethaGoH aassq@raﬂa BYirdt QofidR 539 0F bitdiQBRedtiher val  of
NAK phase 1006, a m ni mum val ue for uested bits 1052, and a maxi num

val Uk fhits gererated axpprtyfike engeding ptog@ﬁSetl@ irsstyevef redupdant infermytigsaayf t he
| h
r ecei Veqclﬁ é@g ren?a{ljlggggﬁ?lﬁﬁcgagt bﬂﬁ 16 SfSS 5 f9 e%@xtatewﬁg in\éﬁp{e%m({%hr{eé %@ n%métp 08 to

1010, can nuous e er in erva
add| t i ooathe Bformation hEA6. dn step 1 $10) dechask stﬁogutceeslrﬁe fisove oémﬂmniaat y NAK 1004

dito, | | ust.rat ed 60, t ed
b1 5 1 gt Qe DR PO O e 11850 Hepgh il B BSAHRER Lconpr | ses
t he CO”@Afﬂ@EHzﬁHel%fot Fan@%hus A AAFAOEHAHEHD sdebient & cfn'dﬁig%ti A seledtb@Q1oPfFor@N

exenpl ary net hod automati c repeat request i in accordance with the
preﬁent&mwewnpﬁﬂnefmt@m@pmemd@n@mm Tppiep 4l 1o ihedhopaetitestagraifiep 1104. In

0, 1Bl 5 o o SR, 5
step 1lEgnhadtoicsmige imlddingbﬁ NINd damified aﬂ anéndjcatortinditatingahat ¢hedsncodeder
dlgltal ata, 110 rocesse e e station_.in step 1108. In step
1108, TBReR e be trﬁns{) to sa% 1\% int IL c channel slot does not correspondto a
prevmusly transmitted signal. Next, in step 1116, the BS transmits the generated assignment
20  message in an assignment channel slot, e.g., the traffic channel slot corresponding to the
assignrment slot used to transmit the assignment message. Next, in step 1118, the MN receives
the assignment message. Then in step 1120, the BS transmits the encoded first set of
information in a signal transmitted in the assigned traffic channel slot. Operation proceeds from
step 1120 to step 1122. In step 1122, the MN receives the signal including the encoded first set
25 of information. Operation proceeds from step 1122 via connecting node A 1124 to step 1126. In
step 1126, the MIN performs a decoding operation on the received signal which includes the first
set of encoded information. As part of the decoding operation of step 1126, sub-step 1128 is
performed. In sub-step 1128, the MN maintains decoding statistics, e.g., count of detected
uncorrectable errors, decoding result reliability information, and/or soft values. Operation
30  proceeds from step 1126 to step 1130. In step 1130, the M determines if the decoded
information was successfully decoded. This may be done by comparing one or more decoding
statistics to a threshold level indicating successful decoding. The threshold level may be, e.g., a

count of zero uncorrectable errors in the results of the decoding process.



base station encodes the information 1106, said encoding generating a first
set of encoded information and a first set of redundant information. The
first set of encoded information may include, e.g., a block of encoded

i nf or mat i wo 20a4#0950230 and a first portion 514 of error pearuseswionss110 bits
generated as part of the encoding process. the first set of redundant
information may include the remai Mg redundant bits 516, 518, 519
generated as part of the encoding performed on the information 1106. I|nstep
1110, the base station stores the first set of redundant information.
Operation proceeds fromstep 1110 to step 1112. Instep 1112, the BS selects
a traffic dhamrdstermingd in stefil130ubatsha engbdeddnfohmativel waseyeaessfulbyodacedgdondi ng t o

the selected slot. for 15 t i SSI o) first set.of. encode

o meibbPereR prac 19 feb § F2° Bt Ao e DS il 8 AR 5hBS 2eBS e

mes s ageOperstionairddegdseiicth QIFEIR2 ih cérlectigmoas BA 184 & b1 10RaHed thelBSt , sai d

assi gnnent messa_ge i ncluding an MN identifier and an indicator indicating

t hat’ t HEOgAs dediiionahindormatiopte hedrapamitiednsi tted to said MV in the traffic
channel sl ot does not correspond to a previously transmtted signal. Next,
in step 1116, the BS transmts the generated assignnent 20 nmessage in an
assi gnnment dh#amndetersiinetl in sem1130ttha the eicbded infoamatizn vedsolot suecessfitigndi ng to t he

i t,sl ot d t i i t . t, I t 1118,
he. W GeBdeR St arisBedsif R 136 48 8 11400 B Y R R o5 iehel Bt rans i ¢ 5
t he encRdeding kucsdss i, Pdm deddipPRitisedd ihdicaAing HENRality AN Ab®M ihfdrhiifon

assigned traffic channel slot. Operation proceeds from step 1120 to step
11280 | yck psegsror stagistios g Muptefdelested upeorescighlg|eriorsg | agdion ipliabiditieietistied fi r st

set 25 i ! hedd r I i ng node
A 1124 QhorhRnriiEbh it (RE1 Hd QB98I ep 1R BN Pl AN REEAL Mo on
t he r ecmid/gedemntigmimcluding ctlestinglaNieK sighel faluedtom g plurality ehpassibbk NAKGigmak i on. As
part of the degoding, operation of, st 1126 ub-ste i erfornmed. In
Db st eyptuEs based O Pesjetapgini Aol ot gpccest, AR b 147 eyt ect ed
uncor r egé aétlePat® NAKSsigrid B 006Kt N stef 3142, tHeeBS RBéiVés the NAKOLi BRI Gpbratid/ or sof t
val ues. Qperation 30 proceeds fromstep 1126 to step 1130. I'n step 1130, the

WN Het eprasesdsirom stepd 14 wotrpd 14440 stepd 14 theBS deferarieesStam the vabeslithe. This may
be done ri ! . .St ] - | evel
Pna cariebvERR M A Sine TPy ARLHH i BobShb 6Ty sblbeiedthe CVT

of zer dnfumatiome ed @drsmitas theMNi Motehafarastidn is seiéctédo bd aanghingd phactess. WO

2004/ 07 3 PCT/ 1JS2004/0Q4831_ -32 If it is defermned in ste 130 that the
encodeo‘é V&r%’f‘ﬁ‘? egﬁééwgﬁ@igggepgép%s%g%&&afafﬁéw BP0 M oceeds to
step ll@2edihpre3hl€Rhahlddolectdifto MblirhhsdiEed WRerAthe NAK SdlgAlIckRs h AiRghESvel of

20  decoding success, e.g., few errors. Operation proceeds from step 1144 via connecting node C
1146 to step 1148.

In step 1148, the BS determines if the determined amount of redundant information is
less than the capacity of a traffic segment. If the BS determines that the determined amount of
25  redundant information is less than the capacity of a traffic segment, operation proceeds to step

1150, otherwise operation proceeds to connecting node D 1152.

In step 1150, the BS determines if there is sufficient spare capacity in the traffic segment
to carry a portion of a second set of encoded information. If in step 1150, the BS determines
30  that there is sufficient capacity in the traffic segment to carry a portion of a second set of
encoded information, operation proceeds to step 1156, otherwise operation proceeds to

connecting node D 1152.



Operation proceeds fromstep 1132 via connecting node B 1134 to step 1108
where the BS 5 processes additional information to be transmtted. If it is
determned in step 1130 that the encoded information was not successfully
decoded, operemiorso2proceeds to step 1136. In step 1136pctRSoldhbodeler m nes
the |l evel of decoding success, e.g., fromdecoding statistics indicating
the quality of the decoded informatgpn 10 such as error statistics (e.g.,
count of detected uncorrectable errors) and/or reI iability statistics.

ti l th l\/N
goner at 65 TARP 4y 6 pitPertdinalodn Rt o RE BFREH B AR g
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determ ned,.l evel of decodi.n ucc Then in tep the MN transmts
fhe® gorBrAtag Srosiloe Graion REAT EpRECi o n FRUFRYERhe NAK

si gnal . jnéReeadd. Ffbni@tcﬁﬁ?ﬁ@@ﬁ&aﬂdn%&&&&o %t%ﬂal'.é@ Exts?df) ﬂ%§4the B8 s&k&Rnel 144, the

BS determ nes fromthe val ue of recei ved NAK signal the anount of
reduﬁdawpondrﬂpb@frmﬂan mﬁoamttoneomrmtrcmcproctcp@&fr@mstcgﬂ 15%mmalm60 Inistepr mat i on,

to tran t f t 1,0 cte tran tted when
the NA %gslsgﬁl catpog&aeqdh%s e\ggl‘géw? %C%dgg ﬁ %gst?ns%nt aﬂg | ar ge
nunber ﬂ:ﬂec&ﬂ redundam iifbenatide obelinad fromshié storet ifiag setSofsaiuﬁdm chfbmdaent ransmtted
when th% NAK val ue indjicates a, hig bivel of 20 decodi ng success, e.g., few
errors. [R§5cPRETIUSR DEPSEISLa SOeeiAsdiodn D1HA4- vi a connecting node C 1146 to
step 1148. In step 1148, the BS determnes if the determ ned anmount of
redundant information is |ess than the capacity of a traffic segnent. If

t helBS det erﬁ’rbﬁ@@nllwatlg nords 1% npandtibnpmengeds tofstep 1562. dulstap 4142, thefB rrat | onis

| ess th Gl ff I n rati ed

1150, o er Vi agia g%ea%‘é |Sg°rt1 f"%rt%agé%‘ﬁségq ‘i‘e%{a‘rﬁnf&%‘tc&g& °§ é@“‘h‘%ﬁ‘g‘%‘n ﬁﬂ‘g CN é‘p 1150
the BS ﬂate@rlrrﬁme& BY gdnbaates aitgiffioldhthuil mignﬁmrmemghaﬁd;bamgmsﬁ@ﬁnéﬂt of f | c
segnent o_carry g ortion of a second set of encoded i,nformati.on,

step 1135 selagied ral slak saig agstepmentypewsageinelyding an yydicatos juiatipe ﬂwtt he
traffi Creﬁ@rﬁﬁﬁﬂhf&ﬁat?&hﬁ Yo B tREhitRA iPlhe FafRathed bt Wing é‘s@i%ﬁ&?ﬂmfbﬂa‘%ﬂat i on,

operation proceeds to step 1156, otherw se operation procee S to connecting
nodés D mixsiymmm@‘dqumwmmmhmwnnmnmtuan@scomsmr@p aml@h;ew he BS

o oceoSfitodih it 4 Bkl A PR b1GSuE: S EROKR 215, o o
1154, snfdimagtic@dicagr. J&e erifaﬁmam@n ideasBapdhs pieviols s ded bend. @ aahifionloand a
second grez;[n a(s)sf1gr{rrei‘fglltJ ng? 1rc]lE:nt1ﬁer associated with the previous signal and/or a mobile node
identifier associated with the previous signal. Then, in step 1166 the BS transmits the generated
20  traffic assignment message in an assignment channe] slot. Next, in step 1168, the MN receives
the assignment message that was transmitted in step 1166. Operation proceeds from step 1168 to
step 1170. In step 1170, the BS transmits the selected set of redundant information
corresponding to the first set of encoded information and, new encoded information
corresponding to the second set of information assuming space is available in the assigned slot.
25 Then, in step 1172, the MN receives the signal including the redundant information. Operation
proceeds from step 1172 to step 1174. In step 1174, the MN determines from the received
assignment message the previously received signal to which said redundant information
corresponds. Operation proceeds from step 1174 to step 1176. In step 1176, the MN performs an
additional decoding operation using the received redundant information and information

30  obtained from the previously received signal(s) to which the redundant information corresponds.

Operation proceeds from step 1176 via connecting node E 1178 to step 1130, where the

MN determines if the encoded information was successfully decoded. Operation continues from



I nformati on. From step 1156, operation proceeds to step 1158. In step 1158,
the BS stores the 5 second set of redundant information. Operation proceeds
fromstep 1158 to step 1160. In step 1160, the BS selects a portion of the
second setwotoognzsozhed i nformation to transmt wth thepcppbRelfdssyedundant

i nformati on obtained fromthe stored first set of redundant information.
Then, operation proceeds to connect3fig node D 1152. 10 From connecting node
D 1152, operation proceeds to step 1162. In step 1162, the BS sel ects a

traffic I SSi | ted set ndant
) BRIk o kR, oo lest® R BEL LR el
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r edunda eWﬁfornatlon is to be transmtted in the traffic channel slot being
assigned, information 15 identifying the previous signal to which the
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Then, in step é66 the BS transmts the generated 20 trafflc assi gnment
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Operatlon proceeds fromstep 1172 to step 1174. In step 1174, the M
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node E &bf@nd 1258 phntk kaffic s8BRER 125&0&%) gl & eknSFledd elﬁeﬂﬁse?ﬂ@ V\D

rom

i nf ormation was successf ul | y decoded eration contl nues
2004/ 075023 PCT/ US2004/ 004831 -34 step 1176 as previously discussed, e.g.

with repeat %e@fﬁgﬁ]ﬁ%eﬁ Eﬁfbﬁﬁjo?iﬁifo?ﬁa%n }ﬁgq?s {d l%q:?a!nsnﬁtted, the transmitter in the

20  'WT generates a large low-density parity check codeword. In the first transmission time 1260,

the base station transmits an assignment message in assignment segment 1206 including a
new/old bit indicator 1216 =0 indicating that the assigned uplink traffic segment 1256 is a first
time traffic segment. The assignment message in assignment segment 1206 also includes WT
ID/segment index bits 1218 including an identifier of the assigned WT for uplink traffic segment
25  1256. In the first uplink traffic segment 1256, the information bits and the first part of the
codeword comprising a set of encoded information is transmitted by the WT to the BS. Now
suppose that the receiver in the BS does not decode the information bits and thus sends a level-2
NAK in acknowledgment segment 1210. The transmitter in the BS sends to the WT an uplink
assignment message in assignment segment 1208. The assignment message includes a new/old
30  bit indicator 1264 =1 indicating that the corresponding traffic segment 1258 is niot a first time
traffic segment and a WT ID/segment indicator bits 1266 including information indicating the
index of the first time segment. The WT receives the Level-2 NAK in acknowledgement channel
segment 1210 and the assignment in assignment segment 1208. The WT’s transmitter then sends



redundant information until successful decoding of the first set of encoded
information is achieved. 5 Figure 12 is another exanple of use of a

mul ti-level NAK, in accordance with the invention in the context of uplink
i nf or mat iwo 20043 SSions. I n the Fig. 12 exanpl e t he pbzamz00sbmeiion i s
responsi bl e for assigning uplink traffic channel segnments in addition to
downlink traffic channel segnents-3s explained in regard to the Fig. 8
exanple. Figure 12 includes a diagram 1200 of downlink channels plotting

f r equenedundgnt gnfornkatiof e6BM InQBPBnseAP theNAK Cidd., Both Shel®cd0Rd e thirdBa®y

hori zontal axis 1204. Di agr.am 1200 includes two uplink assignment segnents

1206, PSESCtohgorsPaEBIGREH Rithyniae secandhmlink draffirisggment 1258 sbapaveerdeyehuni cat e

i nfor ' ' : L Fi e ' des a
i agr ar gt fhp Bithest A5 i SR AL LRENE itifnion . 7fe BS HRclBERETES B
on ver tuptiak traffic shadraBkegmerti 1268, dsirpdnformati cal fraam bsth1of Bife. recddieaige grert 50

I ncl_ud i traffic channel segnents 1256, 1258. Assignnent segnent
15 fzogéé@\r'ﬁégﬁsr%’id%g%m IpforAa biG- SbtErRsEe Tz@&memm thet P B6eotes egrront
1256 CopeREMPRESsukEssfal MW e HISNENen&QATRIK id dkPowRIgs OB meegpRNt 1208
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transm ssion tine 1260, the base station transmts an assi gnment nessage in

assi gnnent se 1206 including.a newold bit indicator 1216 =0
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Now s uipffarem fichadocich arersedioy die differbitgedifientoes not decode the information
bits and thus sends a |l evel-2 NAK in acknow edgnent segnent 1210. The
tradsmitter in the BS sends to the WI an uplink assignnment nessage in
assignment PORERLribERf thd Bentés o GIOPDM KRRAAGE AROIHARN:An GfaRhh o0 DI T

I ndicator 1264 =1 indicating that the corresponding traffic segnment 1258 is
not a fthe present imeention sfsfwed! as dlipmarvel askubvdedgindnDins thyde desciibadi hestimrardi t s 1266

i ncl udi ng,. i rmation_indi catin he i.ndex pof.the first.ti nent. The
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20041075023 PCT/ US2004/ 004831
20  comununications systern, it is to be understood that the methods and apparatus of the present

invention can be used in other applications which do not involve wireless communications links
but where it is desirable to reduce or minimize the need to retransmit data lost during
communication between a transmitting and receiving device. For example, the method of the
invention can be used with fiber optic communications, wire based networks and other

25 communications systems where the transmission of information occurs.

In various embodiments nodes described herein are implemented using one or more
modules to perform the steps corresponding to one or more methods of the present invention, for
example, signal processing, message generation and/or transmission steps. Thus, in some

30 embodiments various features of the present invention are implemented using modules. Such
modules may be implemented using software, hardware or a combination of software and
hardware. Many of the above described methods or method steps can be implemented using

machine executable instructions, such as software, included in a machine readable medium such



-35 redundant information selected in response to the NAK, i.e., both the
second and the third parts of a set of stored parity check bits, in the
second uplink traffic segnent 1258 at a power level targeting the delivery
of a certwaigrotu¥epRs of effective information bits. Thedfisaaaaisgses t he
uplink traffic channel segment 1258. Using information fromboth of the
recei ved segnents 5 1256, 1258 the _# decodes the information bits. In
response to determning that the decoding operation was successful, the
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freque e h ILLferent segnents. 15 Wiile described in the
cont extsq‘gﬁ%fﬁ{e%bﬁﬁ QGSE@CCIEJ%BO%( RQ met hods and apparatus of the present

i nvention, as well as the novel acknow edgnent nethods descri bed herein, are

applicable to a wide range of comrunic ns .syst ens cl udi ng mapy non- OFDM
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t he nmet hods and appar at of the present invention can be used I n other
apphd cathe évventivn. Suchivariations are tsl heeconpiderbd withindherieepe of the inventionk sthebut  wher e

it is des bl r.ed ni.m.z Snee etr n
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comuni cations,. wire based networks and other 25 communi cations systens

wher et HENRRHFRIONS IerhavaUS Which sRaygheiusef 9dEemde wirpless SoPRINIGHAR I E Nt s nodes
descri bgghbarLids fbds bPREBRY s, Uﬁ'sﬂﬂte%ﬂﬁo&lfneﬁﬁrﬂ?e actBAYbEs &0 performthe

steps corresponding to one or nore nethods of the present invention, for
exatpl elmmrmd P hewetdionywhick ssalyish gemmumcams dinky with mobile nodes iusing st eps.

Thus, di;nment s _va S at of, th |nv tipn are
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har dwar enifuteds, @eﬁmanaath@msm‘ntmﬂmro@omeﬂpor&arediaafc&s inblatingof the above

descri bed net hods or net hod steps can be | npl emented using
receiver/transmitter circuits and logic and/or routines, for implementing the methods of the

present invention.



machi ne executabl e instructions, such as software, included in a machine
readabl e nedi um such WD 2004/ 075023 PCT/ US2004/ 004831 -36 as a nenory
device, e.g., RAM floppy disk, etc. to control a machine, e.g., general

pur pose Sun04/ers028i th or wit hout additional hardwar e, péuiivdmgnt all or
portions of the above described nethods, e.g., in one or nore nodes.
Accordingly, anong other things, thgypresent invention is directed to a
machi ne-r eadabl e medi um i ncl udi ng machi ne executabl e instructions 5 for
causingggpgiﬁSkﬂgggﬁgﬂgﬁlprocessor and associ ated hardware, to perform one
or nore *t he above-described nmethod(s). Nunerous additiona
vari ations on the nethods and apparatus of the present invention described

above will be apparent to those skilled in the art in view of the above
descki pti on romaynicions medind; s methadicomRpFiFiags ons are to be considered

withijn the s 1 ; : met hods and apparatus of the present
4 @.ﬁ%@ngan RofnPNGHAA R deiBEtof

i nventi on na , in various enbodi ments are, used w th CDVA,

ort hogonal frequehgyridinva décodinguperatpdreon nfirs( Opljncllingracodedsignaher t ypes of
co ni cati ons teﬁ%ni ues which may be used to provide wreless

co ni cations I i’ @&Wé‘tv\een access nodes and nobil e nodes. In sone

embogli nents t he apc@fismHMRALhe BNCIE sih EERA{RE iRSuddd S theifdtisQAs! W ch

establish conmunications |inks with nobile nodes using OFDM and/or CDVA. In
vari®us enbodi nerfbecestiallydaspded; ases are i npl emented as not ebook conputers,

perspnal dat a a.s%%i?%ﬁa%ﬁié E’e?éﬁ?megclflat‘aéjﬁ%ﬁcog}%& IO Wak i sh@c%kéfﬁly‘g .
receiver/transmtter circuits and Toglc and/or routines, tfor inplenenting
t he $ret hods of t hdecodeticseaamtingy first NK sighal RiAdg OnesdT 2D hrallty dEpORMONAKS 1

37 _WHAT IS CLAIMED, 1S 1 1. [ i catior od, .the nethod
conptising: 2 opi§™a YaibesaeaFl’? P@ﬁmﬁmm ‘%é’f’?ﬁ%%f‘%‘éﬂtv LesLorespanding, m g
decqgli ng oper at i QB aQRffaerdtldvel of debiifithg duBEdssldi Ng encoded signal 4
information; 5 ii) determne if the encoded signal information included in

the first signal was 6 successfully decoded; and 7 iii) when it is

detefm ged tHAlmSALEEREANE G b ValtPiccOdn Y Beriftin ptORES T obad dinformation,
2 the step of generating a first NAK signal including:
3 selecting the first NAK signal value as a function of the quality of the decoded

4  information.

1 3. The method of claim 2, further comprising:

when it is determined that said encoded information was successfully decoded,
generating an ACK signal having an ACK signal value; and

wherein each NAK signal value, in the plurality of NAK signal values, differs from any
other one of the NAK signal values in said plurality by an amount which is less than the smallest

L= S N L v

amount any one of said NAK signal values differs from said ACK signal value.

1 4 The method of claim 3, wherein said NAK and ACK signals are complex signals and
2 wherein said NAK signal values and said ACK signal values are phase values.

1 5 The method of claim 1,
2 wherein operating the first device to perform a decoding operation includes:
3 determining the quality of decoded information generated by decoding said

4 encoded information;



8 decoded, generating a first NAK signal having one of a plurality of
possi bl e NAK 9 signal values, each of said plurality of possible NAK signal
val ues corresponding 10 to a different |evel of decoding success. 1 2. The
met hod of claim 1, wherein said decodi ng operation produces decoded

i nf or mat ivomz004/@750ie step of generating a first NAK si BERUSIOREMEIng: 3
selecting the first NAK signal value as a function of the quality of the
decoded 4 information. 1 3. The mdBhod of claim2, further conprising: 2
when it is determned that said encoded information was successfully

decaded, 3 genewatielppantidCtesirgaalichavdenerarrn MSKNAKGNAl walides and 4
wher ei n each NAK s%ggal val ue, .in theﬁﬁk ality of NAK signal val ues,
di f Pers froRPHRINE fsh A7 vigsiia sgpct thedin 'sﬁf‘é{ valug asadungtiog of thep ural ity by

an gnount Wakiehnined RSy $MRddchEedi AR AR, aft @anDunt any one of said NAK

signal values diffefrs fromsai d ACK signal value. 1 4. The method of claim
3, Wherein sai d Whetehmperadrg thedivstidevige Birboniptlesessipgratihg thefiist d@viskhér ei n sai d
NAK ;si gnal vyal ues,,and sai d..A i gnal val ues are phase values. 1 5. The
met Rod of c?&g?si’ﬁ”it;hc e%%?%?ﬁ%ﬁ‘?r%ﬁahg the first device to performa
decodi ng operation includes: 3 determning the quality of decoded
information_generated by decoding said 4 encoded information; WO
2004/ 095023 thad o alaizn 2 gherein defenniping ths Gralipyenf he drgodeddniormationdeyi ce to
gengr atig.j@4ekd rst NAK signal includes 6 operating the first device to select
the first NAK signal value as a function of the 7 determned quality of the
decdded i nf ovaimaginiog decorithgstatistesandicating theet iehapilityef fherdstodid wfoemdtions daed
i ncl,udes oper at i the first devi t transnmt the generated first NAK
si gifal ,dse‘io‘%fg%’ég WS%‘"&tﬁ%ﬂ‘?ﬁﬁQ@%‘ﬁéP%dﬁnﬁ’gPﬁ% ning the quality of the
decoded information 2 includes: 3 maintaining decoding statistics
indicating the reliabili t% of the decoded information, said 4 decoding
st atli st/ cs Themethodod claine Squkareip jhednaipipimed decoding statistinsipgndsp copntrof thgye
met hod n?fnbﬁﬂ H I eBred MI6L6H heldlSdRintLAlRE4 decoding statistics include a

of the

count

1 8 The method of claim 5, further comprising:

2 operating the first device to transmit said first NAK signal; and

3 operating a second device to:

4 i) receive said first NAK signal; and

5 ii} determine, from said first NAK signal value, an amount of redundant

6 information to transmit to said first device from, different amounts of redundant

7 information being determined for at least two different NAK signal values.

1 9 The method of claim 5, further comprising:

2 operating the first device to:

3 transmit the generated first NAK signal;

4 receive in a second signal including redundant information corresponding to said
5 first received encoded signal;

6 perform an additional decoding operation using said redundant information and
7 information obtained from said first received signal; and

8 determine if the additional decoding operation successfully decoded the encoded

9 . signal information included in the first signal.



2 nunber of detected errors in the decoded information. 1 8. The nethod of
claimb5, further conprising: 2 operating the first device to transmt said
first NAK signal; and 3 operating a second device to: 4 i) receive said
first NAKv2zpoah7s0and 5 i1i) determine, fromsaid firstpdNsmomnadz val ue, an
amount of redundant 6 information to transmt to said first device from

di fferent anounts of redundant 7 igdormation being determ ned for at |east
two different NAK signal values. 1 9. The nethod of claim5 further

conpri SkRQ: t r enerated first
NAK L1 il 7 BBEOEY Ml Sl o) i eobamg e R ke b VoRERE 1 o
correspaattﬁmanglddnoaﬁgdper&dmmdndasecel ved encoded signal; 6 perform an

addi tional decqdin eratio sai d redundant formatjon and 7

i nf of mati on @B"’tl?a}f‘ﬁg&m% Mﬂsﬂ Rt TRGSERS §F§H5@ge‘5?f‘d deternmine if the
addi §i onal dpegaiig fPREhAHnRRoSMEIGEsSh vhill YrafRCPd R b neRaodeds egth%l gnal
information included in the first signal. WO 2004/ 075023 PCI/ U 004/ 004831
-39 1 t rst vigeal tewhishl swid sesond sigaal coiwspends- sai d step of operating the first
device to performan 2 additional decoding operation includes: 3 receiving
a traffic channel assignnment nessage froma second device; and 4 identifying

from i nflor meTheonethodbidam i0p said traffic channel assignnent nessage, the 5

first signal to whi sai d second signal corresponds, 1 it. The nmethod of
claifn 10, 2 m?le.wiﬁga t@eyics s maehilecads and:saidygrond deige isiess siatom akdnd

devige is a RAge;MAhtaRatiditlcludedth 858 YA tBahddi s Eﬂeﬂﬁmbégﬁé Mfleghd n said
traffic channel assignnent nessage used to 4 |dent| st signal is an

i nde% ofdentifiyrtle firstsigayiventindes of a trafficrsagmernit usadie trfanm theifystaignal. 1 12. The
met hod of claim 10, 2 wherein said first device is a npbile node and sai d
second device is a base station; and 3 wherein the information included in
sai ditrabfi cTehaehed ofdsimgiOyent nessage used to

2 wherein said first device is 2 mobile node and said second device is 2 base station; and

wherein the information included in said traffic channel assignment message used to

3

4  identify the first signal is a traffic channel index difference indicating a difference between the
5  index of a traffic channel segment associated with the assignment message and a traffic channel
6

segment used to transmit the first signal.

—

13. The method of claim 9, wherein said first device is a base station and said second device
is a mobile node, the method further comprising:

operating the first device to transmit an uplink channel assignment message to the second
device;

operating the second device to identify from information included in the uplink channel

th i b W N

assignment message the first signal for which redundant information is to be transmitted in an
uplink channel segment assigned by said channel assignment message; and

operating the second device to transmit said second signal including redundant

AL=R + - I |

information.

1 14, The method of ¢laim 13,
2 wherein the information included in said uplink channel assignment message used to

3 identify the first signal is an index of a uplink traffic segment used to transmit the first signal.

1 15,  The method of claim 13,



4 identify the first signal is a traffic channel index difference indicating
a difference between the 5 index of a traffic channel segnent associ ated

wi th the assignnent nessage and a traffic channel 6 segnment used to
transmt Jbheodsdorsbs Signal. 1 13. The met hod of cl ai m $crTafgrevmssai d first
device is a base station and said second device 2 is a nobile node, the

nmet hod further conprising: 3 operat40ag the first device to transmt an
upl i nk channel assignnment nmessage to the second 4 device; 5 operating the

second devi Geheken ind eiibirhtioh iRiRdeR i P8 APEchBE chﬁﬁb%ﬁ@nﬁ@nttrﬂ&?%gr@uis%oc hannel 6

assi gnment nmessage the first signal for which redundant infornmation is to be
t r arfs mi idemsdy the fiast signalip i ppli hageq) index diffesinge dulidaying aidifferdneanel

assi gnnent : d.8 j devi to.transmt said

sec 04 nd Si g??g‘l?’ﬁ ?I%%?Bai%g%p%gﬁﬁzﬁ%a%&%%f%g&g%ﬁgw tﬁ%ﬁ BIFYIHEMNSHEST ¢l ai m
13, 2 wndragiuplitkeaffio Elomh#ltst gert nedd o @endniit thaifigst wighilnk channel assi gnnent
nmessage used to 3 identify the first signal is an index of a uplink traffic

segnent used to transmt the first signal. 1 15. The method of claim13, WO
2004/ 0723 ﬁ@ﬂeﬁ%%faﬂ%%ﬁmmﬂs%d%eemgrsggha iﬁaedesm&,%amb;l Wsaidicl uded in
said traffic channel assignnent nessage used to 3 i1dentity the first signal

i s &n uptundnttinfafohitionciesnensbdédiidformelidng theamatleod fntheraompgisiagdi f f er ence 4

bet ween an i ndex of cglp E(gellnkt t.raf.fi c,channel Cge manb associated with the
assijgnment fRg@Rgsaidiistdevice to deqods sid figy encode M8ent used to transmit
the first signal. 1 16. The nethod of claim9, wherein said second signal
includes, in addition to said 2 redundant information, new encoded

i nfor r’raﬂ-on,%%@tﬁéwmﬁrfﬁ@ﬁr@&?ﬂﬁﬂgi ng: 3 operating said first device to
d id : i j - f el A th
ecode sai o%é‘fg’%fgé‘&lgﬁ‘i?ﬂ dbﬂféé)#o_r@é e if the deﬁ?%ﬂgg@a@oﬁécﬂd&% thfaur er

conpri si ng: ating t irst device to e encoded signal
i nf & mefissiomgrahwhyrabeckssinlly decoddl by sagt additipnall deveings opergmf aid y decoded by sai d

addi tional decodi.ng operation:.and 4 n it is determnped t sai,d encoded
7 rmt  on 18 0 cerBRgER Y i fRloBaeon s B R dechet g

operst i gditiodfekeddindopeliioh, dpetatiflg eTRstidevige ibfeatRtet REGAIMIARAIgSI valg havi ng
6 one of said plurality of possible NAK si %na val ues, each_of said

pl uréal i ang obsaichplusaligy of neagible NAK signal values, each of said plurality of possible NAK

7  signal values corresponding to a different level of decoding success, operating the first device to
8  generate a second NAK signal including selecting a second NAXK signal value as a function of
9 the quality of decoded information generated by said additional decoding operation.

1 18,  The method of claim 1, further comprising:
operating a second communications device to:
i) perform an encoding operation on information to be transmitted to produce a

first set of encoded information and a set of redundant information; and

L2 U - VA

ii) transmit said first set of encoded information in said first signal.

ot

19.  The method of claim 18, wherein operating said second communications device further
includes operating said second communications device to:
transmit in a traffic channel assignment message used to assign a traffic channel segment

used to transmit said first signal, an indicator indicating that the first signal does not correspond

th & W N

to a previously transmitted signal.

1 20.  The method of claim 18, wherein operating said second communications device further

2 includes:



7 signal values corresponding to a different |evel of decoding success,
operating the first device to 8 generate a second NAK signal including

sel ecting a second NAK signal value as a function of 9 the quality of
decoded i if@sosmbiserz generated by said additional decodpgu©eeidigzen. 1 18.
The nethod of claim1, further conprising: 2 operating a second

comuni cations device to: 3 i) perfg{man encoding operation on information
to be transmtted to produce a 4 first set of encoded information and a set

of redundant i [elph d] r it said first set of encoded

i nf o?mati on ?ﬂr? suglgfggapisr sPdg%ﬁgPF %on%g:@ﬂ?‘e{?g. met hod of claim 18, wherein
operating sai d seeaivt CNAK signabfromnssiddizstideeicé, suid NAX. sBmaheirestndiages at i ng
sai d secondn%gérguni,é%i;i oas device to: 3 transmt in a traffic channel

assi gnnent Geslgie o assign a traffic channel segnent 4 used to
trangmt said firgheriftTim t@Yalud S ﬁl%tréHei\)e&NAHQEigﬂﬂ wWiebortiBE of ink 84t of! 9Nl
does not correspond 5 to a previously transmttéed signal. 1 20. The nethod
of cTai m 18, redixsiant infoopationt tb hegnsseit th sesldustdiegisanuni cat i ons device further 2
i ncl udes: WO 2004/ 075023 PCT/ US2004/ 004831 -41 3 operating said second
comuni cations device to: 4 receive a NAK signal fromsaid first device,

sai d1 NAK]L.si gTid medsd 65AmA0NgheRin dpefting sdid kbns t@i@dbmicaia Rvideter m ne from
t he val ue of the received NAK signal what portion of the set of 7 redundant
i nf of nef¢tEEIRGWhat PREIPNOf the sgtfgedundant infarppation ta transmititg saigdicsidlgvies cl ai m 20,
wher gi n; Eﬁ.ti ng said second conmmuni cation device to 2 determ ne what
portion of the set of redundant information to transmt to said first device
3 i nél udes: #lwdhgptheisizg of the peitive of thetshieofpedundan inforndtien se b ffctiow dithdant

i nf or nat i,on a funct.i .of . the 5.value qf.the receive si.gnal , a
e obr SRofhe RepeENAR b fiah ad et st eyt ElstER g e Valve A o

i ndi gat BAKRsikhdl $ddidat¥ @lfird leve PEEE6n S $IR6&S thah Ren oA iINANAK pdnal he NAK
signal 7 indicates a second |evel of decodi ng success that indicates nore

decodi nindiggtes a secops lavelofidgeqdingstuccess that iadicates more depedingsucsess dranspidifiFst20,
furtherGonprising:

1" 22.  The method of claim 20, further comprising:
2 operating the second communications device to transmit the determined portion of the

3  set of redundant information to said first device in a second information signal.

1 23,  The method of claim 22, further comprising:

2 operating said second communications device to transmit an assignment message used to

W

assign a channel segment used to transmit said second information signal, said assignment
message including information indicating the previously transmitted first signal to which the

redundant information included in the second information signal corresponds, said assignment

[ N

message being transmitted prior to said second information signal.

1 24,  The method of claim 22, further comprising:

2 operating the second communications device to:
3 perform a second encoding operation on additional information to be transmitted
4 to produce a second set of encoded information and a second set of redundant

5 information; and



2 operating the second conmmuni cations device to transmt the determ ned
portion of the 3 set of redundant i nff¥enmation to said first device in a
second information signal. 1 23. The nmethod of claim 22, further conprising:
2 operating said second conmuni cations device to transmt an assi gnment
message used to Whershi eperatinglyaidrsetonslagruninicasiots deyige tanemimitaseepndecond
information gj - o P i .4 i ncl udi i,nf. ti.on .
i ndicating t g%é\??%%é%ﬁ@‘?%%&ﬁ {L[Euelét elsr%g(? sﬁoér}l%?ﬁifd‘%&% fl%l% ﬁ“’gmglu(?%@undant

i nformation kdid betded informidiensggardpartibe bh&ilid sstond gk ctcded siomttRionsai d
assignment 6 nessage being transmtted prior to said second information
signal. 1 24. The nethod of claim?22, further conprising: 2 operating the

second MTUR ' ' , r - ' I ali on
addi 11 ofgl 1 TREREABASIERIN IR, Rerch RGO BRI FIOR Ul ARFL ISR
encodedcédii@operitionn and a second set of redundant 5 information; and -42-
wherei n operating said second communi cations device to transnmt a second

i nformation signal includes operating the second conmuni cati ons device to

i ncl ude,skn i : i q': Qg- .gnal a portion of said second set of
encodedzels'nf o%ﬁdé)m%ﬁ%gpé %‘géé:rgot 0 lr%lf claim 18, wherein said encoding
operation i sp@ahfor patfieiding pdedodingaipekion ondifirg sipal ticluding éiGoded signal

comuni cati ons devi ce conprising: neans for perform ng a decodi ng operation
on a fi F4®MFgRal i ncl udi ng encoded signal information; neans for

det S . . . y . . . . |
wms | success i oEERGAAel 88 3hoddsh iofRlh Rk S, HEGHEA T 6ORrislehl Gl
havi ng eweesfully decoded! aridy of possi bl e NAK signal values, when it is

determ ned that said encoded. information was not_ successful |y decoded, each
of said pl urBepasyfopgenseiue s rshigKssignah haging orsofapipedioefnasgibleNAKSigmbr ent
| evel o I - Sl . I J I i m
26, “wnoy SHES YRR is SN HGE R enctdod IRESTEADIHAL S S EOBSAAY UERAY, GbE T |
i nf or mabf said plugddidy of possible NAK signal values corresponding to a different level of decoding

signal success.

27. The communications device of claim 26,

wherein said means for performing a decoding operation produces decoded information;
and

wherein said means for generating a first NAK signal selects the first NAK signal value

as a function of the quality of the decoded information.

28.  The communications device of claim 27, further comprising:

a transmitter, coupled to said means for generating a first NAK signal, for transmitting
the generated first NAK signal;

a receiver for receiving a second signal including redundant information corresponding
to said first received encoded signal; and

wherein said means for perform a decoding operation includes means for performing an
additional decoding operation using said redundant information and information obtained from

said first received signal.

29.  The communications device of claim 28, further comprising:



wherein said neans for generating a first NAK signal selects the first NAK
signal value as a function of the quality of the decoded information. 28.
The conmuni cati ons device of claim 27, further conprising: a transmtter,
coupl ed twoSesh7e@ans for generating a first NAK si gnglorndsadosfos@nsm tting
the generated first NAK signal; a receiver for receiving a second signal

i ncl udi ng redundant information cotgxesponding to said first received
encoded signal; and wherein said nmeans for perform a decodi ng operation

| nclpdes medfisnt Rl dRARRIE o AllinGHAL b BB LAASEANCRR) BN 31 N Sai d
redundant information and i nformation obt ai ng rom sai Irst received
si grial . enegded Figmaldofomatianainéloded inl éheifiret signaklasd m 28, further conprising: WO

2004/ 075023 PCTf UJS2004/ 004831 .- 2. ns for determning.if. the additional
decdti ng. opdhSibt I EStreie e ong NAK BB el SipelriectistRaRmal volfe i | on
i ncl sudefiindtidntof ehefquabity of idesdabd infdtthatiorEshBRteddby seRNRAEAhATeSodREIReatiIAK Si gnal
by sel.ecting a second NAK signal value as a 5 function of the quality of

dec Rledvheriibis dgiermined thabsaid agodsd infarmaationdyasinghanoperbedegping byl nal 6 when
s o SHeT . e | 9 n
sai o adie iR, AREarpRiaid Soth ARG v TRE P Gud Bl o KRG VAR SRAHCE Y,

sai B plwluki ty of possible NAK signal 8 values. 1 30. A nethod of operating
a comuni cati ons device conprising: 2 encoding, using an encoder,
information to be transmtted to produce a first set of 3 encoded

i nf oy medg. on Rpethdd 9 bpRhtidgaionthiticatiflsUeARE CORpridng:r ansm tting said first

set of encoded information in a first signal; g receiving a NAK signal from
a déVi ce t o oRpRding. y8ing an proodersinfpraiationts betepagmitted txprodyrs adirgtseedt i ng a

portj o . Of ! L to transmt to said first device
as ad gen?%dne??ﬁ gﬁﬁ%t%oqltaﬁg%g%{l’gZ%Pa#ggﬁé@@g?@ed NAK signal, said function
causdi ng di f fteanemittimpeaidfirst sef ofencedid infantationfioa fiest signalt 0 be sel ected for at

| east two different si ble NAK signal values. 1 31. The nmethod of claim

30, urt her TESSHE & INAK 13 O RS AR SO rs P HES FEPSBRE: o ¢ o

assi@n a CongMpiinpad pisn SMANEE bf SO infodmbt@tto tRndmid Sdiid fiShdedickiak &t

signal, an indicator indicating that the first signal does not correspond
7  function of the value of the received NAK signal, said function causing different amounts of

8  redundant information to be selected for at least two different possible NAK signal values.

1 31  The method of claim 30, further comprising:

2 including in a first assignment signal used to assign a communications channel segment
3  used to transmit said first signal, an indicator indicating that the first signal does not correspond
4  toapreviously transmitted signal; and

5 transmitting said first assignment signal prior to or in paralle]l with transmitting said first
6  signal.

1 32, The method of claim 30, wherein selecting a portion of the set of redundant infermation
to be transmit includes selecting a larger size portion of redundant information when the value of
the NAK signal indicates a first level of received encoded signal quality than when the value of
the NAK signal indicates a second level of received encoded signal quality that is better than

LV T - TS ]

said first level of received encoded signal quality.

1 33, The method of claim 32, further comprising:
2 transmitting a second assignment signal indicating an assignment of a channel segment

3 tobe used to transmit said selected portion of the set of redundant information, said second



4 to a previously transmtted signal; and 5 transmtting said first

assi gnnent signal prior to or in paral'|4é‘r wth transmtting said first 6
signal. 1 32. The method of claim30, wherein selecting a portion of the set
of redundant inforpmation 2 to be transmt includes selecting a | arger size
por t i on3sSEEnPEaLsiEnah including wiarmatHonkientifing 4 ehapaelsegmentiused foransmifaid first

i ndi Catﬁﬁnaj‘ EngrSt | evel of received encoded signal quality than when the

val ue o "The NAK signal indicates a second |level of received encoded

si gnal qual i fryhshiiing itlse delictedrpoktidinofihs &it df fdduadank mfeimanfontte el Vied devicoted
signal quality. 1 33. The nethod of claim 32, further conprising: 2

t r ansmi @ $GcABd Hfereasied sg®al gnnent signal indicating an assi gnnent of a
channel segnment 3 to be used to transmt said selected portion of the set
of redundant information, said second -44- assignnment signal including

i nf or ma34.on Themeihby ofiglaiin GBafarthér weagmeig: used to transmt said first

signal; and transmtting the selected portign of the set of redundant

i nf or mat i on Pesfosming 4 sgcand enopding oparatign e additional infermationio b Gaasmitigd to The

met hod of 46 le3] G sel Hf é&%?ed:fﬁ atibf)! gn%? SRR gét?)? {@dgﬁ?ﬁﬁ rﬁﬁ‘oﬁ*@ﬁﬁﬂ‘, Al
operation on additional "information to be transmtted to produce’a second
set of encodedereinfteansmittiog a aewdnd isfoamatibnSinabinclvdeétindant i nformati on; and
wherein transmtting a second information signal includes: including in said
second i nf or mat i oWcBidEIgan said segand gpfognation signab s pardioa ot syfl second sefrf

i nformation. 1T hod of claim 30, wherein said encoding operation is
a | ow densi t%‘%gg‘?‘}@;"ﬁhc " coding operation. 36. A communications device
conprising: an encoder for encoding information to be transmtted to produce
a first_set of encoded . information and a_set of _redundant information; a
transni $t-er Tl methed offlaim A8, whgreinpspidancading gperatinnyig adow eptityeraribnehierk o

first Si:cgfi‘l?éséperﬁ' eceiver for receiving a NAK signal froma device to which
said first |gna1 was transmitted; and neans for selecting a portion of the
set of redundant information to transmt to said | mt

36. A communications device comprising:

an encoder for encoding information to be transmitted to produce a first set of encoded
information and a set of redundant information;

a transmitter for transmitting said first set of encoded information in a first signal;

areceiver for receiving a NAK signal from a device to which said first signal was
transmitted; and

means for selecting a portion of the set of redundant information to transmit to said first
device as a function of the value of the received NAK signal, said function causing different
amounts of redundant information to be selected for at least two different possible NAK signal

values.

37.  The communications device of claim 36, further comprising:
means for generating an assignment signal used to assign a communications channel
segment used to transmit said first signal said assignment signal including an indicator
indicating that the first signal does not correspond to a previously transmitted signal; and
means for controlling the transmission of said first assignment signal prior to

transmitting said first signal.



device as a function of the value of the received NAK signal, said function
causing different anounts of redundan®3t nf ormation to be selected for at

| east two different possible NAK signal values. 37. The conmunications
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signal prior to transmtting said first signal. -45- 38. The communi cations
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size portion of redundant information than a second size portion which is
selecteﬂW%@Ysaid means for selecting when the value of the NAK signal

i ndi cates a second |level of received encoded signal quality that is better
than said first |evel of received encoded signal quality.





