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WO 2004/ 075023 PCT/ US2004/ 004831 -1 EFFI CI ENT
AUTOVATI C REPEAT REQUEST METHODS AND APPARATUS FI ELD
W@ROOFBESORINVENTI ON 5 The present invention i s dPCEUSHA4/004831
- to inproved nmethods of conmunicating in a wreless
comuni cations system and-pore specifically to
i nproved net hods of autonatic repeat requests in a
TOMRITICRE TSD]YSLP
L R g G R A G DS YDA PARATUS
becom ng ever nore common. In cellular systens, a
FIELDAOORTHEANVENTEINa is divided into a plurality of
cells. Each cell normally includes at | east one base
station. The base station in each cell comrunicates
: [
| O P RSPl koY e kA BhprofedpretnddRBE L Eph BRI i wireles
connnbastetlsltsaﬂystem anslunadie ppdcificdiyve smpsved mettidde of ewtsimdt repeat requests
%ﬁ r11t of attéchmant to a comuni cati ons network which
in a MG, ARcess WiTRle§5 LOMmYTeItions S¥ise access to the
comruni cations network is obtained by a nobile
termnal through the base station to which it is
BACKOGROEND e.g., by a wireless link, base stations are
sonmeti mes known as access nodes. 20 In cellular
W rel ess data communi cation systens, data is often
t Canglppédreeuiiehiss @%/ﬁemp aehesbmbgQtiVePMdrcdRbh €1n cellular systems,
termnal via a quantum of resource called a traffic
a COMBMHIPEHONS gren @@@ﬁdedsylsq epkralityief esllsi [Eabh eclt pgmallyanglodes at least
t c aff
one baggtst% §19 mﬂ’f@i)gs ta.?lgl’rll é%e£%lt°§1 rcrzaptrmglllc:ateisr l}:iigugaelé E?gvu‘:es e.g.,

mobﬂ@mmﬁﬁmﬂs ﬂdﬁ:ﬁ&ﬂﬁﬁtﬂn@ thelmasneleell tas afeso¥kéd §teGon/i Bheobdie rstat1on usually
channel s, e.g., acknow edgnent channels. Downl i nk
servestas &fm@‘alesté@%ﬁk8§>oerrta>ﬁ §BW@5t0aa SQIEmENicalionsAcRBok whisle includes

0 I r I
e baSL TGN 082l IROUALEST, PORTHER bl Py gpi rmiv
throughrike baserstation o Wﬁlchsmstcenﬂbﬂlasl 8., bpa svikkseliskHak©ktations are
Acknowl edgnent channel s i ncl ude acknow edgment
Some“é%eé P8 BRAPESS BY¥She used to indicate whether or not
information in one or nore corresponding traffic
segnents was 30 successfully received. An uplink
alvkeedvl 2g hgroiass dathanmeluniatioheysised data isoftebirhespdeted between a
ormation tr nsmtte

base sigfigp Fbh eblIS GEERLFiA 1 goanbise pf BouEs Ghlleeatdpgsimers. Tn such
systenﬁet}fé%éﬁﬂiﬁ% @éoﬁﬁ@fdﬁﬂ*ﬁteﬂ Sl AR -in y&bﬁ é"’%%’ﬁ ;E}%iffhc c{?annel, is often

achi eved by sendi ng an Acknow edgenent
partltlgr@glrreﬁqvtm@mpteﬁmfﬁps@gmm Koanwtod @tgnnmtmmhmmlm trarSaiitted eia other

chanm?:],&.{:/ %%%%%Sf %8&%15]1‘[ Channels. Vgov%gloﬁé tc%Zt%c segments transport data traffic from

a base 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
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
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-2 informati on may be communi cated by sending a
negati ve acknow edgenent (NAK) instead of an ACK. The
wWO\SK4/ami2NAK can be represented using a singl ePdi/U$2004/004831
e.g., altorepresent an ACK and a O to represent a
NAK. A downl i nk acknow edgient channel can be used by
a base station to signal whether or not information
inforntatian syt feeebninyuiibgte drBP driliriga Ahatipé hﬂ&oM&mfég%m%gF%VAK) instead of

hannel was successfully recei ved,
an A Hesc O Egans, NA Krfantpsgepreseataddisinign thglebaneg Enoeepresent an

ACK § n annel i.s u
ﬁé?g&%g?#nk%t% m‘df'h’&gm“?'r ansrr‘?&“f)g? d?ggleﬁt chana C@Pg’ﬁué?f?byabase
statioroto sigyiai wiether od mua inforhRionite@enittdddh yah &SRB Th &:heﬂ%ﬁc tr&¥fic
h rletransmt the sane data. 10 The retransm ssi on of
channgl s SRECHsHHY yecehatisht+ atiablafobadedoded brphebeststationdn the same
mannér 30 8 SR hok IEE&H% f
retransni snsn on can Tea f‘E‘ﬁanIhQ] 1?5)1\9/%%6}? ﬁnvé?vh ffg?rgﬁnals The
transngmcegsbase statiomor imebide teematal \u@bu ré€@Bling/a PIAJC 8&BcIfIoRE B retransmit
thesa gnsm ssion resources are consuned by the need to
PY8A8nit the sanme data multi ple times. The sel ective
retransm ssion process can also lead to delays in
achi eving a successful transm ssion result. 15 The
r@ﬁw@ﬁﬁ@&nﬁlbglomm ihh peevimtshr Imnsaﬁﬂt@hnf(&’nmadﬁ r@&esfeﬁts the transmission
not dundant . i nfornmation, e.
of red BB ol B W E R seishsgr o o hoees 4 rapmission success, i
can betarralgnélyicost RC%; ﬁo&&%ﬁb@ﬁﬁnsnﬁ@élb@féséﬁcwﬁrg @'Bﬁu&erd%e[ﬁé need to
request mechanism 20 In order to increase-err
transnlﬁé@‘i’ famaheara andtiple dmse. Th@Sﬂi@éﬂ’eﬁ@raﬂsmessrcmtprmsmasal@mlead to
del rr ctlon comg may be used. Error
eaysgger“'?@%:‘?? A ch: gSﬁﬁ 8§fﬁ in the addition of
redundant i nfor rmtl on, one or nore ECCs, being

aﬁ_ﬁed in a seI ective rranner to the transnmtted
JReRRATISH byByhigh arlgtermination irmads asi tnfvdreter IODI]Q’C rediundant

inform Ao, Q%@géﬁb@lf trhRnlifEP 1\41%rmaglu r 1n If"egd% E? de[ tlgag{,?o ittt is éﬂmetlmes

even SOMe” errors occur
called pr atewstic RpedtreqrediefAR®) Pechantden.ef ficient utilization

of communi cation bandwidth, it is generally desirable

to mnimze the anount of redundant information, e.g.,

¢ bRler 6PcRGEd r‘%@gﬁ&c a‘hﬁ ?&gﬁk Eﬁs e&ealfgrr}: %t@ﬁs\%ﬁgﬁf data,

information to be commn r su
error cagractipn coding ety berused dEngr ctc&fehﬁblq tedes IEECYPROult ASthd addition of
there may still remain

redundfyt st lior £, Ui ORI B harheins A0d504R BaFlofthveiammibiahe
transmitted @rﬁ‘éﬁhﬁfhn )z %Ex%ﬂhg rQRnARRY Efbhﬂgt?(?} trli}ﬁgrtye ﬁ%s%%?g tOAf@Q)VCr

mechani sns an ods of conmuni ca
transmiftpd gHpepation aven when eerse etrbis oetr duirimgtthe transmission process.

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

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
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WD 2004/ 075023 PCT/ US2004/ 004831 -3 utilization of
limted anounts of bandwi dth available to comrunicate
wa@lai0a/0z0e3 bot h needed and desired. SUMVARY OFPOFES2004/004831

I NVENTION 5 The nethods and apparatus of the present

invention are directed to-Bechniques which may be

used in conbination with error correction codes, to
utilizavoniofilizgtetl RencaRBWIbasdwidgduadant to bdﬁl&hﬁﬁﬁie%té zﬁ?%oth needed and

needs to be re-transmtted, e.g., in the event
desiredomuni cati ons errors. The |nvent|on is also directed

to new and novel automatic repeat request (ARQ

nmechani sms and 10 net hods of inplenenting such
SUMMARE OB THE INVENEIOXRQ mechani sms whi ch can be used

with Low Density Parity Check Codes (LDPCs), which

differ from and offer various advantages over, other

u

\é’gg{:j S ‘g@ ngﬁ& %}%’ggalrﬁﬁg {)@% %g%lfc?%?egubﬁ u@teg%d o technigues which

may be rurb@blmmembmatlbﬁ vt dredtcomadicanpdeq to igimitd @ e iafioRft bAB8dundant

. use K (n i ve acknowl edgenent) signals that are
mfomﬁ?lgﬁgg %%‘gq? 596 IHHPRERECS g dRdhE SEnbAl ampupisatiensgrrors. The
inventiCi9 hls8 Glidbk§ t@ﬁé\f«? 'éﬁd h e@atﬁ ﬁigﬂf getpeﬁﬂ Ig?ﬁést g&ﬁ@g B}e@f?amsms and

unsati sfactory | evel
method@ ebigedemerftorgrath mcchafmsms.l risqird)wsifda‘hRQrmedhemeins @fhich can be used

ML T TR T E R P S—

advan@gesoiRt, PherUWIPtdREE GRrRofES RN B AL gRééaf §cf19i’ﬁBh ggdes are
val ues. 20 In cases where decoding is successful, an

descnh@r@n@a@%waéwgﬁembpdlmegml is transnmitted to the
device from which the successfully decoded signal was
received. In accordance with the present invention,

I\Mét}ﬁ)tlgﬁlr&i SpPRBNuUSSEHE T veRiorPise N AKUh&ddtilvy a@lﬁnowgg’dgement) signals
., values in a set of pre-selected values
that ar 6 Fr a%t“%‘ﬁ?@l & indicater atgemedsicadat itauo gis UnedrieetbleTreors mazi dezoded
I nf tion. usef ul
signal Qlfld/%et A r%gir%&gh%bp} l‘évégz)gger%{a&h?}? tg%%a&gﬁ? Hﬁ (? WE rmation. An
unsatlsthd)ryslém bfirdbi@bilitpnmgibt dedmhded ol d)ﬂeaér&n&%(i@lﬁid r){%fatmncs

IIy transm tted i nformation signal.
malnt%&ﬁ ag‘f%&P Faf-Ge FRYIUNE UgearescibireerTor andies coft defapatiant walues.
the present invention, based on decoder error
statistics, e.g., a count of detected errors in a 30

decogts dVIE:r@deIodmlg iotuveessiulf ar ABKI @tknosdedpraént phbiial is transmitted

nf ormat | | ues i d|c tive of the reliability of
fo the é’bc&fgﬁnvg‘llﬂ’e'g ﬁ’éﬁ‘?@?“‘g 9ePesA Higral agmegeiteded si gnal

as part of a decoding process. Such statistics
provi de a neasure of the decodi ng success, e.g., fewer
Jnmecudancalith the possentiimdintian,&NAK signals may assume any of a plurality of

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 ori ginally
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
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
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greater decodi ng success than a | arger nunber of
unrecoverabl e errors. Since decoding error WD
wQeMA2D23 PCT/ US2004/ 004831 -4 rates are arp¢TOs1000004831
of the quality of the received encoded signal, the NAK
signal values generated i-# accordance with the
i nvention are indicative of the received encoded
rates 416 @M@lctidH ¥ tHequalifSofRAE teclived BScoRBE SGhNIHRNPARSSoiF @%ues
I n various enbodi rents of the present 1 nvention,~an
genergipd Borsdoidanesr widh theringéngioalard indigetier oft the reavkedred encddedaignal quality.
set of redundant information, e.g., additional error
correction bits which need not be transmitted with the
onis anal tensedddds gtd&fe_@sr BB 1P Varfud BAIbodinin$OHBNE BRB8nt invention, an
the original encoded information signal includeS sone
encoded indormagiop sigael isigentretsdplongtwithsa s wbeadundani sufathstidnae.g.,
i . : l.f,. the. nurber .of error
o R confbeflon bl BichdRE PR i B AL i el encoced
informatibo sigatl. dn svfie ¢hsds sth @tiginabértiléd @EbrMatiBn kip@aliBcludes some error
encoded i nformation si (lgnal . The redundant informati on
correcfign gity, pdhis gumpenisysgalloar smakeras-gefess theaheli theingmbef of error
: [ r i ' . | A - vent. a. .
comeck{ g oREFPREA HAR'PRS P M RorpBrith whldh f A PR with e
encodedciméormetipn sigaal éthenddntdanrnibformationts dwrtd faranperddf time after
i scarded . without being transmtted. 15

norrgﬁ; are, g . ) )
IrANSTIRO \IK‘_?; BNGRAPL HIPTRAIOR;Sianal Ctehdn &G YieAb? Néde sreepived. In the case
wherelaB TP RB 408 vSd, Qﬁ@ferlug@z{n? [ aSRioh Fsﬁ?&% Egg \é?ﬁﬂﬁl}pére Biscarded

recei ved NAK signal the anount o
withoutibeimgrteansmittedhat shoul d be transmitted to facilitate
decodi ng of the original information signal. D fferent
anmounts of redundant information will normally be
SEheddvast Winkh tHahdeiea thd\MEisil SR ded %Mﬁﬁaﬁomﬁgqal, determines from
rovides an efficient repeat nechani sm which avol ds
the Vaﬁh of pewgived Nk dignal ihrahoaniefmedwidantsidforomtion #Git should be

I r a4 egardl ess of .the quality.of the.received
wansr R PR 3R E R B Bieital Guisioraichol, PiingsSfiancines of
redundafDinfdrn@tiok @Al RLANAILY Y RITRIdIfoRditRrdne NARC kighlevalues. This provides
relative |level of decoding success, transm ssion
an effigien( iepesk gleshanisn Wuchaevsidstbelnedditheend a fisechamdyntiof rechsitlant
: B Lre origi.nal signal. 25
infori58 gt 8 VTR 41 UM SR BhOF b5 gfBaca. By
varying tigrahounabfiesuadaat sifppadtioado rdfleet the réftivelelélofdecddifs success,
transm.tted NAK signals may be finer than the _
transmyssion, aFIFRGIesAan i hicusd Wélz@mthe BEREUIAIBOS Cages digrietaansmit the
e b Lpn are selected for transm ssion.
mnne%@%%?%?%ﬁ?y, in such cases multiple NAK signal val ues
may correspond to the sane size portion of redundant
informati on but at |east sone NAK signal values wll

CBISPRE 58I &8 BNPIeet @RfinussTanee i Nidngisedl vialigs atrasypported, the
ar anulatfly oP I PR AR NAR Sﬁ%ﬁ‘é{é@f%{flﬁéﬂ R4h &t g'iiﬁgl?'ﬁ‘g? ngm&k different

information Is trans OW ng rece
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

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
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signal . The device receiving the redundant information
uses it in conmbination with information WD 2004/ 075023
wWEOANEDAD4/ 004831 -5 obtained fromthe ori gi P@Ei/US2004/004831
received signal in an attenpt to successfully decode
the previously received spgnal. Successful decoding
of the previously received signal through use of the
obtairde@dtonel Qﬁtoﬁgﬂyaﬂ prdcerveB kgl ihea kSt sﬁecds%llg %E((E}Qie the previously
_transnmitted in response to receiVving the redundant
receivef sigalat i on. However, if the device receiving the
redundant information is still unable to successfully
decode the received information a NAK is transmtted
i Sucmﬂﬁlmocﬁiﬁﬁ e aRl pﬂ;\‘lguéﬂ{1 fecefved BiREAhrduBh A5&TBE 8 Redundant
_ The value of the NAK is selected to indicate the
informgationgpults &y @ AGK beieg ansmytted ncesponsaiausseiving thitkedundant

: SHi i 1. ecej, vi redundant ..
ntontBREMLbEES, SRS DRSE AR FEPUREELs i v o
succedshal yNkidode tha setiet viee din form At@HPONIK fsQranki@itRiiifkddpbnse to receiving the
redunﬁ eceived . signal due to a greater |evel of decodin

sdeunation; dihe yakugof thaNARds selected tq indicatsdhe gamment Yevel of
decodin3f{RESHRY | i ' ' A ndant -
éco sﬂi%gnal s a?l:iahsf {rﬁgr%\g‘?nktt% us@ﬁg Ir‘%gﬁglﬁs%ité ?%:C}%%}r}l%{ e%fgdant information
will nermegpiiyrbes, diffecht valad thize et ARetransegiiih rbponse i ti@6riginal received
. 1o(llﬁt g ca{)aci L%(, I n. cases where the redundant
signalionp & friatcrtsh (4 Phlcdeeoding spdeersaspisied thropah tharseiofkike frstundant
informfa@@hi re the full capacity of the channel segnent
bei ng used to communi cate the redundant infornmation,
additional information intended for the device to
ich the redundant.information is directed nay be
o RS R e Gt e I A L perie e channel
segmenBd Badiatrbfficroh@finelbé fent A8s 4 AixSPIRa BARLH) MBI Res where tlge redundant
. assi gnnment information, which indicates” assignnment o
informgtipp Fenyneitted iaigaranse tywNidK flogs not eqire thepfatltdapadigrof the channel

sconef el o SRTES 0y S0nRR BT BRR AR pron e

for thendgyidene witd thefealtn@dnt Qifoirnalionat dnectedRaY B8 indiiiRd in the signal used
corresponding traffic segnent will be used to

to comppypigak; Dgtedundantiniosnaed.on or 25 redundant

information. In the case where redundant information

Wi || be comunicated, the assignment nessage may al so

| Incbodenibotimen, iagsigatidiit igfosritidnp whetdnhdit et Aignment of a traffic

h £reviou?“y %ransnitted signal to which the redundant
channql SeGIReRL {1315 DY aertiquigs Sisvice.d 8l bigadeast By aneaspignanentimpssage.
Assignnith® fE8dbLaN; R i I ; .on dentifyi the ..
e PSR TR Oty e L AUFHAS G Y080 e

whethes they¢ oreelspenitngleaffic sé gmeritvit ibetuse dvi @imrhingcdte dewdaidimation or

i nf.o rrat{.on 1coLr esporhds. 30 . . . .
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.

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
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The multi |evel NAK and retransm ssion nethods of the
present invention are well suited to a w de range of
wep@atiiegs and transm ssion nmet hods. Low Densi t pCPES1004/004831
Check (LDPC) encoding nethods are particularly well
suited for use in accordangée with the invention WO
2004/ 075023 PCT/ US2004/ 004831 -6 since such encoding
since £{§:hh:ﬁ€'§d1ﬁ'é LM %116\9 fordRE gélﬂztrétﬁﬁ RredEdundaftfmar ion at the time of
information at the tinme o encodi ng whi ch may ed
encodmg Wlm@h @a?s'énetused tﬂnlaﬁl@@@ th¢ clhancesesfsfuntessfat dfchodglgaimd/ cntrthe reliability
£ d g I|a ) ﬁ ed i.nf.ormati on H ¢ asng gh
ot deahbe 1§§| 4 a%%”P’é?%no BUTIRYON BROHSRG 09t Be Hseg\fa achieve
success@fl @@5&5111@ Oppodiebding PR oA 6REhAe: ﬂﬁ%taﬁﬂﬁﬁaf,%l FPrbAUR g useful
t he advant age of oviding useful 5 decodi ng
decodigngzptatistipethat ¢pat arecgfne uad imyasioug sedofliments; fomsasure the level of
dmmd sﬁgé nts, to neasure the | evel of decoding
CCEeSS. Vhlle assi gnment nessages and LDPC codi ng
technlques are used in various enbodinents of the
invention, it should be appreciated that the
miiY hile-asgigamentapessades 38 LEG ¢pding Gelyraucs ire nspddnyroeus
[ t
emboﬁﬂ%g%%f?l?% frrllg tﬂ)fnf g rs]fsl’(];hﬁff:l %:é] Lap@‘gplﬁf%%lz}éaﬁt%er @Hﬁﬁ%@@l I\éﬁlaﬂ methods of the
preserafivendbh asdisdletioh of ddfenénd ambang @f edduapplt iigfatrhais tohti@bmit in
do noéﬁgg assi gnment nessages or LDPC codes.
reSpONG R DUSR AL 476 Tl P 198 aVidpemer pf applisatiensosbichdamet use
ass1gn9;fen¥ PRsPEESENDAF godlisscussed in 15 the detail ed
description which ?olloms BRI EF DESCRI PTI ON OF THE
FI GURES Flgure 1 illustrates an exenplary
nlcatl stem.i .emented in acc ance
R B RGBT B SRDOURSS ALhE Pissent e discussed in
the defail10g a@sc%ph@n hidhl oliswe.at i on of an exenplary base
station inplenmented in accordance with the present
invention. 25 Figure 3 is an illustration of an

j 1] I mpl emented i n accordance
memmﬁéﬁsﬁiﬁ& aﬁSFi gure 4 is a draw ng

S CTTU T TIveoerToT UTT.

i ncluding diagrans illustrating exenplary downlink and
exenplarf upl i nk channels and is used to illustrate
aHigareehilugirgtosan eraanpary gomeemidatigns system tmplamenietl iBaccordance

with ala-ggurgﬁ%ﬁh(ﬁg ?ﬁ:o rgs%n{;%vg‘ﬁt h the present invention.

€s an exarrpl e of using increnental
redundant codes, e.g., increnmental redundant LDPC
codes, in accordance with the present invention, WO
251@4;{6027@@213 Ipstrptios o ey exppadary base station implemented in accordance with

the present invention.

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

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.
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-7 Figure 6 is a diagramillustrating time w ndows and
segnment index within the tinme w ndow, in accordance
wowaoh/otrdees present invention. 5 Figure 7 ill ustPEL/ES20841004831
exenpl ary assi gnnent nessage structure, and provides
an exanple of using increfental redundant codes,
e.g., increnental redundant LDPC codes, in accordance
with the present invention. Figures 8 and 12
Elustrate exanpl es of using increnental redundant
R G fcp @}%11%@1 iflustugingibing Windows apgregmiaph irldex iwithin the time
w1ndo§pﬁpé&6%ﬁf%§tﬂ tﬂ%ﬁre&'h?ﬁl%gﬁtld vention. Figure 9 is a
raw ng rat an exenp ary representation of
t he phase of the codemord of an acknow edgenent

sh&nal iﬂéludln an ACK and an exenplary 3 |evel NAK
i Toigupesat PRl a5 SuBeHt Iessagetsiigature, B prayides an example

of usinkGnkRnRnfh f¥MuRGart H)ﬁe%t g g;gfeégeﬁtﬁ)i%@g eyLDPC Spdes, in accordance

representation of t
with theqkesswt Bdgetent si gnal |nclud|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
PFigERB'S antN2eNhdtAl exahpis@hiSing Incridfik
co%‘ol nation of Fi gse 11 1le n% ucét ra@gls&gt ah??osdeggﬁdusmga
multi-lsuelh Kesiistiah ineccordmne withi théhpresent enenpibmry e rrbodl ment
in which nulti-level NAKs are used in accordance with
the invention. 25 DETAILED DESCRI PTI ON The net hod and
anpakaliva dRiwinRel RRE8S hn bXHENiIYIBpREG AR of%’é %&@e éf’fhe

[l ular, comuni cations systens but are not

CodeWPlﬁl af eppgkeawlsggnmens pighiltipclding av A G shé ps ax@aplmy Alevel NAK, in
dsySt i nvention may be used normally
aoeor ?I%(% ‘ﬁgﬁthnﬁ)lréf[g%fgvéﬁg 5 with each cell 30 including at

| east one base station and a plurality of wireless
' nobi | e nodes. Figure 1 illustrates

|‘ ) . *
;Lfﬁé‘g]ﬁ @ﬁﬁ? afif}wapg dlustatinganaxsmplary eensesspiatiomof @ phase of the
codewd)rﬂmtf %H%Bﬁxﬁﬂvlb&en?eﬁ?ﬁ ﬁiﬁ nl?(’ﬁlgiﬂ‘l%‘p]il aRdge gﬁc'ir grgglitgl%o% %alﬁ%e of NAK and

he present” 1 nvent
how ancexempvirg MNAK msaps yistd arraﬂgm)f seqeeket $nt§ fih iaGdR@Ance Wi NME pfesent
inventik epeat requests (ARQ in accordance WO 2004/ 075023
BT/ US2004/ 004831 -8 with the present invention.
Exenpl ary wirel ess conmuni cati ons system 100 is a

spread
igure 11, which comprises the combination of Figs 11A-11D, illustrates steps

performed in accordance with one exemplary embodiment in which multi-level NAKs are used

in accordance with the invention.

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
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
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spectrum OFDM (ort hogonal frequency division

mul tiplexing) nmultiple-access system Wile an
wez@aprsaey OFDM wirel ess communi cati ons syst enPCHUSRE4004831

in this application for purposes of explaining the

i nvention, the invention & broader in scope than the

exanpl e, and the invention 5 can be applied in many

with the Ri@ent QVEHAbE BxeDlFY HRIERs cEnBunRaEMA Wkl R5S a spread
es a

comuni cations system System 100 inclu
spectrgm (PRIPM (prigpgenal figquensy divisiammultipdéAing) rhGMipleEachssegbtem. While an

exeméléggéﬁ%gﬁelf%g%énggﬁﬁ#%%f I,S)r/]s el,élg'l gsgliﬁea\;lg ﬁgs}s,e a;i:ﬁlg:gtiignnfor purposes of
explainiagrigsentstidn) eneliivention i €6 GV EAPE tREBe @&arh}f%, lestﬁe invention
en

stagégn. BS 1 106 is coupled to a plurality o

can beppplied m mpny qthenaqmpicationsyspmy; eigvd CBIMA svitelesk sommunications

systend. 114, 116), respectively. BS M 108 is coupled to a
plurality of end nodes, (EN(1') 118, EN(X ) 120) via
wireless links (122, 124), respectively. The end

nodes ié& Ci'ﬁlfé 118, 120 may be nobil e and/or
STERTBNAr YPUWICE PO T HGRHTE aelf bA82 crelliMe94. Baah catldcell 1102, cell
M 104) 8fcides d bh @i (ﬁ%@l),:(?‘st foﬁg\ A nlD C%Wr%gpecg/\gegly,l(e‘%ﬂ\é\%_gresents the

) are soneti nes refer e no
wirelesagovenage arsaef thertmag bation. $s1 206 KGOuPBS td a pAFaIARGf BRI Mdes,

N AR MR A
pluralityoofiniebdee EN(lkLDPQ EN &M 10)§;d @ﬁ@ﬁi,gg;ﬁnnké')@%i‘éqtﬂe& gré%pectively. The

link 132. Rétmor links 128, "130,
end noflggobh0, & pi.i 1d 8c h) mey be tobilgandolstatsormny iviteless cahinanicafions devices

lar ase stati 0Q,i.npl nted in,
s LSRR R A B O R B et o
mobile2{dAeMT@YNEE MNF B2 Iﬁ’@&fe&hﬂo@ghdlﬁ B]Q_s_%éﬁ M08! BN @ AABLM 108 are
t he base stations 106, 108 of Figure 1. Base station

coupleg gmngtierkrds 126ree aetwork ke, 128, 13anespectively. Nadworkanode 126 is
interface 208, .a nmory 210

coni U058 AP B AL AR 10, TRRGTAS 1,10,

132 may teyreat, Sibemaypticdableshange data and i nformation. 25

Recei ver 202 includes a decoder 214 and a NAIL
generation nodul e 218. The decoder 214 includes a

STEPCSIEPIAEING B LRI R B 20 APl a3 accordance

with the irsrentidn. chxdiSpl12Gbasastai @c200/Rap bg A die _d@taflecé répBdstithtion of any of
, 1 ncludin

the basgiél%ﬁ%slé)fég iﬁ%ggﬁlgﬂégﬁ e]%e?sg ,%Ej:,tﬁlgg 565 ' S)IW iareei yeaf2p2 ca transmitter
204, a rORE8H H635h ﬁ(ﬁgg&—%cé @@é, gg& Q%qe%g&rgﬂ%ﬁﬁggé toé%t‘her Fiabus 212 over

. a LDPC decoder orms ‘decodi ng opera
which the yatieusclegnemaimy intarchagerditname iniorhatitie pr esent
i nvention. Denodul ator 216 perforns denbdul ation
operations on received signals in accordance with the

RS MATALT81  SAA PIREN 02 e o
214 includedp dempdiraion 3l ¢ and agually 2€OhiaTEAPRodule 217. The receiver 202 is
coupleﬁggnl}g%%%%' /298 g\gg’rlwhich BS 200 can receive signals, e.g., uplink signals from WTs
300 (see Figure 3), including acknowledgement channel signals and uplink traffic channels
signals including data. Decoder 214, e.g., a LDPC decoder performs decoding operations of
received signals, in accordance with the 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
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-9 the quality of the decoded signal, e.g., a neasure

of count, nunber, and/or |evel of detected errors
wW@r@4ors0ss ati stics on the reliability of the deCDUSZN4/004831

signal such as soft information values. NAK

generation nodul e 218 genepates a NAK, in accordance

wWith the present invention, when a received signal,

. ' data, C cecesshul
R
errors\vind/olr stakstd2 Dnakereliabilichofthg dasydad eignNAchray sdfeinformation values.

communi cated for subsequent .transm ssion by ) i
NAK gengraian pequloghs genezatgtra Bgds, irpeaesdance thha presentipystion, when a
. O r .
e SRS, 2o TS, OJGRPBL o280 Bhopn i RELRNRIT o coupe
to thepraogegisr AQ} niadinke2228¢r whidha ghflemetd NAK masbocommnhicated for

nodul e 230., eratians en er..224 include encodi ng
SubS%‘Fe@&F{%nS&FSSI?I}%%FWHW ﬁ"ttg aic‘&&o{(’ﬂr ocks of coded bits.

Modul at or 226 nodul ates information into signals,

e.g., downlink assignnment signals, downlink traffic

s Tganainstter20d iedkdes wh edgwive A24.sTmercoder 2P4angniattRPC 20¢oder,

nctdef o SBT3,
retran&YalsBOW B AIBSITBOHUIS D3N WpepitRRS S5 EMA IS0 ifcladS e RIRAGRIS8&s of
acknow edgenment 15 si m i nformation, e.qg.

, a
informasiaibite dntikocks ghepdefl YMogdnlapoR26gnedidponigifergnation anto signals,
revipus. downl.ink traffi nnel {tr 1. SSi whi ch
e.2. RBERRHSigrR wefey A Rl R Pl B S Lt gt
Transii @G €93 iNehuped tb Afledfle23bthaduthiehieh Hevalinlofighdl€may be transmitted
recei ved NAK, in accordance with the invention

to Wikeii0a dsknaylegaeraetitsizorl progusias 2agiudo?as posessereacknowledgement
signal RIS L3 kol S ARG b FRATR 200 ot Rl 5 Blovins

downliniyeaffic ehann2Dtrhesintisdisirivh hovasaen sucokssfmudee o@20byyg WT 300.
performcontrol in response to informatiaon from

| the .
Such @@R%Wgéﬂ@’e‘ﬁélﬁfie gbt@ﬁlaqlg ’ﬁ}e(yg]:e%fsthﬁgic%a@ M&,Zg:accordance with the
inventﬁ%ﬁgﬁaﬁﬁk%ﬁsﬁﬂ HRELTRbAUTRY 30 Bl he kﬁi%)rﬁfb%giloh 9 rddifidant

nunmber and/ or size of redundant bl oc
informatmnserit dbladks cietivmlahi bigs, whetThg00, imaccostanegsithtthd imeention.

bl ack of informati bits, ~and/or controlling et her
Retrag SRRt forvia) TBHE P AP Sreonirel AUERopes @ Jeluggon from the
aclmoWl&i:glémegbr’si@@aﬁ'deées%%r% fp&livaes. R@&'ﬁﬂsﬁﬁéj&%m@&gmaﬁ include

data/informtion 2 Processor 206, e.g., a CP
contraghveg bt agmbheandortsizeasf re@rhdantbloskets betimnsmitted, controlling whether to

oL A TG bt B e
transniBdiGiRdS1aRld thReoREEBRBL. | nvention. 1/0 interface 208

coupl es BS 200 to ot her network nodes, e.g., routers,
ot her bases station, AAA 30 server nodes, etc., and

t | nt et [O.inte ce 8. al | ows 0 .
oGt 340 Ftten FoleE 2T 6T uonsfiy 208 Mifessp 206. ..o
CPU, vkddteld €8s ronfaa23aungivdes thb dahiodhatiort23eEihageémafyea 0ab control the

BS 200.
operation of the base station 200 and implement the methods of the present invention. I/O

interface 208 couples BS 200 to other network nodes, e.g., routers, other bases station, AAA
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.
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WO 2004/ 075023 PCT/ US2004/ 004831 -10 Routines 234
i ncl ude conmuni cati ons routines 238 and base station
W@ o0/078023 out i nes 240. Base station control rPCE/URIE4/004831
240 include a schedul er nodul e 242, an autonmatic
repeat request control ndddl e 244, and signaling
routi nes 246. Communi cations routines 238 are used for

¢ Routinds 134gndlagecdttimioniotd Qoltthel Qﬁé MdHAES taﬁBﬁ control routines 240.
Commnl cati ons operations and i n‘p enent 5 vario
Base sigfi ramérat Woé‘ﬁgeﬁ)&@ﬂ@@éd%a s@bgdeles matlile 242 ot zml!d)matlc repeat request

contr({l) %ﬁdg%hle%#g ﬁl@d élgneh'ﬁlgggﬁt?neg %% r cgmg]ggﬁe%ﬁs?rtgptmqséggia%psed for

contrleﬁ)@ esastatdbn 20(0 ansetiorinefaridQdcoi@bhicMions %@Faﬁgﬁ@ﬁﬁd Rhplement

schedullng RQ control, signali etc
Vaﬂouisr'fﬁmélﬂ%ﬁ*ﬁ IP%P@F@B@ &Fase Stﬁtéoww@gr%ﬁm@h%(bmesed]to control base

T ed t contr.ol
o] PG An U, SEIGEMA RIS 32,15 B30, G301 O 0
controq| foweacomml, S'EhedLﬁmgeARQadonﬂ’Otj $lo@aldd etoyandes WepREehPh@ steps of
h £ dfu% Schedul.er ,ﬂ%dm e 242 may schedul e users,
the mez caf DICSRR inysnfinn, |schgdyigs mpadule 24is useghtoj qefatrol transmlssmn
schedlfr@f dndfor €BRARNR caB I FRBERe Gk HOUN ?h@ Kerels fe£ fn%gﬁf ?12 J9ay serve as

segnents. Automatic repeat reques con
a schedgles $dhedulat mpiwle @#irmaly(mheﬂiﬁﬁz mmrSHEIngWTs 200 tce¢HAn Ml sk Sments,
iver 202, and transmtter

C tiopn with th
8 u@@ﬂ( %ﬂSSﬁ Psﬁgﬁﬁ’nﬁﬁ@ﬁé{o ﬁnk irﬁff&ChAN@?l SEEMeEor dance
with the present invention. Signaling routines 246
perforns operation to control signal generation,
SA@I‘,q)g}atlp feReghicaedsd eonteph dhoslulprai u’se&:ﬂﬂptdlatahnmm]latlbﬂn 236 in memory

210 sl HERR LR 1 e o B 0o e operation
of ARQnml dedeslatttvait?the pravefish e&itioh € 8B MaRhg {dihes 246 performs operation to
data/i nformati on 250, 20 system i nfornation %

controyigRal Caneraiias, gl,gﬁ@ﬁfanﬁl@gsg@ge@dzsggnal thoapliomver theef Wireless interface,
ecei nt nmessages 258,
oo OEEAERNESR ACRANE AR RIIETED, s

channel nessages 262, and acknow edgenent nessages for

tﬁxl yﬂ% traffic 264. Data 248 includes user data, e.g.,
A8 RRRAeB P 36 iR der slatpoid So witelont feaninal (WiTh iste/infatmation 250,

syste f

ystemiRrdRafon 5p. WORTA ASTerRER AL BTSN, a0 el mepsgass 256

receivegtdelnowletigamndat nedeges 398, ﬁbEﬁlSasts%hfﬁeﬂﬁhlessages 260, uplink traffic

han gat al i nfg@ ‘#6"2“"2&% i ncludes a plurality of W

channey Mes et R dgempnfriaessages dor yndipk tiaffi264.
information 268. WI' 1 informati on 266 i ncludes data

270, teym’ nal 30 ID informati on 272, bl ocks of
iDeto2hhinchidepises A&7 4. 2. bﬂma kecedled Crae® Ty 309 Réb wu%&@s links, data

ter ual it oded i nformation 282.
eSSl B hOSo S e
transmittet €5 8@er Addivork s, node of WI 1, e.g., WI N, and user

data intended to be transmtted from BS 200 to W 1.

Term nal identification (ID) information 272 includes

WHASS tgﬁrﬂ%locﬁta?m%or% Son 266 includes a plurality of WT data/information, WT
1 information 266, WT N information 268. WT 1 information 266 includes data 270, terminal
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 intended 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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WD 2004/ 075023 PCT/ US2004/ 004831 -11 ID used to
identify WI' 1 in comuni cations and operations with BS
wQo@4/0Bl0exks of information bits 274 incl ude PCDURBOEH04831
information, e.g., blocks of user data bits, to be
encoded by encoder 224 ofiltransmtter 204. Bl ocks of
coded bits 276 include bl ocks of information bits 278
ID uscling ifdndig) W’Pfl if @&Hﬂﬂﬁféﬁtl@ista%d%ﬁgratlgﬁé' wﬁﬁ‘@@ ﬁ(‘)‘:qﬁggks of

bl ock of information bits there is 5 usual
informegipp @ﬁﬁ) Qﬁﬁ lI}ﬁI@J@IMS of infemhatidant.gbblosks d’ihﬁsebﬂma |b1tﬂlft0 be encoded

R e AT XTYCINL N

278 ameMsiodksaff r@dlﬁiﬁlﬁat Hak 2885 Foidack BRQRRE bl dtkQyr iirbiARi 151§s there is
276 can include sone redundant information, e.g.

usuallyp cerrespgadiae ek cisedvadantits: Kbe bleskof rucqdedbiss is. usually tranmitted
while glllé:)&xjg’tﬁo% o?t%iﬁq)f Bid I%E%Ei%nfablgs Oog o fétrpgm @1?’ eggr%%g 8%& Blocks

of encb)dedenﬁﬁldﬂtloﬁBﬁs 276 &unqa&adaiorﬂ&reuﬂﬁmﬂﬁifmm%ht &g 2E€c bits,
Bl ocks of inforpation bits 276 may, and normally d
generaGics pa of e ercAfiE pECRE, Blecks, of codsd bltsm%%e ontpb frem an encoding
t
o8 2 AEIE Gl lith 0888 o bRLIRE O o,
infom@émebm 2. aBlopky of mformla'&mehlcsm]é"mmra@d@@ﬁmall T8 ifd1edKihe
redundant bits 280 i nclyde additional re undant

lnformia Poyreniat 18k Yoige gr othgr dagg, g P‘ileéjc‘flll%lﬁlt biosdss pEinderanation s 274.
They ﬂ%}t §lso Hetudelsemt SeindiR GhdAa R orP \%{ a Sﬂ}?tl dfqg ?ncodmg process.

plurality of groups of 15 redun
The blpeksof dedvindmittidts 289 indhudsLeglditiomnk re&hnchdUmdi@n’tauan &ag. 28160r correction

278. Fo
codmgtal%rgﬁgo%% ? O%Lh?%%@ Q (rjeedgpldaélg;| gggggé ta%a}lgrggfy of groups of
redundaff B1tsNPArt QRedRidhis HIR Y SH @ﬂreﬁ N‘%&Jhd%ntclﬂfso%%%f‘gi Hg)lock of

first portion 284 and trans ted as a set enco
coded ingeraatignibits 27 h Eor eanainisising mmmscems eutodeddlhmkaZﬂS dfiihformation

s gy SRR 09 GBS, 5 e AR Tt e

informwtiore mhéreﬁ&ﬁﬁﬁ%pﬁtlaﬂﬁoﬂ&@&daﬁt bifecotspotRit g t%fth@trmﬁ.lﬁntted block of
but which may be discarded upon receiving an

coded Pifi R Setanig Siqfed s st redggdany infardatitaculich gs a@besseréand used in the

| ock of. cod
cvent G REORRIG HECRT0E lSr Gab Rk WG Rk fst
receipt28@ desodamg ofthp wbrréspondinf &aﬁ@me@ blodk4f codHdGatdrMatief bits 278.

| of the decoded i nf t d thus
Deterifi it O¥echiial mpaton B4 sniankout Geme haricopenadinicative of

the qua%%@le@@l‘ﬁf%@ﬁ%cgggd &?@a@oﬁ ggcrlm ﬂ#@ lehd v @iof glg(g(%fjlﬁg Ryggess- NAK

nformati on fon 1nclu
generati@vmbodilaf2d 8 watipares #Glctaomiteidajualineofwlres dedrinfesadomnas? to
Thus, nodul e 218 determ nes if

S N TR A
succes§f§lvcﬁf|noNAfhﬁso nRORARSe eg WIHA(K'SIR;\JI& l@eegnlfngﬁ?%/d zBId, if so, the

decodi ng success when t dec I'S not
aPPTOPE%Ic et NAK t@fenSredt ana fumt:twmaﬁ the ﬂEVZB&f decodingdescdes®hen the

tion 290,
decoding is f.or nat ysrl}CCZe%ssﬁ,ﬂ nodul ati on i nforma

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
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timng informati on 292, code information 294, and NAK
| evel information 296. Tone information 288 includes
WO pdoafon@es on i dentifying tones used in hoppi ngPCT/US2004/004831
sequences, channels, and/or segnents. Mdul ation
i nformati on 290 includes +I2formati on used by BS 200 to
WO 2004/ 075023 PCT/ US2004/ 004831 -12 i npl enent
impled@hi RiHuSBbALRLLS BclRatte B BiS@E niul 6 mddﬁh%ﬂ{od&]aﬁ)r 226.
and denodul ator 226. Timng information
TimingAgfoggatian H2gay Hchidedinting infemantioprushd milhmgpmgqa@me«ss superslots,

cven SRR B P B AR P BRI e e

segmeney H@nta&1m1aggelat1@1ship1bdﬁ®edn%naisb gﬁﬁlﬁhﬂkegﬁkﬂﬁﬁl’c‘raﬁb channel segment,
assi gnnment segnent, a traffic channel gnent nd
and anyackapwicdapaeriahanic] srammme Tinvrgaiermation2A3 iyt asainciudn timing

1nf0rnia9 nmat%% ng@éwhféﬁl%dts bmh@%res%ﬁ]tf {/émltolnocgagsﬁﬁ? it h?gélll includes

esent |nven I on

inforn2@ién ii denlifiylng codmg ctem theappd clesade uydd)@.gC,adiDBCT BCESelated
of code u ECC rel at ed

. the t ed, e . 8 LDPC . » .
infornaipy P%%f%%?ﬂ%@%ﬂ Pﬁccg?@ﬁévr arnaieneandBaEFelatddnfeamipten used in
recove'%? dr &QEdﬁﬁl}o?ﬁlQﬁioﬂ @K'I‘(Wel Rord@dn '2@3 é%c%?c%\é l%{as\éreegé 158G mation

formati on. evel ornat I'on
298 ardi aootinn@us|leved lmfonﬁaimmﬁa%o N AIK 1@ 8indowtn ation 296 uelsdds évfdkmation
i nf or mat,i 9. NAK |l evel jnformatio 96 i ncl udes
that may 8P?P3‘t‘?ygfﬁA%?$F5‘Ff%?89 njpdu tsﬁem%e&‘ggﬁdp.aewrmﬂ@th the

inventh3 fdrQuBRa M RndNSSion kdla HEE 9HEIANLR 104 ﬂlﬁ)ﬁﬁ%lon 2(?8 also includes
| nvent| on, for SUbsequent transm ssion to a

informapian thay glayibefusedrby ASIK sigaal gransssing modele 228116 mtanptat and process

recetv g R B S O ool s PR Fy T oFy fprmation

defininf: ﬁad&@ﬁtm@tcﬁ@l@@%% 1beyebf NAKR! WeRH i®§ordd 8mbh& AR f the invention.
information 15 defining and relating to discrete

Discrefelgutl dnlormpigus 298 mayinc dg@@ur@hbmﬁ Ktssgnad V@lh@, each possible
NAK élgﬁ’ Béllgtgp%orr%glﬁ&% gnl Ag (ﬁlg J‘e\l}llt Olro etglgc;lo dﬁsg%gng?a%/aé{tg,%&%%ge value

correslsongl[@ toMKﬁalcbcﬁffbtbﬁDpl{h@lé K)Quéspcditre@ dricenetteab R ¥Lthe Rifferent NAK
ase va correspondi ng

encoded si gnal qualltg
levels. GOIKEB%OU%#HCHPfWEﬂIF %%a@@de%ur@@@wé@mdéﬁmg@mdgelmg to
contin@éHs e 6#1%%%&&'1 @Fl'il b%Xﬂe%mb%g'ﬁ#ﬁwgfﬁe ér}]v&nhon

I nformati on I nc ormation

Contmmehsalbwignﬁommﬁ@om?ﬂﬁ nnnlmdelSa tanialisusobin A NAKI%%HEH FhMeS,
ntinuous

i.n sone enbodi ne f_ the invention
COHGSROé\%B}g 1P 3COPHRTGUS ﬁntQ%P?ﬁﬁXgEdé@S% apbhass Yalerieorrasneding to an ACK,
o e e g S B N Ay} BB AP LbAMAMSS angg of phase of
NAK sgnaliCK, an interval of requested bits correspondlng
to and mapped fromthe conti nuous range of phase of
NAK signal s. 25 Downli nk assignnent nessages 254

DG Ak R5iThHRABNEHES B3PS IURER sioAmBAL tb¥ages\Wed 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
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.
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300 that it has been assigned a downlink traffic
channel segnent. Downlink assignnent nessages 254 may
WO pakoT®2R new ol d bit indicator used to conveRCTOS100€004831
the corresponding downlink traffic segnent is or is
not a first tine traffic sggnent. The downlink
assi gnnent 30 nessages 254 may al so i ncl ude
information indicating the ID of the intended WI, for
afirst time traffic segnent, or information used to
o Moai mhink e ffi clexnafmedaggek i266 includeslasegrienformbton,&. gipilocks of

infortggtn s 2 G ) 8 GO P B P00 bRl PR oWl raffic
chann%?%g%ﬁﬁnke&?%mﬁowl\é@gé&gﬁ%Z@%gg’Zfﬁcﬂa’chﬁg QBN ent signals

Downl 1 nk traffic channel nessages 256 include
from Wﬂs 300fto BBe200dndlicating whétheaksi0bf WT goo hmucmshﬂllysdecoded the

s A e S B BRSPS R o B prae
1denu@5¢ihglﬂwp%§iﬁwaa&adm&%@%§t 288K Hicd Mg kbW el RIRREgement
i gn fromWs 300 to BS 200 indicating whether or

(NAKgowhere e lsoel %a@g@we@@kmwlbqlgpn@@t o deped tordeggrgring thed
retranrswfsg{oﬁg% gggl‘n]oHn ée(.gl.ﬁlgglét qt%\é\éé 9!11 %gnl}enflﬁ gerg 1 Ca?:Q(\)/ §¥nce%v1th the
inveng6iknow edgenent (ACK) or a | evel of negative

acknow edgenent (NAK), where the |evel of negative

acknow edgenment nmay be used to deternmine the

S?g)rﬁﬂ%g@ me%saggies 286 C%ESlérﬁlq%i‘E qx?e{%&ag%ﬁ&!?‘edttg n%ﬁfy a WT 300

u sequen sent, n accor ance
that iti Hay ®&dni 36, gnMphﬂ oilirkstgafejo nﬁmﬁahmmge $Ip2iGR abdignrele messages 260
assi gnnment nessages used to notify 300 that
may iRy BAV/RLEbiG kP alny U@ foHOVF LI P BeT: & AREPSPOBYRE plink taffic
QgGk I
s}l 24, 35| ST R P A LB RIS Ay i

includmﬂhfdmklammraﬁlﬂloatiﬂgtmd@mﬁrthe insenoled V%T Jfot a firdtitinst trafﬁnEegment or
affic nment _nessag

k
infortiniiseh 0 SHIERARIe B (hE A OmEn F0F & it Ge spgment.

Uplink 2588885t WhssdoE 260 fileltShsthitiR by B 20(FtoSWARBOD onUplink assignment
information used to obtain the index of the first tine

segmadgnent, for a non-first tinme segnment. Uplink
assi gnnent nessages 262 are transmtted by BS 200 to
V\7I's 300 on uplink assignnment segnents. 20 Uplink

ﬁk%aﬁﬁ%ﬁﬁhelﬁﬁ@s@@%@ 962 G210 RGEASH I RELIMERATSBlaBoR itht has been
ee

ormati on that has successful |y decoded from
succewdédde@pgﬁhfr@mtqoaeﬁé signale ttamutqul pmkplinkatrafiic chaeneheggments by WT

300 t‘?ﬁg?@g eé ?%?vy%ggq?fﬁ%t Irr?eg?%e%?oi élgia‘clﬁ@?%% o 1rr1Tglude acknowledgement

messadeK BN REDBTRIAK soRSAAHaSodLH 2T RbRd Dyol\AE quens! dtthddecoded
nodul e 218 based upon the quality of the decoded

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
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.
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25 information, e.g., an ACK nessage for a successful
recovery of information and nessages corresponding to

wo 2040023 evel s of NAKs for an unsuccessful dePCOUSZP04/004831
attenpt in accordance wth the present invention.
Figure 3 is an illustratiad-of an exenplary wrel ess
termnal 300 inplenented in 30 accordance with the
i nvention. Exenplary wireless termnal 300 may be a
nore detailed representation of any of the end nodes
1ReceivarB02 ingdudes20lecpdaridg daad & NAK rgehersort modillea183Ahe decoder

] s a.receiyer 302 transmtter 304, . :
314 G 8 BB aRRR 1) e R ety WS B Bt Badtls gaahe rseiver 3021
coupléilitp ahlaAtede B2OVBL&RWHiBIe WRBO® U REATE ﬁ%ﬁalﬁf,ﬁa\/ .. downlink signals from

I nt erchange data and information. WO 004/&%5023
BS 208cnclydiarssigomeychanne sigaglei acknogdgement ehemnch sigeglodad downlink

) . ' du 318. T coder 14 .
watncE A AR oA 240 BB SRR Rt cecocine
operatim@if eec3ived sibhels| @eRtordanci0Xith the peaye igderdtPnaDASRIG: 316

320 over which WI 300 can receive signhals, e.g

perforgs demodilalipyy ABFTatigs i nScBBbognals indcoedarrearish therpserent invention.
. ' e el.. si l.s .an .
Qs BRSSP A AN USRSl DRl 405 Weacin
indicaDeg dateuaBiydof the decoded PR, €lgc adensurpef EuniBnudese Hnddbr level of
erati oglsﬁ{/gt%,recei ved signals, in accordance with the

detect%f B AN istigs on mgal%gfyoqf’ the @ecogded sigpghguch as soft information
valuesd 8ad gér%étﬁﬁ RP&N1&5 1 $ géne?eﬂesr SRAIK &4 a@éo%%%é l\x)llt::ill ythe present invention,

accordance with the present I nvention.

when ¢ eqcervieil ignilo e gnoehelved 3, gamet bt dscodedisuvaessfidlynsThe receiver 302 is
codi ng statistical. i rmation 10 indicating the .
coun 0L B PN, A0 S0 i

for sulsseiiitint trakkFRSSion BPFhmitEVRI4 @fBS 8@ ect ed errors and/ or
statistics on the reliability of the decoded signal

such as soft information values. NAK generation

le. 31 enerates a I n,accor da Wi th e
g?lgaglgrﬁ{tt?éf ﬁgégﬁltcfuélﬁs an %Cé)geAraI%Qﬁe 2]316\Fé180€qr 32%1 €.gpd &Hi’c encoder,
include££ giodeldiod 306, anCeRRIGW 1B LA QLR I%Hé‘ééﬁ_%?flﬁﬁdul/e 32d18nd a
receiver 302 is coupled to the transmtter 304 via

retranymiggionoontye) @oditlei 390 Qpeatienseeicncodex 3ghindbede encoding blocks of

) C i f ) t nsm,ssion by . . i

otorsGRTURL 688 e SRk SHLSRAUTL: LRSI S8} Selguang penas

e.g., uglirdoific Sizdals, e seRedledgedzeht signdls. Teankitera089¢edupled to antenna
i ncl udes a _nmodul at or 326, an acknow edgenent signa

332 thipugh eddshyplink signalsapey beaensmittpdsiorBh 208 sArkvdedganesint signal

poces SR o0 RS R RS S A LTS £ TERR N

signal fiohsBS Rbd udnadss«ponéﬁﬁ.@ tcmli) ﬂtelv&%ufe siplinit Qﬁﬂﬁiﬁtdhalﬁhdé fhfsmission which was
Si S .0., uplink traffic signals, an o

not sucGeAa dsagiarein thei At Sugh BIRSASSiNEdRa3o4luds obkiinga levs! of the

et AR R A L 278 g bt 30 oo

the trapanuiseers digdunbint mf@ABitipn pe e sblesksaafkadwddadigsitse it BS 20040

i nf or. ion, e.g., a recejved NAK i
accordance wit tthe MVention. Retransmission control module 330 may perform control in

response to information from the acknowledgement signal processing module 328.
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.
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signal from BS 200 corresponding to a previous uplink
traffic channel transm ssion which was 25 not

wGeamens®bill |y decoded by the BS 200. Such pr ocPGEUSZ04/004831
may i nclude obtaining a I evel of the received NAK, in
accordance with the i nventlison. Retransm ssion contro
nmodul e 330 controls the transni ssion of redundant
I Md?ﬁdl‘?B'lOﬁhchfdeg mutﬁleggkcﬁa&f ddtRHHOSMHonB36S PrdRs 8P 306, e.0., 2
200, in accordance with the invention. Retransm ssi oh

CPU, exgseuies thavisgtines @émndralyeqdbc flatefimfoomatial 336nin mesErEe tb control the

operaf AP LR et DL RT T e Bl o B pient mvehtion.
controlling the nunber and/or size of redundant bl ock

to be transmtted, controlling whether to retransmt
t Reutines 334 amclyder comrawnieions reyiting 348 end séretess tdrnmgal control routines

40, WARIHE e R, A1 B8 AT 05 S by oo o

342, aht nignlirFlQuiins| 34d eSomaitnioagdsnsiddtians ghigtuaéd fifr @bAMSILAR wireless
g@ Pr ocessor 306, e.g., a CPU, executes the
terminah 300 (QSSTI9TN VAFUS ROBYMYIHEALNRE APFIRK oS BMPleBEBIL ivarious
C wi-rele .
comm?@r@?nﬁ%ﬁgﬁ)}&8%cﬁsé ngvrf%eﬁé% ferii; al 9&1‘%&&{)1&&5954@ i euhs:ed t? (é%nilf,](il wireless
terminah¥¥hopesations, d@uﬁetzﬂe& BR4ontrol, lttdﬁsrﬁlﬂﬁi‘m(m edttiodfower control, ARQ
338 and wireless termn control routines
controb i S o D BT R IEB OF Wa A L4DE PirePilgavestion.
automatic repeat request control nodule 342, and
signaling routines 344. Conmuni cations routine 338 is
uSuignfagic repeat reqidst pontwil meldeds342twestihealataA@fbrinatipe 836 trmmemory

us connu | cat ons . and inplene
310 S orBhh ERTRNT BB Bt rad BB Giennisal the operation
of ARQOMM dcObrdafielwiliethe ItbehBinYSRBn! Bi&ARLE Putiifes gﬁ@ﬁ&f&xﬂas operation to
term nal 300 operations, e.g., receiver 302 co
contro} §i g gpRQration elzgn@ldrmmmltsswpom sigiah tqoeptionNR@r thowirelebs interface,

e.g., th%él—%aaglte%%a%#dzaﬂd d to inplenent the steps of the

€ pre invention. Autonmatic repeat
request control m)dul e 342 uses the datalinformation
336 in nmenpry 310 and works in conjunction with the
rlé%té/mfefm@w 33gracladesrisid 346e terminpl {1 informatiin 348e tone information

f wth.the t
350, mBRERAbA BPormtoh's AN | oA AORI Fud ekiGyBh 356 oot o
informbidon mm&sobloskg@ﬁdodg@ bizs 360, ABterhingd Ylalith ¥ A8 SRt MFormation 362,

%ﬂ receptlon over_the wirel ess interface,
NAK lgys info Agrreeinehdownintoanaieament mAsALes A0Sy Fseived downlink

4

N iy e T .

assignogrdendssdges 4. uphinB feaffid ¢chahng mekayes8l6,0nd 36@ivdd LRkSwledgement
bits 358, blocks of coded bits 360,

messagg:étf%rru}pflwgar g&%ﬁgty of decoded information 362, NAK

| evel information 364, received downlink assignnent

messages 368, received downlink traffic nessages 370,

ddtn 3 mdhydrender dete sepiedfoyr WaB00! frork BS 200 &.g., 3148, from a
commumca%or\{se f)jeer lﬁlocllenci)(f 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
to identify 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,
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assi gnment nessages 374, uplink traffic channel
nmessages 376, and recei ved acknow edgenent 25
woremgagwsd f or uplink traffic 378. Data 346 i ncP@m®©s2004/004831
user data received by Wr 300 fromBS 200, e.g., data
froma comuni cations pegg-node of WI 300, and user
data intended to be transmtted to BS 200 from W
| 3 . .
o5, o P C SRR, o hifBh oG U ol hen 2 oy Ribg tramation bits 355,
Blocks deimforiyatidh b3® 080 mcheiethminf@hiatins irmhetedpe igdut Blugksbt iformation

bits 35 Thaplaciaol sunensbis §ecSdepidSerd aatuadimtatormalen o.g. eror
correcBiBf Qgﬁﬁg BYdiBRRADRS. Q‘gé]'blogﬁst i ah Bits %noﬁg ?ﬁlé@%ty of blocks

coded bi'ts 360 include bl oc ornatlon
of ledamctanbbm: fpart lcr&durmldnnrhiar&MbparsN&s@ndalmtséi 86f Dmdeﬂned quality of

s 3 e oSS S 15 LSS ety v of v

decodédinéIRati®A CRAKNSerRR LA tnh QAN LSS ﬁﬁ%@%g e %%%?&ﬁty of

bl ocks of information bits 358. i nf or mat
decoderd indorzguion 36 delnfermention fimplwdediin NAK d¢ vetiadotinmation 36t to determine

e LR 0y Al v oo

information, e.g., error correction coding additional
bits. The blocks of redundant bits 382 include a
ploreinfergnagpn B iekudss grfomeatigndaentifying sonep aged in hopping sequences,

chann%e dalﬂ%fi‘%%ﬁéﬁl}% I@i%)ﬂu ggﬁ é’lf %H%? nﬁle es%nf%%%&tlon used by WT 300

rmne orrm

to impddrhean tvaﬁ@@mbdhﬂatﬁiﬁmﬂﬁhes&jséd b dhec@doh okl @br 3Irﬁearmuﬁbcﬂdlattor 326.
| evel of the decoded information. NAK generation
Timing-jHgrreatpne’ Ypepax Brlyde Sruhe ndemeion veer @aﬁppmlpg g¢quences, superslots,

t
vl €SG50 LA RENSP OB LOELHSE R I
segmestsom Ed ahmmgg ne& atidnshlipdetiaen anassghm@entisagmeiie, a traffic channel segment,

iate | evel Kto nera 10 Tone ) o
and any aﬁ?%?ﬁ%@%%}ﬂ@%@ ANGE PHeat. gﬁi@&%ﬂ?‘%ﬁ“%é%@ ryiakig ipglude timing

inform486f ubdd AIRPARD SLMHEESESe pre%@x?rig@nﬁon %gd&ﬁfo?ﬁﬂﬂ&%% includes
Modul ation information 3521 nc s informati on used

1nfomia§aow\irde3@t)_y1ng codingtatesethe tyzr éfeode memdb.at, mdd)E@lE(ﬂ@selated

t he de 16 and no t or Ti.mn
inform AT PRl ISR b AR T 0f G T o s Biprpaign e in
recovel Pbf é&léﬂ MG rrB RO NOES leveLiRedralafba 364 mcHMRE Uicrelfeddli iRfbrmation

of channel segnents, and timng rel ationshi ps between

388 andjcontipgas leved mf@nmat@g FRenDAK ¢evgl infermaition 34 1ncludes 1nformat10n

that e R A e R BTRR bt afatr et Wi the

inventRRYMR @ﬁbseﬁuéﬁt mnéﬂﬁfsﬁbﬂ&i B91208IGAREN v g rh A8 also includes
timng information used in the ARQ nethods of the

informgfier Byaf majipesedby A@é%@gmaimq@awg)moggh 328 ¢¢ Uderpret and process
receivb NRICBEAADroAORE DY AL, ERTLNG HiBkERp S hatBesIhciFon
definirgendrralatiof todiscedaeydl NGO Ak | wad iR fehdEGEbsdEhRh8bf the invention.
Dlscreltenlfeeerl rlrr?ftolnggtugjns3e8d8 rlnay include a plurality of NAK signal values, each possible
NAK signal values corresponding to a different level of encoded signal quality, a phase value
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
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recovery of coded information. NAK | evel information
364 includes discrete level information 388 and
wa@omviiomwedis | evel information 390. NAK | evel PCT/US2004/004831
i nformati on 364 includes information that may be used
by NAK generation nodul e 378 to generate NAKs, in
accordance with the invention, for subsequent
correspordisgrioss tetinuouBnter) of NAK bl@a\é@' a piHse "VHBE 'CBH Cs% ﬂdﬁ%%? an ACK,
i nclydes 25 information that nmay be used
an mt‘?ﬂ'?ﬂl@é ggqqq@te%ga Ferrespgnding fonangrprnped dredn Fhecuoeasuous range of phase of
NAK glg gived NAK signals fromBS 200. Discrete |evel
I nformati on 388 includes information defining and
relatlng to discrete |levels of NAKs, used in sone
EE ts o the invention. Discrete |evel
Oéxﬂl BEASHEYMETH JeseRgen 367 W&dﬁtayslﬂimmmeﬁmamed to
notif , 31 SOl L espon
ywﬁfz’@% (e B Bo R efeq My A0RAL R AR SRR GRS downtink
asmgnquatsmessag%e%@(lna}omchﬁpalmdwftgd bid naﬁca‘éﬁl‘usedlﬁﬁc@hvfegf &FRetHer the

sponding .to each of the different
e R T R T s S —
assi gnhﬁﬁﬂh@@h%é%@@%éf‘élﬂgm%ﬁ@e ﬁrﬁbﬂﬁétg% 15&021&%&1& %%g%e intended WT,

| evel s NAK si val ues n so
for a figt timeatraffie émm@m, or iofsmmatierousdite viethin thé drdeatof e 390time segment,

for a3t 58 SRt DRSHBnh Sofmant Dapadis e R DY B0 o W

300 omwmmmuﬁgmrﬁ&lﬁrsvghe&é NAK phase, a phase val ue
corresponding to an ACK, an interval of requested

bits corresponding to and mapped from the continuous
r f nals i ved dqwnl i nk .
e aoRHRRE e BT e et LR B R <eigasion. o

blocks lmfﬁ etfotnmtiondsis 358 \Wat 3@ Ed&ﬁtsuédessl?[f@l%y B8R AB chfb?l@r 3‘]k4 Downlink
downlink traffjc channel segnment. Recei ved downl

traffic messageiasn {rapwaiiisd donsBE 2080 WAk BQRien dovalwlotraffisichannel segtents.
Ackno{évgh\‘?\l%&ﬂgzﬁrmﬁg%stf& c'fo%m Mgl ?ﬁmcﬁ.@f: n%cs)%qrgreei g]?ﬁqw.ggd in

link tra csegme I'Sor
acknowledgeiient siggate fitom Wie3@owrBS 200 indfaiigy) WhBtheIBSEAIRT Afthas

cl ude i mation indicating the ID of the
Succesﬁqﬁﬁ%ﬁ%céa ‘W"e fi%?“f‘?si?mgofm??%lt o118 ackpgWicdgeeenisignal eamveying
informAtidndh 'R%tp'h%b Méﬂff%fn% QR aﬁﬂﬁ)\ﬁlg%%éle?lt (/%)o%)]f LS8t diT8 in the

segment, for a first time se
phase ld@mfglng@dcvq}reﬁ swﬁye aclmotviaigsmeht @TARY), vBSr206 1621 ¥ Segative

t t R d downl
acknovﬁ?(g%efr}eg{j aY¥ be élPecﬁthcig 7 rren S e l‘gg;]rgégogg g ﬁguntoo\%ﬁ;eéu?ldant bits
being réqieOed®l bOSubsEqunily dht kﬁ'n%@&ﬁdﬁfce a\ﬂglotglg%x}eﬁﬂglg' ts 358

that have been successfully deco decoder 314.
Downlink traffic nessages are transn1tted from BS 200

5&% vf“gli downl |tnk traff:ﬁ channel, segnents.
KAOW UGS HEMERLEsees & €id§RSRnERtMessages used to notify a
WT 300 tiet itthes bessagiehed spRsHkit6e Efhnndcl 91\641@ %% é‘{?éﬁ uphnk assignment

nals from 300 to BS 200|nd|ca|ng et he
messag%é T4Ampagowlusigs new/old bit indicator used to convey whether the correspondmg

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

assignment segments.
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successful |y decoded the received information, e.g.,
an acknow edgenent signal conveying 20 information in

WO e@4priase i dentifying a positive acknow edgenkeit/USACK)04831
or information in the phase identifying a |evel of
negati ve acknow edgenent (I8AK), where the |evel of
negati ve acknow edgenent may be used to determ ne the

r ehpliak ﬁﬁffﬁsdh%‘mel %&sageéw%hﬂé dHRIMAIRREMB 4P e egb edl{ﬁ%(s of

requested to be subsequently sent, 1 n accordarce
informatienibity 8A8.ithat. araaméc@m@buoum ofrdoded bitgameé tmnmﬁtsag:eaphnk

sgnai§ bR R RS AL TR B R BT 1

channel segnment. Received uplink assignnment nessages
374 may include a newold bit indicator used to convey
wRegsherd ackrowlsdgersens merissages {nsluphik trafficf378 iselgde atknosrledgement

sinaSlohnSho B 4 Sl MR RLLNE S5TRoThe BLLRK o e

transniinet @édrivagoh heg.| Ql Qtfknb{ﬂ'& fg&h&ﬁ@@@xaw_onvfeﬁhg%ffo!rﬁlﬁﬁoﬂ in"Be phase
traffic 30 segnent, or ormati on used to obtain the

identifyfgeihe ppsifiyrea P‘é’ledgfﬂﬁéms(é&@rﬁf alevsl ofnegative |a¢1§towlﬁd®ment

. tte
o N S
retran@aiGAH1) 250 2B RGT bﬂ&ﬂﬁﬁddr@@ﬁﬁ&huestéc&olﬂw sluBé%qhéﬁH}f $&t in accordance
channe] nessages 376 include data and information,
with the ventionocks of information bits 358, that are
encoded into bl ocks of coded bits, and transmtted in
uplink signals on uplink traffic channel segnents by

Vit @8@xempBYy &66Gm,5viRes e¢ll erffaciogmehsdge dpnimio®bsa@as] among the
know edgenent

.o f Pl ff 378 | ud
wireleys iRl AP B areAunipdrigahns0n ) A GREaIE ANGE HieroeBre £, cell 1
102. AeheBRidRnb@sH RURE 8§s%fskﬂt10}i 2@@ %‘% etapr?u ﬁl{ (}V&Iﬁﬂlk segment to

i nformation, e.g., an acknow nt SI convey
one ofjtif wirehass, e4g..inmohileetephiaés 300de rtite| dellitaged dmaa pumbtn Mecrltena The

assignE N CHBHENe? PR RIoHer e sl s oL 1D
CorrespokdifMeshgr fRfTic SBRMcRE] s BSHR! ‘ijcilfechsggﬁrﬁéﬂf‘segmteﬁﬁthQHcludes the

retransn155|on €. g., anoun F edundant
identiffes gf thetveieeless t@@ﬂ@fmﬁﬁéq@ sidhythe trafific sepmentde pskigred. Dwit4 transmitted

by the %Qs% #Jﬂl\éﬁ%b - clo@vn(iﬂ& éra)ffe (?I?f{gﬁ{ (%Eé?edg%l bé’rﬁ}ﬁ bl%?l’r,fgd términal

se nen S are

recelv&m I]Rdtzeﬁalstﬁﬂtdm haths aBﬁ%nddhﬂﬁel@JsQeﬁﬁﬁM@O%tthé‘ Gpl‘i‘ﬁl& &gﬁuent is
base station 200 in t cell, e.g., cell 115
decoded ydhe brssgtation 200 oA ypisalln életi@élémﬁtedtssﬂgmemudaé@ rgflusndant bits,

e.g., aneé‘fcl} CBHJeJ:tmﬁ. é'?)rdg tﬂ%l%sr%? Tecaivh tdetv%&)ogﬁ btgs;e St%%‘ﬂ 200 or wireless,

reless ermn
e.g., mbblskee derorine 300 rdeesroric € Hid dtd 2 deddtied cOESE MBIk § &N because a

cat ed over control resources called assignnment
Wlfele%ég%ﬁ used tpdapyaih ifdat bty cenids beseattatian 2Wpnenvirglessae.g.,

mobile) fla] 86F g BE BhreHiGHIEEAk dEﬁ?fafﬁ@%%‘ﬁ? bR gh 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
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
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identifier of the wireless termnal 300 to which the
traffic segnent is assigned. Data transmtted 20 by
W0 b@4loz®e3 st ati on 200 on a downlink traffic sePOBEOB2008004831
decoded by the intended term nal receiver. Data
transmtted by the assignd®-wreless termnal 300 on
the uplink segnent is decoded by the base station
to oneZﬁGnorE)lxpfﬁi‘@&Haﬁnélh.@gﬁlér&@ ST drleSshrEQ@UIRAtbodRALH d:?§n1qu
redundant bits, e.g., an error correction code, %at
acknowzq MERseLrgR| iy @W@m@t@@. wigh ea@hgraffubme@t afhmammtm upon

rece1v @&écan Sset rf%? Arlshit th? Jﬂlef‘%ht 59 (1)g a%cg):ﬁ rng]ggwdglstée present

ata decoded correc
1nven1251 mnsﬁhmdumlaanmﬁimmaenj rd;ﬁesbﬁt@{gsmpble‘iﬁ&téﬂ @fr@r @&ﬁ“é@%%ﬁ code
e station 200 and wireless, e.g. bi | e,

mfomtaé‘r%m &EPS o0 neRp A ST Iof A5t RreseRbindention sn:'@p@m:an automatic repeat
requesk )ﬂé’cﬁﬁhéﬁ{ Whl%?eum&lnnﬂzfﬁtt %ﬁf)fntléﬁ trnh e'HI RIERL taltﬁD @kl,gfg}gm?%on

useful. The recelving device rOVI
corresporaling Elrp.rcrvlbtlséy traffsneitteé dathanky bé t“rﬁimsﬁrﬁtte@ irse65aRs talh reRkived
NAK unsuccessful decoding of the received traffic segnent.

"Successful decoding of a received segnent is

i ndicated a by sending a positive acknow edgnent,

e.g., an 30 ACK Unsuccessful decoding of a segnent is

i Higheeat édlswtogém:trangom arx@glpﬂary enctiaskwhich adag)ehmrsbd for allocating
enené is sent usin

dara ekl e SRSt e GREEE A g1 sh ahpimonbameat sgmens to
conveﬁa@dn@bv@édgiﬂén@fnf@iﬁhﬁ@ﬂﬁ(ﬁ@mQS? NAﬁQ%@ﬁ%p%ndE%gB tl'loé%tﬁ’ fransrmtted in

may be transmitted in a different W edg
thetraﬁ@gqh@ﬁneléggm@g@onm ng in a predeterm ned manner V\D
2004/ 075023 PCT/ US2004/ 004831 -19 to one or nore
traffic channel segnents. In one particul ar

efipodiMadtudesa ding@tes0skdynlial @RaRRLs 18 QHTBNthe krizontal axis 402
associated with each traffic segnent. The transmtter,

represeiioime Aae BievicrisahaNmiO€ epreshes Sisquencyee.gafrsaudncy henes. Figure 4
[.es

also 1n|§121§€sn€?1ggraﬁ A‘asrgs(gn Ll?)?l 89&@%@ M VJ tE;SIhBI(‘)tﬁ rﬁ@rﬁxéssﬁ% rep@sents time

and the;umpd:zd RistEH repre@ntsdoaguendy, erg (fwé&erftyl tBAG! MR ARe 4, a traffic

ai\e exenpl ary system of the présent invention
segme%tdﬁg)&xq Y AePressntsHie ,ageqt@wgﬁr q»cé(q agrapetHneiydes the following

downlitk %ﬁ@ﬂrﬁl §e%?ﬁéﬂ%a5‘ﬁ aés%tn ’nt ford: c’onje%b n?{r}le nclsor\ﬁrihtngprafﬁc

i nformat i corres o previ ousTy
segmenfaioq, amwlgument snagmasnlt ﬂoed cbﬂesrpeﬁd)mgslghhl@ trafficae8méRi408, a downlink

. NAK. ' ed to illustrate one exenplary
ralfic (E8Pical i, a0 S TR OB R ep PR o i P Haffic
segmeﬂtréﬁﬂs Elﬁér@ﬂ 450 ntlcrlﬁ‘(iefs ltfe f?)'i‘l%ﬁ/ﬂgo r@ﬁ'&'@ﬁ 1l %%rﬁsgn#%%hg{{ traffic

acknow %nent segnents to ey ac
channe] sefgoremht- S oamd m@m&«:racm@)adgmmmsq:gmmt ngs t n 4 feal q@tem the

t tted the t nel segnents
o BRIt T e O e e Siasons, ..
due to lhcfpp\Mg 6othdieedi0hd, 280 hadly vaX) Svet Gitne, 'HERE BRAM &ahhgﬁ%egﬁgnt may

the vertical axis 404 Fepresents frequency, e.g
correspppg Huetesr meypdenes Flyadditian, 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
assignment segment 406, represented as a rectangular block, is used to transmit the assi gnment
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
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al so includes a diagram 450 of uplink channels in
whi ch the horizontal axis 452 represents tinme and the
wQ egoiiozak3 axi s 454 represents frequency, e.g.,PCT/US2004/004831
frequency tones. In Figure 4, a traffic segment is
| ogically represented as a0rectangul ar bl ock. D agram
400 includes the follow ng 20 downlink channe
1nf0m§a@i%ﬂ‘§1'i‘a¥ysals fc?x%lé LN RS8R ¢hahiR4) c@dﬁ%%‘iﬁ%ﬁ%ﬂtf& rates to be use
downlink tra segnment 406, an assig nt seghent
to progese the ctabar methp omiespgndmg Howknlintet4ffic ssgmen it 04 @8downlink traffic

géﬂ£ %i ﬁ ment (410, .and an acknomAed enment

segmegEiflisisogiq b pisharRgcmondie s fspnet ey Aprscribed, c.g.

predetéﬁrﬂlne@' 1@O0AThARRr.| R&dhUSSak hﬂﬁﬁd‘ &l hféﬁ{ k. WRE LAY ERA 'lgﬁ& traffic
ments: an uplink traffic ch anne segnent 456 an

segmeah LpKs sesicact hp Wicshge station 2¥ysobaduldi5®.belusediby ead or more wireless,

T TN T W—

segmeﬁtsQlOB in theeddvenl Ay a%re&&élﬁﬁnéﬁ%&@iﬁﬁsh@ ROthEBYsi MRIduplink traffic
over_ time. Each traf channel segnent nmay

segmegsr458s poirg the redationship rbéi*’@etl GRREZNMET Segitients 6916 408 @hd traffic

segmeh{salflbl 256: ﬂ%@gc%lterﬁ&n%ﬁ perlg%a’s %g’ltf_:l on$ gfobezfl 121?{%%\8’(??@%3' embodiment
to 1nclt1h@frﬁoﬂn$at1@ﬁ iAas hGieitnt %mehocs , 08 hgdicAlimarthd fHtfic Oh@nnel
u

assi gnment channel includes a sequence of assignnment
segmegy $>0eWhich e eieBRSnIgAfREMAtI SR YhbpArtigee; assignment segment
SRiesented as a rectangul ar block, is used to
ransmt the assignnent information of a particul ar
downlink traffic segment 410. The assignnent
udes the |dent|f|er of the wireless

[ tion
E%H{en Phrogys ¢ %L%ﬁﬂ%‘ﬁl ¥ikeovigdpwert chanpaldn figruplink ag Hethe
S t
s S ML A4y B e
segmems MBO?BOBBIHRWGMM 4681ent 438 indi¢oesmwhdther th@information in

al s i nformpti on as channel. codi ng and .
the asig e (B P st SRV &S f&cwefgg%eqlpi@r 84 &g iVt it was

possibledb rc@ﬁ@@c[&%é&@déi Mﬁfoﬁlﬁaﬁdrﬁfef:éﬁecﬁﬁﬁﬁg B&rré%gndlﬁ‘g Hann deBkrent 410.
traffic "segnment 410 is associated wt

The wigelesscispoindl 31 theidiag bngmssgaqhﬁmasm&wdwdcamﬂm:afﬁb ecgment 410

oy B P TSEFELEE: SRS RS By s .

while ABgRRMer 4kifbleds %rﬁﬁﬁdlga@ﬂothyplbﬂﬁy RaRmibisiid @8t gRlcular
scheduler to be used b ne or nore wireless, e.g.

acknowisggment seamgnirkids Theac e@mn@ infermationfaan ieeliidmasi listle as one
at ed  usi rrent 8 .int
bit, elt@&‘rggu&g %g Vi n§ 29 bn?lzc gefqrg r%log (j;u(r: gt% (lt;lh éo indicate

receptiof $aifyme. dAU:niwIﬂiﬁkttfaﬁﬁcf $egmeS EYITER ta§soﬁﬁt@ed \Sltlﬁlﬁeofr onding uplink
rel ati onshi p bet ween aSS|gnnent segnments 406, 408 an

acknowledgipert scEmERIBIN 4 Prescrbrel, . predsarainadasunaerd Simdonly, there is a
downl&ﬁ%'&ﬁgivﬁe%&ﬁ% aﬂrf%l fnt\ghlgﬁ( mcﬁﬁgwﬁ?géégéﬂn{g%m%%hﬁ Jdlglude the

on I'n an assignnen
acknowladgraedtiinfprinhgor foattd wrebsumdalg ulﬂmgnﬁlﬁﬁc( §gnfbhls, 45456 to
whi ch the assignnment information in a particul ar

assi gnment segnent corresponds.
Cascaded codes, e.g., cascaded LDPC Codes, may be used, in accordance with the

COIT GS%

present invention, to provide the redundant information transmitted in response to receiving a

NAK.
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Figure 4 shows that there is an acknow edgnent channe

in the uplink as in the 15 downlink. The uplink
wa@cedmondoesigenent channel includes a sequence OPCT/US2004/004831

acknow edgenment segnents 458. An uplink

acknow edgnment segnent 4581indi cates whet her the

information in the associated downlink traffic

sag » [ ' t . .
mﬁ%e%‘llnﬁ&gbg \It\lé\’\)’gﬁk E)r%ﬁf% %?%Cl?tgg E%e?lrtlé)é?.ﬁg’ gﬁ)(gck i ?ti%matlon bits. In one
embodliftfedt ofbthe divehe6.itheblotlnof in€oraatioe bﬂ@fsdelnﬁgddd iaftd a Block of coded bits

segnment 410. The wirel ess _terminal 300 that has

using 5%@111@%@@1%@63@% spett esdyrhiensipkPartyfGhesk Qe@ﬁ@hﬁodm "which is
W r _
sy BRIy U AGKAOHLEORTE gl S SRLERRARAL Mhensics
parityathbelt codles 8 UEEE Trensrinfabs Theorovolt ¥pimal| yp.t638#656] Feb. 2001 which
sin g t| cul ar _acknow edgnment segnent 458. The
is her U Sy FeierRe-can include as little as
one bit, elther an ACK, e.g., a "1", to indicate
reception success, or NAK, e.g., a "0", to indicate
r @be piackiof fadddiries. ardthdowrpperkinta asdtiof cemgeibtion4$@bols, e.g., as part
assqciated with. a orres ondi upl j nk 25 : .
of a sgeﬁﬁmpgwatg@gt @g) ?%Eegc%l’?eég%srq ggaulatéorboperatlon The
generchE& dahiss1ehRathns AR ver : §'w'i@ele§§ EnannéIN eIt redeiding @EWRE b&forms a
acknow edgnent channel in which the acknow edgerrent
symbalergeryntysopetaticnrenidiibien prheessmkmmﬁpwgdrembwlﬁ toebiain; thetransmitted

bits. ’%ﬁé@%@\%&&@@éé@ BP (godcigﬁ%ita g-lk%%troaf f Cl&gglggc? 1t > pc%gt'ion e.g., an

LDPCQI8REdinkdpafa€ieh Oia raﬁ%ttmpnotr%vapthe IHRSERTUT mﬂtwmaﬁdnpms duBject to the
rovi de Fhe redundant Information transmitted in

LDPG enspdiig @pegtipd Py tofgpnamissiek: WO 2004/ 075023
PCT/ US2004/ 004831 -21 A downlink or uplink traffic
segnent is used to carry a block of information bits.
| Cheme] cedibgdideRtiumfant e the wemnhiasd sighsl iblooddt totombat the
information bits is encoded into a block of coded bits
corrupigmlkeBHAMsErr dBimgipnrBispieayerthe pitedess shameh Pivgn a fixed

modugggiﬁ% eﬁi{éeﬁ#, 1 %r gg{(l}hpgfn @@&Btlg akcfél@éf CtE%f Pa‘fge ftfi’é amount of

corrupgtivnighié transodisdiomeadewihdtyndSvigsr dtillydechdiak (rooesing thEEEormatlon bits)
Trans | nf or . Theory, .vol. 47, no.. 2, 38- 656, !
correqiyy W {’\R/HPQFIHEP@%‘F@P BBy 1568 é@ SRR T be ?%ité@lw a traffic
segmern?ftﬁé BISER of i Sn@zltf%ﬁl‘b ecéh‘és&jethfoSa ARWoRERaIBPRSGHe specific
Into a set o conste Iatlon sympol s, e.g., as part of
redundargynbol nappi ng operation that may al so be descri bed
as a nodul ati on operation. The 10 generated synbols
are transmtted over a wireless channel. The receiving
dey h&EpREETIY SRR mMENIHI Vhe OSANA! thecQRESRIIIRA tARSnttRERN a first
processes the recovered symbols to obtain the
traffICt segment nep@elent laicodewdidef ar d BREF eatleb.BEK asides agerelbsuited to hybrid

w oAb O SHGR  BREP b Bhgin
transoiitte€ kns@ad o fF ity Metodighialy @@hsrhiteli Aformation when a NAK is

received.

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
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LDPC encodi ng operation prior to transm ssion. 15
Channel coding adds redundancy to the transmtted
w@@aarsoeh order to conmbat the corruption |i KeCT/US®04/004831
occur during transm ssion over the wreless channel.
G ven a fixed nodul ation-Zehene, the larger the
nunber of redundant bits added, the |arger the anount
additiofial degm o vambmeodeg 2GS HlecoRd ERR smgkfﬁﬁﬁ{&awgﬂdigm node.

IIHKﬁ%; decodi (recoverlng the information bit
pding |P§P°e RETFTEENS @PSSﬂ%ﬁ*Efl*Sﬁﬁlgld@ﬁOCbng onitlg memﬂed graph. The

addltl&aaZB%IF@gth %fsf & % ol tHaEsr {a %r}s% lagnt g fggleéf in %eg JENLt an explicit

structigre @empld:ﬂﬂ]yadefn@dsmﬂm mnﬁtblf ﬁlrmdofrepikwéb@ Reich &hePAI8s the extension
parti cul of the invention, the encoded

a
keyed bt Sa LT GUeT M omoHs e taBSEIteF ARG heggrerre
represent a codeword of an LDPC code. LDPC codes are
well suited to hybrid ARQ wherein additiona
r boaeadilance wiftlo thedhveamionnintieemchi radofidanbite bdn@imit€Rde response to a

o T o TR Sr T EL e B S
segmeh® &6 Foraa 1aB&r ChdSIbra %ﬁ@?&opﬁﬁg@ cafthe rd%@&fe%lesﬂ&@e%sfﬂﬁ& Wen the

a Tanner graph, an extensi e code can
increagpdfrpdimdansy ompaseiliol theimdaicodonat. Fmohabhbodindes addidlonal parity

check BR Z%Ié?egn%%] ns[jes L0 t}t/ Elz:q Eﬂ%ﬁtﬂﬁ gpg{ngf%gt%gggo‘égﬁg iOf the original

LDPCucndémcipcfm@pﬂs@Ith@ﬂld@MHn@bl rddinBAR bitkald fdthedle bodiment of the
enbodi ment in the Tannerr@%r aph, the additi ong}
inventiogelb insregenipldisdpelude alhef nh@nﬁoﬂmmm&ﬁ@and/or some or all of the

parity Eﬁ%{( ite g‘gn%wn%géé i)ﬁlthf: fl% ?@I t%el g%geI%L %in: f&sﬁ , %nglrg{s!slgr? I0

each connecC

infonnmmsbmmommcmde.mcrbﬁaeﬁzaﬁamnregp@fdoceeds by performng
nessage- passi ng decodi ng on the extended graph. The
additional parity checks, e.g., the graph ext ensi on,

MR dRle i &Edfeétﬂr t(;}e[léé ?ﬁz@ﬁt? n, %/h{sﬁ E\E? glatﬁ csegmpents, e.g., first and

structure or inplicit
secondrtm’ﬁﬂC) B gmtecume 8% omﬂatedhwgethe fsamhe Snfbhﬁatfvﬁtlﬁﬁ SrONAK fe MR Aransmitter
is. available to both the transmtter

may gt IH%reF’QE@? KFE‘Pnda}“ﬁ byt Boh dhisdde iy sagmens spribasithe wsaciver can
comb1ﬂeﬁﬁé B eadivE L LR i@%@%rg@ﬁtg % adh &/@%@t%lld%g?&?g ggﬁgﬁ%]fngat The

NAK, extend the codeword o the Tirs
mcremg@g]em@mrgda(lt bitswerconstuicied samildrhysto thosafifl ite ses@@M@ATHL sé@nent. The

a larger codeword which hopefully can be decoded
sbove ke ) PP O bt Jgvtrie e adeies BiGONATY Posive mger, unti

some té‘rﬁﬁﬁh’ﬁfoﬁ@nt@otnhhﬂeﬂ igtd a&ec@@iﬁ?%’&gss i ﬁ%lﬁgge g ?agfng%ﬂ{b’odlments N

additional parity or me ormn
is greagpihpn §, @ Bedles Sof the original information bits or the

original LDPC codeword, conprise the increnental

redundant bits. In another embodi ment of the

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
invention. Transmitter 502 may be used as transmitter 204 of BS 200 of Fi gure 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 bi g parity check matrix to generate code bits 508
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invention, the increnental bits include sone/all of

the information bits and/or sone or all of the parity
web@ak7des s transmitted in the first traffic sSPQIER1004/004831

e.g., the first transm ssion of 15 information bits to

whi ch the increnental bitsgscorrespond. In accordance

with one feature of the invention, when two traffic

ncu GEEER G B o, LN, RGO 40180 SERMRSyormtion i
510 aﬁchebloehns rdduhé@int bi@y12. r Binshibtk ofMedendant bits 3 kcinomidsd a first part 514,
itsin athird traffic segnment, so that the receiver

a secoaérpagéléo%r@aqﬁ@amﬁé 8t #ndoefough ppyied Ot g st raidigrieament 330, the

-1 Tz
info r eg)b%ggr?? S%ll}l?ghear e constdr?%g grggl ilts 18 a{%ﬁt 0S lelﬁ f}“fhe
combinhgors etkhﬂ dodadaihfarmategbin$10 atdehe filsdpert ﬁﬂé ottherparitpgheck bits form

a first gL angaio R Bgron, bR 4 wliediitied TN i Py chfeiclats, the

seconf®irough furth ‘ﬂ)ﬁﬁ%ﬁdh@gk BitS ?&%’?a ‘sest o@?@ﬂuﬁ&@rﬁ mﬂoﬁnmwhlch is stored and
enbodi nents "N greater 3, 4 .

used iﬁit@mwnsoﬁ 4 NAK. rlétlmew_\'@&iﬂpm&l it dwdﬁgszzmnmm::adie the
inforr e 0 SRR g 00 e bR FE oL FORSERHE i g8 partof the

panty'dﬁ@ékuﬁﬁsSS 13 th haaBsdRd!ttefic Rfnent FES. UBhc@iReIP2a68E b&B4he received
i mpl enented in accordance with the present invention.

segmenity2dle 588 il e deadingpresesa in et ftarept t6 ﬂgchﬁéhmmifwglaawn bits 510.
Now &E’ég%ﬁt%‘ tgﬁé' recleinEl %s%ﬁcqanh& &%?8&: tﬂgbrggrﬁ%t 1;1&% 18 ag evidenced by

I nventi on ransm e use

the reédiAing @etite 522 &hdifs BOHROTAK 550 M@ao&n@ﬁlleﬁ@@ment segment
transmtter 304 of WI 300 shown in Fig. 3. Receiver

corresgglzdmgyo the secnnd tapkli ypemeat 818, eFhepghe gﬁnsnggexzw ig@nsmits the third
part oéﬁe? ég{schl%glgngg %]ggr &n%otgird déaegﬁ‘{ ﬁ{‘:g%f fTHer].fe?s{ler fgg hould use

ransm ransm
some ot flhof ths réseDedaegrbéits, ¢SeSseamenig 5267 528y 58N ac edmlerth&inf@mation

) enerate code hits 508 WO 2004/ 075023
bits S%tﬂtfds’zreeweoi?ésifco des the infqrmating bes pH} grecesBilly apome time, then

the trd?@#(ﬁ&e)fnﬂ}%é‘ca{‘&ﬁéug%ﬁiﬁgg}a&%&gﬁ i ncl ude a bl ock of

ormati'on bits [ oc redundant bits
512. The bl ock of redundant bits 512 i ncludes a fi rst

PB therte s ol HareBdt et vice 322 RanenRib decisiné fisg fnd second
trafflc' ée b ﬂi@tSQ@ R Jna r@s{e@n@é"t@ daBigof t!hEs°et segﬁﬂeﬁts QfitH ?NAH@BQ@ %530,

heck ts 514 are transm tted. ombi nati on of
resped.th’elyc ﬁe@bmbmmgnm mtﬁcvmtaltltos (610 aa¢hd 14)hé5116i))r sicejyadtin Be4irst and

t s, f fi t of de
seconl ot BR bR rsa) Vit Tnd FTaraded S Bhp Bt Rien iaEtta! LDPC
inforngdR&K5 18 feSeivé @ thé &ﬁl‘@ﬂ?ﬁffl@ &kt 592 Eﬂeﬁeé@%\kl\lﬁ )deﬁ'@@ 552 is finally able
bits, forma set of redundant i nformation

to sucgqsgﬁléla dgeetle the ge@elwnd mfgm@a,t@ntS 19f ThisNnagalts|if thehr@celvmg device 522

transninﬁtc & q\ﬁécgﬁ%& ) i %ﬁ g%ﬁ%g 5s§f§' %g%t%sp%ﬁﬁlg g%o 1iheethlrd traffic
segménk 883 Nl le§FonsdD theAETK 53143, theGARehiRMbtde@lce 502 is informed that it is not

necessary to transmit additional redundant information, e.g., additional redundant bits, e.g.,

additional LDPC bits, 519.

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
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10 parity check bits 516 in a second traffic segnent
528. The receiver 522 uses both the received segnents
WG204/05083 i N t he decodi ng process in an attenpPCT/0S2004/004831

decode the information bits 510. Now suppose that the

receiver 522 still cannot-2decode the information bits

510 as evidenced by the receiving device 522 sending
additi@mQtdtRihdMAKe. B3 Parith cAELKA KR Sk ESIGSNRIut HRUFES

corres ondlné ?o ?he second t?gfflc ségnent %ﬁlﬂﬁmﬂaumlslo
transmpiffed {1y ﬁ§WﬂﬂF@WJSﬁzwnFﬁﬁbn1ts the third 15 part of the

parity check bits 518 in a third traffic segnent 532.

The receiver 522 should use sone or all of the

r BCaioved eaf@aRmins of Bielnventi6lTR raﬂ&uéﬁ@o the2@dditidaal reaﬁldant bits, a

decode the information bits 510. If the receiver
retrangpisej g &raffiescigpreny cfaataqls(@nn@udesnm onfeupywadfiigl ¢.g., hits wbwb do not

COITCSB aIgEF[%O thg E&ek}:ek“;(gg IEIIES?I@%E@ O%Yl g.l Car thSHte ﬂ{nus?ﬁle receiver is

able tcr med&' cogeatig\the eorbizizded ﬁrsﬂﬁﬁiﬂ tﬁantsms@ﬁﬁlcﬁgmbllit%nﬁltﬁ&ﬁeﬁ@ﬁﬁmssmn
cond traffic segnents 520, 528 and responds to each
Segmea? tl%%rég%wereﬁﬁﬁéﬂv%ly Ficeiyeanaigaly the, infopmation Eléqo@ékudv@rythe first-time
1
o R R Citia T P e A s 250 e gL addea in the
retrangnB2Qon SMenpid f, tehend orahiedenffid segnkar. mat i on, e. g.,
incremental LDPC information, 518 received in the
third traffic segnent 532 the receiving device 522 is
fIneRinahtA Qkﬁ%ﬁﬁeﬁt‘i’n §dé6ﬁﬁ§§é Wh Yhéj@%%@ iR SEGR C}‘ﬁ%@v be described
i nformation his results in the recelving
in an eggmpplary embedittenh OanfeACKe &3fe prestiianeakionid didgerdmnta method of
ment correspondi the third traffic. se
ratfic SERAEHYas f QlenGH B B ook afgmereipgmf ot E5ige. o2
increm@gial £Rub@ht THPOERAEd that it is not necessary to
transmt additional redundant information, e.g.,
addi ti onal redundant bits, e.g., additional LDPC

i above when nul tipl :
Qe MR 8B R3S M S gei ik Bk Spediments used to
explausﬂﬁﬁnwrmfu@ﬁm&t eh dowingink LAffey @ ghledf) $Bré Is@forfelfonding assignment
retransm ssion traffic segnents 528, 532 include ﬁb

segmenigyhiQyABgisaleptie Aesgnnay duRgBation aifhe downiinnaiific segment. The

' 248, 1518 Wit
aSSOClE{tﬁe ori gi nafovfpﬂr% X E%g ﬁﬁgﬁglﬁq tlr%g\r(férrrn Praging ﬁs?ﬁgn?l}l% pggment is
pre-determintd and éigesdtnt 520. | n anot her enbodi nent of the
invention, in addition to the additional redundant
‘bits, a 5 retransmission traffic segnent can al so
[ It
SRR PRETRAON P45 ot e M P e
explicitly afdi¢atesselggtbartthe dortessponding tiafficaegivstris ile f1r§lbﬂ1me t@nsmission or
decode correctly the conbined first-tine transm ssion
not. segnent and the retransni ssion segnment, the receiver
effectively receives not only the information bits

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

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

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.
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transm ssion segnent, e.g., first traffic segnent, but
al so the new information bits added in the 10

WO ednan®ed ssi on segnent, e.g., second or thirdPCT/aRINE004831
segnent. Increnmental assignnment in accordance with the
present invention shall n@& be described in an
exenpl ary enbodinent. One feature of the present

Given thY ﬁfdidn%htél%sﬂ%ﬁxﬁ@ﬁteﬁe trébeﬁwefrﬁf e rapic setrgh%{h &Pﬁﬁmblne those

assi gnnent that enables the use of increnen
segmengsdaerihen andsidiieavel decode i1g hlpdy efitbainbrmaturidant LDPC
codi ng. Consider the downlink traffic segnents first.
In various exenplary enbodi ments used to explain the
i hvebidance #ih tiesiaerdRwnédch lof tHeafdrfi6 s $ire uhRER ihdexed over
a correspondi ng assi gnnment segnent, i ch indicatés
a certgim Hmgdaieheng- 3 PETtIdialime inteyy a]t Héor Gmmplenﬁlgurea@ fllustrates N traffic
g 20 [ link tr
seame e REked BF Phe o A 2By RO ity P adhicfation in

the expmp}edNt:ﬁr]im geacraB it Valuedf N isa ﬂlﬁﬁbéldﬁlﬁtﬁﬂaifg& Fhah@eﬁgure 6isa
n in sonme enbodi nents the assignnent segment
diagra) %q?} (E:tj faqyenGye P €alTaqucRAE ey on Yratiea) @K@@@ﬁfdltﬁ@e o1t mlizloaatal axis
604. ' ot
PRI 308 Bufls ETRAUBILAE| Ao ol rdncic,

differenttjme stots hidigh 6 stolusdarafiic begniemt N(’Bﬁﬁ; lf(flh)vml H}hﬁtrafflc segment 1
30 If_ it is

entifier of the wirele termnal
608, SfsFRARL 417 Stothen 1 0 TALOUEORY A FTES besemh 66 1R, flowed by a
traffic tsé’ﬁnén‘ﬁ\l%lw MHditid}R] S ARTBNY tims ?F/@f T%ﬁ@ UGl Re llﬁgﬁded in cases
., in place of the identifier of wreless term
where ﬂ\hmua}mpnmmumm goater thaniB Atyepast eeffossiyentreaitsnidid eee window

ool QRS ERRT U b B ST e S Sl

referredit®) 64 @BBALAkinRS$IndBRE M acdoflahbé SitHne Fféa%ﬂe(?ﬁ the¥vention, the
) 2004/ 075023 PCT/ US2004/ 004831 -25 Gven th
wirelegs iegaip@lri0Q) StQargssﬁhg masened traflc segominteewitiin thhvealic tahé iindow that

|neth tsto t her and
have nSORER BT 90 shafhe” THE BRI BOPind 00 RRG RGPt plgnment
mformhlmorﬁwcthfndﬁﬂ o&lidMitnd Wih@w.NYEIR iAfBAnafACE s@fed M&hdé FRfddrFincluded in
gnents are uniquely indexed over 5 a certain tinge
thewnie]r?ﬁ%‘ieVQ}Ha #0Q., a periodic tine interval. For exanpl e,
Figure 6 illustrates Ntraffic segnents, indexed as
1, 2, ..., N inatine interval T 616, where for

pﬂlm]sinlses traffid deuehr thbfi lepresdnts tho e evanmissionMscidtedl with a block of
e of Nis a nunber nuch | arger than

r. t he val
mform%lo“g?l&u fhere 1. asu OTRf; FRPLNEY® ObMCFanasial designBen are described
below.f requency tone, on vertical axis 602 vs tinme on
hori zontal axis 604. The exanple of figure 6 shows

each traffic segnent occupyi ng the sane frequenci es,
time sl gure_ 6 shows a traffi

t 10 i
38 G FrrORgiasat. teohrBmeteb jreignma meckidss fiungexsof the frseime

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.

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
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608, followed by a traffic segnent 2 610, followed by
atraffic segnent N 612, followed by a traffic

wGoegapnio2d 614. Additional segnents, in a tinmePCTHUBI00&D04831
T 616, would be included in cases where N equals sone
nunber greater than 3. Anygpast traffic segnment within
the tinme window of T 616 can be uniquely identified

is giv%ré st %g%?&fﬁ tng gﬁ]oq?%'eex\;; let {l}%ﬁnér%gﬁtéﬂssigp%gt Iid {élg%hat the (n-

n accordance

H® séghleht @ﬂ@nﬁ%ﬁiﬂ%ﬁh@ﬁaﬁ&@lebl@Mﬁlﬁfdrﬁﬁtloﬁ BRs isiv&] £53-A) mod N.
term nal 300 stores the assigned traffic segnents

W|th|n the valid tine vvlndowthat have not been abl e

cod he mnr ter a al so sto
¢ st B0 o B el S B AR T Gl fopmation, e
assigrifhane mehkd, $orl thE s trAfPid sb@né&it@bﬁ@e iblock g imeAtyon bits
included in the wireless term nal 300. 20 Consider a

commupigpterddn Sedrient exarple b geesdance witheheinyentiem shigys Dimcludes an

exem@é@?a%ég}ﬁ%g%tggg%egt 1%%5%8%% ’RTO 1n&1ﬂ8?1 ew&d%&@ato{\ﬁg :722, and WT

I men I ncre nnmen

ID/seglastt ihdegthits FOH OMew2Sid lifdioner lﬁmllmhmﬁimto,r ig zh & bit 1ndlcator that may be
I ncremental assignnment includes the index of the
used tpicpEYULIGHE Whotherthe cg@@s@emm&fraff%?éeg@ﬁ%t ippdER! type traffic segment or

not a flﬂt QfaRL, 'tff?({]se%&ﬁeﬁt e @G BR r1nc§es " hr@gt 0, thé 3?31%%1%ent message may

I'ncrenmen assi gnnent 1 ncl hdex o
commnunichietthatgkig mgnmera msfnrasﬁrstmm}é traﬂﬁue ssgmentkind ¢kat ofie information in

t bi t t
WT TDeBaRBr e B TUARITE HoIGaRSoran e DR P Iedron
corres?@ﬁcﬂ)lg trQﬁf&%ngﬂle If mﬁ&dqﬁt m%myfsr gpt 1t ﬂ@faéélgnﬁ@mﬁ&gage may

For ex . the increnental assignmenf can
commungiacaha thisas 81grimelft iig sot-atfimtetithe ahfficsegmgnie Htat gfe infosmation in WT

10/ 835 ipA R oD e ol B M RS e

anot her exanpl e, the i ncremental assignnent indicates

that the (n- 1)'h segnent transm ssion of the sane
b Figsike bfurihet orchudes @milémmrs 728 ofjflenlischanngy plagidng\requency, e.g.,

frequetnﬁg?gxgsor eﬁt@(ﬁ{ﬂ ax%?gg fl 40 oln%or?tal qgungséf é)?{ﬁ%rﬁ{n ’ﬁ(]) Weludes three

downﬁﬁ@ﬁ&%ﬁﬁmnf Rniche 1241 226, UQ&fiidCthI&EQﬁﬁfHcﬂlaﬁﬁeltsbgnbxh@qko 732, 734,
rmation bits communicated in the Fig

respetivalyp fagure  absocpelydercdingram 139eofiupliak tchwelsmlgtuné frequency, e.g.,

frequén'ag lt&%g Son%ﬂe Vglilfvﬁgipzlx‘rf‘sr’y 02}?:5% g%ﬂ@n%%ﬁﬁl%sj%ﬁQ&a&%O includes

three h@hﬁ@@hﬁ@ﬂeﬂgﬁi@m bedraentO756, eV 1W0dcorredpomding tdddwnlihk traffic
indicator is a 1 bit indicator that may be used to
segmentn Al i/ 2at/dhiserasivelyhe corresponding traffic segnent
is afirst time traffic segnent or 10 not a first tine
traffic segnent. If newold bit indicator is, e.g., O,
t Marceexegphentrames sdageint@yals 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
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.
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communi cate that this assignnment is for a first tine
traffic segnent and that the information in W
wo Diogegivent i ndex bits 704 indicates an identiPCEUSIN4/004831
the WI' being assigned the corresponding traffic
segnent. If newold bit ifMficator is, e.g., 1, the
assi gnnent nessage nay communicate that this
assignment is not a first time traffic segnent, that
the information in WI 15 I D/ Segnent index bits 704
i Hdtheaeeonddrnpmiseion gime ingerval r7§t4 assmmetgwgment nﬁgmneeys new/old

T nthe i,agram
1ndlcaftcff btl{]-r i 7 4@' :ﬁle&f%ag%lg 3139 éheqcorres &ft?etﬁ%ﬁc ts%gpéerg ﬁgg &% Wt@afprst time
trafflcemgﬁleﬂﬁ ZAs‘ﬁfgntneﬁEse(gﬁlehm 217883 ednveyd W17 B se ot 'irﬁiék?@i%rmatlon 742
i.ncl udes three downlink assignnent segments 724,
lndlca?lzg thegpgen ofrthe first i segepainael, Rfegnatinnandigaling e, mdbzzbf traffic
segme%?ﬂfs?ﬁ{lsdsgg ﬁﬁg gja@c%f ttlﬁﬁ gijaﬁf) Igllgl:}éltS% elﬁfogrln%gon 1nc¥ud9ng a second
part of the G{ethdynttbﬂn eThe Qﬂeﬁd&d Werid $tﬁBl|,1na®l@ (i) d35é’de\/tﬁe i f6En&Ion bits
taI axis 754. Diagram 750 includes three
Succe%ﬁﬁil O PR Y A%%g&% £8 congspondigg upBpk acknowledgement
chmm&ﬂkgﬁéﬂpﬁﬂlng to downlink traffic segnents 730, 732,
7347 respectively. 25 Three exenplary transm ssion
intervals are shown, first transm ssion interval 762,
second .transm.ssion interv 764, and third
© e it F ORI S iap Al 16, SHiSuRIeRLtcEReh 228 Samgps newlold
indicatod b=y fil74 !
AR 11 PRSI s GaAL, ;SRR TR R i ime
trafficispgrngntc Assigmmnnt sz80ents728 flsor emveysiwTt Iﬂ)i(ia‘gmf:mmglﬂk Htformatlon 748

inieaf B Y IR o SRR it At e BUHEAFiogindiP figghe idex of raffi

segmewt 734, EB& BaSé Shidal tr@ﬁs%h@rtﬁéjtr%cts@g&élﬁfﬁhqnt%ﬁﬁm 1nZl?t1g1ng a third
The base station transmits the traffic segment

part of; the grdwadans kits.nEneiatenged WiT d ahde footecods the allfdrraatforﬂsts successfully
t b i
o T, ST g OSBRSS

segmeht Z60sm t s an uplink NAK signal on correspondi ng uplink
acknow edgenent channel segnent 756. WD 2004/ 075023
PCT/U82004/004831 -27 In the second transm ssion tine
cFe%:agt%l (;lrlgrgllé}renﬁf% %@%ﬂ’é Qﬁ b% ﬁgetdctg SIS t}peel\ll\s{/e %f 9ncremental
redundant cagleponttie lughmk aﬁﬂfuccsegmgmte nIn ﬂﬁB 2plisk 643k, the bhdesdtatidnMBould, and
traffic.se gnnment segnent, 726 al so conveys
in Vaﬂws TRty 0% %t%tﬁlé? HeASIBAMPRLIS Sor; 1St Himerigplfip segment when

the baée%@eﬁ?&n% retah‘f ﬁ; leEétJC E'rxg? bt?(rﬁgk;@%fonﬁat%rr bifs nf {:16(1 %lf SFtele

i ndi cati ng I ndex
assigngenitsegmentrfans first-ginteheghieaf, fthecwselgmamniazrannfr@utmhoma start a new

oo A o S B
informB#d$bits U%Qﬁﬁélé’éslté’mﬁﬂﬂ s'ilf)fﬂﬁsﬁlcf cfbg@ r’trdﬁ@frﬁtrﬂﬁ%%%k Sk 8it8lmation bits

on correspondi ng uplink ack nowl ‘ement
and thesﬁgﬁpm of7thg 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
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
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10 In the third transm ssion tine interval 766,
assi gnnent segnent 728 conveys new old indicator bit
W6e204/p2%23 ndi cati ng that the correspondi ng traP€T/TS2004/004831
segnent 734 is not a first tinme traffic segnment.
Assi gnnent segnent 728 al £8-conveys W | D/ segnent
i ndex information 748 indicating the index of the
correshbiidihg biodR o$ F5RMHtion Bitd usinl | b S i
?ndexg of traffic 15 segn%lﬁgﬂg%zl.eﬂéﬁg&ég%gé st a{t ?}gﬁﬁﬂﬁmn’ and then
transmyifssthe Aiissquane part af the pagygineelt birgia scodrdammgtvwithnthe invention.
including a third part of the redundant bits. The
intended WI is able to decode the information bits
sMutedsfellhbgativa ackrohadtieinest A ddRptiikreSefcSaIHRalioPhall be
.correspondi ng uplink acknow edgement channel segnent
describgghin aggorfipeceswiife thermtesenianyentions Jihg mesant ineentiod i Anthisedirected to a

f enent al. redundant codes
et 38 S o R R 3A QrRELIRA B A 01 o
improvéthehsferratirieiof thesiorildd\R @Reherhdlusiad inotisncpil) 9stiuMERtoding, e.g.,
. does, indicate that an assignnent is for a first-tine
incremenizl requndanfddpRC GPERS: t he base station is ready to
receive a new bl ock of information bits. Upon receipt
of the assignnent segnment for a first-tinme segnent,
t hretheiabeveamsthbérthe reabiver sendsrad AS]K Fhivwbldcls bﬂ{nﬁo@aﬁ@ﬂlbits has been
25 bl ock of i rpmtion _bits and generate a | arge
decody R BN yRANBERE e ol e neRRAl dededafie block of
. : t3 . i . . ) '
o R Bt g O A By E el BE R SR E i Mdant it o
impro¥é thetprefzubilitp that He rpeaiveryae Hemkde thet sock 6f infeentatise bits correctly.
station receiver cannot decode the bl ock of
information bits, the base station should and does
aHB WaTeraRath Ble tHRsiHer hiddll & NARTEMbackl REm (RS fcSREE The
i ncludes information indicating that the traffic
transmgigeyrradit notknawthovemueh fngrenzental rigformating i3 desdedndilie effectives amount
udes. t he

of incr%%lgeﬂélmntfééﬁ%ﬁgg;é% 'Q%ﬁép%h&%ﬁh?\%ﬁ n{rrg L diflﬁtglits are transmitted and

r enen
on hova8iGiclRABIYY iSSPERAMd FRbitl Bh séiné tises, thé FReIYEOMBPheed NMRirge number
. Wreless termnal transmitter traces back, through
of increpentahingormationnwhileihe drangmittes onty sords, a snealk ameunyaesultieg in an

5 / 831 -28 correspondi n
s 20 BIEREETLIRRAA RO a0 SRRENE IR
transmissiing Tawiter caded th@tdceiver @AY nédtENsmAll aR6MtloF indde@mental information,
ubsequent part of the parity check bits in accordance
€8 A {GW alt%,w@lleﬁg%ﬁﬁm%ﬁer wnds 2 largaamoyné gheadyadant information, wasting
t edgement and adaptive resource allocation shall
Sysenggggﬁgggcribed in accordance with the present
i nvention. The present invention is further directed
to a thod of sending an acknow edgnent segnent
COrACEXHBRE WG Teadurg of fhgripyentioBgrReR theneesi e needs incremental
informhtiBy, Q¥ Grst g@inﬁ)ﬁ%sftﬁé IRB& egfec Ein B b ﬁ‘?&‘rﬁé“tgﬁn? gUn'dig, it
Incremental redundant coding, e.g., Increnenta
requirgsenl onlta g cdrRRCy dechideghe 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
indicator of the amount of redundant information to be supplied, e.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
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10 In the above nethod, the receiver sends an ACK if
the bl ock of information bits has been decoded
wa@orrezioky and a NAK i f nore redundant bits areCTHesmed004831
to decode the block of information bits. Upon receipt
of a NAK, the transmtter.29ends increnental redundant
bits to inprove the probability that the receiver can
seemeif; 2R HAEHR, Rfmilioh MR sh Atr bt iR efsurgpt e rue
infornfiatiomcbhent, edéchvny bé bifferdnt énmsnihbtnambﬁngf tmatsnitedninb@mental
much incremental information is needed. The effective
redundgib B8  of i ncremental information delivered depends
on how many redundant bits are transmtted and on how
much energy is expended per bit. In sone cases, the
r #be hmenntrmfyainihﬂdemdr&r @embalntbfdransmﬁttddﬂcymm thedlir power and the
tion, e the transm.tter onl
moaulgflgitallocs &t e sromaresbbiss e Bt S 82 Fiementa bits
1nclude§ﬁlgﬁle@5§?ﬁ§ﬁt FHor B3PI ARS trh @Mk 66l pdWerdFIhEMEffic segment, and in
successful transm ssion. In other cases, the receiver
some gysjenmre du anemibf fragusnay barfdwidibraaduimeincieaseowith theormber of

e.g., a fewhit whil e .t transmt
et e ot et b et Ry B B Y Raback
inforni RRA e the BBl IBVECAK IB ¢RnaHetef S8l Allaptiadly TdBt%rmme the number of
i nventi on, when the recei ver needs increnental

effectivafierementaredindant piss todstinghadessn thestraffis @ﬁzm@ftfa@étap%dmgly adjust
the al’ﬁ({l]lé{ gf‘%{]}lﬁ résgl]fllt%lg qﬁé#e g%l e%l%f%% f{g]@ %I}l%}t I I‘({C? %Jfaﬁﬁﬁaté Ehe receiver

0O correc n OffTHtIOI’]

operatdbrd, $he iab@nichean a@@d&namﬁyl drid-ih exeibus éM%dlmhﬁB doﬁsaaho include
| evel of NAK represents a distinct quantity
mfonmé@e.ﬂa%an@wt@%w\n@m RePletisnti v Incremeaiateits gwludPﬁa% the; trpffic

segment! Cﬂ} &'aox%'m&d\k/ﬁﬁﬂﬁe 1n{/<9§185 eHE nYfbed & rﬂﬁélﬁded i the k -t1me segment

addition to a |cator 0 e anount

transniiedomtagnnot bé, andid vaious oasiee issnppthe edine éorgll k, aghere k>0
determined by its estimate of required bits. In such
an enbodi nent, when the receiver does not need any

' F Aoy ﬂhndeng&aﬂlblehhtﬁguréts 288 gg&vmﬁ%lemq\mkove

od of 1 ndicating the anount o r edundant
acknowrhefdgmmt iin acevedahed woth thlemvcm@bn, sampmmmmeMQ pedformance.

e 5 LU 500 O P B AODEHOL 2 ey oes

on Vel‘u@sloefx'i‘éagom tirfA€ bl ‘H@ﬁzdrﬁal'aﬂ%r%ﬁe 'Dl@éraﬁ' 809 1h§1u@esrf%sdd§1gnment
the "true' information content, which may

segmcuilrta‘ 8(& 808 afd twn cdreespondies d@ﬁnltnkatn@fw thé‘dlel mrr@maﬁrﬁlQL 812,

respede§EHD Fo8 e A ioRd e EEDABLs ) onkink BvERBHERE freauency. e..

frequeie§l vk | i Weriddl Qﬁﬁ@@g vk @inR dnf}ﬁfrfzbﬁtaBQ)GﬁSM Deloemri8A@ sncludes two
t he number of effective incremental bits included in

uphnlt wémgw@dgﬁn@ntpsggme&ta §pf.e858 cheresnoadingite dpwalipbitatficsegments 810,
the traffic segnent, and in sone systens, the anount
812rgpegpw%ﬁency bandwi dth and tinme increase with the
nunber of

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
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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effective increnmental redundant bits required in the
segnment. Thus, based on the feedback 10 i nformation

wo e@aoriees nul ti -1 evel NAK, the transmtter canPCT/US2004/004831
adaptively determ ne the nunber of effective
i ncremental redundant bits0to be included in the
traffic segnent and accordingly adjust the anount of

segmeht e1¢,itﬁe<in]f&%9.\rabﬁ ®itdbh@ERRG Jadt e éd&%&&is%ﬁdtag@med. INbw

order to facilitate the receiver operation,
suppophidiatiire iecef vea de¢sgraidacodedlie inforthation bifs rodigiue sbaldiatevdl2 NAK in

doe also in i nformati hat ,indi.cates the
cckno i Banett fRmpL B Vb BERE AT 19 Rt NAK B dinimiter ends an
assignimet friesatdibaeiFRRent 43nRAESVI TRE Bssidrinfert AR sEAVEGMILAR 2 new/old bit
. the nunber of bits included in the kth-tinme segnment
indicafqr 4 mlgndientingethattbe comesparding Hatfisrsesmenicigas nosa fipt time traffic
e FIP 19 Bbbn e 7 5578 0 P PR o o
the firsctknOvd RGP He, tranBm a6 Aied 3B BYH thetsBeondmnethd Sisd 2868 of the

., i mprove the ARQ performance. 20 Figure 8 includes a
parity ghegk it i the SSfﬁorefgWﬂﬁP REBEHSAS RE2 PPwerleyR) tigeidngthedelivery of a
' ¢ ‘ el . .
cr s SHSIRIn AR GHon o USHL LRl 008 Venno, s

decodagmiigfomaation bitg nentesei8éitovsliit] ydetodenthe aii foempidsdbitidsuccessfully
) ,dovvn(ii nk traffic channel segnents 810, 812, )
this timg 3t sqy é\@é IERGaPwlasisamey Seamrndes. dn dingramplsshe prulti-level
- : .

Nk g HaPEE SR IR SOOI, & Bppur MRSt paple hown
in Fig®%4. Di agram 850 includes two 25 uplink

acknow edgenment segnments 856, 858 corresponding to

downlink traffic segnents 810, 812, respectively.

Spigtite 9 Bal ditwind R Red tPBlosiBite A RRIRLH R aBl/ASi1t-FevELnak

be transmtted, the transmtter 'generates a |arge
codewpopiingmgsikemplaay empodimsokofabelmwontdon. Figurt@ ifidlndds a phase

transm ssi [ 60, t 30 stati its
repre S Rt HE R S BRR S Por S RRR! bt o
Level BNCARAI08Y A3 i@ Tinlwi burk 0ine 2b 8w &dGisedin e asiafdwledgment
that traffic segnent 810 is a first tine traffic

segmesig aeh thatithe Eughdgag shisiance bevesy A Gl 982 ond ampaf the egrédevel NAKs
l. i ment. I ndex bifs; 81
904, 36 308 4F g R EE e Pl R SRR o B B fvascs 904, 906, 908,
downlink traffic segnent 810. In the first traffic WO
2004/ 075023 PCT/ US2004/ 004831 - 30 sg%rrent 810, the '
i WraseHEr prRodimest aifde tenten, dhe manber of NAS levstragnttnites Figure 10
. . i i t . acel var . NOt 1 -
s RSO0 LG Ml RERR L e PR RESLYAN ARERLARL 10 ot
phase Nptesemtatiackivonh EEYI002t a pegaeeireBbtatiohod in eeaeplpty WAK 1004, and a
t he | evel e transmtter sends an assignnent

-2 NAK, th
continyensJRigEYa] ANOR @lﬂ?:% APOG digrm LV 8lig inchwdes aconpwitinteger interval of
e TR0 S5 SRRl 5y 0L GBS, T, i
value fios regoested bits 5352 ama hraafrfum valwe doreetuested tats\WD54. Figure 10 shows

i ndi cat bits, 866, i ncl udi i.nf ti
that thilz l%q?sg g?ﬁ%gteéeﬁ\ééqc %gggrpl 8# cosdeword, Ith(ichuislanc n!tirrllugursrziaaﬁlalg)lg from x 1008

to y 1010, can be mapped to a continuous integer interval of the number of additional

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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the first tinme segnent. The transmtter then sends

both the second and the third parts of the parity
w@b@aik7do23 s in the second traffic segment 812 BECT/EHS2004/004831

power |evel targeting the delivery of a certain

nunber of effective infordtion bits. Using both of

the received segnents 810, 812 to 10 decode the

| P idTRd iveHicPbdrd n%@%éc%ﬂjﬁ{ﬁfonr@ﬁ%és' KEA ¥ desRaen, fsrh%gwchart

i nfor nat’i on blts successful ly his time and sends A

1100 pfrancaxienpldry dgérosinat agégn@mtremsrequcst (ARQ) éx agquirdgnce Iwath the present
v A BB B LD A e

e.g., alrﬁoﬁ'_ﬂegiw@ ahd aldecdnddbvicede ) ES adasl S HIB3) Ardinachied. Operat1on
illustrate the phase of the ack/multi-Ievel nak

proceqasdeann 6P il 0D irestenk EHS. Snfgrrestiondp he franyhitieHee. g.nieahtviotne.or other

digitag{i)%:ﬂ 6913 F@eve?%¥§kﬁﬁfs§ Stftlo PI{ &%‘; Eeve r? gt m&ogg%e erg:ﬁger in the

base sfamronancdcﬁy eHe-i3fdiAKL OO B106ASaitl |eh¢tﬁiirl9g@@ratllﬁg Rl fe &t 8f encoded
the codeword used in the acknow edgnment segnent is

informgfion apf ad1rstvet EuefyyerhnirarkEpe ol sdirsieshoiskodabingreation may
1nclud@ ny. éofa bH%E of’ dde% Mlﬁsbn%%lg Q{ﬁ?l ?ﬁ& pr?uﬁ?cﬁll 5_ f%% T correction

er than t etween any two O
bits gd&dAKﬂ;ecD@épaﬂQﬂGhe &8dinglprocsot the fire et iradmidant infdrmation may

NAK | | finite.
include i remegine fedSadiiy B gD 00> BRI dhseéncnging performed
on theﬁﬁﬁﬁﬁaﬁ%n 110, agkicbnfiino) he bbs%"s?elﬁoh%es':thg & sé'po redundant

i ncludes a phase representation of an ACK 100
infornpitias eOpepii@sp0teEds tﬁm)nmtelaﬂ]l HEXxterspdpak 1yl 2 NAKstepODIAL2, ﬁredS& selects a
K phase 1006. Fi

ratfc ZPaG ol it iy RUERRY el FREBEGorienbatlyag foghe Selccted o, for

transnﬁ%i](.‘)h‘?@fttﬁéi fibdt k&t ot @RELIRANARERAKYH. ﬂgst{e;?liflﬁtlfé)lgg fg@ﬁ‘&h‘t@s a traffic
i nterval of NAK phase 1006, a m ni mum val ue

Chann‘ﬂ@(ﬂﬁlé@ﬂé@ rmssgem@zamwmsmmm qﬁ.tm sed¢atesd frafficrchbepred slot) said

T N T A ]

informa@ibh &bb@trﬁﬂsﬁﬁttéﬁ H0QR MNinthd Baic dhﬁﬁheh’ lofaagatbt terréspond to a
conti nuous integer interval of the nunber of

previogglyitiangpiied signpk NeK i stén 1b1q, shenB freasmity dagendrated lassignment

I tyrated b arr.o
messa T G R TR, 0y M S8 e
asmgnﬁﬁﬁtﬁlﬂ&ﬁﬁ@&& rAREHUSAO @4511@&14&3 Jnessa%& Negt/iestdp 1 1 Y8)itBMN receives
conpri ses the conbinati on of FI? 11A throug 11D, is
the assigrmesaatage. Thominyiernhl 2y hedthirgnemisibel ereﬁoda@. figvragt of

informaBBE & a Elgﬂéi‘éé{r)x in kit %&%Q&g@ﬂg@ cl%r[‘rgl LiBe e?:«ﬁ%ﬂtptr%ceeds from

I nventi o mstart no eration procee
step 1630atp step(422] in st p1A2 G MA feceises txﬂewgﬁel incladgg, thaencoded first set
mobi.l e node, and a cond devi ce, ) a base statio

of me(ﬂ@gleIa er%sw.%@q%%ﬁow&rpamarw%ccmns@g@orsodprﬁo 4 @pstep 1126. In
tep 11040 the NINS e rrhd A Becd A OEFREARbr e PR eheaR f&zﬁ‘féh ludes the first
SHeP e.g. ’61\?1;343 Voi ce or %)?P@ 031 nltgF& g %% Hictudes the s
set of mcod@hm&ntmag&on Hes patef the dbaanlmg opesdtipn of kfb@ 11I26 sﬂﬂ)esmep 1128 is
c(1) I;tl) nlc %%e il\?Nt he . : o
performe In sub-step 1128, the maintains decoding statistics, e.g., count of detected
uncorrectable errors, decoding result reliability information, and/or soft values. Operation
proceeds from step 1126 to step 1130. In step 1130, the MIN 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.
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base station encodes the information 1106, said
encodi ng generating a first set of encoded
w0 ndoasons@e3 on and a first set of redundant i nfoPOEHUSZING/004831
The first set of encoded information may i nclude,
e.g., a block of encoded 43@formation bits 510 and a
first portion 514 of error correction 10 bits
generated as part of the encoding process. the first
set of redundant information may include the
r Eﬁhlsmetﬁglmr@dun digntl 130 that Be@ncaled inforoatgeneansusdesafully decoded,

of t he, encodi erfor t i nfor
then oBigkiof procBfs 10§80 % RE SR e Mo, Wiyt L Peagt to the Bs.
Operafiéh pﬁfceécﬁcfrb’iﬁl areb 1182 Rrdsahéing noREBat1BARo @tegq eegsyhbfeQt BS
step 1110 to step 1112. In step 1112, the BS selects a

processgsidditionah infpraation ¢ be traesmiitied a traffic channel
segnent correspondlng to the selected slot, for 15
transm ssion of the first set of encoded infornation

| If isiseletetihingd ih biep BE3@enemhateasodedtififethhiton whaistiguccessfully
assi gnnment nessage indicating assignnment of the

decodg|opEragian Prageedsdo elearinp- 5 wep 153, e MBsdegpimings the level of
decod{ﬁ%?%gtg%f 5 ,tfﬁgrth'atg%(gdqne%/%l%ﬂ d%gml n a@?ﬁ@%ﬁ%‘%ﬂ%&%@g A& ded information

such ats reanos statidted (4.9, s@ind oMiétedied tiecokteafable@rohs nzmﬂ/oﬁ’embﬂlty statistics.
es not_ correspgond to a rev ousli/%transmtte

OpelaEP@ REACeCqydiqm sich 1%?@&9 stan 5138 frestes] {3t et egngeates a NAK signal,
said &fe@@cf ﬁ@hé&@ sSIREEIY 2 ﬁgﬁgf 29810 Tl a ?ﬁlgialg?%? Bbssible NAK signal

c annel slot,; e.g the traffic channe
ValuGSdmsubmp dndietagmtrmdﬂMI obdiodmgmntcess. cThansiedtepd 110 aths HIN transmits

e ssR AR DL 5055 5L AASB R g perion

proceddd §roBSstbp NSt s%ept ﬂemeﬁﬁﬁétﬁﬂlzﬂ iRiBS ﬁétel%funeé ﬁ&ﬁ&ﬁ@bm@ of the
in a signal transmitted in the assigned traff

receiveth bidde Blggaldhe aI@peIrtaxf reshingang defertvatiano fnomstlhe ptomdzﬁrSt get of redundant

nor G R STLARRS Dl TR when e

NAK X16¢ aldicfespriowaeds of da@mdmeancdets2.9/] aamﬁgmm@ddr Y ehOMEn the
A 1124 to step 1126. In step 1128¥ t he perfornms a

decodiggaediltathap rseqreé@qtfzslrméﬁ tltanenﬁ@éewhﬁedh@N@ﬂévalm inglicates a high level of
t on
decodfn%%%&%?? efé %8ec L &s &g%%t(ri)(g fﬂéﬁ@e@? (Prggg%gé Tg%f vig Sgﬁzetcggg node C
1146t&k&@]ﬂ&8 perforned In sub-step 1128, the MN nmintains
decodi ng statistics, e.g., count of detected
uncorrectable errors, decoding result reliability

f . Y, i . .
¢ QLTS the 2RO QL iR Rt Qi B eI R Hacion i
less thehetk&rdﬁpm;&@ dffa ttdffic s@m‘nﬁed’f tHerBS)d‘fraltrmmB thaisthe determined amount of
%:IJ?C_ ssfully dec Thi s be _done q%¥ conpari ng
redunqgRbIngermAso 14esy F"h e Capaiy Rl if SCETRLCPREIAN PEYRds to step
ﬁ%ﬁ%&g eshol d | evel
1150, bﬂh@hﬁgé’ bfé@% , é‘%gﬁntg%%e&iﬂ%gw&-ﬁ”gﬂrég:t able errors in
the results of the decodi ng process. WO 2004/ 075023
PCT/ US2004/ 0 [ s, determned in st .
ik hff%lﬁ%%aeﬁ lﬁflt?mtspﬁw%épea evssily i ﬁ@ traffic segment

to carr§RGREESh of 4 REONPRE LALARBPIR&ESHIN! ¥ iBlRP 1]1$§2the|ES deterrmnes
Step 1132, the MN transmts an ACK signal t he

that there is sufficient capacity in the traffic segment to carry a port1on of a second set of

encoded information, operation proceeds to step 1156, otherwise operation proceeds to

connecting node D 1152,
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Operation proceeds fromstep 1132 via connecting node
B 1134 to step 1108 where the BS 5 processes
w@daiunreanl information to be transmtted. |f PECT/US2004/004831
determined in step 1130 that the encoded information
was not successfully decggled, operation proceeds to
step 1136. In step 1136, the MN determ nes the | evel

. :
Thar B3R SRE RS AR Safopn OG0 yahaial bgh e v
or othe$ diditaB8at@ 164, Bissdp ]SIt5|6§:$1e(B§ €ncodescadditicob] tédrectiod 1154, said
uncorrectable errors) and/or, reliabilit atis

encoditp sprar#dlE praserndess of Prsered wormedign agd éﬁé&?ﬂfﬁ‘s"ftff’ﬁgndam
inform3h& F}%Tﬁ%tept 186 '\%f)egﬁﬂﬁ b&3dSoNBS Bis8Na ste 91@*58i the BS stores the
genera i'ncluding s ectlng a NAK si gnaP val ue from
seconc&epbﬁdhfedhmdaylt ﬁffommlsnb@perhtkbﬁ iogeealb frovrai;taleé 15&@6@@11160 In step
t
1160, tixg?w seeth%résmqvg&%p]lég etsgco %g&gfl&ﬁlg?%?iéa tlgr? tézfnrgm?tt with the
selecteG¥dundhft 155@9131@1314 gbtafn@@ 131 the SRrdElrst 8 ohNAual g @hformation.
eration proceeds fromstep 1142 to step 1144. In

Then, speptidngrécecth ¢o BBndeingnmidaés11Y2m t he val ue of the

received NAK signal the anmount of redundant

information, fromthe stored first set of redundant

| AR Sk &he ARletD 2D Toberb@ort focddis tdv/bep 1164.dn BRHI1062, the BS

is sel ectedgto be transnm tted when the NAK val ue
selects mlaffiatcbanmel slowdr ésasmission et sxid s@e@%e‘éeg redgngant igformation. Next,

in step, @62351%5513 eaerggeﬁgn[{a?%%csﬂr%ﬂ{m%lt&gsi 1es %&Q?‘%&Eﬁ&ﬂc%ﬁn‘g fﬁ@i@rnment of
said sdl QMM CREBS charttieBHlot, 8@ las@inrRéht desabieigelsdiag es mdleat@} indicating that
few errors. Qper at'i on proceeds fromstep 1144

redundsohinéematign ib ebedransmifeedyp th teptig ghane] ﬂotsleeé%g aspigod, information
1dent1ﬁyg1&}ﬁsgget%oer g}cﬁ’%gﬁtol V\f/hl&pﬁmq d%tﬂﬁﬂ)rﬁlhggblrp Eor?ésponds and if new

i 'on ess e capacity of

encodéd fdrintatisg g te. trdnfsrrﬁtlfbﬂ Vﬁﬁl the tredumidmgsinfonattiothe new encoded
det er m ned amount of dun ant i.nfornation

informafign indigaterad A ifgroption ids lfl ngfying q?exaﬁ%lﬁt‘s sigpl A e o Wratic slot

or an %El%ﬁﬁl%géslé)tqdéﬁtﬁ&r agséa%teg%ﬁ%\é"g?@n&f&es‘i | QIEH/@IV @ﬁl@Bﬂé node

connecti ng node tep 11 t he
identifil@taesotined with thdy@eeionssigndlf Thewnt sepdd é6 g3 tmg:snuﬁs the generated

the traffic segnent .t
e oo S s BBLNST 5 1365 N receves
fqi
e LTRSSl LI SUpILES ot okt 11601
step 1&7(: Obestieri 176 thetBSmansopethe sedeciqsh st ebrpdundans indprmafiog,

ot herw s era ds t t
cortespaming (s 0 0GRS R TR GED BN BElaBaL e Epion
corres%) %ntchfﬁe B& RdQeestSSforaaibd Aseiding sphey iFavhitudld @ tbe assigned slot.
ransmtted, e.g., text, voice, or other digital

Then, 1ﬂ§t&p 112 Sth@b/ﬂ‘i 165:61,%5 the sznakineliding theimdundand |1nformat§joant Operation
f or mat )
ook B SRR IR ot SFAE SR LR B 5P B

ass1grfn?éi11%I %@ih‘ge 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

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
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informati on. From step 1156, operation proceeds to
step 1158. In step 1158, the BS stores the 5 second
wa@ea4ofsoeedundant i nformati on. Operation proceRdBUS200#004831
step 1158 to step 1160. In step 1160, the BS sel ects
a portion of the second sg4- of encoded information to
transmt with the selected redundant information
t.ain 0 BoaR :
step 1]].07%]@% rn% ?JS?‘P' H“sﬁlﬁgedste Sﬁgﬁeg%%?lg%‘ee s][1 Iatq giﬁconn{ggtqfﬁgdmonal
redundafoiafddmhfibr untliGuEtapiut devndimiiof ghenfideseDof &t ded prefoaaton is
proceeds to step 1162. In step 1162, the BS selects a
achieved-af f i ¢ channel slot for transmi ssion of said selected
set of redundant information. Next, in step 1164 the
BS generates a traffic channel aSS|gnnent nmessage
i ]Flgmealw ingnethsi eyxampid ofafse of aiuhlti-dd et N&dK tin afqurdance with the

chan s| ot , Si t nessage.i ncl
inventipian Bt SPLAA AT B ERon FBTOIE. ThYGr et | BT G bas
statlontl? résgéﬁk%ﬂe el siloh #am%h_ﬁ)hhk %Bifﬂc(‘chﬁﬁk%ﬁ @%m@dt@in AWRitTeh to downlink
ned, information 15 identif t he previous
traffic shgnual seigments aslexplneden tagdedto the k&f xemplec dfigug B3 iepdudes a

d1agraw ]?zlqotqq gOYV@HgE algded ﬁ%ﬁ%n?%%%%c% © B oer e‘ﬁégg)%@g to'he\%mcal axis

1202 Vs RhbPonkd Ak zaALOL . D-fdy?alh nboo fetides tW@i aplinlf ssiggmichesegments
previ ous signal may be ., atraffic slot or_ an

1206, 4235 @dﬁwac owledgeingnt ﬁﬁ@nené%%& 32 B2jusgiite cpmpgunicate information
about §1§g%§: 31? gRt W:Hm%h H e 8 aﬁ%%&lﬁd&%ldcﬁa%rhﬂl%bfdf & 11nk channels

reV|ous Si

plottink ¥RGuEAS, B3, tfeqen®ytténdshen gatiedl akﬂdl 230 vk ttiafef (brr:honzontal axis 1254.

aSSI nment nmessage in an assi gnnent channg|__sl ot..
Diagrae {230 inelige By Bk FHEC ATIBLSETERS 10RG: 98, firiippent segment
nmessa h A . t
1206 c&pg&peogn St[c% & link? afh«t, %g%'@%n:t 1856 ghﬁ% %@ggc]s‘égmgtﬁggfif doﬂf@sponds to
acknoMBﬂg&ﬁeﬁtrsagﬁlehﬁ Elt)h exsslghmeﬁtesdgment 1B08 roeduspjmds to uplink traffic
i nformatiaon correspondlngtoth flrfgé) ncode 1212,
segmenhi HYSyapiightraliie segaentdded AgeSPRR wle gemen segmen
corresponding to the second set of information
assum ng space is available in the assigned slot. 25
TRpdtifidailystvagn 4 b2k of nfortior bifi Vet teeansinggtegl the transmitter in the

W s ac g ey 2y BePIiodpvoy 4n T i} ifpgissjon time 1260,
the baE@ﬁatM}l ARLRE aﬂ%%méﬁrﬁgﬁttn%sefg% G hyBEhmens SéGRERRNL06 1nclud1ng a

age the previolsly received signal to which said
new/oidebiu indianatori 12l 6 =Reb dioatingdbatrtes prsipned upiiele @wﬁf@wegm@@elé’éé is a first
m st e 74 to s
e TR RS eaes B Ry SbEP e et Mg otudes WT

ID/seélﬁ&ﬁ '11’1’&91 Hi€d9ng audind S 1Bkt R otk dsBifcaed T fux ufpbﬁnk traffic segment
tained fromthe previously received signal

1256. thﬁlmmlmdxﬁﬂgmgmw &2 ¥mtliegnfosmptiens pigh tiﬂe first part of the

f 1.
codevx%) % E%P‘P%n %g%te(%%%ﬁoc{e% f%h%%}ho]n 13%%@?%?%?@% W*gtd}ﬁlg BS. Now
suppoSEERORE réddl R iRtHe BB Wes ndtideeds thdlihfornhetodbits and thus sends a level-2
Operation continues from W) 2004/ 075023

NAK pokosetdgnpouggment 52105 (Ths trenygitiss ipiheiSerady to the WT an uplink
assi gnél?engg{%%eagg ﬁ%fj‘%l gnn){gnE peg'ir%%? P30 THEMSsi Akt AR SIEE $8¢18dks a new/old

bit indicator 1264 =1 indicating that the corresponding traffic segment 1258 is not a first time

time t

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 W1"s transmitter then sends
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redundant information until successful decoding of the
first set of encoded information is achieved. 5
WO-2@ues02? i s anot her exanpl e of use of a nul t PET/ESMI04/004831

NAK, in accordance with the invention in the context

of uplink information tra3sm ssions. In the Fig. 12

exanpl e the base station is responsible for assigning

redundtl inférrtiatiahfstlectel anieporse GBBMSAK . @d@bih 188 sédnd and the third parts

ownlink traffjc channel iggnents as explained in

d : .ch ! .
of a sqt ghsipEpdiRyTitsheherk §its.gn dieaseponsd upking iraglia segment 3% ata power level
di ] 0 ' ' fr cy,.
targct 6 36 A LA oIS oF ORARS TyBifidoifes 203 15k eives e
uplinki traffic oltaninel segarhal 258x Using 206érm il @ghambbaO6F the eddéded segments
t i nk assignment segnents 1206, 1208 and two
1256, é&@%%%ﬁgqﬂtgg g@‘ﬁg@ﬁt@% Pis.oIn response @ deteignining that the decoding
(FRAWANLE Qs Sl tbas tanSA S
OperaupI [ nk.u Fi gg%’gﬂégﬁgﬁs%%ﬂ‘(%lgu esanéA %?g%?%m é%igéééééﬁ?segmem 1212.
In thisighinple, tleanueHsvel NAK tnhevarfisre duirkps ¢y redace the réqeepdeaRE loops, as
t%pes on vg{ﬁtli al axis 1252 vs tinme on horizontal
compageq With Hicexample, X 1FRGE dc| udes two uplink traffic
channel segnments 1256, 1258. Assignnment segnment 15
1206 corresponds to uplink traffic segnent 1256;
ubbisheidd be abted ¢hat dlgpntpaffic thSBebmgmespondspomling to an assignment
a 0 dgenment segnent ,1210. Assi gnnment .segnent, 1208 .
scameRTRATTRHE TR DR e PP TgnnGE GHEEIts S5 ENGpf Fpossive for the
assignineaf dndcos@gimRaingliZFfc eRimesRENEAskE B%‘éﬂ?‘ﬁi‘ Af8eRALp resulting in
i segnment 1212. Specifically, when a bl ock™ of
simultpreOy$ raRSIEPSIEN insan assigampet segmertAndicotespondingrteaf§asegnaant where
e 203 r.at e L arge | owdensity parity
dlffele%lﬂfé%(ﬂﬁg%%gmr 59(??0% t@%(glﬁe?ern%?eg??egﬁssm ssion tinme 1260,
the base station transmts an assi gnnent nessage in
assignment segnent 1206 including a new old bit

i Wetile dew#ibed irpthe gontest ofzmi QRPMhwsterh éhead BQymedodpiidapparatus of
EEic. i i i ffic nt.
e AR ATBEO A PR L SERTERL
applicabie touete sle\Wngel dbl coagnmnitationsl epstdamd iaclhidibg el agi-0FDA and/or non-
identifier of the assigned WI for uplink traffic |
cellulag gysifapy. 15dqisign, While dereriped igithe pamteit of pRFReEPISBisRIEsS
commurefionk gﬁtérﬂ,fif)fs"fﬁtbb AR HSd ﬁﬁg tﬁeggegg&lfsf#ng%%ﬁag{]s oltflgl?e present

codewor d conprising a set of enc
invention zas he tiseeldn loyher bppliwhtions whieh BS notNawolve wipsdsss cohmturtid¥&ions links
recei ver. i.n the BS does.not decode the informtion .
but wheieiEIs egiratile, o Edurporaminiyige the nﬁﬁ&ﬁ@ FetransiRy diedaRrvring
comm SRR et -a tTA8mithiAR 8Ad fe&iidoev 8. By elfle hi¥fhod of the
W an uplink assignnent nmessage in assign t” segnent
inventipp @8 b heedawith fjbereptic vemsameatingd, wdesbaaedrstivolic Bd dther
indicator 1264. =1 indicating th t he correspondi ng
CommYIHCAIONS SYSLEA W RS Aaa oS OnPIRboLPAqnyRecurs. of £ f
segnent and a WI | D/ segnent indicator bits 1266
including information indicating the index of the
fIp verioys qreboslig et nodeptissaniberd deriny ars impleniceies] usthg\Ai¢ drnmore

ement channel.. segnent 1210 g(ﬂset . :
modul S R e s B ERBHr<2E REM mi S P onIfe grosent invention, fo
example! SBSATIpkdc@Esifid) @ResSaRASN B S0/ O /t8dRission steps. Thus, in some
PCT/ US2004/ 004831
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
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15

-35 redundant information selected in response to the
NAK, i.e., both the second and the third parts of a

W@ ea04075083 ored parity check bits, in the seconeCT/pbio0k004831
traffic segment 1258 at a power |level targeting the
delivery of a certain nuniggr of effective information
bits. The BS receives the wuplink traffic channe

_ . . . . af th

o nEBATROL A58, M Bl AT L0 HRTLNRLo blBcr pross

computerf withrat withodtiatlditiohal lraedpanste impledene alironpogiohdhaf thehBove
.decodi n operati on was successfyl, the BS s receiver

deseriait prethafls ack IR Ang EkmEH wilse ?Ofa’élé_% AtRoRg peher thipgs, Hiegpresent

inventftAiNRlirBeted REa Hﬂdbﬁi?é-k@aﬁ%le RS IR SR REHASHIRS ek ut fél@tructions

the required ARQ | oops, as conpared Wth the exanp
for cagsiegvnmiaphike,(pug. eprocesi®r dnd astnoidte lredwateet pelnfrmtdne or more of the

traffic channel, s t corresponding to an assi gnnent
steps %fggﬁé?ﬂv%cgf%ﬂ)efié‘im&@%g-i nterms of tine, the

assi gnnment segnent. However, it is possible for the
assi gnnent and correspondi ng traffic channel segnents
t Nupgraus addlijional viatiptignsenetht msthrods ahd aprgratps of the present invention

Syl t anepus transm ssion .i.n.an, assi.gninent. se nt . and
desoril it ios B ATAPR gPRPNFY BRSCRY RE P ER of BRb0ve acliption of
the infeh€lghleBedevariatiens k€ ¢ bdEorsiRrddl Witieih €Y scHpg BB MeSnvehdion. The

Wil e described in the context of an OFDM system the

methodRendrinpatnies ofile pisprnt dnvigatien may e, gndds aatioysrrebadimants are, used
, | aeck '
with % r(#th Oéltapg%%%%{%g %ﬁ@gs@hgﬂgﬁ%?egigﬂg (Qr{ﬁgeﬁg,?dsf V%g%ﬁsr bt%gld types of

commaeiehtits ¢ethniyuss sYiRhen®y bosed @ pevitRnyirdles-cobdMasdionk links
non- cellular systens. In addition, while described in

betwegthascgssiodss ansrmabilecnrdep) Hr oG sabosdiments thepsressinodes ¥Rs
impleﬁéﬁﬁ%&ﬁ@ bdsk s ﬁ?lgsowﬂi%h UQA6HH O i3k oh D BnfBH A qxz‘f)b?l%qlodes using

apparatus o e present invention can be use
OFDM tulor @PMA ¢ &t vaivss whibobintmtsthe mabile heéesvire ahplemented as notebook
connunicaf'ons | i nks gﬁ% where it is desirable to
CompYier REESOBR! dathpsHsABLs (R Maetf Aterpartptlf dryiceiapidingst
receivEEArAfhited QTBMA £RtbOE ag%w&-nes,tfaﬁ@erﬁ%mg tﬁﬂﬂlethods of the
recei ving device. For exanple, the nethod of the
presenf inventi¢mon can be used with fiber optic conmunications,
wi re based networks and ot her 25 conmuni cati ons
systens where the transm ssion of information occurs.
I n various enbodi nents nodes described herein are
i npl enented using one or nore nodules to performthe
steps corresponding to one or nore nethods of the
present invention, for exanple, signal processing,
nmessage generation and/or transm ssion steps. Thus, in
some 30 enbodi nents various features of the present
i nvention are inplenented using nodules. Such nodul es
may be i nplenmented using software, hardware or a
conbi nati on of software and hardware. Many of the
above described nethods or nethod steps can be
i npl ement ed usi ng




machi ne executabl e instructions, such as software,
i ncluded in a machi ne readabl e nedi um such WO
wQoe4NE02023 PCT/ US2004/ 004831 -36 as a nmenorRCTES100€004831
e.g., RAM floppy disk, etc. to control a machine,
e.g., general purpose computer with or without
addi tional hardware, to inplenent all or portions of
cri bed nethods, e.g., in one or nore
yiﬂékgﬁggﬁgxgggﬂZéhgly, anong ot her t hi ngs, the present
invention is directed to a machi ne-readabl e nedi um
i ncl udi ng machi ne executable instructions 5 for
1. ¢ utacamhmﬁ:éhodethg methede@BpdYngind associ at ed
ard erform.o re of the steps of the
aB%?% %@Fgﬁg ugFﬁ“%§‘¥9kﬁﬁﬁerous addi ti ona
vari at pop&férh 4 hoiBilbpesitian dn aFEsY agad inefudifeerpodedsipnal
i nvention described above will be apparent to those
ski | | ethfpH0ate8; art in V|em10f the above description of

10 they Qfeé?e%ﬁn%rﬁ th?%flﬁodéﬁr | on %ntll%l‘pfﬁldgs an%%{ ﬁgnal was

W|th|n sScope o

appar agm@egsffull}l't&cpd@’sem |nvent| on rray be, and in
various_ enbodi nents are, used ortho

1 F equendy amyItas SHEmIned BRESeIhg CRRbIOTIo) a1 datsuccesstuly
other tyneRq neiaffiEY RLGNARR mﬁnﬁﬁmﬁw&%f\wplﬁﬂh&ﬁ& RRRsible NAK

used to provi ess co nications |links béetween
access signdiesmh@sgeanh bf sad phadagy of postneNeTbsighaemaiuss cheesponding

access no nented as base stations which
est abl { |%ﬁgtf§’11i‘fﬂﬁi‘?vé’g? ‘%9 PEFREHi t h nobi | e nodes usi ng
OFDM and/ or CDMA. | n vari ous enmbodi nents the nobile

nodes are inplenmented as notebook conputers, persona
2. da‘-ha neeshsidsetateim I, MbAsin sad deders ereratisnl prodieps deepded information,

ncl udi n | ltr ter circuits and | ogic
the St /%perlagﬂg F‘ﬁ‘éﬁ ﬁ&%ﬁlgn%f‘gt%mgr ng the methods of the
p 5&@%}1@ ViR IN A0 i m AR Thd G209 6008 @Bdoded
IS CLAINE IS: 1 1. A conmunications nethod,

informdt®nmet hod conprising: 2 operating a first
comuni cations device to: 3 i) performa decoding
operation on a first signal including encoded signa

3. 4 ThBhetied bfulkimD, fidthed ebe Eﬁ‘slﬁg i f the encoded signal
information included in the first si ghal was

s inhea disip drieymined Supé spid gpepded infpymalioanvas; Sup%es%fgﬁg desadsds
genergtln%t SREg sqgrfa?ﬂgané Al grdﬁglgﬂzﬂ VAR RRf successful ly

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

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

4. The method of claim 3, wherein said NAK and ACK signals are complex signals and

wherein said NAK signal values and said ACK signal values are phase values.

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

encoded information;



8 decoded, generating a first NAK signal having one of
a plurality of possible NAK 9 signal val ues, each of
wa@aiod/opdoas al i ty of possi bl e NAK signal val ues PCT/US2004/004831
corresponding 10 to a different |evel of decoding
success. 1 2. The nethod &8-claim 1, wherein said
decodi ng operation produces decoded information, 2
the st eendin genetint thogira dbiicsto dMMraé Fnal; gm'sig%mafuﬁes
selecting the first NAK signal value as a function o
t ARergfig fhefirgfdeyice telesder e Tirat NAKoti geelivelue ag aZuncHoe of the
| ' ) 2. conpri.sing: 2 when it is
e iR Rl B the dsbAdC TG RIL BT o e
succes shutelity optesirgetle first dgeive fidthen thcille®6ferali Ak first device to
havi ng an ACK si %_nal val ue; and 4 wherein each NAK
shgpsant (hg)ggaerated TrpfdNpKistgnal- t y of NAK si gnal val ues,
differs fromany 5 other one of the NAK signal val ues
in said plurality by an anmpbunt which is | ess than the
6.  sThé¢ eitod of clamiintvhareyn deterntifiingahel gty 6f GB@kcRH ¥EBrmation
. lddi_ffers fromsaid ACK signal value. 1 4. The nethod of
MCUCEY 3i m 3, wherein said NAK and ACK si gnal s are conpl ex
Singidifin@dcodin i §icH iRl I it She ;
ACK si gngl val u%@ggssggb asagnglgfgu%gwgl%&qﬁ%gécr?gg(gglgg%?amn’ said
decodigigstatistics indighténgihn qogiy af ihegletbdedfinfesmatdeni ce t o
perform a decodi ng operation includes: 3 deternining
the quality of decoded information generated by
7. dEROGEMGdDRCRim b, A Qi AR MR HOD
PCT/ US2004/ 004831 -glggﬂge \”j\fh&g‘?@fﬁﬁ& Eﬁ‘*&’ﬁé‘%ﬂﬁ%@%ﬁi@?@? 3 count of the
numbeg & fetected egersdn sheedegodddrisformakosi gnal i ncl udes 6
operating the first device to select the first NAK
signal value as a function of the 7 determ ned
8. dhia mtthodbf tlatm Gefe@etcinifridgt i on; and 8 wherein
operating the first device further includes operating
t‘?PéWinrgége Het devce  trapsmitspishfitst NAK gersdranded fi r st
i - . method of claimb5, wherein
teaslﬁgngﬁgﬁﬁorg%%va%g?’i ty of the decoded information 2
I ncl udgsecedvarmidfiat NAK sigaglpghdig statistics indicating
the reliability of the decoded information, said 4
decodi 1Hgf1ae£ﬁtf%¥files fropssaich Hiyst B ignlevaliieapn espowit of medundant
decod ' I : : f.glaimeo
wher e ﬁﬁf({t%fgemﬁrgﬁﬁ%%o é%lg ggﬁndgmfsc? g%ng’tc}lfé%relﬁtnaém}ldlés of redundant
count iofortmhgon being determined for at least two different NAK signal values.

0. The method of claim 5, further comprising:
operating the first device to:

transmit the generated first NAK signal;
receive in a second signal including redundant information corresponding to said
first received encoded signal,;
perform an additional decoding operation using said redundant information and
information obtained from said first received signal; and
determine if the additional decoding operation successfully decoded the encoded

signal information included in the first signal.
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2 nunber of detected errors in the decoded

information. 1 8. The nethod of claimb5, further
w@ommpni®eng: 2 operating the first device to tPERNERI04/004831

said first NAK signal; and 3 operating a second

device to: 4 i) receive sapd first NAK signal; and 5

ii) determine, fromsaid first NAK signal val ue,

an
anmpunt of. redun 1 of | SITi i
10, PR SRS Vst BHELEPL! Sfbritnd GBHET deuk 1S Byform an
additibi¥] aédvRidgospebiondneledst m ned for at |east two
different NAK signal values. 1 9. The neth g of claim
Srecpiyingsiralfis pprinsl AYLENMENLMErsaLs g™ heecpns devierande
t 9d'en§:§}fir{%aﬂ§1w ihfotniﬁgt'&?ﬁ%fuﬁﬁ(? fh daid BArrikREa ¥ 9&i enrflent message, the
recervein a seconé st gnal 1 ncl udi ng redundaﬁ%
first sighflao watichosnid secord pignalicogedpondai d 5 first recei ved
encoded signal; 6 perform an additional decoding
operation using said redundant information and 7

11 iq&ggﬁgkhqﬁcgg&gﬂped fromsaid first received signal;
©an

etermne if the additional decodi ng operation
s uwherasfaid fiyst dedioelsch mblilammiodnd said se¢apdalevicafins hegeistaion; and

included i.n_the first signal 2004/ 075023

P heisEp Do ar e aan nclygSd fighd gl SR HRAS ENent megaee vsed o
identiY¥BE &rdl sRALLis $heRIRTof ARABNERE sddehenhiBsellitd BandeN ieesSikOsignal.

erforman 2 additional decodi ng operation includes:

3 receiving a traffic channel assignnment nessage from
a.second device;.and 4 identifying frominformation

12. iﬁi‘?&&@bodldﬁclﬁpdlﬁraffi c channel assignment nessage,
t R@eredn §did Bitst Fegivoals 4 @owi Sdiesat daigleecuid deivipidas a base station; and

corresponds. 1 11. The nethod of claim 10, 2 wherein
saihgrefn thetinfpsmpiéen inglugdedrihiaidtraffig ehanng! assi gacat giggsage used to
. .device is J ion: . . .
' y f bet th
e gt BISRUBLEHHAOL P RO B atorecoteon e
index @$ g it@MitecHanfE Seg@entus sudidial with derdssibymehtemédsagd arsi gymalific channel
is an index of a traffic segnment used to transmt the
segmqnt pagd tgjtegAgmit the fispsigndle net hod of claim 10, 2 wherein
said first device is a nobile node and said second
device is a base station; and 3 wherein the .
13. i Mhemmaliddost dlaial Udeekréin sadifuisttdesice ica basastagion and said second device
_ assi gnpent megsgge used to.
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
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

information.

14. The method of claim 13,
wherein the information included in said uplink channel assignment message used to

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

15. The method of claim 13,



4 identify the first signal is a traffic channel index
difference indicating a difference between the 5

w0 nabexn73983 a traffic channel segnent associ at edP@i/UB20041¢04831
assi gnment nmessage and a traffic channel 6 segnent
used to transmt the firs#0signal. 1 13. The met hod of
claim9, wherein said first device is a base station

antieni the SfonnsiciEMEREed i dakl t2affib BhirmeN AdRnndAe n¥BlBO Used to
further conprising: 3 operating the first device to

identify the Sirst sigagl iy pn upknk Halisehannst indaxdifferenosdndjeating 4 diference
' : . ' t cond device to
botweBE L e S AENMAR: o BRRLAL! Q9chCaSSGARY WifiihE fistShment message
and arciglinketaffiGclasatipentiBht RS s@@enshliethtifr&tsigiagnal f or
whi ch redundant information is to be transmtted in an
7 uplink channel segnent assigned by said channel
16. %8s SRIRALF TBSAY Sheft 109 ; econd; AeVi G8;
£ 28, RN of CRERT0 ShoRl s ORGHALAAA hABIAT RO AR Gia
redundant orfomation, nelv ddcoddd infomtdtiod, the nedtleddfuttBer dhrupreyig: n
the i.nfor i on i.ncluded. in, said uplink_channel
aggqram@m@%ﬁrégé%@%e f@égaocieosal@n%wﬂ?@mtfwmmst
signal is an index of a uplink traffic segnent used to
transmt the first signal. 1 15. The nmethod of claim
17.  1%he methp0 @4 titt @2 BurPET L WSRM0Ag:004831 -40 2 wherein

= %radht Tt Q85 b b 3 antf yein lprngon included in the
first sigh4l s sh&:e@dfulé‘? Hédvded bakiit Gd&RBM ecoddite ESpé};m?&ﬁ aggce
| an

Indicating a difference 4 between an index o
uphemit is desgriineccthahnid ensedetinforamtion was adt mioperly Heroded by said

i GRE LRI BRESAerl IR AR ML efRile £ NSl st naving
one of¥eidderalify ofl pakdibR, N MKE GiahvAadsile £BGIRGAIEABRy of possible NAK

_ includes, in addition to said 2 redundant
signal valugy ¢Ritespendingty adiEistrad laval idesedingsuackss, aparhideg the first device to

sener L 55 SRR B QRSB BNAR Sl AL S hgerion o
the qualfty of déqod8q irffornidien geasmareddyngid sddhanbddcodinkpefatios!

device to determine if the encoded signal information
included in the 3 first signal was successfully

18. dﬁ%ﬁ_@tﬂo@)ﬂf%@in‘?l?ﬂﬂ g}%ﬂss odi ng operation; and 4

when it 1s deterimne "d encoded i nformation
wersrating apeoperdopmecioateds dyvisaicd 5 addi ti onal decodi ng

operat.io he first device to generate a

n, operati t
secon o15 R&F&O@f@‘h%ﬁ%& Rgratign Gpdntormatigndohe ramsmitiedgp produce a

8822: kb?tilhgt %ﬁf S1B0&d int&niERn 28@ G Retr ré@indat iHfRati¥n; Shd
ii) transmit said first set of encoded information in said first signal.

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

to a previously transmitted signal.

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

includes:
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7 signal values corresponding to a different |evel of
decodi ng success, operating the first device to 8
w@emeafzioes a second NAK signal including sel ectPOyUS2004/004831
second NAK signal value as a function of 9 the quality
of decoded informati on gemgrated by said additiona
decoding operation. 1 18. The method of claim 1,
{ Hpdiae GAMRIch) BnmAnRRESRldDeo: eCONd

nitations device t 3 1) performan encoding
o per at reonivon NAKeigmt from sl fest da’vams raitl NAK tsignpl astssponding to
a g first set. of encoded information and a set of
r S0 HEst e mation; and 5 i) transmit said first
set of jaB6Rde @rohf‘tfh@ WAREI08 thd RS RANAK §bna 'v@ﬁ@borﬁ%n%@ the set of
The nethod of claim 18, wherein operatlng sai d second
c avinding &xtfoomasiogdw imemsthit ta $réd firse devies. udes oper ati ng
sai d second comuni cations device to: 3 transmt in a
traffic channel assignnent nessage used to assign a

21.  tTAé blethodARNESh 2DCERBRIN optratiRtaldscbomofhthusidhtibd ddvide to

signal, an indicator indicating that the first signa
deterneipe svhabportion plthp seicdf redundant ipfasmpbes toytransapidiaisaidddst device
|gnal 1 20. The nethod of claim 18, wherein
perating said second comruni cations device further 2
| pelbdti@she ¥ 2084 pOrtRAZS 1(sht bISZA0Hd 0 ABS Inatiof s 3 function of the
operating said second comuni cations device to:
value piethgireesived MK sigpaha laigehsizapertipn peing gelosted when |t1a: Yahye of the
NAK gl g Q:ﬁqhdlgﬁ% £HRP Fﬁ/klncgf cfegodlﬁ g §1?(L gssrt}é%rg gv\}}élja E%Alzluse?dg}ﬂ%‘fﬁ NAK signal
indicatds atsepmidtieved oﬁﬂedoldﬁlgsmtcdsﬁ tha? indéchtssdadit decddingraddcess than said first
transmt to said first device. 1 21. The nethod of
level. ¢| ai m 20, wherein operating said second communication
device to 2 determ ne what portion of the set of
redundant information to transmt to said first device
22. 3Thadethdf chimdOetitrihagecdthgrisngze of the portion of the

v SReing 5 R OPR ERTTLH SARMS TRy 10 T TEH: 5 Ay pned poriion of the

set of RAILLAAR ilt6iMioa’b %aﬁqﬁstv&e%etnh@ SURhH S BFm A SaMAK
signal 1 ndicates a first |evel of decoding success

t han when the value of the NAK signal 7 indicates a
second .| e ng success that indicates nore
debonFy st el REReChabRTE: 5l evel 1 23, The
NBhdraeh ©Ofai Cdedbif Efmbibichii®s deOiEBtd Shidhit an assignment message used to

assign a channel segment used to transmit said second information signal, said assignment

includ%

message including information indicating the previously transmitted first signal to which the
redundant information included in the second information signal corresponds, said assignment

message being transmitted prior to said second information signal.

24.  The method of claim 22, further comprising:
operating the second communications device to:
perform a second encoding operation on additional information to be transmitted
to produce a second set of encoded information and a second set of redundant

information; and



2 operating the second conmuni cati ons device to
transmt the determ ned portion of the 3 set of
wo eduntars i nformation to said first device i NnPEI/BERO#CD4831
information signal. 1 23. The nmethod of claim 22,
further conprising: 2 ope#dting said second
comruni cations device to transmt an assi gnnent
Mes s agqhufarlofdating BRIB P8 UERRL /& AttnliPa scoond
transmt said second information signal, said
aBdoEAven signahinslydeseoneratingdhsspcond commuinisatiomsdieyatita gnclude in

B S O L RGP oheh o SRl Gl bltntion
i nformati on signal corresponds, said assignnment 6

nmessage being transmtted prior to said second
25. i Rhopsiodef ckigds) wharepysaidrnsoding operatipn & aloni density parity check
: conprising: 2 operating the second
Comnéémiﬁﬁ%%ations device to: 3 performa second encodi ng
operation on additional information to be transmtted
4 to produce a second set of encoded information and a
26 SACORUNWHEALONS ARACHEPEMIISIG: nf or mati on; and WO
Q . - . i ing .
G B A e Ry op ey YR B AT TR signa
informiatibmf or mat i on si gnal includes operating the second
com’ruﬁsiafati ons, device to include_ in 8 said second

| MEPRHAE fIRTEPgsal thy eperder stgnak informatior ésiusled dn therfirst signal was
succesSREQURELdAf Adration. 1 25. The nethod of claim 18,

whefein said encoding operation is a |l ow density

paeansyfor paekating adiosti Ny Kopgrahhadng ofie @6a pliwrality of possible NAK signal

communi.cat i ons Vi ce. conprjsi.ng: .2 nmeans for
valuesy RRFIEIL A dhera ek il 05! Sphen PRTiSHOR i Pt Cpepafly decoded. each
of saidldplﬁﬂauw S REABRICAK S G aluds dotfeQp R0 a dERAMR vEIVF decoding
. etermning if the encoded signal information inclu eg
signal pyecesse first signal was 5 successfully decoded; and 6

means for generating a first NAK signal having one of

a plurality of possible NAK signal 7 values, when it
27. i Fhal@dveverdfredmtdsat sai d encoded i nformati on was not
successful |y decoded, each 8 of said pluralitg of
pYkaIeip| saidupgansifererfopmingesdesoding Hperatiph gradyces decoded information;
different | evel of decoding 9 signal success. 1 27.
The device of claim26, 2 wherein said neans for
pelidreinrsaitignéand €6:0gbnbiRiti 0P @ TRkt NAK i @dUsectdite FHGINAK signal value

i nformation,, . :
as a function of the quality of the decoded information.

and

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:



3 and 4 wherein said neans for generating a first NAK
signal selects the first NAK signal value 5 as a

wo avva7ee3 of the quality of the decoded i nfor ne€T/082004/004831
28. The communi cati ons device of claim 27, further
conprising: 2 a transmttdB; coupled to said neans for
generating a first NAK signal, for transmtting 3 the

geRehPoe detbihingd\thesdanidhal &lac@dlhg ©BEBEN 5iRIedsBAR) ¥dcBEed the
a_second signal 1ncluding redundant i nfornmation

enCOd@fbiﬂge@ p@ﬁ@dma@on Bcluded i the first signpleerd ved encoded

6. wher ej n erf or )
a0 oy PRl e N B RN B L Ry signatatue as
functi@delf the qualitybgcectided inFpehaionGRenétsicdd %mdiaddﬁmiﬁd@é&bdmg operation,
information and i nformati on obtai ned from sa

~ when iy deterpiped (hatisaid eirarded migmatiph avag aahproperdy d@m)sle@ by seid additional

oo AL LA SRS 0o O AR TRGRE s o i

valuesaddi ti onal decodi ng operati on successf ul l'y decoded t he
3 encoded signal information included in the first
signal; and 4 neans for gener ati ng a second NAK si gnal

30. bx Iﬁehs&t)fggst @%&%&lﬁ@tﬁdgg o %Mﬁ%@f%a 5

function o e qual i tion
gewedmlgedsmg/ ars enahdend mfbnmmmh tal be ddnmtten &¢ ptoidace a fifst set of
%/3; ? is dgt er m ned that, sai d.encoded i nfornmation
encodgginfoy aﬂapa]a PISGE Qe BHEaNtAYoERAEO ™ ddi t i onal 7

desnelinh QBRI ki QP of éﬁbde&%@&ﬁdud% §f195@§i pR@avi ng one

of said pI urali1ty of possible NAK signal 8 val ues. 1
Sﬁcemmget NAK signad feorad dﬂgceatoc,winnhl pdid ditrsteipnablees wansmitted; and
encoder, infornmati

B BanE e Eahe 14 e PP api 30 B device s o

funct1d>rf1(5ﬂ3th€&hl|u@ of eedediRRANRK %ﬁy ReRtunénaiBhE Aterént amounts of
transmitting said first set of encoded i nfoFmation in

redundgnt infenmatiog nebe s@eqtediirat lagst awNdiKferenfmmissibledVA K stignal alues.
to which said first signal was transmtted; and 6
sel ecting a portion of the set of redundant

31. | ThoOmemod @ cladm BOARSIREL confprisaigd first device as a 7
function of the value of the received NAK signal, said

figpkIdingrn adfirs Awigntene signal userbiorassiga cemmeunieatians channel segment

used td HE[%I%FH@&?& (31&1 a?l? Vglfcta?oq ufl(ﬁl_:lat%xf th%qﬁé flI’S 1§g!ﬂfc¥o%5 feur)]tt cr(r)]rrespond

to apreﬂouilyntﬂahﬁmttedﬂighalsam 2 including in a f irst
assi gnnent signal used to assign a conmunications
tﬁﬁéﬁﬁ)éqtlngé Hﬁt assignment signal prior to or in parallel with transmitting said first

signal.

32.  The method of claim 30, wherein selecting a portion of the set of redundant information
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

said first level of received encoded signal quality.

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

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



3 used to transmt said first signal, an indicator
indicating that the first signal does not correspond
W@ 2409/0250p3 evi ously transmitted signal; and 5 PCT/US2004/004831
transmtting said first assignment signal prior to or
in parallel with transmtt44ag said first 6 signal. 1
32. The nethod of claim30, wherein selecting a
assigrifdlt bfgﬂaﬁﬁclﬁlﬁ gﬁﬁkmﬁﬁtl&xﬁ@@rﬂ?f?ﬂfg d &faﬁﬁa%E%ﬁQnt%sE@tob@%nsnnt said first
transmt includes selecting a [farger size portio
sginal; agdindant i nf ormati on when the value of 3 the NAK
si.gnal . I ndj,cat.e first .l.eve recei ved encoded
st e Sy eed noroR of el ol el T R iq el st device in
a seconddifoahesomsigggond | evel of received encoded signal
quality that is better than 5 said first |evel of
recei ved encoded si gnal quality 1 33. The nethod of
chaj ri.sin 2 transmtting a second
34. a@%%e%n%o ém;lﬁ?ﬁ ?Sﬂgpég?mﬂ Slg% assi gnnent of a

C parficvehing agmﬁ endodiflg Bertts@Cort AditiGHAS Hifbrn$Aiof to be transmitted to
sel ect ed portl on of the set of redundant i nformation,

produggp aeC@@é seicPhpradsd Anformam qn@mgszubwﬁ obreggndant ipformation; and
asl Qﬂ n%'ttg'{éaclusecgrﬁilﬂ Iﬂﬁubﬁlg Sal %18&' I dentifying a

chan segmen ransm rst 5 sginal;
and 6 ln[cém’dmg irt sahdysectied Sidbrecition sigaaltd paitioh of ked s@bndket of
redu information to said first device in 7 a

s &k F PHP%&Plon signal . 1 34. The nethod of claim
33, further conprising: 2 perform ng a second encodi ng
operation on additional information to be transmtted
35.  t dhe Bephrasihfedaim 3 edectiseid efcodingarpechtionfioa e densitgmpdrity check
di a second set of redundant information; and 4 wherein
C°1n¥9%ﬁgﬁpltlng a second information signal includes: 5
including in said second information signal a portion
of said second set of 6 encoded information. 1 35.
36. TAecompnmmidatisins cevicerc@Oprisihar ei n sai d encodi ng

erati.on.is a J.ow densi.t arity c k 2 codi
BERRE ok S RAnEGRMY I Giimbr Cerigfiam G sgt obencoded
inforn@itioR REQEQEL dfatd@ieAdhitEmhiié0r Mation to be transmtted
to produce a first set of encoded 3 information and a

s @ {rapgmitter s dransmitidoyahfitsb set of eecaded infaimation if @rfirst signal;
B N
transngitghahdf rom a device to which said fir st si gnal was
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 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 correépond to a previously transmitted signal; and
means for controlling the transmitting said first assignment signal prior to transmitting

said first signal.
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6 transmtted; and 7 means for selecting a portion of
the set of redundant information to transmt to said
wo 2003075083 devi ce as a function of the val ue of P€TES2004/004831

recei ved NAK signal, said function causing different 9
amounts of redundant infomsation to be selected for at
| east two different possible NAK signal 10 values. 1
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for selecting selects a portion of the set of 2
redundant information to be transmtted selects a
first size portion when the value of the NAIL 3
signal indicates a first level of received encoded
signal quality, said first size portion being a 4

| arger size portion of redundant information than a
second size portion which is selected by said 5 neans
for selecting when the value of the NAIL signa

i ndicates a second | evel of received 6 encoded signa
quality that is better than said first Ievel of

recei ved encoded signal quality.



