-1- EFFI Cl ENT AUTOVATI C REPEAT REQUEST METHODS AND APPARATUS FIELD OF THE

| NVENTI ON The present invention is directed to inproved nethods of
comunicating in a wirel ess comuni cations system and nore specifically to
i nproved net hods of automatic repeat requests in a nmultiple access wreless
comuni cati ons system BACKGROUND Cellular comunications systens are
becom ng ever nore common. In cellular systenms, a comrunications area is
divided into a plurality of cel I's. Bach cell normal Iy includes at |east one
base station. The base station in each cell communicates with a plurality of

devi cesEFEIGENT AGJOMATICREREAT REQEEST MEHODS ANR ARPARATUSs t he base

station. The base station usually serves as a nobile termnal's point of

attachrﬁg @Mns net wor k whi ch includes the base station.
Si nce D OFr! l.eat ions network i s obtained by a nobile term nal
t hrough the base station to which it is coupled, e.g., by a wireless |ink,
base statio are sonetines knoyw as access nodes. In cellular wreless
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a cel | ,in@ngultiply agqeas wirdessisammainicatienssystem. partitioned into multiple traffic
segnents. Control information may be transmitted via other channels, e.g.,
acknow edgnment channels. Downlink traffic segnents transport data traffic
from BACKGROUNIPN to one or nore wireless termnals, while uplink traffic
segnents transport data traffic fromone or nore wireless termnals to a
base station. Acknow edgnment channel s include acknow edgnent segnents which
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the base station. Since access to the communications network is obtained by a mobile terminal

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

sometimes known as access nodes,

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



an ACK. The ACK and NAK can be represented using a single bit, e.g., alto
represent an ACK and a 0 to represent a NAK. A downlink acknow edgnent
channel can be used by a base station to signal whether or not infornmation
transmtted by the nobile in an uplink traffic channel was successfully
received, e.g., was able to be decoded by, the base station in the sane
manner that the uplink acknow edgemepnt channel is used by the mobile
termnals. The transmitter, e.g. base station or nobile term nal, upon

receiving a K can choose. to.retransmt the sa at a. retranpsm ssi on
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correction coding may be used. Error correction codes (ECCs) result in the
addi t i ofheseme gfdundant information, e.g., one or nore ECCs, being added in a
sel ective manner to the transmtted information. By using the redundant
information, it may be possible to recover transmtted information even
when sone erTloretramsmissiahofitiegprevieudy amsmittel inforpationasgresents the detsntigiqar ovi de

efficien tilizagion.of omuni cat.i on bandwi dih, it is generall desirabl e
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mechani sm;y and net hods of communi cating redundant information to increase
the efficient -3- utilization of limted anounts of bandw dth available to
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information, e.g., previously transmitted information, needs to be transmitted is sometimes

called an automatic repeat request (ARQ) mechanism.

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

transmifted information even when some emrors occur during the 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



SUMVARY OF THE | NVENTI ON The net hods and apparatus of the present invention
are directed to techniques which nay be used in conbination with error
correction codes, to mnimze the amount of redundant information that
needs to be re-transmtted, e.g., in the event of communications errors. The
invention is also directed to new and novel automatic repeat request (ARQ
mechani snms and net hods of inplenenting such nechani sns. | nproved ARQ
nmechani sns whi ch can be used with Ldw Density Parity Check Codes (LDPCs),
which differ from and offer various advantages over, other well known error
cor r ect iugHzatien et limited emtpwns Fihsadwidimvsiiatie theommenicatedasa irbddthaeedadsind i n
vari ous di ments. Met hods and apparatus of the invention use NAK
(negati ve acknow edgenment) signals that are transmitted to indicate a
transmssion failure, e. g., uncorrectable errors in a decoded signal and/or
0 gbility with regard to decoded infornation.
An  uns&HMML ’ =+ability may be determ ned fromone or nore
reliability statlstlcs mai nt ai ned by a decoder, e.g., a count of
uncorrectable error and/or soft information values. In cases where decodi ng
i s successf ullhe anthadkardapperstus Qﬂ@mm‘r‘v?ntsm\gnmn irs directedsioi techoijues whiche devi ce
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gener at desclibahanidmsed inansivnd éretsbdhgitml as part of a decodi ng process. Such
statistics provide a neasure of the decoding success, e.g., fewer
unrecoverable errors indicate greater decoding success than a | arger nunber
of unrecover M&hﬁd@M@ip%araﬁlsrb@%xcqﬁ%%;ngse@n‘mr(neg%nvé mgwﬁagen?ent Witalson of
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unsatisfactory level of reliability may be determined from one or more reliability statistics

maintained by a decoder, e.g., 2 count of uncorrectable error and/or soft information values.

In cases where decoding is successful, an ACK (acknowledgment) signal is transmitted

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

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



encoded information signal is generated along wwth a set of redundant

i nformation, e.g., additional error correction bits which need not be
transmtted with the original encoded information signal. In sonme cases,
the original encoded information signal includes sonme error correction bits
but this nunber is usually far smaller, e.g., less than half, the nunber of

error correction bits included in the set of redundant information which is
not transmtted with the encoded i nformation si gnal . The redundant
information is stored for a period of tine after transm ssion of the
encoded ratas ge gdgncgon of gagralits ofjthe récpivedencodedhsizgrnal NMKNAK sigudivelees | n t he

ror mal | yPengtaBA ek S 8 e bl SRR o RE SRR BB

transmtted the original encoded information signal, determnes from the
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di f f er entittoutethgntankmoped. of redundant information. The sel ected portion of
redundant information is transmtted follow ng receipt of a NAK signal. The
devi ce receiving the redundant information uses it in conbination with

i nformation The gehdeal e irirlsaidd Re Qﬁéiﬁél%ﬁéodeﬁ@rﬁbfﬁﬁ‘éﬂioﬁis%ﬁﬂ, ddtEnPhesdidnEnPt to
successfully decode the previously Teceived signal. Sdccessful decodi ng of

t he pr evhovaueyof paeceived NAK gignil thhamerghof redunsiant informeatiombarshould be
transmitted to facilitate decoding of the original information signal. Different amounts of

redundant information will normally be selected for different NAK signal values. This provides
an efficient repeat mechanism which avoids the need to send a fixed amount of redundant
information regardless of the quality of the received signal which could not be decoded. By
varying the amount of redundant information to reflect the relative level of decoding success,
transmission efficiencies can be achieved without the need, in most cases, to retransmit the

entire original signal.

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

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



information results in an ACK being transmtted in response to receiving the
redundant information. However, if the device receiving the redundant
information is still unable to successfully decode the received information
a NAK is transmitted in response to receiving the redundant information.
The value of the NAK is selected to indicate the current |evel of decoding
success. Thus, the NAK transmtted ip response to receiving redundant
information will normal |y be a di ff&rent value than the NAK transmitted in
response_to the original received signal due to a reater |evel of decoding
success oR@HIee fom the pugighl regeeyedsignalinep atterertin seedessiullyidseorgtthoprevipwsly ar i ous
enbodi neg, ‘g ﬁ%%gnatlon signals are transmtted using traffic channe
segnents ac raffic channel segment has a fixed data capacity. In cases
where the redundant information transmtted in response to a NAK does not
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to whic redundant informati on corresponds. The nultilevel NAK and
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for the device to which the redundant information is directed may be included in the signal used

to communicate the redundant information.

In some embodiments, assignment information, which indicates assignment of a traffic
channel segment for use by a particular device, is broadcast in an assignment message.
Assignment messages in accordance with the invention may include information indicating
whether the corresponding traffic segment will be used to communicate new information or
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 inforiation 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 muiti-level NAK and retransmission methods of the present invention are well
suited to a wide range of encoding and transmission methods. Low Density Patity Check
(LDPC) encoding methods are particularly well suited for use in accordance with the invention



successful decodi ng. LDPC decodi ng net hods al so have the advant age of

provi di ng useful decoding statistics that can, and are, used in various
enbodi ments, to neasure the |evel of decoding success. \Wile assignhment
nmessages and LDPC codi ng techni ques are used in various enbodinents of the
invention, it should be appreciated that the nmulti-Ilevel NAK nmet hods of the
present invention and selection of different anounts of redundant
information to transmt in response“6t0 a NAK signal are well suited for a
wi de range of applications which do not use assignnment nessages or LDPC
codes. Ninteseliengering methafls altoat for Be geprspiidn of sedamdans ifounationtas thefimernd pr esent
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invention. Figure 4 is a drawi ng including diagrans i ?ustratl ng exenpl ary
downl i nidegadingsueerss.ary uplink channels and is used to illustrate an

exenpl ary nmethod of allocating traffic channel segnents, in accordance with
the present invention. Figure 5 illustrates an exanple of using increnental
redundant cod¥iile @simeﬂtmsﬁgwwLDPed@m@gatmthdi{Fﬂesa@QQe@in vafioggcor dance wi th
the present invention. Figure 6 is a diagramillustrati n&ti me w_ndows and
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Fi gures a§si n}ﬁegéak&s&r &%gpl es of using increnental redundant codes
and usi ng nul'ti - Fevel sirgnal, in accordance with the present
invention. Figure 9 is a drawing illustrating an exenplary representation of

t he phase of _t he
P I\}umerous additional features, benefits and embodiments of the present are discussed in
the detailed description which follows.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates an exemplary communications system implemented in accordance

with and using methods of the present invention.

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

the present invention.

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.8., incremental

redundant LDPC codes, in accordance with the present invention.



codeword of an acknow edgenent signal including an ACK and an exenplary 3

| evel NAK, in accordance with the present invention. Figure 10 is a draw ng
illustrating an exenplary representation of the phase of the codeword of an
acknow edgenent signal including an ACK and a continuous range of NAK and
how an exenplary NAK maps into a range of requested bits, in accordance with
the present invention. Figure 11, which conprises the conbl nati on of Figs
11A- 11D, illustrates steps performaﬁ i n accordance with one exenpl ary
enbodi nent in which nulti-level NAKs are used in accordance with the

i nventi on. DETAI LED DESCRI PTI ON The net hod and apparatus of the present
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whi ch th@@m%b@amwiﬂahmae&mWMdny i ncI ude multiple cells with each
cell including at |east one base station and a plurality of wreless
termnals, e.g., nobile nodes. Figure 1 illustrates an exenplary wreless
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i nvent i glti-le@sl NYEK 31pRkl, &0ack6kdame YvidlthepreSRbThvBhtiAl | on systems, e.g. a CDVA

Wi rel ess comuni cations system System 100 includes a plurality of cells:
cell 1102, cell M 104. Each cell (cell 1102, cell M 104) includes a base

station (BS) : i t he

wirel ess cov%ggrgg I%%gg’w&?gﬂ%{m@%e st%ﬁﬁ&h rg@é%gta%%dtﬁg g%glgggleto a

pl urali cgdewbrdmfdnraddwledgeﬁm(lﬂs)gmnﬁdumgxp ACR indrancexeinpiire3 vkl RAK, {nl14,
116), res ctlve th .S coupled to a plurality of end nodes,

( EN(1' )icf aﬁﬁ(&hg/ i?f?)se%”éve 100 ess |inks (122,124), respectively. The end
nodes 110, 112, 118, 120 rmay be nobile and/or stationary wrel ess

conmmuni cati ons devi ces
Figure 10 is a drawmg illustrating an exemplary representation of the phase of the

codeword of an acknowledgement signal including an ACK and a continuous range of NAK and
how an exemplary NAK maps into a range of requested bits, in accordance with the present

invention,

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

-in accordance with the invention.

DETATLED 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



and are referred to as wireless termnals (Ws). Mbile WIs are soneti nes
referred to as nobile nodes (MNs). MNs may nove throughout system 100. BS 1
106 and BS M 108 are coupled to network node 126 via network |inks 128,

130, respectively. Network node 126 is coupled to other network nodes and
the Internet via network link 132. Network links 128, 130, 132 may be,

e.qg., fiber optic cables. Figure 2 is an illustration of an exenplary base
station 200 inplenmented in accordan®s with the invention. Exenpl ary base
station 200 may be a nore detailed representation of any of the base

st at i on¥ith ¢fg prasew inyentipp Fxemplarpyielesstconingmicagons systendd isa spreasl ver 202, a
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220 OVeganWaiaphliddSn ARPy ©ffRr EARRLNEatioh Iris, 6@ § COMAIviRless Lo@bsiciidan W's
300 (see Figure 3), including acknow edgenent channel signals and uplink
traffics¥¥8hnel s signals including data. Decoder 214, e.g., a LDPC decoder
perfornms decodi ng operations of received signals, in accordance with the
present invention. Denodul ator 216 perfornms denodul ati on operations on

recei ved si gSyatem 100 incladesdigrioralityiof beltsheslip Hie 641l MnMEINEadhreel]l @adll 1 102, cell
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control nodul e 230. Operations of encoder 224 include encodi ng bl ocks of
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132 may be, ¢.g., fiber optic cables.

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

which the various elements may interchange data and information.

Receiver 202 includes a decoder 214 and a NAX generation module 218. The decoder
214 includes a demodulator 216 and a quality determination module 217. The receiver 202 is
coupled to an antenna 220 over which BS 200 can receive signals, e.g., uplink signals from WTs
300 (see Figure 3), including acknowledgement channel signals and uplink traffic channels
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



Transmitter 204 is coupled to antenna 232 through which downlink signals may
be transmtted to Ws 300. Acknow edgenent signal processing nodule 228
processes acknow edgenent signal information, e.g., a received NAK signal
froma W 300 corresponding to a previous downlink traffic channel
transm ssi on whi ch was not successfully decoded by the WI 300. Such
processi ng may include obtaining a |l evel of the received NAK in accordance
with the invention. Retransm ssion €entrol nodul e 230 controls the

transm ssion of redundant information, e.g., blocks of redundant bits, to
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i npl ement the nethods of the present invention. 1/O interface 208 coupl es
BS 200 to other network nodes, e.g., routers, other bases station AAA
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Commruni cations routines 238 are used for _controlling base stati on 200 to
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control base station 200 operations I nter ,
recei vertom wmcmwlwmm sigmal pﬁ:@ﬂssmgmdmtel 228 poovesses acknowledgenémedul i ng,
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t ransm sikwalink aaffie duiﬂnsgr@eﬁlﬂsairon GGt skBeskRT0 deqRied by aRAVTA00. The
schedul er nodul e, 242 may serve as a schedul er. Schedul er nodul e 242 may
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information, ¢.g., blocks of redundant bits, to WT 300, in accordance with the invention.

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

transmissions related to a coded block.

Memory 210 includes routines 234 and data/information 236. Processor 206,e.g., a
CPU, executes the routines 234 and uses the data/information 236 in memory 210 to control the
operation of the base station 200 and implement the methods of the present invention. 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 WT's 300 operating within the cell

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



Automati c repeat request control nodul e 244 uses the data/information 236 in
menory 210 and works in conjunction with the receiver 202, and transmtter
204 to control the operation of ARQ in accordance with the present

i nvention. Signaling routines 246 perfornms operation to control signal
generation, signal transm ssion, and signal reception over the wreless
Interface, e.g., through antenna 220, 232, and through 110 interface 208.
Dat a/i nformation 236 includes data 2¥8, wireless term nal (W)
data/information 250, ~systeminformation 252, downlink assi%nnent nessages
254, downl i nRoplings 234 inglide seramupisasions ruitiars 238 and bawdiasivgenerol rotinea s 258,
upl i nk | ' | , and
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bl ocks of user data bits, to be encoded by encoder 224 of transmtter 204.
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usual |y a correspondi ng bl ock of redundant bits. The bl ock of encoded bits
i s usual |y tAatomatic expeatwiquest conieolanodute Z44pees the datafifotnhation @46 imbaamodyi t s ar e

t itted jn th t.. of K. Bl f ded, i nf ion bits 276
can' nor i Bk PuRiRR® vih B feeivan 20 s rengiias 204 0 <cBlihe S’ oo
of the enNAR, i0acB6rAaRE WithBhOplSen®inveRitRd Shinklingroftifdse246 Webims Jpertiafto

encoding operation, e.g., an LDPC encodi ng operation, perforned by encoder
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Data/information 236 includes data 248, wireless terminal (WT) data/information 250,
system information 252, downlink assignment messages 254, downlink traffic messages 256,

received acknowledgement messages 258, uplink assignment messages 260, uplink traffic
channel messages 262, and acknowledgement messages for uplink traffic 264.

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

transmitted to other network nodes.

Wireless terminal data/information 266 includes a plurality of WT data/information, WT
1 information 266, WT N information 268. WT 1 information 266 includes data 270, terminal
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



They may al so i nclude sone redundant information generated as part of the
encodi ng process. The bl ocks of redundant bits 280 i nclude additional
redundant information, e.g., error correction coding additional bits. The
bl ocks of redundant bits 280 include a plurality of groups of redundant
bits, part 1 redundant bits 284 through part N redundant bits 286 for each
bl ock of coded information bits 278. For transm ssion purposes, an encoded
bl ock 278 of information bits may bflgrouped with a corresponding first
portion 284 and transmtted as a set of encoded |nfornat|on The remai ni ng
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information. The remaining portions of redundant bits corresponding to the transmitted block of

coded bits 278 can be stored as a set of redundant information which is accessed and used in the

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

receipt and decoding of the corresponding transmitted block of coded information bits 278.

Determined quality of decoded information 282 is an output from the decoder 214 indicative of

the quality level of the decoded information and thus the level of decoding success. NAK

generation module 218 compares the determined quality of decoded information 282 to

information included in NAK level information 296 to determine whether decoding was

successful or not. Thus, module 218 determines if a NAK should be generated and, if so, the

appropriate level NAK to generate as a function of the level of decoding success when the

decoding is not fully successful.

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



recovery of coded information. NAK | evel information 296 includes discrete

| evel information 298 and continuous |evel information 299. NAK | evel

i nformation 296 includes information that may be used by NAK generation
nodul e 218 to generate NAKs, in accordance with the invention, for
subsequent transm ssion to a WI 300. NAK | evel information 296 al so includes
I nformati on that may be used by ACK #gnal processi ng nodule 228 to
interpret and process received NAK'sfgnals fromWs 300. Discrete |evel

i nformation 298 includes information_ _defining and relatingﬂto di screte
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corresponding to ACK, and different phase values corresponding to each of the different NAK
levels. Continuous level information 299 includes information defining and relating to
continuous levels of NAK signal values, used in some embodiments of the invention.
Continuous level information 299 includes a continuous range of NAK signal values
corresponding to a continuous interval of NAK phase, a phase value corresponding to an ACK,
an interval of requested bits corresponding to and mapped from the continuous range of phase of
NAK signals.

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



identifying the positive acknow edgenent (ACK) or a |evel of negative
acknowl edgenent (NAK), where the |evel of negative acknow edgenent may be
used to determne the retransm ssion, e.g., anount of redundant bits to be
subsequently sent, in accordance with the invention. Uplink assignnent
messages 260 include assignnent nessages used to notify a W 300 that it
has been assigned an uplink traffic channel segnent. Uplink assi gnnent
nmessages 260 may include a new ol d Bt indicator used to convey whet her the
corresponding uplink traffic ' segnment is or is not a first tinme traffic
segnent. The uplink assignnment nmessages 260 may al so include information

indicating th : J i i raffi nt, or
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with the present, invention. Figure 3. is an jllustration of an exenpl ary
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Exenpl ar ynwahtigl. €ess termnal 300 nmay be a nore detailed representation of

any of the end nodes 110, 112, 118, 120 of Figure 1. Wreless term nal 300
includes a receiver 302, a transmtter 304, a processor 306, and a nenory

310 coupled t VA ; gH j
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and a NAkhagihes tzen assignod ah epliik3raffidehadesl celnend Mplinkakaiglesena meesapebloat or 316
and a quality.determ ion.nmodul e 317. Th eceiver 302.is coypl.ed to an
ANt enna TR THE oAl b ERBAGTAT A B 60 P YRS g COBe ORI MR REES gnal <
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e.g., a imohdeidempsion insigating the IR« the inlgnded 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 262 are transmitted by BS 200 to WTs 300 on uplink assignment

segments.

Uplink traffic channel messages 262 include received data and information that has been
successfully decoded from coded signals transmitted on uplink traffic channel segments by WT
300 to BS 200. Acknowledgement messages for uplink traffic 264 include acknowledgement
messages generated by NAK generation module 218 based upon the quality of the decoded
information, e.g., an ACK message for a successful recovery of information and messages
corresponding to various levels of NAXSs 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.



operations of received signals, in accordance with the present invention.
Denodul ator 316 perforns denodul ati on operations on received signals in
accordance with the present invention. Quality determ nation nodule 317
generates and naintai ns decoding statistical information indicating the
quality of the decoded signal, e.g., a neasure of count, nunber, and/or

| evel of detected errors and/or staﬁ%stics on the reliability of the
decoded signal such as soft information values. NAK generation nodule 318
generates a NAK, in accordance with the present invention, when a received
signal, e.g., received data, cannot be decoded successfully. The receiver

302 is  coupl Rebefver 3%&1&@&%&&5@ 3BPghd¥ RAK daKerdten RY&ile W, CThPydene" at ed

NAK may be conmuni cated for subsequent transm ssion by transmtter 304 to

BS 200. %ﬂ@lnﬂQStaedm@GHlaionalﬁjd@sa @Jah@rdmdemaﬁ%momg 3¢hcBhierecder,302iyy. , a
LDPC
0P e AR VB O 7080 R SURU S0 E P 0, o

of encodB$§ 20@4ndlndihgiaei gﬁmeﬂmhm@ebhgﬁﬁm aifnowlledzerh et ichathebiiprsald ﬂid(ﬂobzhﬂﬁlks of
coded bits, dul at or 326 u t S infaormation into signals upl i nk

npd
traffic Saififghanmelssignals Eﬁm °‘§,“lrg?j|11‘é\-lesg. afelaRG GEg ’Psﬁmssde%@gﬁ ed to
antenna O&%oﬁ@ﬁ%%ﬂlﬁ@@s%ﬂlah%d&bg gﬁkzhe@%egﬁn%ﬁ@ﬁ.”ﬁehﬁ r B 200.

Acknow edgenent signal Tprocessing no 8 processes ac edgenent
si gnal i performe dénoedulasiog 0peraum®alrmd/emignals irgmbrdamcmmissh@wsmnmsqumdl ng

Sucoobsr bty B ichy ol g BHRGe AR MaRE BTl sl 60 ai i ng

| evel ofmﬂi&etmgrteeqmaheyioﬁxﬂedﬂdecbaemmn dancemydst® of beunt, Muedbet, afd/oRRY¢lRAS M SSi on
control podule 330 contrqols the transm ssion of redundant informatjon,
%@ﬁ’a&ﬁ?s%ﬁf’

e.g., blgaeedsmor 4 thegrglighdity ghthedpcodgd signal spekas foft infopgation

i nventi %ué@%&ﬁ@%ﬁ@érﬁﬁo&ﬁé‘ﬁ@ﬁm@ﬂ% la 3B 0in BB rdmbs RAtHtOfkdeRt inbhtion,
response to information fromthe acknow edgenent signal processing nodul e

328 Retvbemsterasedoenab e stceivggd drtactanniet bednacaded buasesstully. dbaixseivan¥2ds si ze

bl ock of PAPAr R abuifi a0 RIRHE 3223t SRR A kaciley NAK BEY st SorbbaiPRL, ' * 1

transm sfor sutsequehiataemisgion by aaeshitér®@OK to B$200Menory 310 i ncl udes routines
334 and data/information 336. Processor 306, e.g., a CPU, executes the
routines 334 and uses the data/information 336 in menory 310 to control the

operation of themwhérdossrnids M Brbd3d3042nHe bnBeb& Al et NETIRCASIL! t he
present i nvention. Routines 334 include conmunicati ons routine 338 and

Wi r el essinglades aynpdudasen 3261 ar asknowledgement signal processing module 328, and a
retransmission control module 330. Operations of encoder 324 include encoding blocks of

information bits into blocks of coded bits. Modulator 326 modulates information into signals,
e.g., uplink traffic signals, and acknowledgement signals. Transmitter 304 is coupled to antenna
332 through which uplink signals may be transmitted to BS 200. Acknowledgement signal
processing module 328 processes acknowledgement signal information, e.g., a received NAK
signal from BS 200 corresponding to a previous uplink traffic channel transmission which was
not successfully decoded by the BS 200. Such processing may include obtaining a level of the
received NAK, in accordance with the invention. Retransmission control module 330 conirols
the transmission of redundant information, e.g., blocks of redundant bits, to BS 200, in
accordance with the invention. Retransmission control module 330 may perform control in
response to information from the acknowledgement signal processing module 328.
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.



340. Wreless termnal control routines 340 include an automatic repeat
request control nodule 342, and signaling routines 344. Communi cations
routine 338 is used for controlling wireless termnal 300 to perform

vari ous conmuni cati ons operations and inplenent various comrunications
protocols. Wreless term nal control routines 340 is used to control
wreless termnal 300 operations, g receiver 302 control, transmtter
304 control, power control, ARQ cont¥ol , si ghaling, etc., and to inplenent
the steps of t he net hod of the present |nvent|on Automatlc repeat request
control nodul Megayy ﬂgescludter@mmav 3%@d@@1@m3@nlﬁﬁﬁn€m§sorme@nd works in

conj unct 4 10 ro

opor at 1 oif Co ekl B poBE 1 and Weer S n SRt P P 10 Gl B
rout i nesopfatioperf therwiselap enatnab300 md iLpkidenl the hghals gmhe paském Iihveﬁth@fla|
transm ssion, and signal reception over the wireless interface, e.g.,
through antennas 320 and 332. Data/information 336 includes data 346,
termnal |ID Imﬁngma4qﬁc1§&@bonﬁlﬂmcaueﬁsofoﬁﬁﬁe 20 anaﬁﬁmlazpeé%ﬁm QhttolHoRERRL | ON
352, code information 354, timng I nformati on 356, blocks of infornmation
bits 3583400 Wiklessdtrmina conthsil tr@mas‘.{)MOde@ledemIrMmﬁMIrmeﬁt mﬂu@emblmodule

I nformatign,_3 l.ev formation ei.ve dowr1  as nment
eseages ot S el A4 CRRERpihs o 3356 % 858N

Mes s age stefrihald30onb pérkorio atibbscotidunications opeehtidhs mmlqmmsdwmm& rressages 374,

uplink traffic channel nessages 376, and received acknow edgenent nessages
for upl i GPRURYIEELORS w@coleaa%r%% @rrﬁaah%@h@éﬁmedéﬂalwe@m/@e&e&wwegoo from

BS 200, @riginal mtoge,faﬁa{y &g, &e&v&@o@%hmstrﬁ%ﬁiue%@&c&ﬁm% #ePeond fuﬁg dat a
intended to be tr nsmtfe to BS 200 from W 300. Term doentl tio

(1 D) i nfasmiral, signaldyggett naridid émplemontshe stepstaf thre metbodyolitie pﬁsmtwenmtm i denti fy
WI' 300 in comruni cations and operations with BS 200. Bl ocks of information
bits 358 include blocks of information, e.g., blocks of user data bits, to
be encoded byAwto@asicteped? fequest coriteol aviduleSn2 384 thelabwinorhiatici 888 linrhdrsorg 60

i ncl ude bl ocgs of mforrra,tmnwts 380 and bl ocks. of redundant bits 382.
Bl ocks ofl0aadawrks IP§°@B’GF“%)V“ ¢ KECLNETt ﬁtaﬂfir“@ﬁ'?rt“ﬁtér @%@&PY‘@D (SIi!fe‘PPSfE!“BH - 16-

€.g., any ﬁ%&ﬂ&a{ﬂge %ﬁw;&r&enﬂ%&éﬂ%ﬁm gﬁéﬂm%%&ﬂﬁﬁ 3@@@ [ﬁﬂnﬁ'og&ﬁm%
information Dits Bl ocks of information bits 380 include the

i nf or matdoptrol mahmrahnn,usr@aktrmsmtﬂs@noefndlsmnelrmhgmovmﬂmwwsss imagadsl ocks of
redundant b i tional redundant information, e.g., error
correct i of %%031 Ing aia%%él @ﬁn i'ts. The bl ocks of redundant bits 382 include
a plurality of blocks :

oy

Data/information 336 includes data 346, terminal ID information 348, tone information
350, modulation information 352, code information 354, timing information 356, blocks of
information bits 358, blocks of coded bits 360, determined quality of decoded information 362,
NAK level information 364, received downlink assignment messages 368, received downlink
traffic messages 370, acknowledgement messages for downlink traffic 372, received uplink
assignment messages 374, uplink traffic channel messages 376, and received acknowledgement
messages for uplink traffic 378.

Data 346 includes user data received by WT 300 from BS 200, e.g., data from a
communications peer node of WT 300, and user data intended to be transmitted to BS 200 from
WT 300. Terminal identification (ID) information 348 includes a base station assigned ID used
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,



of redundant bits, part 1 redundant bits 384, part N redundant bits 386.
Determ ned quality of decoded information 362 is an output fromthe decoder
314 indicative of the quality |level of the decoded informtion. NAK
generation nodul e 318 nmay conpare the determ ned quality of decoded

i nformation 362 to information included in NAK | evel information 364 to
determ ne whether a NAK shoul d be generated and/or to determ ne the
appropriate |l evel NAK to generate. TFdfre i nformati on 350 includes information
i dentifying tones used in hoppi ng sequences, channels, and/or segnents.
Modul at i ep., hmiDP@aah&:mﬂMg%;%rdtinn perdersned rbﬁ;cencmkf 34t arsilacks yof Wiordtition bits B5®| enent

' dul h t.h dul a 316 d d t 326
L S R R R e

sequencesgies ﬁ!spﬁﬁe%lgélé of rémﬁddnﬁbnsobmﬁaﬁub ﬁHnﬁHﬁ@&ﬁha&ﬁ%ﬂﬁama@ I:IMP ng
rel ationshi ps between different channel ments, e.g., a timn

rel ati on@ﬁeﬁumqmddﬁma@émgnﬁhmblod@mg angbity 3§ indudhaplnolitsefjlesks,  and

g PPAPRRT s TR0 ER e ReffnS bt 1B 5B oAl a8t "o

i nf or mat danndeaiaﬁfonmthmﬂm is amdaputdionothe |delwalb:r 3MI1ﬁ@cﬂﬁ€ioﬁﬂlel’@hl@I§' leviehef thype of
code us g. L.DP: CCrelate ormati on used in, generatign of
coded | ridpoRd Wﬂ%@éﬁr@w&%aﬂﬁwﬁéﬁ SAMBYE e Getermined ARNEY 6F  coded

I nf or mat 43Bded ¥ YH 3625 BiF6RRlatiBR indfiled nmmeléve@l irf6rnRitn 36¥ &) detdin@le®l | ON

388 and continuous | evel information 390. NAK |l evel 1 nformation 364 includes
i nf or mat WhatheraMbAKshguld be gensontds ankiix taydstenmang the apryopriate 818 NAK de peneraiee  NAKs,
in accordance with the invention, for subsequent transm ssion to BS 200.
NAK | evel information 364 also includes information that may be used by ACK
fSi gnal pr OCeSBdnB@nfﬁﬁﬂaﬂloﬁ 33@ thclualed mtfmneﬁ 1dam¢fymgmd 3sed][13mejapmglsd§é&1d cas,gnal s
rom BS 200. Discrete | eve Qr mp on 38 n es_informat|on I ni ng
and r el athapRFls @n P%%&E%MQP&P g%’dﬂ SSAREOrBAHATS M)féq he

i nvent i of.implehRff RirRul S¥Sklatid s‘éﬁéﬁ@és' u3Ed §58§1e H&)ﬁocﬂﬂi&tb#ﬁ% AdRhdHuhdriage0f NAK
si gnal values each possible NAK signal” values corresponding to a different

| evel of Tiseptiéermetignai6 ganinchuge timingiafnsmetion used fashopEipg FRGNERFES. GURATSIASK, and
differe &w&{éa@;@?ﬁ&' Charn@f chéglgﬁ‘%ﬁ%fmg%l%?a%?s?ﬁpstbféﬁve%f Jré?ﬂtcharHﬁK level s.

Cont i nuous or nati o I'nc ormatT on I NI ng ARd rel ati ng
to contsegments, d. gvaathmmgfrelhmﬁsmpgmwecnah aﬂ@m&ﬁ&:&gmﬁnts,mmafﬁaﬂmﬂnmagmemj t he

I nvention.., Conti us | eyel |[nformation 390 incl S ont i nuous, range of

NAK i g 2p P pho ez meniShitnel GiatieRl, HEGmE THGHRALND o8 Hek P AR phase.

a phase Mf)i6iOksed SPAB ARTYmbBodd ofAkpresent invention, Code information 354 includes
information identifying coding rates, the type of code used, e.g., a LDPC, ECC related

U
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information used in generation of coded information, and ECC related information used in
recovery of coded information. NAK level information 364 includes discrete level information
388 and continuous level information 390. NAK level information 364 inciudes information
that may be used by NAK generation module 318 to generate NAKSs, in accordance with the
invention, for subsequent transmission to BS 200. NAK level information 364 also includes
information that may be used by ACK signal processing module 328 to interpret and process
received NAK signals from BS 200. Discrete level information 388 includes information
defining and relating to discrete levels of NAKs, used in some embodiments of the invention.
Discrete level information 388 may include a plurality of NAK signal values, each possible
NAK signal values corresponding to a different level of encoded signal quality, a phase value
corresponding to an ACK, and different phase values comresponding 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



an interval of requested bits corresponding to and mapped fromthe

conti nuous range of phase of NAK signals. Received downlink assignnent
nmessages 368 include assignnment nessages used to notify W 300 that it has
been assigned a downlink traffic channel segnent. Received downlink

assi gnment nmessages 368 may include a new old bit indicator used to convey
whet her the correspondi ng downl i nk affic segnent is or is not a first
time traffic segnment. The downlink "dSsignnment nessages 368 may al so incl ude
information indicating the ID of the intended WI, for a first tine traffic

segnent ,COFESBOREIBE Hod Fainpeus dnteryalpfNAK phase, 3 plies vadpe eareesponding toippdFognent |
f o ; . ! e
by B9 08 Pe et redfEs R I Heni e |0 B RATEH 1 OESRAUGE S8 SRRRTEE | ©

traf fi c NABsimblsnessages 370 include data and information, e.g., blocks of
information bits 358 that have been successfully decoded by decoder 314.
Downlink traffic nessages are transmtted fromBS 200 to WI 300 on downl i nk

traffic chanmeteisOimniliak asshikitarinedaLABOS iNdRAE ASmmaf meguRdsiuskd for af fic 372
i nclude nessages transmtted in acknow edgenent signals fromW 300 to BS

200 i ndi"e8E Wo 34kai drhag peqagssigyedaglywatisk traffic channel seginedte Reepdvrdidewntiak ej ved
i nf or mat, ' I&ﬂ@% i : i i joninits
phase i g'gﬁ?q:?%t%gessgg%oﬁtl e gg no e/?jlgeb%gﬁ%w% a’t)op&lnﬁ %ﬁ% i t(gtrlleoi n the
phase i dentipbyding dawhlenkettafiid sagagatt i veismokabist twlg eaffivtsegiiif) Thewlewditkhe | evel

of negative acknow e ment .may .be used to determpe the retr 1.5Si on,
oo SRR TS ERIR A 450 HeRea g TEEURYPng DAY Oh BB RERER Y Dant . i n
accor darfeea fidst fimé Befficr¥@niédt Ot infoatfion atedplobialn @8 Hidek BBk AR SeR0esment4

i ncl ude assi gnpent messages used to notify a W 300 that it has been

assi gnedophndpiisshtine pegryent Rowupifk) assi gypRs MesRBRST Wepspiiedy BS 30Q)ien e
messagegogz)ﬂdmi' Ei%%e sPEWRl d bit indicator used to convey whether the
corresponding uplink®traffiT segnment is or is not a first time traffic
segnent. The uplink assignnment nmessages 374 may al so include information

indicating the I.D t he i ntended for first tinme traffic segment, or
| nfor et on. detivadSlotstiE AR et Reosheds A0 pichie dhdarha itfimaibr. £

non- f i r Hlodkb BEInfoRRSIHG Bits 398 Ithdd Ka RSB HNTEEELNG dsRUSS b%ﬂ&:_oﬁémanbb@ﬁﬁiﬂ;by BS
200 to WI's_ 300 on uplink _ assignnment se\%gents. -18- Uplink traffic channel
nessagedraffiomesieges e tprsmitisd dromhBd 20Gto Wi 308 o dowplige teaffip phannel segments.

Acknowledgement messages for downlink traffic 372 include messages transmitted in
acknowledgement signals from WT 300 to BS 200 indicating whether or not WT 300 has

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

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

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



information bits 358, that are encoded into bl ocks of coded bits, and
transmtted in uplink signals on uplink traffic channel segnents by WI 300
to BS 200. Recei ved acknow edgenment mnessages for uplink traffic 378 include
acknow edgenent signals fromBS 200 to WI 300 i ndicating whether or not BS
200 has successfully decoded the transmtted information, e.g., an

acknow edgenent signal conveying information in the phase identifying the
positive acknow edgenent (ACK) or a f&vel of negative acknow edgenent

(NAK), where the level of negative acknowl edgenent may be used to determ ne
the retransnVplitiormffiectynnel annssages 16 1neldqimiﬁamndbnf0$mntaqu egt, dibckpobe

Systom - eR6b 45, QEc ER8RE ol A0 T R R raufERHERR [t

wirel esssxgmmm@m&aﬂlddhaﬁneag@eﬂmwamnngmzodn a base station 200 in the
cell, e.g., cell 1 102. A scheduling function in the base station 200

assi gns each uplink and downlink segnent to one of the wireless, e.g.,

mobile, ter ml@é&'eﬁ«e@%mb&lehgﬁn&ﬁﬁes& r ¥tk DS lﬁaflgéa BM’%d e:me%t

assi gnments are conmuni cat 8d over control” resources ca assi g
segment ss1gna¢s)fr®le Wﬂ@lttn YT 30Gkimdivatingab fiatier segotdift 200shag Sumcsrfﬁdlyabso@drﬂmt

segnent {hat . . the tif of .t.he wireless 30Q to which
the trar FrEmRTutisRion Ee, i Ekhowlefkersons y FbRy R bRaficidn et 200

on a dommbmu&lntgrﬂea‘ﬁdsms egkiBMedgemelr CAGEY obY lehElf inBiAive acko®ldicBaknt I ecei ver.
Dat a transmttedwég t he a55|a%ged wireless termnal 300 on the uplink segnent
is decodbKhyhersdhelsrd of negafiyeacknowledgemens may be Heeditp dasmipe 8 segnent

i ncl udes,, &%t eg' Eﬁm% nt'of edun@int Fitd %uegféﬁli;@ﬁé u‘BEEq%Qﬂié; seﬁpﬁ'f ac@&{dgﬁcet he
receivi ng evi ce, ase station or w re ess

term nal wmmeimeomn ne if the data is decoded correctly. Th| s is done
because a wreless channel used to transmt the data between the base
station 200 and wireless, e.g., nobile, termnal 300 may be unreliable and
data traffic Inypeetdmplarpagstdih Obith Nty rbffie sé@hghts K8EPhamiballyodaiéd afndhg thEhe
recei vi ng, device 't en row des feedback to the transmitter. The feedback

i ndi cat e¥irelgisdemipals 300 thahaee conumunicating Sth A bage Hatiqnd0in gheicgle-g-r oellfl ¢

segnent . 1K §hidting f@&aemme %se%taﬁeﬁgwss@lgﬁ@%ﬁ% meaﬂmvﬁm}]f e@m@
sending a positive ackno edgnent, e.g., nsuccessful d Ing of a
segment ¢ne df thd wistlesd, &g, mebith, tﬂgmmabé@aunﬂecelébasndmneagmbmf,cnmg Tha NAK.
The ackné)svw ed mentc |sus%n{e %%érn(g osnt rcol QurL ce %&d % contr ol
channel E)]l%m I Ng 3m61 Ui fity ot %llfﬁ(%f &Y A “IBach ACK or NAK
may be Comerpondiigd ebch ttaffle tdppienttis aamigue wstagiBanNiegiRGN@MMinclodds @spondi ng in a

redeternne nner,
P 1dent1fger gPthe wireless terminal 300 to which the traffic segment is assigned. Data transmitted

by the base station 200 on a downlink traffic segment is decoded by the intended terminal

receiver. Data transmitted by the assigned wireless terminal 300 on the uplink segment is
decoded by the base station 200. Typically the transmitted segment includes redundant bits,
e.g., an error correction code, that helps the receiving device, e.g., base station 200 or wireless,
e.g., mobile, terminal 300, determine if the data is decoded correctly. This is done because a
wireless channel used to transmit the data between the base station 200 and wireless, e.g.,
mobile, terminal 300 may be unreliable and data traffic typically has high integrity requirement
to be useful. The receiving device then provides feedback to the transmitter. The feedback
indicates successful or unsuccessful decoding of the received traffic segment. Successful
decoding of a received segment is indicated a by sending a positive acknowledgment, e.g., an
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



-19- to one or nore traffic channel segnents. In one particul ar enbodi nent,
a uni que acknow edgenent segnent is associated with each traffic segnent.
The transmitter, upon receiving a NAK can choose to retransmt the sane
data or, in accordance with the present invention transmt redundant

I nformati on representing suppl enental error correction code information.
Thus, the exenplary system of the prg ent invention supports an automatic
repeat request mechani sm wherein readhdant information, e.g., increnental
| .DPC information caorresponding to previously transmtted data, nmay be
transmi t teRNeioR oS BRffis shangelsegaenis. Bgpue RaRicular eppedimertsa yaigee t o i | | ustrate

one exenplapyidABLHAR shienlis iR ciifed frafHl &AL i lg%o

transm ttelﬂ tgﬂgraffis%gﬁé:e%gﬁﬁg*csegtnﬁﬁ%ggn Cﬁgéiﬁ%ﬂet geg%%%%l\tt/\ﬁé Ment
segnent srecavingarNAK car kimmed ©ctgtmasiniti thé samreadatzoor, inACks dace NAikshe pesenespondi ng
to the data transmtted in .the traffic channel se nts. Figure 4 includes
2. di agr alVa " dED B AR, LPHTEHO Fpres g SURRITRORAEGRT sl o,

I epr esenirSortrafin. aTKust A6 eXdhflhrgalsta of tit QestRRARDAON SuppbROMEARYmaik Fpeat _
frequency tones. Figure 4 ‘also includes a diagram4 of uplink channels in

whi ch t hEequest meghanisn wherein gehmda infempation ¢ greincrgmgniahbDYe inforaatioaxi s 454
, . Ei £ ] t
71 oot caTsPaENG brefoydly rab M B, PSS ranihee it Sodhe Bk FBGAE . TR

fol | owi nyAKdownl i nk channel segments: an assignment segnent for a
correspondi ng downlink traffic segnment 406, an assignnent segnent for a
corresponding uplink traffic segnent 408, a downlink traffic segnent 410,

and an ack novmﬁigdﬁ_eﬁe Qied36 ONBiitc 686 HQHRPORF hdthol Avhiéh MR bdtsel F@fahlbEatingegnent
412. Di agram 450 includes the follow ng uplink channel segments: an uplink

traffic damtehedransaiied i traffe changekssmpnts and the Rérowl] acknpevledament spgaentsds8. In a
real systéfiy hiiowRYabfidhiold AIQACKI o NAKY) colrBBRiin LEUPLAL hYrdifigy shr al 1 €
segnment may nhot be cOntiguous, e.qg., due oppl ng dr ot her reasons, and
may var ythevmffic dhammel Egodentsr af f i ¢ channel segnent may correspond to one or
nore tones. In addition, each traffic channel segnent nmay | ast one or nore
time periods, e.g., synbol periods. Figure 4 shows that there is an

assi gnnent cheignel4 ihéluddiQ didhenh HomEE dobiinR SBdnab B vhich &b iizbMeal diskem2a

sequence of assignment segnments 406. Each_ assignnment segnent 406,

r epr esenfeEEPSEs BE 8oq WA JeAlad! apisGOR renraseRfs fauedcy eahlFaauenqydoness Figirht
|t Or MR 41 @¥nBladé £@kLrki 58 of BAMK chibnelo'if Which REREEAbtaf dils 437 RpREShAAE !

i nformation 1nc
and the vertical axis 454 represents frequency, e.g., frequency tones. In Figure 4, a traffic

segment is logically represented as a rectangular block. Diagram 400 includes the following
downlink channel segments: an assignment segment for a corresponding downlink traffic
segment 406, an assignment segment for a corresponding uplink traffic segment 408, a downlink
traffic segment 410, and an acknowledgement segment corresponding to an uplink traffic
segment 412. Diagram 450 includes the following uplink channel segments: an uplink traffic
channel segment 456 and an uplink acknowledgement segment 458. In a real system, the
physical frequencies, e.g., tones, occupied by the traffic segment may not be contiguous, e.g.,
due to hopping or other reasons, and may vary over time. Each traffic channel segment may
correspond to one or more tones. In addition, each traffic channel segment may last one or more
time periods, e.g., symbol periods. Figure 4 shows that there is an assignment channel in the
downlink. The assignment channel includes a sequence of assignment segments 406. Each
assignment segment 406, represented as a rectangular block, is used to transmit the assignment
information of a particular downlink traffic segment 410. The assignment information includes
the identifier of the wireless terminal(s) 300 which are to receive the data in the associated

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



the identifier of the wireless termnal (s) 300 which are to receive the data
in the associated downlink traffic segnment 410. In order to facilitate the
recei ver operation, the assignnment -20- information may al so i nclude such

i nformation as channel coding and nodul ation rates to be use to process the
data in the corresponding downlink traffic segnent 410. A downlink traffic
segnent 410 is associated with a correspondi ng assi gnnent segnent 406 in a
prescri bed, e.g., predeterm ned, kmd@&n manner. Each uplink traffic segnent
456, like each down link traffic segnent 410, is assigned by the base
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segnent 5158 o \gni le all the other wwreless termnals do not typically
transmt R‘I& t'hat particul ar acknow edgnent segnment 458. The

acknow edgnent information can include as little as one bit, either an ACK

e.g., a "1", to indicate reception_success, or NAK, e.g.,. a "0", to indicate
reception failigwe 4 shows it thate is aacknewlsdgmen chapnet indheqipliskiagindhe wi th a

cor r espofghfigic Uth B ﬁnl@a%i&il&% AR hated TRMlded 2 Sequbn @ oP LAZOW! R 9
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Wi t h t hepossible to correctly decode the information received in the corresponding traffic segment 410.

The wireless terminal 300 that has been assigned the associated downlink traffic segment 410

transmits the acknowledgment in the corresponding uplink acknowledgement segment 458,
while all the other wireless terminals do not typically transmit using that particular
acknowledgment segment 458. The acknowledgment information can include as little as one
bit, either an ACK, e.g., a "1", to indicate reception success, or NAK, e.g., a "0", to indicate
reception failure. A downlink traffic segment 410 is associated with a corresponding uplink
acknowledgment segment 458 in a prescribed, e.g., predetermined, manner. Similarly, there is a
downlink acknowledgment channe] in which the acknowledgement segments 412 include the
acknowledgment information for the corresponding uplink traffic segments 456.

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



present invention, to provide the redundant information transmtted in
response to receiving a NAK -21- A downlink or uplink traffic segnent is
used to carry a block of information bits. In one enbodi mrent of the

i nvention, the block of information bits is encoded into a bl ock of coded
bits using channel coding nmethods, such as Low Density Parity-Check (LDPC)
coding, which is described for exanple in T. R chardson and R U banke,
"Efficient encoding of |lowdensity #gdrity-check codes,"” |IEEE Trans. Inform
Theory, vol. 47, no, 2, pp. 638-656, Feb. 2001 which is hereby expressly
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transmtted in a first traffic segment represenf a codeword of an LDPC

code. LDbts.cBrascayedikiodk of gpdedeits & :hisetitd 4 choelrspding opefetian, ©Bakn r edundant
i nf or mat f.cor f r

nstead Srrceleble bR, i b B0t RO PRLI DG i ARIRNES,
IS receiMer@ad&ngmmattdﬂiﬁiom@ﬂﬁansmissm&present ed using a Tanner graph, an
extension of the code can be defined by introducing additional variable
nodes and constraint nodes into the graph. In

Channel coding adds redundancy to the transmitted signal in order to combat the

corruption likely to occur during transmission over the wireless channel. Given a fixed
modulation scheme, the larger the number of redundant bits added, the larger the amount of
corruption the transmission can withstand while still decoding (recovering the information bits)
correctly. When a block of information bits is to be transmitted for the first time in a traffic
segment, the block of information bits are encoded into a codeword having some specific

redundancy.

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

received.

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



effect, the extension of the code includes parity checks of bits in the
original codeword. In the particular enbodinent in the Tanner graph, the
additional parity check bits are represented as -22- additional degree one
vari abl e nodes, each connected to a single additional constraint node. LDPC
decodi ng proceeds by perform ng nessage-passi ng decodi ng on the extended
graph. The additional parity checks, e.g., the graph extension, may be
predefined in the formof an epr|C|? structure or inplicitly defined in
the formof a random process which generates the extension keyed on sone
seed t haadditipnahvigeren prevariblsarodes; ﬁ@htcmeﬂﬁQ 2 pinglgddditiensl gomstraint noden
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e. g , decodl ng success i s achieved. In sone enbodiments N is greater than

3, paitygheek bifs; tagpritisd iy the st faffis seamentefpy Ge St pympisionplenent al
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the invention. Figure 5 inc es a transmrtter 502 i ncl udi ng an encoder
504, inplenented in accordance with the present |nvention Fi gure 5 al so

I ncl udes a rg}gel ve({ 522. 1 ncI d| n deco C{P gpcor ance
with the predBAtCOraRcRFih 8If‘te A et‘f‘%?“ WB éce‘ot‘fg@gn ’ r 204
of BS 2Q@cod thaffii deBment® asédfated with the same 1nformat10n bits are NAKed, the transmitter

may transmit incremental redundant bits in a third traffic segment, so that the receiver can

combine the three received traffic segments to achieve better decoding performance. The

incremental redundant bits are constructed similarly to those in the second traffic segment. The

above procedure may repeat a number of times, e.g., N times, where N is a positive integer, until

some termination criterion is met, e.g., decoding success is achieved. In some embodiments N

is greater than 3, e.g., 4 or 5.

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



transmtter 304 of WI 300 shown in Fig. 3. Receiver 522 nmay be used as the
recei ver 202 of BS 200 or receiver 302 of W 300. Wen a bl ock of
information bits 506 is to be transmtted, the transmitter 502 with its
encoder 504 uses a big parity check matrix to generate code bits 508 -23-
including a large block of parity check bits. Coded bits 508 include a bl ock
of information bits 510 and a block of redundant bits 512. The bl ock of
redundant bits 512 includes a first art 514, a second part 516, a third
part 518, and a fourth part 519. In - 3first traffic segnent 520, the
information bits 510 and the first part of the parity check bits 514 are
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In the Fig. 5 example, the receiving device 522 is unable to decode the first and second
traffic segments 520, 528 and responds to each of these segments with a NAK 526, 530,
respectively. By combining the information ((510 and 514), (516)) received in the first and
second traffic segments (520, 528) with the incremental information, e.g., incremental LDPC
information, 518 received in the third traffic segment 532 the receiving device 522 is finally able
to successfully decode the received information 510. This results in the receiving device 522
transmitting an ACK 534 in the acknowledgement segment corresponding to the third traffic
segment 532. In response to the ACK 534, the transmitting device 502 is informed that it is not
necessary to transmit additional redundant information, e.g., additional redundant bits, e.g.,
additional LDPC bits, 519.

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



necessary to transmt additional redundant infornmation, e.g., additional
redundant bits, e.g., additional LDPC bits, 519. In the above exanple, when
multiple traffic segnents 520, 528, 532 associated with the sane
information bits 510 are transmitted, the retransm ssion traffic segnents
528, 532 include -24- additional redundant, e.g., parity check, bits 516,
518 without the original information 510 transmtted in the first traffic
segment 520. I n another enbodi ment o#the invention, in addition to the
additional redundant bits, a retransmssion traffic segnment can al so

i ncl ude additionalfredundentoe ghpary checl,. bitdd it6s 5 ithwithouwd theniginat orforastiond1@ o t he
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the retransm ssion segnment, the receiver effectively receives not only the
information bits included in the first-tinme transm ssion segnment, e.g
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Consider the downlink traffic segments first. In various exemplary embodiments used to
explain the invention, for each downlink traffic segment, there is a corresponding assignment
segment, which indicates the assignment information of the downlink traffic segment. The
association between a downlink traffic segment and the corresponding assignment segment is

pre-determined and fixed.

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

not.

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, informatijon 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.



link the previously transmtted traffic segnments that are associated with
the sane block of information bits. Such information is called "increnental
assignment” in this description. -25- Gven the increnmental assignnment, the
receiver of the traffic segnents can then conbine those segnents together
and effectively decode the block of the information bits. In accordance with
the invention, each of the traffic segnents are uni quely indexed over a
certain tinme interval, e.g., a perioddct time interval. For exanple, Figure 6
illustrates Ntraffic segnents, indexed as 1, 2, ..., N in a tinme interval
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have not been able to be decoded. The wireless terminal 300 also stores the past assignment

information within the valid time window. This information is stored in the memory included in

the wireless terminal 300.

Consider a traffic segment that represents the n™ transmission associated with a block of
information bits, where n>1. Some embodiments of incremental assignment are described

below.

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

information bits.

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



assignnment can indicate that the first-tinme traffic segnment of the sane

bl ock of information bits -26- is given as (1-A nod N |In another exanple,
the increnental assignnment indicates that the (n- 1)th segnment transm ssion
of the same block of information bits is given as (1-A) nmod N. Figure 7
expands on the exanple of Figure 5 and shows the assignnent information,
e.g., assignnent segnents, for the three traffic segnents of the bl ock of
information bits communicated in theé6Fig. 5 exanple, in accordance with the
i nvention. Figure 7 includes an exenplary assignnment segnent nessage 700
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traffic channel segnents 730, 732, 734, _respectively. Figure 7 also
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Di agram)7( |§%?tﬁgigh§hﬂt§ﬁs\r§ e hgﬁqig ﬁ‘gﬁggﬁ%ﬁéﬁfd‘éb nteﬁgegm%ﬁg%?ﬁ n 760,
cor r es poNdT Hgy/Segmeivvmdei bikts 70hinlicates seiglantifies of 30, WY BRing aSdgned éwpect i vel y.
Three exenpl ary.transm ssion,.ntervals are shown,. first, transn ssion
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724 conveys new old indicator bit = 0 736 indicating that corresponding

traffic ent mmyisxibits 704 indicates pindex gff the first imeSeEMetkssi gnment  segnent 724
al so conveys WI' | D/ segnent index bits 738 indicating an identifier of the
wreless termnal assigned to traffic segnent 730. The base station
transnits t heFignafT fucthssigetedds aaB4eram 720 nbddvontink cbanndis pipttingfraquesty, eg.,bi t s
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t he
downlink assignment segments 724, 726, 728, and three traffic channel segments 730, 732, 734,

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

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



I nformation bits successfully and transmts an uplink NAK signal on
correspondi ng uplink acknow edgenent channel segnent 756. -27- In the
second transmission tinme interval 764, assignnent segnent 726 conveys
new ol d indicator bit = 1740 indicating that the corresponding traffic
segnent 732 is not a first tine traffic segnment. Assignment segnent 726

al so conveys WI | D/ segnent index information 742 indicating the index of
the first time segment, e.g., informafion indicating the index of traffic
segnent 732. The base station transmts the traffic segnment 732 information
I ncluding a second part of the redundant bits. The intended W is stil
unabl e to de the jnformatian bits ccessfully an ransmts a pl i nk
NAK 51 gnal  orias FETUIE IR D AR e TE B e e BRs B POT R EnToks. |
the thi r gdica@PBit=9Si40nnditdiR g it Bie\CotrespORding G8ff13RBENAENt TOB [BRIdk a fid tigRNVEYS
new old indicator bit = 1 746 indicating that the corresponding traffic
segnent traffic segmest. Assignment segment 126 alspicenays Weh ID/sqgmany inden informighiom Y427 28

| _ . . i R : ¢
the 1 oyisiint HUEERB irk BHR tokial ] hmftdsh it BEHAL el BERARETE P
segnment §3tentTi38. Ths baststatipn trafsraizding traffit begnient732 infesmgtienincidditgianéandat i on
includin ir ar.t. th t..bits.. The | d W | ble t
oo TSty iy BB PERT e e Bradd Sl bl 203! o
on cor r egReRsfuNg artPhrirdiniR ek BPMKEUSR BRI SIRRondMBUPRME ackBOwledp@nsd e

I ncrenment al assignnent nethod can be used to enable the use of I ncrenental

r edundan¢hageeegment ¥He uplink traffic segnents. In the uplink case, the base
station should, and in various enbodi nents does, indicate that an
assignment is for a first-tinme traffic segnment when the base station is
ready to recdnvee third eandmbisstdn tivhe intdroal M6, asiginmén segddpnn 72caveys refv/dlte
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segment 760,

The same incremental assignment method can be used to enable the use of incremental
redundant codes in the uplink traffic segments. In the uplink case, the base station should, and
in various embodiments does, indicate that an assignment is for a first-time traffic segment when
the base station is ready to receive a new block of information bits. Upon receipt of the
assignment segment for a first-time segment, the wireless terminal transmitter should start a new
block of information bits and generate a large block of parity check bits for the new block of
information bits. The wireless terminal should, and does, transmit the block of information bits
and the first part of the parity check bits. If the base station receiver cannot decode the block of
information bits, the base station should and does assign another uplink traffic segment. The
assignment includes information indicating that the traffic segment is not meant for a first-time
segment to be tfansmitted. 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



Upon recei pt of the assignnment segnent not for a first-tinme segnent, the
wreless termnal transmtter traces back, through the information stored
inits nenory, to retrieve the -28- corresponding block of information bits
using the increnental assignnent information, and then transmts the
subsequent part of the parity check bits in accordance with the invention.
Mul ti-1level negative acknow edgenent and adaptive resource allocation shall
be described in accordance with the2fresent invention. The present
invention is further directed to a nethod of sending an acknow edgnent
segnent carespandingdilonk df gnfarmatinh bite useg)e iMcrémental des grineent infiqrirayen, tané then
performapce of .t he, hybrid ARQ. schene using.increnental redundant coding,
e.g., | ?:I}Sg]ﬁtémeaﬁw?%ﬂ?m@i%sgﬁ‘ﬁﬁ@%x%?%&?@%aclcﬂ’éia%‘l?o‘w tﬁi‘EfWGHt}o“f he recei ver
sends an ACK if the block of information bits has been decoded correctly

and a NAK if nmore redundant bits are needed to decode the block of
i nf or mat i on bMiki-levpl gegative arlgowdndzemepiiand edaptive eeacuree allocatinarsliall beicr enent al

redundan Lt S ' L ity cel. ver ] de the
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a NAK f emethad kf fending tahackieodsdgment sefraent coaespondih@to NMBAffio edgnieROM didenteruch
increnental infornmation is needed. _The effectivye anmount . of i ncrenental
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on how nieRnRAGI SuldneXBROdsdnper bit. In some cases, the receiver may need
a large nunber of increnental information, while the transmtter only sends
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ARQ | oops reqguid.e i I 1851 Qp.. .| t C , the
Focei ver  my e pRPITNE RRHOGRRR I ACKTRCLRSL Bhhorrihe BTGl RERER,
bits, whidcedddwrettiynanlid NAK ibmbfedundadt Gbits armesdedad decdde ddidckioff or mat i on,
wasting . stem%ies rces. . In acmdance one feza;ure of the invention, when
the recel afLbiss- YRoPdRREE of 2 Ny dherfeansgifter pends iczemeatad redyndaat bidoanpunt
ef f ect i Vgndrb\el tBOBRbAilityth HIBLERRr cfh Ghcoddthb biodk of inforhBAM bifSedrBery, der to
correctly Iiéecode thelbﬂlyock of 1 nf o?mat i gn bits, gn%‘ ?r1en selnds a %I ti-level
NAK, where each | evel of NAK represents a distinct quantity of required

effective in i.0f.or mati o T ﬁ'knf n odi.nent,, the
receiver tr aﬁfrym % sg?’%%hr?né%cf? Pronct gasémm an eg‘ib(b(r‘;i“gll( gnggg%fth%eEhgmunt of
r edundantransmitee Bl inotkricey ey supipincethen] @iformatotiBtneedsdn e bffedtive amesiti mat e

of required bits.. In such an enbodi nt, when the receiver does not need an
g ofeincremcntal in}g)rmat(lson delivered gepen s on how many regundant bits are transmitted and Y

on how much energy is expended per bit. In some cases, the receiver may need a large number
of incremental information, while the transmitter only sends a small amount, resulting in an
excessive latency due to a large number of ARQ loops required to achieve successful
transmission. In other cases, the receiver may need a small amount of incremental information,
e.g., a few bits, while the transmitter sends a large amount of redundant information, wasting

system resources.

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



I ncremental redundant bits, it sends an ACK. The above nethod of indicating
t he anobunt of redundant information needed or desired is applicable to both
the downlink and the uplink traffic -29- segnents. The effective information
included in incremental bits is a neasure of the "true' information
content, which may be different fromthe nunber of transmtted increnental
redundant bits. The anount of air link resource (nunber of transmtted
synbol s, their power and the nodul at?®on) allocated to a traffic segment
determ nes the nunber of effective incremental bits included in the
segnent . sézmenesx dipleffectiviednformationiiscdided ipmeremental bineis tamafafire ofgnemd’, and in
sone systens, .the anouni, of fre ncy .bandwi dth and tinme ipncrease wth the
nunber ~ ofiTORMHIQR CPRIENt; WE’FEH@HP&%&F‘E‘H%FFB © B erroga;aps,nggeq meregentigbgnent .
Thus, basgRin@mt bise feedback information fromthe multi-level NAK, the
transmtter can adaptively determ ne the nunber of effective increnental
redundant bits to be included in the traffic segnent and accordi ngly adj ust
t he amount of +qj ' . e / raf fi eqment . . In order
o fac 1t at e EhEnphBSr HERRRESEHEL rBRBHTR ot Ee it Il SR e 0 and
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all k, where "100. Figure 8 continues the exanple in Figure 5 and shows how a
3-1 evel Kifgctivadicrampinéad gedundant pits iquitadda tfesegient. Thus, based onitmfeedback i npr ove
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and two corresponding.dowlink traffic channel segnents 810, 812, ,
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respectively. ecificall when bl ock of i raati.on bitssj.s to be

{r anom t bekment 18 SEyoriite b 5erlo, BEmyStes LT EisBhiths K slie bR o1
codewor dtrafshidsivn rhay §dt b ASHV &S Baskt ¥R0E @, satnld EoABIE whetedtsigon transmits an
assi gnnent nessage in assignnent segnent 806 including a new old bit

Figure 8 continues the example in Figure 5 and shows how a 3-level NAK
acknowledgment, in accordance with the invention, can improve the ARQ performance.
Figure 8 includes a diagram 800 of downlink channels plotting frequency, e.g., frequency tones,
on vertical axis 802 vs time on horizontal axis 804. Diagram 800 includes two assignment
segments 806, 808 and two corresponding downlink traffic channel segments 810, 812,
respectively. Figure 8 also includes a diagram 850 of uplink channels plotting frequency, e.g.,
frequency tones, on vertical axis 852 vs time on horizontal axis 854, Diagram 850 includes two
uplink acknowledgement segments 856, 858 corresponding to downlink traffic segments 810,
812, respectively.

Specifically, when a block of information bits is to be transmitted, the transmitter
generates a large low-density parity check codeword. In the first transmission time 860, the base
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 assignient 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



i ndi cator 816 =0 indicating that traffic segment 810 is a first time traffic
segnent. The assignnent nessage in assignnent segnent 806 al so includes W&
| DY segnent index bits 818 including an identifier of the assigned WI for
downlink traffic segnent 810. In the first traffic -30- segnent 810, the
information bits and the first part of the codeword is transmtted. Now
suppose that the receiver does not decode the information bits and thus
sends a level -2 NAK in acknow edgneidf- segment 856. Upon receipt of the

| evel -2 NAK, the transmitter sends an assignnment nessage in assignnment
segnent 8€BnenTi), tesnfgnmaivin bits a8d the first phud dEthemodmwvord i Cirdnstittadn Nowat or 864 =1

indicating._ th the carresponding traffic se t 2 is not a first tine
trartic Shaghe B Sd RSP LRE SRk e P oRR A Biond P eSndi e agiAX in

i nf or mat hehowhdi@aitisBEnéM 856.NUp¥n beeiRt_t dfehd letdll2 NAREHRQSNBBiter R8s &d @ansmi tter
t hen sends both the second and the third parts of the parl‘tqg check bits in

t he secoR¥igNmeRtmessagedrapiengacat spgmeni¥ifeThe assignmeniryessagegnelvdes aaew{ndd it of a
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acknow e nment segnent, 858. In this ex lLe, the l1i-1evel mechani sm
ol ot o UG EP iy Bhe GinsisT R sEhch Bothde et uding e Ui o 8he o shown
i n Fi gur garity chdcl Bit§inthé Seclnd rafticREeRG 8 U3 Rt fowek ldvihfaatifs thBAephapsr T the
ack/multi-level nak codeword in one exenplary enbodi ment” of the I nvention.
Fi gur e 9ceriain apaeber af offnetive infarmation hitsat Weing Hodh Ofbthe reorived segnests 0L &h2dp- 1 NAK
904, for | - .'1!1%@ , . . - . As: i | din
Fi gure Qﬁohg%gggémr n%gg’c}h ?%g?&gnggvklﬁ%w %ﬁ%ggwngogglﬁ%ﬁfmﬁs&g%%ﬂﬁat t he
Eucl i dearhiglim¢ amicsendteed GEan adkidwifiZemead segyendB58. nia thiwlekamplepmbd miikivel904,

906, 908.j much | ar,ger than that bet any two of the, [ti-level NAKs
004, 906 NAKoBEchiRSH fThsde 1 e ARCHBOR, SRS Wi e GREBRLE oY
level s i gpipidkenite. Figure 10 is a drawing 1000 used to illustrate the

phase of the ack/infinite |l evel NAK Figure 10 includes a phase
representation of an ACK 1002, a phase representation of an exenplary NAK

1004, and a w@nti j: ek, gj‘%ﬁ ] so i ncludes
a continuous iﬁ te&gggyﬁdtwel]lri%g@/@fm?Jrlgqueée?@gﬁﬁffsggp%g cortr?éesj?glor?iagi ng to the
cont i nuousdeiwntdan waé exsmpliaK eptbadienchOffGhe mventionnBigure\Baincledésarphassquest ed bits
1052, and a nmaxi mum va far.request i 054. Fi shqws that the
ohase of KERSROBTRAr A R0 toF ELStRMATAR Wik Ena Fevel AR MRid 58 1 an e
fromx 198&]-3 NAK 908. As illustrated in Figure 9, the codeword used in the acknowledgment

segment is such that the Euclidean distance between ACK 902 and any of the multi-leve]l NAKSs

904, 906, 908 is much larger than that between any two of the multi-level NAKs 904, 906, 908.

In another embodiment of the invention, the number of NAK levels is infinite. Figure 10
is a drawing 1000 used to illustrate the phase of the ack/infinite Jevel NAK. Figure 10 includes a
phase representation of an ACK 1002, a phase representation of an exemplary NAK 1004, and a
continuous interval of NAK phase 1006. Figure 10 also includes a continuous integer interval of
requested bits 1050 corresponding to the continuous interval of NAK phase 1006, a minimum
value for requested bits 1052, and a maximum valve for requested bits 1054. Figure 10 shows
that the phase of the received symbol or codeword, which is a continuous vatiable 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.



to y 1010, can be mapped to a continuous integer interval of the nunber of
additional information bits needed. Figure 10 shows exenplary NAK 1004
mapped to, as illustrated by arrow 1060, a specific nunber of requested
bits 1056. -31- Figure 11, which conprises the conbination of Figs. 11A
through 11D, is a flowhart 1100 of an exenplary nmethod of automatic repeat
request (ARQ in accordance with the ?resent I nvention. Fromstart node
1102 operation proceeds to step 11043ltn step 1104, a first device, e.g., a
nobi | e node, and a second device, e.g., a base station (BS) are initialized.
Oper ation prBgeedd, Whishcemhpiset ﬂﬁ:&onxbir@ﬁemoﬂﬂies 11Anhougat 1Dis & dloehart

the base ! Sbetep S s et Rl Bestsbuitor AR it rrciine biB ket
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of encoded information and irst set of undant i nfornation. The first
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gener ate as par the en d| ng process rst da
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generated as _part of t ncodi n erf on the in orma on 06. In
step 111BasesRHORencades; ?ﬁ“gcﬁ"ﬂ?fl gg)o ?rfcro ing SeRerging, 6‘%‘&?& encodtCor mat i on.
Oper at i Oﬂxf&ﬁﬂhﬁ%‘ﬁ’:ﬁi 4 fiR1Re$ bﬁﬂad&fad%ﬁt ibforhifdh. TAd Brst 4 oBERBAddlihformhfiéh By sel ect s

a traffic channel slot, and thus a traffic channel segnent corresponding to
the sel ethchideHia bleckof eneored infonationbits 6 Hbard; afirst pratioo$ 1 denfengeeprrection
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assi gnneirchwie geagaining lrediindght dits BN, 508510 feemaratadak gant ofkls @rbding partbradti ng
that the encoded jnf ion to be fransmtted to nthetrafflc
channel St %BWUHBQ?@%&CQOHEO’H@ gase (@HeR Hores {he F%itﬁgtrﬁl\%tl}l?‘é’& dagt gnal . Next,
in step H&r&aﬁ&ﬁ@p@ﬁﬁbﬁ @fb%@éds%&ﬁ‘ﬁcﬂ?ﬂ%&@%@ﬂ 1988 WQE??PIIZ RIPGeclsh an

assi gnnent channel” slot, e.g., the traffic channel ot corresponding to the

assi gnneféaffig ICb!nnG@éQ! ang thusatsafﬁ chameelessgngﬁ ﬁemspmsa@éhe idscted slot, forep 1118,
e N 1 QR Rn of UG AL AN THRL S S3ARon TSRyl 118 60R by LIPS, ansm (s

t he enco Set 0 ormati on ’t rans

assig nedcﬁanﬂélfasstgmﬁmnmeisagd mﬂlcaﬁ@frsatgmmtmf dreaeldsed traffic chivgel dld2ekido St ep
1122. In step 1122, the recej e signha |ncj d|n he encoded first
set of RSTEBRARTGSHASe ‘F@I’t‘ ’é‘éfh %hﬁnglf’ '%‘a'ctll}?lﬁ’é”'@g? g node A
1124 t0 §i&GPhatkdr®d be'tﬁnsﬁﬁt@@tols]a?cﬁm iﬁQh«M}!afB@ Eﬁﬁh@ﬁlcﬁ d@é‘scxﬁﬁi LB%espOR] Bl ON on
the received signal which includes the first

previously transmitted signal. Next, in step 1116, the BS transmits the generated assignment

message in an assignment channel slot, e.g., the traffic channel slot corresponding to the
assignment slot used to transmit the assignment message. Next, in step 1118, the MN receives
the assignment message. Then in step 1120, the BS transmits the encoded first set of
information in a signal transmitted in the assigned traffic channel slot. Operation proceeds from
step 1120 to step 1122, In step 1122, the MN receives the signal including the encoded first set
of information. Operation proceeds from step 1122 via connecting node A 1124 to step 1126. In
stép 1126, the MN performs a decoding operation on the received signal which includes the first
set of encoded information. As part of the decoding operation of step 1126, sub-step 1128 is
.performed. In sub-step 1128, the MIN 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 MN 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.



set of encoded information. As part of the decodi ng operation of step 1126,
sub-step 1128 is perforned. In sub-step 1128, the M mai ntains decodi ng
statistics, e.g., count of detected wuncorrectable errors, decoding result
reliability information, and/or soft values. Operation proceeds fromstep
1126 to step 1130. In step 1130, the MN determnes if the decoded

i nformati on was successfully decoded. This nmay be done by conparing one or
nore decoding statistics to a Lhresﬁ%1d | evel indicating successful
decodi ng. The threshold |l evel my be, e.g., a count of zero uncorrectable
errors in the results of the decoding process. -32- If it is determned in

step 1130 that..t.he encoded | nf tion was successfully decoded, the
operation pr glgété%éet%mge%gﬁs Réggd%ﬁg tg? %oéﬁ%f,fo@ﬁ °W¥§“§?F§?#ﬁ¥ d%ﬁﬁ’g%g:K

si gnal t@ed bgerkn préRRedsabisep 103D QS 11320 the MR Rraddidies 3 Acmf%?;_apwtﬂass.ode B
1134 to step 1108 where the BS processes additional information to be

t r ansni t PeeFatign prpgeefssirerastsp il 32 waicannesting nos @ 1134 to stap 1 ¢ whisel therB%r mat i on
was not . . &ﬁﬂ' £§E '5 proceeds to step 1136. In step
1136, th@mépgbﬁ%é@gt e%ﬂg{'/%?o@o l%@bodi ng success, e.g., from decoding

statistics indicating the quality of the decoded information such as error
statistics ( .., Jcount af de d uncorrectable errors) and/qr_reliability
Statistice. - T atrEmeatn s T B e ruptatiof et E Ak sRRersl op 1136,
the MN g@R8del Sferdicifocebding step 15@6.%9@;3%%,%%&&&%@ tBlefalFNng a NAK

signal value froma plurality of possi ble NAK signal values based on the
det er ni ndagodiag syccess, ¢ia cemsgcasiingsiasisticsindinating the qualitylafghe derededNinforampiion t s

t he gene g i t t S i . .

si gnal . %%%?%gtaﬁgt?%%é%dg@ﬁ g%iegﬁcgegq%i%%fa (I))les gﬁglﬁ{@%%%ﬂna%g{t%%%%ﬁg , the
BS det erOperatsonf procectidfeom atepd 186 totsep 1188.daistepd 138\ khesMihginetatee aaNwK Rignalf
redundant . jnformatiop,,. fromthe ed first_set of redyndan i nf or mat i on,
to transtf g?lﬁraf’ﬂ%lw&m%fs@q"rﬁ‘bé%gﬁl%ﬁ{ Yaéuesfé‘!’%@tpgﬂa]f% 0 gosts*bi&gl ¥} when
the  NAKangds B8seld bl itkeAd eBSmined MWvel @f’&kocﬁﬁ% slread THerSid GiepI340,ThMN RalsAige
nunber of errors in the decoding result, th I

_ | an'is selected to be transnitted
when t hethplgeteyaied N ABnignaht MextaintstegH 142 g By feceivertha NAK sigod eQperationg. | few

errors. i S i .l 46 to
tep 114800088 PR RpAIEE KEectd OCRRo AL o s BRARGTH O M Virde ot
r edundandecdivddINAKLsignal ths ambestf tddandanhinferajation, fyonothe atokedofirki set sfagdmmdbnt | f
the BS determ.nes that th erm ned anmpunt of edundant .information is
| ess t haﬂﬁ}qfﬁéu%&%%ﬂs?ﬂd? ﬁ&%ﬁ:&a n, 15 S@B@?‘i\ﬁ%ﬁ%?%‘@ad‘g‘e%%t ep
NAK value indicates a Jow level of decoding success, e.g., a large number of errors in the
decoding result, than is selected to be transmitted when the NAK value indicates a high level of
decoding success, e.g., few errors. Operation proceeds from step 1144 via connecting node C

1146 to step 1148.

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

1150, otherwise operation proceeds to connecting node D 1152.

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

connecting node D 1152.



1150, otherw se operation proceeds to connecting node D 1152. In step 1150,
the BS determnes if there is sufficient spare capacity in the traffic
segnent to carry a portion of a second set of encoded information. If in
step 1150, the BS determnes that there is sufficient capacity in the
traffic segnment to carry a portion of a second set of encoded information,
operation proceeds to step 1156, otherw se operation proceeds to connecting
node D 1152. -33- In step 1156, the BS processes additional information to
be transmitted, e.g., text, voice, of3other di gital data 1154. Instep 1156,
t he BS encodes additional information 1154, said encoding generating a
second set of Instapddéf, theBS mpoeessonadiittnal isﬁmmaﬁbrsmtbem‘ansm‘rduad,daagutext voice,

i nformati o Fr o 0 .10 st 1158 In step 1158,
the BS sP’b%%rdgﬂ{é:ﬂa @5%415[8&@@%@%%%8 r?gaﬁhr?ﬁ?li“bfﬁ. B Lddthaaidor oceeds
from st epncbding gé&r@ir%& sk sed oF chitRiRd inkd@thtioh BRI BSecoRd &% bbre@uiiabt | on of the
second set of encoded information to transmt with the selected redundant

i nf or mat WeFLEEeTRitERM step dAd e Meerstion mracerdy Wistepekl 585 Tn sepubidnthe ﬁ&smrqsephe on.

Then, op n ' L node D
1152, opaead SPoRleBaihiinlinERll Bhlilth HAAGaTOd Ny ISR SEPVRG, Ies"3

traffic tihnthe lBSsslem:tsfacpormormfs]m seorgisendf eaaidéd sefbandtiod ts atnsafit wmh:lthadant

i nf or mat i N, ste 64 the B rates t affic hanpel

assi gnne Fg§§§’§@ar?tﬁ&° Oﬂé’ E‘F‘i’ﬁhtﬁf; %faéﬁsﬂt ‘gféf’ HR3t1o8- channel

sl ot saTHenagﬁdrgmﬁqﬂ@,cem%g@ndcﬂ@%@glm I ndi cator indicating that
redundant i nformation is to be transmtted in the traffic channel slot being

assigned, information |dent|fy| ng the previous signal to which the

redundant | nfeRlhONAGOREESRANES pedlthd LoEN 0AEOARY LRI ik s to be

transmtted wt ere n, a Nnew enco I on
i ndi cat oseleclshetraffit ommellsamfmdmmmfssiomgf daltbsefecrdisettf redupdat infegmdtien. Nexg, , a
d with the previous

traffic slot SSi rrent entifier assocjate
si gnal a’r’l’cffe(?r11§4 FR?@S? @%&W%?S%@F D™ atﬁ?geasff}g’é‘%}?‘&? si gnal .
Then, i ng 4 &ﬂbc@e@%fﬁ@&ma&%ltsfo@ @&H‘a&sﬁg&nﬁlﬁt %&%ﬁ@ﬁ@ﬂmntgraﬂﬁﬁm@at@fﬁﬁdl%ﬁg A at

message in an assignment channel slot. Next, in step 1168, the MN receives

the assi tpdwadant infosmalien is abe tensmittednin tettraflic ¢hanzsl slot beisg aSS@@L amfpmatlpnoc eeds
et of  rDgENRRS prPUB bl WileFbERedkh iy Syt pORPBG e Fat? 2,
i nf or mat ermndalndfomnmml mbhetﬁlansmit&ﬂmaﬂu Mredum:tanemflﬂﬂﬂnmg atnewteheodedcond set of
T R on s P Snfosindiod idcaying fhe Drevioas Sighal puay be-b.. a traffic slot

or an assignment slot identifier associated with the previous signal and/or a mobile node

identifier associated with the previous signal. Then, in step 1166 the BS transmits the generated

traffic assignment message in an assignment channel slot. Next, in step 1168, the MN receives

the assignment message that was transmitted in step 1166, Operation proceeds from step 1168 to

step 1170. In step 1170, the BS transmits the selected set of redundant information

corresponding to the first set of encoded information and, new encoded information

corresponding to the second set of information assuming space is available in the assigned slot.

Then, in step 1172, the MN receives the signal including the redundant information. Operation

proceeds from step 1172 to step 1174. In step 1174, the MN determines from the received

assignment message the previously received signal to which said redundant information

corresponds. Operation proceeds from step 1174 to step 1176. In step 1176, the MN performs an

additional decoding operation using the received redundant information and information

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



Then, in step 1172, the MN receives the signal including the redundant

I nformation. Operation proceeds fromstep 1172 to step 1174. In step 1174,
the AIN determ nes fromthe received assignnment nessage the previously
recei ved signal to which said redundant information corresponds. Operation
proceeds fromstep 1174 to step 1176. In step 1176, the MN perfornms an

addi ti onal decodi ng operation using the received redundant information and
informati on obtained fromthe previ-®tsly received signal (s) to which the
redundant information corresponds. QOperation proceeds fromstep 1176 via
connect i step hides BrevibuBlytdiscatsed, elgl.30th mpeatesl WAKs addNraistrdssionfsiddifionidhe encoded
i nformat i uccessf Operati on_cantinyes from -34- step
1176 as ﬁ%ﬁs %?%H@ié%ce &33“0 n?ﬁ?&’g;]é%tsgoo rﬁﬂ&%&égﬁa‘f{f%’ﬁlﬁgm ssion of
additionaﬂh}cvé@dundant i nformati on until successful decoding of the first set
of encoded information is achieved. Figure 12 is another exanple of use of
a multi-level MAX, in accordance with the invention in the context of
uplink i nfor rghi0f, i V&Bﬁﬁ}é&&&ﬁ?%fisgo é‘@ i%mv #Aﬁ&%%é&dé:{&@»@ﬁ%ﬁe station

i s responsibl'e”for assigning uplink tra Pric Channel nsegnen I'n addition to
downl i nkmventlaﬁfm the cordentedf upmgnmfnmlam tan}sdnasmesj Inrthe Engatﬁeﬁmplmﬂae basg. 8

exanpl e. ure 12 cl udes a f downl i nk, channel s. plotting

frequen cv‘mo lbreSpOlnFlb%lfJQﬁ E%?lgpﬁ’rgé@hg]gﬁaf?& F& 6593?%'[5 m_ﬁglflq}’sto {APWBl”ﬂﬁ

hor i zont @dffia¥hapmel Ognensd xglﬂlri'ea%)rd Ek@'tblﬂﬁ% MWQexditplel K A8 1 9 iH¥RIAks $egment s
e

1206, 1208 and two acknow edgenent segnents 1210, 1212 used to communi cat e
i nf or mat fiagramd@eR,ef dowphiak shanasls p&mtnt "QUBRIYRR 8- Eegianey ®nas. o8 vericaldiss a

di agram JogaQ; %e%mg%orﬁhmeﬂzm g{I oflﬁcﬁﬂdé‘é@\% gaﬁnlgﬁmggﬁijgrﬁn%%éﬁ%lt& ones,

on vertical axis Vs t1ne on axls
I ncl udes1206p1208 lahdwvd amhbwtedgdsmﬂsmedgnmegriem s21256d td 2@muiiste geformdtion egment

I e

corres polsld@mg ﬁemhqnle gl rdqibrey toR8 BN ertiedPikis 1IBRIveKintd 6Hf Hdriz oI 54.258
corresponds to acknow edgerrent S grrent 1212. Specifically, when a bl ock of

i nf or matPisgrapi 1250iingludss peo pplinkdritic dannel regmentenk?3be 1258, Apsignment sgmgeiner at es
a IargetL chﬁ' Ckpb &ét@géﬁrﬁlé’trszﬂgg nfROPIR! & lmk(rfraE Ehaeﬁhzfsfs%% §n°tis‘?5' time

1260, base s% at’l ransm an ‘assignnen n as gnment
segnment dcRfiGvledgeimsdi sagmant 1230/ Alsdgimént segrhenalm cbﬁ“ﬂ:@onds tonghlinlatraffig t hat t he

AR S S e R e S R R

Specifically, when a block of information bits is to be transmitted, the transmitter in the

WT generates a large low-density parity check codeword. In the first transmission time 1260,
the base station transmits an assignment message in assignment segment 1206 including a
new/old bit indicator 1216 =0 indicating that the assigned uplink traffic segment 1256 is a first
time traffic segment. The assignment message in assignment segment 1206 also includes WT
ID/segment index bits 1218 including an identifier of the assigned WT for uplink traffic segment
1256. In the first uplink traffic segment 1256, the information bits and the first part of the
codeword comprising a set of encoded information is transmitted by the WT to the BS. Now
suppose that the receiver in the BS does not decode the information bits and thus sends a level-2
NAK in acknowledgment segment 1210. The transmitter in the BS sends to the WT an uplink
assignment message in assignment segment 1208, The assignment message includes a new/old
bit indicator 1264 =1 indicating that the corresponding traffic segment 1258 is not a first time
traffic segment and a WT ID/segment indicator bits 1266 including information indicating the
index of the first time segment. The WT receives the Level-2 NAK in acknowledgement channel
segment 1210 and the assignment in assignment segment 1208. The WT’s transmitter then sends



| DY segment index bits 1218 including an identifier of the assigned WI for
uplink traffic segnent 1256. In the first uplink traffic segnent 1256, the
information bits and the first part of the codeword conprising a set of
encoded information is transmtted by the WI to the BS. Now suppose that
the receiver in the BS does not decode the information bits and thus sends a
| evel -2 NAK in acknow edgnent segneg 1210. The transmtter in the BS sends
to the WI an uplink assignnment ness %e i n assignnent segnment 1208. The

assi gnment nessa%F i ncludes a new old  bit_indicator 1264 =1 indicating that

the cor r&dprsiant ipfprpatignselecied dhiespongoioghs NAKsf.e.5 bpilythe seqopg and the thitdpagis gnent
and a W, EeTaf | LT | ' | Lhdi.cating the
i ndex ofoﬂ%§§ig§§ﬁ ?%bﬁgﬁe&%?ﬁ Hﬁl’ﬁé%\gg'u fggéetlyzgggg% e Eg%%%t%rbﬁk%dllen&

acknow etdrgstiemthe dblivened! a ceatgimemmbep dfefotivetihformatsdrghitse ihe iBS rassivegniment

segnent 1208. The WI's transmdter. then sends -35- redundant ,information
sel ect eduﬁ%ﬁﬁlﬁgéﬁéﬂgglef %egﬂ?ﬁ%; ﬁflp%!n?orﬂ}'ﬁlﬁﬂn rﬂ@%?&?)ﬁge IS8 VEhEEMEd part s
of a set123b, BX5@rEIBPdédotlys Bb &FbmbitibS bitd. MndtPoke ¢ Betetiihing hd: iiaf debsdige gment
1258 at a power level _targeting the delivery of a certain nunber of

ef f ect i VRPEFANOEB MaREYCEFssiilthe Bisacoaiyer sands 3AClHB ackvlerdecment eemertiahhel
segent B8 exddsiifahd AHBLITR NUK HRRRRAL gt LYBASAITRILS o 1256,
1258 the BS g}édg:%%e’s tllliﬁleﬁl Wbrm&t %ﬁﬂgﬁ s&ﬁn#@ﬁ%ﬁ%&%@f&ge erm &u’?rﬁsg t hat
t he decowimmgredoyitrtht examphashosmdo&ssialf., the BS' s receiver sends an ACK in
acknow edgenent segnent 1212. In this exanple, the nulti-Ilevel NAK
mechani sm hel ps to reduce the required ARQ | oops, as conpared with the

exanmpl e showrt shauldit@woted fhat iiie t84FE bithnhé soghae c&ﬂﬁ@?oﬁ to af dstigngiannel
segnent corresponding to an assignnent segnent often follows, in terns of

time, thHeSHeRiogaRENROWsdgterms of tRethe pssignmentsegment. Flowevsr. itip possibesiogheent
and cor rggphneinid LRk ruNApACth A0 TBRL: L2k ! ap
resul ting gﬂﬁ si mul t aneous ransrrl11 ssiaon | ntstat%pg?;alhgﬁ%mh% gggéﬂe}r?%/ulgﬁrﬁa

cor r es ponaitktapeousafahinissien incan assigament sefnfidng anghtordfespupdingdiadic sogmentswltbré or t he
di fferent nts. .\Wile s¢ribed in the context of an OFDM system the
ARQ net h&ogérglgtﬁqu%nﬁga\é\gfeu%se%for%ehcgffg F {;sgﬁ?le?tﬁvent ion, as well as the novel
acknow edgnent mnet hods described herein, are applicable to a wi de range of
communi cati on y%t ens i ncl udi ng rrani non- OFDM and/ or non- cel |l ul ar systens.

I'n addition, i sqrEhed in Begoniaxatan DTN systes, theABLLmpthadsandiapparais o
communi GRE bRkt AYEHHRR) as el & thOndAR] ARISHRES jgnttlm{(id& AEscrBLED In,gagg appar at us

of the present 1nvention can be used in other applications do not
i nvol ve apphieiblsds asodemangeeft doomaunidatikies systems including many non-OFDM and/or non-

cellular systems. In addition, while described in the context of an exemplary wireless

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

communications systems where the transmission of information occurs.

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



but where it is desirable to reduce or mnimze the need to retransmt data
| ost during conmunication between a transmtting and receiving device. For
exanple, the nmethod of the invention can be used with fiber optic

comuni cations, wire based networks and other conmuni cations systens where
the transm ssion of information occurs. In various enbodi nents nodes

descri bed herein are i nplenented using one or nore nodules to performthe
steps corresponding to one or nore AR¥thods of the present invention, for
exanpl e, signal processing, nessage generation and/ or transm ssion steps.
Thus, i rasaenorg dbECH, BB RAMAflofpylidkeat.to esntavl atiehipe &S £ EenetY pipbsen ar e

i npl emrent ed usi ng nodul es.._Such, nodul es may be i nplenented using software,

har dwar €OFPuigr Wethpw pddifionad hasgayaee, o implamgntialh pieporiipns,of die 3bg¥e apove

descri beg ko ey . D&l %ﬁ)'%gnb & '
execut abl e | nstr 31& %g{%ﬁ@?ﬁeﬁﬁﬁ@%g&ﬁ%&%bﬂﬁi ¢l'ude |m!r]1ll %ﬂﬂ%}gg’%@#@édabl e
medi um dovdntioBB-dimsted tonemachjnedreadabls medigm indRalhg fiachipy exticwtkble @tseuctions cont r ol

a machi e..q. ener al purpose onputer, wi,.th or w.thout additional

nar dviar 4ot ST A mERRRY S DR apd GR T bRV oot aHR Bhs Baoel Hids,

e.g., I ntpeefbe ab®leadebaites mefda@hdi ngly, among other things, the present
invention is directed to a machi ne-readabl e nmedi um i ncl udi ng nachi ne
execut abl e instructions for causing a machine, e.g., processor and
associated h vl r]%% é}ﬂﬁ’ SRS :
above-descri %re m@ﬁgﬁ?g@%hg%@rngggﬂ% |t|d§r?g(lfia ar |t%1t| onsplgéneni[ gel}%)tnhods and
appar at uesayibed hizove el batippanante tit those skidled dn thb ed imbiewef\ihd dbolve desoppieendf t o

those skjlled.in the art.in view of the above description of, t i nvention.
Such var e BFgHoR, S Brion i Pe e dreh At SoReE oF Mofeiorh Bt fon. The
et hods aétHodi RA bFastiusaf thd\ReRhEiROSHtioh MG He| H1d iNBNriAR enfbddinhdhtsVRE, uGstS

enbodi nents _are, used wth CDVA, orthogonal frequency division multiplexing

(OFDV) , Yoith GRM A esthaganal freqppray CBYiSiOE@EF%‘i?RI?’é%E‘i Ok KA oshepfpghofray be
used to &g@&ﬂﬁ%ﬁ%sf@hﬂ mﬁl}?ﬂﬂ{ag%tah%%o @W& w@&és%%nﬁﬁﬁﬁﬁ&sﬁ&ﬂes and

nobi | e no . I'n sonme enbodi nents the access nodes are 1 nplenmented as base
st at i ondetwren lcaest mitks skl mobilenodesathh sorse bmbodiments theraobedsk sodesdes usi ng OFDM

and/ or . Ipn.various .enbaodinents. the nohile nodes are jnpl eprented as
ot ebool LT &% bese SBHEH e e sk SrruPaFatoppaAG, it b RHRE BiEh b o
devi ces QFIMUGLREY CDMA € Infioli§ &bHimERE tHeinidhile hedesnige indféBeDidsQiotdbBolt | Nes,
for inplenenting the nethods of the present invention.

computers, personal data assistants (PDAs), or other portable devices including

receiver/transmitter circuits and logic and/or routines, for implementing the methods of the

present invention.



_37_ WHAT IS CLAIMED I'S: 1. A device conprising a processor configured to
control said device to inplenent a conmuni cations nethod, the nethod
conprising: i) decoding a first signal including encoded signal
information; ii) determining if the encoded signal information included in
the first signal was successfully decoded; and iii) when it is determ ned
that said encoded information was not successfully decoded, generating a
first NAK signal having one of a plurality of possible NAK signal val ues,
each of said plurality of possible NA 7,__signal val ues corresponding to a

different |evel of decoding success. 2. The device of claim1, wherein said
decodi ng CES ¢ (&g,nfornation, the step of generating a first NAK
signal inc : the first NAK signal value as a function of the

quality of the decoded information. 3. The device of claim2, wherein the

met hod further _conprises: generating an ACK signal having an ACK _signal
val ue wheh'it 3 <IYEISH AT HEC SaPIOEREBABICT I B WERT O e tt&dccessful |y

decoded; agpd; dngseide eash e ingnal Uahlifichpilhe PAUA T tohedf NAK  signal
val ues, differs fromany other one of the NAK signal -38-
method comprising:

i) decoding a first signal including encoded
signal information;
ii) determining if the encoded signal
information included in the first signal was
successfully decoded; and
iii) when it is determined that said encoded
information was not successfully decoded,
generating a first NAK signal having one of a
plurality of possible NAK signal values, each of
said plurality of possible NAK signal values
corresponding to a different level of decoding

success.

2. The device of claim 1, wherein said decoding produces
decoded information, the step of generating a first NAK
signal including:

selecting the first NAK signal value as a function of

the quality of the decoded information.

3. The device of claim 2, wherein the method further
comprises:

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

wherein each NAK signal value, in the plurality of NAK

signal values, differs from any other one of the NAK signal



values in said plurality by an amount which is less than the snall est
anount any one of said NAK signal values differs fromsaid ACK signal
val ue. 4. A conputer readabl e nedi um enbodyi ng machi ne executable
instructions for controlling a device to inplenent a nethod, the method
conprising: i) decoding a first signal including encoded signal

information; ii) determining if the encoded signal information included in
the first signal was successfully decgged; and iii) when it is determ ned
that said encoded information was not-Successfully decoded, generating a

first NAK signal having one of a glurality of possi bl e NAK signal val ues,
each of sBFHPT WRITAY HLYSGISH BYNAR eFgral Wt tes's dori%edPoiding to a
different {gvelnofidacodiffic SHGCERS: of sd18 SRS a T safdaRlse medi um of

claim4, wherein said decoding produces decoded intormation, the step of
gener ati ngdaf ferstEnmK ssiighACK sdbndingaleel ecting the first NAK signal
value as a function of the quality of the decoded information. 6. The
conput er readable mediumof claim5, wherein the nethod further conprises:
gener ati ngd an ACK @imgnadr havidaglanmAQKusi ghisbdyadgenaariere it is determ ned
t hat said encoded jnformati on was _ successful |y decoded; and -39- wherein
each NAK sFHREHC3RGIE IS OpsufaFi £9RbFo 9 & device to

implement a method, the method comprising:
i) decoding a first signal including encoded
signal information;
ii) determining if the encoded signal
information included in the first signal was
successfully decoded; and
iii) when it is determined that said encoded
information was not successfully decoded,
generating a first NAK signal having one of a
plurality of possible NAK signal values, each of
said plurality of possible NAK signal wvalues
corresponding to a different level of decoding

sSuccess.

5. The computer readable medium of claim 4, wherein said
decoding produces decoded information, the step of
generating a first NAK signal including:

selecting the first NAK signal value as a function of

the quality of the decoded information.

6. The computer readable medium of claim 5, wherein the
method further comprises:

generating an ACK signal having an ACK signal value
when it is determined that said encoded information was

successfully decoded; and



signal values, differs fromany other one of the NAK signal values in said
plurality by an anmount which is less than the snallest anount any one of
said NAK signal values differs fromsaid ACK signal value. 7. A device
conprising a processor configured to control said device to inplenment a

met hod, the nethod conprising: encoding, using an encoder, information to
be transmtted to produce a first set of encoded information and a set of
redundant information; transmtting sagg first set of encoded information in

a first signal; receiving a NAK signal™froma device to which said first

signal was transmtted; and selecting gégortion of the set of redundant

i nformation to YhHShEM 23 YaKdsteps Pee W8 e Wdhadd tyort Hékval ue of

the recei vedyNAK wd anad,, Saird rkUREbH0Bny CaLsd POk fieran owlign0f
redundant information to be selected for at least two different” possible
NAK si gnal valiguesn Bidripdudaliicy by ahasmeunt viler@l nig Hesfetthed furt her

conprises: _j nc i j fi.r assi.g : i@$ﬁl yse ign a
connunicat?%%sgﬁgi§#%ﬁ %gggwgngkgséghtgg?géhirn sHi é%?ﬁ%§H§§ gnhal , an

i ndi cat or dhfifewad | fpni lsati d BEKF isighadi gaabe. does not correspond to a
previously transmtted signal; and transmtting said first assignnent signal

prior to or in parallel with transmtting said first signal. -40- 9. The
device of ¢l ai m ewhey ejdmp&qls%gl BOp2oP8EtbPe&ifidesalo ontedundant
e

information to be transmt includes

said device to implement a method, the method comprising:

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

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

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

selecting a portion of the set of redundant
information to transmit to said first device as a function
of the wvalue 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.

8. The device of claim 7, wherein the method further
comprises:
including in a first assignment signal used to assign
a communications channel segment used to transmit said
first signal, an indicator indicating that the first signal
does not correspond to a previously transmitted signal; and
transmitting said first assignment signal prior to or

in parallel with transmitting said first signal.



selecting a |arger size portion of redundant information when the val ue of
the NAK signal indicates a first |level of received encoded signal quality
t han when the value of the NAK signal indicates a second |evel of received
encoded signal quality that is better than said first |evel of received
encoded signal quality. 10. The device of claim9, wherein the nethod
further conprises: transmtting a second assignnent signal indicating an
assi gnnent of a channel segnent to beﬁgﬁed to transmt said selected

portion of the set of redundant infor ion, said second assignnent signal

including jnformation identjfyin a channel segnent used to transmt said
first signat: éﬂﬁ% q?%%ﬁﬁﬂqqiéﬁ@l%hg'sgng?bﬂ AT DR A LS & redundant

i nformati opnhd osSAl gk fidRingder e rbRndt$68008 b NI @B ON igRRls. 11. The
device of claim 10, wherein the nethod further conprises: performng a

second encdel ¥yt bperatiasioedn saddi PrshaPn Phf bedendan: tigfsematasdnitted to
produce a ﬁﬁ&%ﬂ%\éq}aﬁe o%n%%%eﬁpkng%ggi' Oy A0 aecf.ii'}dstseltev%fl [gdundant

S
i nformation; wherein transmitting”a second |ﬁ%%rna i'on signal "includes:
i ncl udi ng recshved seconrttd Ffignedt qoalstgnaham whpat tilen wflwsaicd séeond set of

encoded information. -41- 12. The device of_ claim7, wherein said encoding
oper ati on N%% %ﬁqQéb(ﬁ34595}eﬁaﬁiFﬁceﬁgc e%%ﬁiﬂg.%ﬁﬁﬁ%ﬁ?i;?nQEﬁeQA conput er
readabl e nedipim eqtodwi NG HIRCHIsN@etter than said first level of

received encoded signal quality.

10. The device of claim 9, wherein the method further
comprises:

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 assignment signal including information identifying
a channel segment used to transmit said first signal; and

transmitting the selected portion of the set of
redundant information to said first device in a second

information signal.

11. The device of claim 10, wherein the method further
comprises:

performing a second encoding operation on additional
information to be transmitted to produce a second set of
enceded information and a second set of redundant
information:; and

wherein transmitting a second information signal
includes:

including in said second information signal a

portion of said second set of encoded information.



executabl e instructions for controlling a device to inplenent a nethod, the
nmet hod conpri sing: encodi ng, using an encoder, information to be

transmtted to produce a first set of encoded information and a set of
redundant information; transmtting said first set of encoded information in
a first signal; receiving a NAK signal froma device to which said first
signal was transmtted; and selecting a portion of the set of redundant
information to transmt to said first ngice as a function of the val ue of
the received NAK signal, said function "causing different anmounts of

redundant jnformation to be el.ected for at least two different possible
NAK si gnal igvalﬂﬁ%.del‘@.ceTﬁg Giﬁﬁﬁ‘t gr FREERDT S SRS A QPSTRE 1 R/her ei n

the methods fArihieraamy $8%: thnehbdkNgod @ dpdsic@%si gnnent si gnal used
to assign a conmunications channel segnent used to transmt said first
signal, an indicator indicating that the first signal does not correspond

to a previpusly,t 1 Lt i | . t 1Lt id first assignnent
signal pri %FJ' toA o(‘i I'n etga%(%la Sgﬂ\%i {nﬁg?&gn%@l&?ﬁln&gd sr}g%%ajf%r st signal. 15. The
conput er ressabd & Inredinsmrafctdbasmté3, coherel ningeal ektving agoorti on of the

set of redundﬁnt i nformati on 2- lﬁg transmt includes selecting a | arger

to -4
si ze porti BFPoT"eH e fuMts: di’nftg?nQFFB wWhetPtHet ¥l ue of the NAK signal
indicates a firsicdgMr], efsihgcanvedceaspdethsanaligtiald the than when the

val ue of the NAK signal indicates a second

transmitted to produce a first set of encoded information
and a set of redundant information;

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

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

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.

14. The computer readable medium of claim 13, wherein the
method further comprises:
including in a first assignment signal used to assign
a communications channel segment used to transmit said
first signal, an indicator indicating that the first signal
does not correspond to a previously transmitted signal; and
transmitting said first assignment signal prior to or

in parallel with transmitting said first signal.

15. The computer readable medium of claim 13, wherein

selecting a portion of the set of redundant information to



| evel of received encoded signal quality that is better than said first

| evel of received encoded signal quality. 16. The conputer readable nedi um
of claim 15, wherein the nmethod further conprises: transmtting a second
assignnment signal indicating an assignnment of a channel segnent to be used
to transmt said selected portion of the set of redundant information, said
second assignnent signal including information identifying a channel

segnent used to transmt said first sighal; and transmtting the selected
portion of the set of redundant information to said first device in a second
informatiqn signal. 17. The cogggter,readable medi um of cl aim 16, wherein

the methd¥ furdRar o dRGriges: BEOIMY Yy LR orid Zn EOR G opér at i on on

addi ti onal redyfdim@tingd rha thent ABS Mk efh 1.6 RIOAUEe M ksaqendiset of _
encoded informati on and a second set of redundant information; and wherein

transm ttivficatecord filgser AaVEdNOEi pReeivedhanmsed isigngdi agailatyai d second
i nformati g i I portian_of i eco et gf oded i rmation

-43- 18. éﬁégﬁ%h gperggégglggnggguﬁéﬁfg%ééhﬁ; , %ﬁ?%%e%nsggghg encodi ng
operation level |lcfwrderdiviey parbtiydchegka L ogidig tyopdraat iienbetter

than said first level of received encoded signal quality.

16. The computer readable medium of claim 15, wherein the
method further comprises:

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 assignment signal including information identifying
a channel segment used to transmit said first sigmnal; and

transmitting the selected portion of the set of
redundant information to saild first device in a second

information signal.

17. The computer readable medium of claim 16, wherein the
method further comprises:

performing 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

wherein transmitting a second information signal
includes:

including in said second information signal a

portion of said second set of encoded information.



-43-

18. The computer readable medium of claim 13, wherein said
encoding operation is a low density parity check coding

operation.





