SYSTEM FOR EARLY DETECTI ON OF DECCODI NG ERRORS Fi el d
Claimof Priority under 35 U.S.C. 119 [0001] The
wonewaas7sAppl i cation for Patent clains prioritpCrmws2006/038537
Provi sional Application No. 60/721, 824 entitled
"METHOD FOR EARLY DETECTI ON OF DECODE FAI LURES" fil ed
Sept enber 28, 2005, and assigned to the assignee
her eSYSTREM FOR BA RKYTHSEECTIONOFDECODING ERRORSCe
herei n. Background [0002] The present Application for
Patent relates generally to communi cati on systens, and
Fiegpre particularly, to a systemfor early detection of
ecoding errors for use in a conmunication system
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particular device. The received code packets are decoded to recover the original data
packets.

[0004] The success of the decoding process depends on the number of received code
packets. In general, if the number of data packets is “k”, the number of received code
packets should be at least k(1 + &) where epsilon (g) is a communication overhead
factor, (e.g., 10% of k). Choosing a higher value of € lowers the probability of decoding
failure, but may increase decoding time and/or battery consumption at the device.

[0005] Conventional systems typically fix the value of & to achieve selected
decoding performance assuming a worst case transmission environment. However, it 1s
generally uncommon for the transmission channel to perform according to the worst
case assumptions. As a result, many unnecessary packets are received by a receiving

device. For example, assuming the worst case transmission environment results in

fixing the value of & to be very large. This causes many additional and unnecessary
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[0009] In one embodiment, apparatus is provided for detecting a decode failure.
The apparatus comprises receiving logic configured to receive an initial amount of code
packets, and to receive one or more additional code packets when a trigger event is
detected, and processing logic configured to detect the trigger event, wherein the trigger
event indicates a decode failure associated with the initial amount of code packets.

[0010] In one embodiment, apparatus is provided for detecting a decode failure.

The apparatus comprises means for receiving an initial amount of code packets, means
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[0015] FIG. 1 shows a communication path that comprises one embodiment of a'

decoding system;

[0016] FIG. 2 shows a graph that illustrates a relationship between decoding failure
probability and epsilon;

[0017] FIG. 3 shows one embodiment of a decoder for use in embodiments of a
decoding system;

[0018] FIG. 4 shows one embodiment of a tree structure for use in embodiments of
a decoding system;

[0019] FIG. 5 shows one embodiment of a method for use in embodiments of a
decoding system; and

[0020] FIG. 6 shows one embodiment of a decoder for use in embodiments of a

decoding system.
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[0020] FIG 6 shows one enbodi nent of a decoder for

use in enbodi nents of a decodi ng system DESCRI PTI ON

[0021] The followi ng description describes one or nore

' s of a decoding system The decodi ng system
D@zﬁﬁ%&@%o adj ust the number of received packets
[oo2gs ed 18R hNSwsalekdnptioh d@sctrn*fbéﬁ SHE SShBft SRt 81; a decoding

obtai n sel ected decoder performance. The system i

systespedhadegoding systam vpafatboto adjestithe pumbeabdferedevedpaskets based

' limted our ces, t,.may be d with an
on Sy B o hREN SFERsl Ry AR el G ot - BYmees The
sys@pelsadshérgaliynwall YuitedFor @e il PbiaK devives RV Timited resources, but
i ncl udi nghbut not limted to, conmunication networks,

may bpuped bk gy RPe of devicasThenwsien may also bpussdinalevices operating

. i | . Ly I ..

n LSO U ERL, OGRSl I it

netwetkappiidic metwarhy, sotines tht fixernet, priati@ metweaksrsuch aatittos private
FIG 1 shows a communi cation path 100

02
net?Vﬁ%ling @@%ﬁ ?%Céﬁl“&ﬁ SRR e freg el ks o gns Jagagtwpgks, or any

othEOyp& ¥ AdRh Br céRuARIEBMNERbiON path 100 may be used to
del1Tver content to one or nore &ortabl e devices. The

[002ahmuAilEatli shewps at demmamiessiop piathe00athateeroopteses 002¢mbodiment of

i SSi ) d . 023], . .
» LSRR SR 1 R B el 5% e

comt@ditd@norvrdase aekktdevices. Daht rafmidiéRdnPa&t 100 omprises an
transm ssion channel 104. The nessage coding is

encoder I2np frapupissiee chamael 04 madiaderefer dfnnel 104 may be
[0023] 0SSY &Qaglggb i6Rht, ShaSUESeE hﬁﬁ”ﬁ%&oﬁrﬁafnegﬁgg g:?)%lélg on data

transmtted ckets'to be Tost. Tnhe nessage
padiedud destramsduttathoey thdatnahiktws chasiel déd.a Thaokaksget @ding is

pe R e SR AT U B RSB o oo
chaaf¥Y) BeAtStAu¥esCRARIAHE MBIt Yo bLOEY) TRENRQALAHY coding provides
However, other types of nessage codi ng may be uti ?I fed

redppdage i drat elpwellastdate packets to be recovered. In one embodiment, message
coding is performed using an encoding technology referred to as Low Density
Generator Matrix (LDGM) technology. However, other types of message coding may
be utilized in other embodiments.

[0024] In one embodimént, the encoder 102 receives data packets D (shown at 108)
and encodes them to produce code packets C. The code packets C comprise two types
of packets. The first type of code packet comprises a packet header and data from a
selected data packet. The second type of code packet comprises a packet header and
data from one or more data packets that have been combined using any known
combination algorithm, such as an exclusive “OR” algorithm. The packet header for the
second type of code packet identifies. which data packets have been combined and the
type of combining algorithm used.

[0025]  The code packets C are transmitted over the transmission channel 104 to one

or more receiving devices. For example, the transmission of the code packets occurs



[0024] In one enbodi nent, the encoder 102 receives

data packets D (shown at 108) and encodes themto
wonroduwsgrssode packets C. The code packets C cORPTIUS2006/038537

two types of packets. The f$rst type of code packet

conprises a packet header and data from a sel ected

data packet. The second type of code packet conprises
duBngacebctiviader havidgdatkcfed dmraioa. o% sutseteofdhd aodeasikkdts C’ is

t hat have been i ned usin ny knpown caonbi nation
fecsﬁvaii Y i lreo0t RO CA i P B e gofFeshnd hergiggoder 106
onPRELSH OB 6 LHecARON 0 oot R pctc
(showe at §HB. of combi ni ng al gorithm used. [0025] The code

kets C,are transm t,ted .over, the fransm
[0 eigrof

t ssi on ,
e eriFRoRiBe GRASH SHRAPES PR RS DRRESdRIvRLaLed fogle packets '
In 8¥afd) & thé REMbEAGSAALS hékRtsaD thAMEmARASs RaENabSk”, the number of
occursduring a contact mnndom1haV|ng a sel ected
t

recgiyed cPémh Packets (§s bshafld ppat tesdiek@at kbt £hgosing adughey evdlue of &

: t f r ' .
T T T
recemee anvdthcreaskel graodiap $infé dnd/or powecorstmption gi theledddésl 06.
kets D (shown at 110). [0026] The decodi ng process
0fidhends B R B BMCORFEA Atk eiust the gumber of
rec8RB8 ode piidg(efsh@’ Bét’sﬁ@% e HaharePRgk&! SveRlst rBRSH E}Seet‘?%ion, the

is equal to "k", the nunber of received code pac
deqodyr d0pis dnitielized wishisn ikitial mismuChebs frg @ hilgheecoder then

val of .e rs the babi.lity of decqding failure
s o ForiS o % bbb AR A FEfRY Y weinAfSaceast
ocaviyl Dueihg as edtetl @RObcaiohi dTEthaREH® hadkeWesneC OMNEUIPErig@Br events
at the decoder 106. [0027] In one enbodi ment, the o
MY Q6 nFOS P OpEBe RentS A Pedr if Hie aitaliiepf gre transmission
e r [
ohdifiEts $E R LAPEHRE o EnPAREE, B2 3 yRRIed thd hRE of code
padkeist Caliti meeives td dacodenthe i data. nThiusutie vaktem bpgrates td hadjust the
decoder then attenpts to receive k(| + e) code packets
mﬂaﬁ?ﬁ Oggefﬁlvceg‘ﬁpa%?a%ﬁo%v@aﬁ ' Fhihe el od Aprctaaisminsiqurchannel. A
dethdéd ﬂl&;cﬁ%ticﬁf b€thel VB EGRIRES OVEnd istR6viA0H 6 RARKE SRR of this
or nore trigger events may occur. For exanple, trigger
doewpeent.-s may occur if the quality of the transm ssion

| i . ' . :
OB SRR B RIS R Pl e

codeepRkye Sird Qledeiéeﬂdkdttbefe&ﬂ%ﬁthe-r&?naltdh@a DY SAdBcOREERSEFigger
to adjust the nunber of received code packets C based

evesh OERES ulpidegodst Propess il sHerseiasmwle Hn deqoding proeess (redy fail
be@ESEHb éél?f%oﬁg bt ?El{@ﬁ?é ih ol 55i6Y G900 Seduht S iRY bgo%qluality
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of the transmission environment. In this case, the value of ¢ is increased and the

decoder 106 operates to receive more code packets during the contact window. As a
result, the decoding system adjusts the decoder 106 to receive enough code packets C’
to obtain selected decoding performance. This provides very efficient operation of the
decoder 106 because a small initial value for € may be uised. If the transmission channel
provides adequate performance, it is not necessary to increase € so that large numbers of
unnecessary code packets C’ need not be received. Thus, the decoding system operates
to conserves devices resources, such as power consumption, CPU processing time,

memory, and file accesses, etc.
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events occur, the value of ¢ is increased such that all remaining code packets in the
contact window are received by the decoder. The decoder then processes all the
received code packets to recover the original data.

[0031]  In one embodiment, the decoding system operates to perform one or more of

the following functions.

1. Set an initial value for .

2. Begin receiving code packets C’.

3. Determine if an early error detection trigger event has occurred.

4. If an early error detection trigger event has occurred, increase ¢ to receive all

code packets C’ remaining in the contact window.

5. Decode the data from the all the received code packets C’.
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communicate with one or more other functional elements of the decoder 300 via the
internal data bus 306.

[0036] The transceiver logic 304 comprises hardware logic and/or software that
operate to allow the decoder 300 to transmit and receive data and/or other information
with remote devices or systems using communication channel 314. For example, in one
embodiment, the communication channel 314 comprises any suitable type of
communication channel 314 to allow the decoder 300 to communicate with a data
network. For example, in one embodiment, the transceiver logic 304 operates to receive
code packets from a remote server through the communication channel 314. The
decoder 300 then operates to process the received code packets to recover the original

data that was transmitted from the remote server.



[0034] FIG 3 shows one enbodi nent of a decoder 300

for use in enbodi nents of a decoding system For
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decoder 106 shown in FIG 18 The decoder 300 conprises
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are coupled to an internal data bus 306. The decoder
[0030D alBe duaptorsges I0htcanprisesagey SAble admsy aeaige dpifhble to

ang L | ogi c,312, which ar | so coupl.ed_tq the data
stof Qa0 ¢ GBI 1 GHE oo B aRBL dPIBHES RAMe Hlash mémory

EEPROM SIdrd GiskOSh Fo3Rs GREMKHS 88 sBrdel deviel O&F 820 Emb&@hfent, the
array, hardware |ogi'c, nenory el ements, virtual

datpstiiagee308s oparias ¢o stareddasa thatys deavided ditonp aodsf packetd wegedved by
nd _sof t war.e.ndhus, the processing |ogic 202 generally
th63¥)arrrlf’)cre Vseé\é\@ 1%8? ' to execute machi ne-readable
[00385t r UTHd coie @bzt 310 WdhiRised anf QHIANK einforidelice Hefible to
nore other functional elenents of the decoder 300 via
storerode prelkeh Arformationy Jor gpenplpoths spderserage 3A8 ansiy\eomprise RAM,

: 4 . q )
RS0 EEBDR b AOIALS LABLASEIA S AR i oo
embedigievt titkac@leattiger 316t dperatesntoctora cbdsinférhtatioe Mt és included in

evi ces or . syste usi ng comunjcatj on channel 314.
coqecpacksS FACLERY BR SBHELAT RHE S04 nEOE SHATIF RS Pribodiment
theCAHBNBfordhtto @ORDHSRSnfMhaBdh baddRtddyRRh Ahe second type of code

comuni cation channel 314 to allow the decoder BO%pto

packehapudeserthed aRPyh a data network. For exanple, in one
odi-yen I ceiver | ogj Q4 ogperates to

10633F of VIR dobler i3 Flnlloel PCPL HipRRL RS iy, hagdware

log6x) Wreuitr ¢ alein®tss haaEhadilde, sohe aesaller anyQOmbieion of hardware
operates to process the recei ved code packets to

ang seiiyate. ¢ sy thy kCMalogic R92 ganerallyapryppriseadogicoly execute

mabiiBe FEMEE iRQFNEDnd g:%@?cl cditfol B R ALE wBne or more other
conprises any suitable nenory device operab e Yo store

fundaoral efearenesxainind dgcotiéred0fati athetineagbdd08undh6. conpri se

Fl ash ry, PROM hard disk, and/or any .other .
oo, g 06 sRgRImEat e Prop SR Oufl BRSO HE Uit 216 which
opéthtes R0t REnOPRIRIBSrebOved S6R ﬂ@k&s.t P&tex'aﬁlpfé? ffedeth describes
from code packets received by the transceiver |logic
- thegmambef 0H3BId crde pedlités rreivedyas @bapaseshiorthe exgalapayle packets. Thus,
. [ tabl r evi ce era to,store.caode cke
i Bl QPRUROROR oS Rl SRRRRA i S0 SyiLGeRRoyBhets ar

successfuliysiecdidd, the aad 1058 B1¢ deteiiRedMhehatid 16108 90/180Hr 0 %. If

an%( ot her type of storage device. |In one ]
the ratio falls below a selected rate threshold, then the rate logic 316 generates a first

type of early error detection trigger event 318. In one embodiment, the rate threshold is
transmitted to the rate logic 316 from a remote server, and in another embodiment, the
rate threshold is pre-stored in the rate logic 316 during device manufacture.

[0041] In one embodiment, the LDGM logic 312 comprises tree logic 320
configured to process received code packets to generate a tree structure or database that
describes the relationships between received/recovered code packets. In one
embodiment, the generated tree structure is stored in a memory at the LDGM logic 312.
A more detailed description of the tree structure is provided in another section of this
document. In one embodiment, the tree logic 320 operates to generate a second type of

early error detection trigger event 322 when the memory required for the tree structure



enbodi nent, the code storage 310 operates to store

code information that ia included in code packets
woeowiosg®3by the transceiver |ogic 304. For exaaplus2006/38537

one enbodi nent, the code information conprises

i nformati on associated with the second type of code

packet as described above. [0039] The LDGM | ogic 312
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codelpackmtocessi ng | ogi ¢ 302 conpri ses decoder |ogic 324

7. The decode logic 324 then decodes the data from all received code packets.

8. For the next data session, the value of ¢ is reset to its initial value.

[0045] In one embodiment, the decoder 300 operates to adjust the number of
received code packets as a result of an early error detection trigger event by performing
one or more of the following functions.

1. An initial value of ¢ is set.

2. Code packets are received

3. The tree logic 320 operates to construct a tree of the received code packets.



whi ch operates to decode received code packets to
detect decode failures. For exanple, the decoder 300
woeowioses3k(l + e) code packets through the traasas2006/038537
| ogi c 304 and decodes thosdopackets to determ ne the
original data. If any sel ectable type or anount of
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logic 304. The program instructions, when executed by the processing logic 302,
provide embodiments of a decoding system as described herein.

[0047] As a result, embodiments of the decoding system operate to process received
code packets to recover data transmitted over a lossy transmission channel. The system
operates to adjust the amount of code packets that are received based on one or more
trigger events. Thus, embodiments of the decoding system operate to minimize the
amount of unnecessary packets received so that device resources may be efficiently
utilized.

[0048] FIG. 4 shows one embodiment of a tree structure 400 for use ‘in
embodiments of a decoding system. In one embodiment, the tree structure 400 is
generated and maintained at the LDGM logic 312. The tree structure 400 comprises -
data 402 and combined data 404 that are obtained from received code packets. For
example, the combined data 404 is provided in the second type of code packet described
above. The tree structure 400 also comprises edge structures 406 that describe the

relationship between the data 402 and the combined data 404.



3. The tree logic 320 operates to construct a tree of
the received code packets.4. If the ratio of received
woaod7riasmsai tt ed code packets falls bel ow a sel ecCT@82006/038537
rate threshold an early erridr detection trigger event
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Trigger Events

[0052] In one or more embodiments, the decoding system operates to adjust the
number of received code packets based on one or more trigger events. Two types of
trigger events are described herein, although more types are possible within the scope of
the embodiments. One type of trigger event is an early error detection trigger event. An
early error detection trigger event occurs before or during the decoding process to
indicate that the decoding of the received packets will be unsuccessful. The early error
detection trigger event occurs before the decoding is completed so that it is possible to
stop the decoding process to take corrective action, thereby conserving device resources

and processing time.



generated and maintained at the LDGM | ogi c 312. The
tree structure 400 conprises data 402 and conbi ned
wdav@/03943t hat are obtai ned fromrecei ved codePpaaiseios/038537
For exanple, the conbined data 404 is provided in the
second type of code packet described above. The tree
structure 400 al so conprises edge structures 406 that
[0083E cr i Asothdretypel aft iripgehieperh et we elacddieg dailuae 488g@anevenhe The
cqnbi ped data 404.[0049] Durin per.ation of .the ,
el Igres Fiehme e e b S0, BB Waksabye agpleie and it
indldaRl SR HERE hhOsHefi afodingrdilife, dat a and conbined data
they contain are stored Tn the data storage 308 and
[0058dHe skhsrfajewBigDprovislep ecdeitaiketlydescripgion DV ariogs triggep events. It
esses . dnformation in.the.data sto e 308 and the .
sl TET sl Rleb R il e F hng bR S ket P dSerbed
beléW dnfahatl dthérSrip@sBvhhte nidy tee®ifinkd ask uBlizdHOWItBRNe scope of the
ackets have been successfully received and which
5mB@@R@ﬂ§-need to be recovered. Thus, the tree structure
400 provides a performance indicator in that it is
possi bl e to determ ne how many packets have been | ost
and how many packets have been successfully received.
[0050] In one enbodinent, as the tree structure 400 is
generated, portions of the tree structure 400 are
added and portions of the tree structure are pruned.
For exanple, once data is successfully recovered, edge
structures are pruned, as shown by 408 and i ndi cated
by dashed |lines. As additional packets are received
and sonme packets lost, additional edge structures are
added, as shown at 410 and indicated with solid |ines.
The ongoi ng addition and pruning of the tree structure
400 results in a certain anount of storage being
allocated to store the tree structure 400. The anount
of storage that is allocated for the tree structure
400 is an indicator that describes the nunber of
packets that are lost in transm ssion. [0051] Thus,
the tree structure 400 provides several indicators
pertaining to the operation of the decoding system
For exanple, the tree structure 400 indicates which
packets have been successfully recovered and which
have not. The tree structure 400 al so indicates the
nunber of |ost packets. For exanple, a large tree
structure indicates that a | arge nunber of packets
have not been successfully received. Trigger Events
[0052] In one or nore enbodi nents, the decodi ng system
operates to adjust the




nunber of received code packets based on one or nore
trigger events. Two types of trigger events are
wdeswrisgmss herein, although nore types are posBCDIUS82006/038537
within the scope of the entddi nents. One type of
trigger event is an early error detection trigger
event. An early error detection trigger event occurs
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take corrective action with respect to the next receiving session.

Decoding Failure Trigsger Event

[0059] The decoding failure trigger event is generated if the decoding process for a
selected session of receivéd code packets fails. For example, the decoder 300 operates
to receive k(1+€) code packets transmitted within a seleéted contact window. If there is
a failure in decoding the received code packets then the decoding failure trigger event is
generated. A decoding failure may be defined by any desired decoding criteria. In one
embodiment, the decoding logic 324 operates to decode the received code packets and
generate the decoding failure trigger event 326 if a decoding failure is detected.

[0060] FIG. 5 shows one embodiment of a method 500 for use in embodiments of a

decoding system. For clarity, the method 500 is described herein with reference to the



Decodi ng Failure Trigger Event [0058] The following is

a description of a decoding failure trigger event.
wohbw/eysat i s detected at the conpletion of tReET/US2006/038537

decodi ng process so that thd decodi ng system can take

corrective action with respect to the next receiving

session. Decoding Failure Trigger Event [0059] The
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duration of a contact window in which code packets are being transmitted. The

processing logic 302 operates to control the transceiver 304 to receive code packets for
the remaining part of the contact window so that the decoder 300 may receive any more
code packets that are transmitted. In one embodiment, the value of ¢ is increased to
include all remaining code packets. '

[0066] At block 512, the received code packets are decoded. For example, the
processing logic 302 decodes all the code packets received to recover as much of the
transmitted data as possible. The recovered data is stored in the data storage 308. The

method then ends at block 524.



If all the code packets have not been received the
nmet hod proceeds to bl ock 508. [0064] At bl ock 508, a
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remai ni ng code packets in the contact w ndow are i
has ecwirtedd Foreraneplenpiiecode paopirisgaseyent 326 graurspshe decode logic
e of. the du I 0 ) i j i
328 SBEBs A bE GHIRHIRY fov® EOREARe MO AT s, 1 the
deb Qi $r0382 vep suedessful, ahe arettiod ertds et biawks¥di vEra 8@oding error is

recei ve code packets for the renmainin rt of, th
deissivtletdt 96058 GHOE BIEEREEVoPhiS HIECHAel C s drhiporedaiv Bogh 18
[O(g%e cgg BloEﬁ?E@,t e VARE R8s Idcahisdl. t F&bxahiple) i€ one embodiment,

odi nent, e value of e is increased to include al
the proa¢ssingdogio 302 predastssthe [valoe 6F € by aby srdkcigl anoyrie

eived co ackers are decoded. For. P -
[0@’?(@ Cesgit h&c?%&ﬁca géélscpéag(%ggg& gq eq? en% i dﬁégp CaElé?té Ia% available
to bE¢&IcWRd. For 66618 cods paakehs @¢ trhienittedogdrithd éatatiad of @sontact
possi bl e. The recovered data is stored_in the data

Wi@ﬂ@WaéﬂleJ@%.deﬁﬁ@iWétiﬁﬁ_@ qoREast BRpovLts illoenensehalreee) packets
mid olag 564521&’ onk Qﬁlﬁ%ﬁﬁﬁ% Y,etﬂe F&Jcé'ssﬁ?g 18@1'?%0_@ AekShmeifShe contact
ARG e fhe p

or exanp ocessing logic 302 gecodes
winbiewkg bl epenc Gfithe panteet wintlowrhes olweed @sthattbéreafe tdvmore packets

(oG4 e BIeHSRrHagS % DER S 1Y capesd YRS s SR opfh so tha
th&lre'agafgﬁltﬁre_eﬁ’a%%ts RARCOGE YR BthoiPro¥d B Bteckes2BeCcode

error trigger event 326 occurs if the decode | ogic 324
[06@t]ect \tdldckiF20r addithonall eadsr paskets atvoreediveth Heanscinplpdipent, the

recei ved .c ackets. |f the deco [ QC
pogienabdrur S0 BREE B vahers s MEOIR4 BORRENR AR code packets
AL OG5 Bk BkinlgSreb@V AT tRE infbhgatihRCHSE contalir ist storgden the data
event is detected, the nethod proceeds to bl ock 518
stpee6 898 md tesele siomee 8 a5 argresay. dhp @efhnd ther prpoegely to block

S PR, B e 5 POPR YRR, e LS, cp0C eSS ng | o0t ¢ 302

ses e val ue any sel ected anount .

[009270] Thiis,bthe aheth@D 50@ opemtesite ppevifle one ¢ntbodiednt rafiandecoding
syjsIemmf)orreusep ?1? lai%te\s;icez:i.r ?t ﬁl\cl)gﬁ l?ebrllc%ed that the method 500 represents just one
implementation and that other implémentations are possible within the scope of the
embodiments.

[0073] FIG. 6 shows one embodiment of a decoder 600 for use in embodiments of a
decoding system. The decoder 600 comprises a means 602 for receiving an initial
amount of code packets. For example, in one embodiment, the means 602 comprises
the processing logic 302 controlling the transceiver logic 304 to receive k(1+ &) code
packets.

[0074]  The decoder 600 also comprises means 612 for detecting a trigger event.

The means 612 comprises means 604 for detecting a decode error, means 606 for



to be received. For exanple, code packets are
transmtted over the duration of a contact w ndow. The
woesd7/odeser m nes i f the contact wi ndow i s stil PCOSZ008/038537
that nore packets may be rdeei ved. In one enbodi nent,
the processing logic 302 determnes if the contact
wi ndow is still open. If the contact w ndow has cl osed
detsQirgheinedey Biradh6ldeProling MH&ak 608 féraddttiak ‘é&eceﬁ‘hﬂg ratio error.
nmet hod ends at bl ock 524. |f the cont act w ndow |
Forsexamplegarpne smbedimenicihg ragans 99 copweires §let4909®cl@we324 the
e (o Y/
meg% d?l?@g%gl n&@&ﬁ@ ‘ﬁgg &5 %g? e&lrdgglélr{/léeaglg qjﬂk é%tmefmsgé: khe%%?e logic
31&nbodi ment, the processing | ogic 302 controls the
nscei v l.ogic 304 to receive e .code packe
N‘%ﬁ ies fcodios 6k plse CPgﬁ’é‘F%Hlealiﬁqg{‘? f9totere }”(gna‘{dﬁé))?AF code

ta r apst € RBe GRS
T

logid wcmllmmhe trahdceivhelogecildtedecadreadsiitidnal soderpackets within

decaoded. 072] T 14h t.ho t
the SRR e BB (o B deesr h) B SRR e patiment of a
decddf\dye®m. |t shoul d be noted that the nmethod 500

resents just one inplenmentation and that other
[0(!76& enEift ateriewss iHpdrabye slagics, vpgisaln blorkss appriiiless sl circuits

SRS P U6, O RICRAITL o

persyrstedmwithhe geeat@urpdld prasepsdrs esdigitate sigaalopdcésor (DSP), an
TBCQIVIH initi acket For

DRGSR SPCi Bl A ICY el B ap S bl aey (FPGA)

or biher Ef e 1658 ld@wg’é) it ol dr kiSO 1R IR HE hardware
logi ¢ 304 to receive k(I + e) code packets. [0074] The

COIGE@E’@@( 060y a?IOSIbIT@@n’@ rﬂllﬁg@@ dastgned 6d pefform dieg émcnn@s described
ses nmea

herlt QR FoRG S PUEBE BR PO TS e TEORD PB gk Bt (g lematve

theBFBEgort M@ B Qdng @m&monalnptoa@am cﬁﬁ)@olfdﬁfnﬂﬁb@ﬁtﬂoﬂ& @r state
recel ving ratio error. For exanp in one enbodi nent,

ma@ﬁ@eneén@r@e&ﬁ% R plsasbe H@pléé@a@é 3504 ©EpRationnal computing
606,
e BAPERRRR 2%, 589 A € FAepRRubcachfe o

rmﬁt@@ro@hsorsc onPot swse miAaosrobdsdork an compmtmnngﬂhdd])ﬁ? omal or any

code packets. For exanple, in one enbodi nent, the
othepsHd ETHEWAHi ses t he processing | ogi ¢ 302

[0gFgNt 1 ofhd ReEp theg Erlﬁ&ﬁg@ | R bRt B MEESINLBtion with the
addi ti onal code packets w tﬁ
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium is coupled to
the processor, such that the processor can read information from, and write information
to, the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC

may reside in a user terminal. In the alternative, the processor and the storage medium

may reside as discrete components in a user terminal.



the duration of a contact wi ndow. Thus, the decoder

600 provi des one enbodi nent of a decoding system
wpQA7BPs7BRe various illustrative |ogics, |ogi cRCT/US2006/038537

bl ocks, nodul es, and circuil’s described in connection

wi th the enbodi nents di scl osed herein may be

i npl emented or perfornmed with a general purpose

[00@8DCesHRr desaripti@i bAlthes dBtlabed> eMbOgia®hts( [8Sbvided to enable any
plicatjon specific integrated circuit (ASIC), a

perﬁ(?lb:flgllig Jggtpg Aitd® ke QF Bseihe pyeseririargntipn. oY ariaus ‘modifications to
the%o %iﬂcé’tﬁgﬁﬁﬁ %né}pgéh fe: gﬂv\g a ﬁareﬁjc' t3 Qﬁc?steeskﬂﬁtdqn %e b B RE Bneric

, discrete nmponent's,
prilmbplfbsk nlafinexh hetear ambl bhespmmeldtd othee rehmorhmehms feuglc fitk ananstant
cri bed herein. ner ur pose pr.ocessor
e B RECES Sy SR Fehss o Rap P ygst i R Bt s Bathout

depiBihgbRoA e %?1 ¥ @R kédpRals thé %ﬁﬁ@ﬁ ’I‘Eﬁ@ttﬁ@ gfe%nt 1nvent10n is not
m crocontr ol or state nachi ne. processor

integided tple livmppe metht: embaémwnmhbwnaheram bmfls anhepampnigd the widest

jaation o

scoBE ¢ oﬁ%?tg%tegvgg rthgl gnnizlgregl anflynovfei Ii;?aéll;rgi)r 6scggo§g% Ihgrelrbn‘;l“hsrword
“exeDipbary! &y oRdaxeRSOER lhdielﬁQBJ Haet fRviig b ad REMpROiftance, or

or any, ot her such con uration. [0077] The steps of a
usERtase GynyArehadi If‘?ﬂhde&’%ﬁ Begin #5 csAmelEY o DRi pepessarly to be
corBTRArh Bl ﬁeé oPEdAREECOR S B RBAdT ed di rectly

I n in a software no e executed by a
[0059bceswprdmgly,l whide coerior madre aumtufdimh&s tofie. debodimftswetem have

modul e resi de .i,n RA ry, flas nmory, ROM
b R A R PRIy o e B SPEPS CTahgyn be
maék fHthe @mibeaRAR Witlktu® Kepaatitrr&ahei® spidif ¥r &tsaﬁfal bR &stics.
storage nedi um known in the art. An exenplary storage
- Thesplereihg diseletnsesctndrdsseripsiops bereinsare intsudsid to batillustrative, but not
, c r nad O
hmﬁ{ bgist‘fl rl)f I’tﬁ \e/érg{ogr \ggle(th 2%%3} a?#ﬂ lll’ﬁﬂ? Roﬁfowmg claims.
alternatlve, the storage nedium may be integral to the
processor. The processor and the storage nedi um nmay
reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the
storage nedium may reside as discrete conponents in a
user term nal.[0078] The description of the discl osed
enbodi ments is provided to enable any person skilled
in the art to make or use the present invention.
Various nodifications to these enbodi nents may be
readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to
ot her enbodi nents, e.g., in an instant



nmessagi ng service or any general wrel ess data
comruni cation applications, wthout departing fromthe
wepRhe7iss®s scope of the invention. Thus, the pPeTAISL006/038537
invention is not intended ti8 be limted to the
enbodi nents shown herein but is to be accorded the
W dest scope consistent with the principles and novel
features disclosed herei gLAM@Sword "exenplary" is
excl usively herein to mean "serving as an
W@Mﬁ@ LAl W@Qﬂée or illustration.” Any enbodi ment
descri to
b6 corr s ok Be@ing B Halure, e TSR o
emhmﬂngamhsuﬂeﬁiﬁmtAbude@adgﬁy, mhlle one or nore
8d|nents of a dec d|n systg gﬁ e. been il luystrated
2 nd OB oI R ET Ay NGRS & BEPORE SRET Atveriatefagith the initial
am¥bdht PYSICHRRERSarAN be made to the enbodi ments without
departing fromtheir spirit or essentia
charegeivirg astei as snorg hddigbual epde paskelis srsed an te tepger event.
descriptions herein are intended to be illustrative,
2. but Thomethodidf iclagm lpfurttiee compyidng fledoding thwemﬁzilamounhbfmde

forth int n | ai ms, CLAI N5
e RIS 8l o e AGEHEEA I TReeRep BT WRiBuARd data.
failure, the nmethod conprising: receiving an initial

3. anoUhé nethodag @l RAcK Birther B8thEdihE theeabink 48 @ padiv@idr 1b hat
i ndi cates a decode failure associated with the initial

detgrpinn en amopiRe thamencsargnorg additiepdicpippackats- or nor e
addi tional code packets, based on the trigger event.

4. 2. Theeeidad c%m@ r[HeiLcongﬁ E%fesgtﬂ 'Eﬂesé afl&EoM! aﬂ%ltlal

the Initial anpunt "of code ts a one or
Valadﬁ)rtalsuhmqucmdecqm\angects&ono obt ai n transm tted data. 3.
The nmet hod of claim1, further conprising increasi ng

r to .deternm ne an anp
o I8 BT s oy B kit BB g e e om
ani’emd‘rynﬁhﬁuoﬁqmégh&dng resetting the e parameter to an
initial value for a subsequent receiving session. 5.

The met hod of claim 1, further conprising generating
- t he The mgthod of ¢laim %&@é@lrbﬁaﬁbm@ewommspwwmg the one or

mo"r@ﬁcﬁﬁéf@{afjcoc@ allR&s WEhIAHe QfrabbRY Abl% Lontil %ﬁ‘&cﬂv sai d

receiving comnprises recelving the one or
addi ti onal code packets within the duratlon of a
7. contThe methiodddwlaim 1, further comprising generating the trigger event based on

a receive ratio indicator.

8. The method of claim 7, wherein said receiving comprises receiving the one or

more additional code packets within the duration of a contact window.

9. Apparatus for detecting a decode failure, the apparatus comprising;

receiving logic configured to receive an initial amount of code packets, and to receive
one or more additional code packets when a trigger event is detected; and

processing logic configured to detect the trigger event, wherein the trigger event

indicates a decode failure associated with the initial amount of code packets.



7. The method of claim1, further conprising

generating the trigger event based on a receive ratio
wondi7oag®ss. 8. The nmethod of claim 7, wherein Baras2006/038537

recei ving conprises receivilig the one or nore

addi ti onal code packets wthin the duration of a

contact wi ndow. 9. Apparatus for detecting a decode

failure, the ar onpri sing:, recei vi ng | ogi
108 2 b4 Bt APRBRY SR R LR S0 Vo dcoce
theRRiGiKEirSoun@Blcdde Ja8R&E ¥Rl BB@ne br fRFCad¥ititidal RRIpabIREEto obtain
packets when a trigger event is detected; and

trappittecsdatthy | ogic configured to detect the trigger
event, wherein the trigger event indicates a decode

£ ai . : {nitial or
1L 2L ARG, 4G Ml B AR i i o coc
packeispo gaienge tecageed evgntc confi gured to decode the

initial anobunt of code packets and the one or nore

12 R B T S S R ab i S B m o
pard@eReioWktdrfifind M Ak8hnt TS Vne ¥ nfRE 8ABAGHKR ESAL Fackets.

generate the trigger event. 12. The apparatus of claim
| ogic configured to increase an

9, further conprisin f s )
3¢ phhafRpegioy o C&@ffb}ﬁif?@%ﬁoﬁﬁﬁ%}ﬁg logfic andizyrrd toresabihe &
pal%%’gﬂe% to?a{fﬁhit&?gﬁupmséfegéént rg&mllﬂg Qéas'éighus of claim

er conpri sing I'C CO ured to reset the e
paraneter to an initial value for a subsequent
14.r ecEhe/ippgravessefi daim 9. 4urtiireomppsing fegic ofnfiguaddioSenerate the
.further. comprising | ogi.c configured to generate the
trigeHy "'gvg%{baé%%ﬁ? A gcdopy R liatied gh‘ﬂ“iii lization threshol d.
15. The apparatus of claim 14, wherein said receiving
15 ogThe spapthSEcldioyl4 wiein gid edetving IBERI compkiles 108R OF
nore additional code packets within the duration of a
cordignteddp IeHeHE e ongor mpve adgisignaliaede prekelsavithin thef diratipayof a
coftQMREAgWNO | 0gic configured to generate the trigger
event based on a receive ratio indicator. 17. The

apparatus of claim 16, wherein said receiving |ogic
16.conphé¢ sppardtusgpfclaond,ifgunee dotprisiag db giecdrfaucmico @endrmeehe

.addi tional . code packets.within the duration of a
WIEEEHT VRt W%%We(}%@’.erﬂﬁ‘bgﬂ\ﬁlﬁaﬁg' for detecting a decode
failure, the apparatus conpri sing:
17.  The apparatus of claim 16, wherein said receiving logic comprises logic

configured to receive the one or more additional code packets within the duration of a

contact window.

18.  Apparatus for detecting a decode failure, the apparatus comprising:

means for recejving an initial amount of code packets;

means for detecting a trigger event that indicates a decode failure associated with the
initial amount of code packets; and

means for receiving one or more additional code packets, based on the trigger event.

19.  The apparatus of claim 18, further comprising means for decoding the initial
amount of code packets and the one or more additional code packets to obtain

transmitted data.



means for receiving an initial anmount of code packets;
nmeans for detecting a trigger event that indicates a
wdecrrdas?Bai | ure associated with the initial ampanusefe6/038537
code packets; and neans for20receiving one or nore
addi ti onal code packets, based on the trigger event.
19. The apparatus of claim 18, further conprising
for deco ni tial .amount of code ackets
200 ThH DSBS SHOTL e e AP S B8 gt f e T o
paraf@fes 1 ddt&ishifhRaBBunt DR ehARRAT RhdHE a@diti6haA lcBd Backets.
further conprising neans for increasing an e paraneter
to determ ne an anount of the one or nore additiona
21coddhpapnesatys ofxlainTHe fathricampssisg mdags farzepetingrthtrer
rameter to an
paraftifiel 'tcfér{*% O eff&f 2 %§ech'éhﬂ?cer1£’§ Iﬁ%sl‘gﬁag ecsion. 29
The apparatus of cIa|n118 further conprising neans
22f or Tge agpazdtongf dlinen 18,ifgglesr cempritinpaseads for gandretiny the trigger
ut ation threshol d. &F. The apparatus of claim 22,
evqﬁéwg 0D SN AfdIZpen thegshp ing conprises means for

receiving the one or nore additional code packets

23W t hé apRRatfi6 b2 D wikkrif Blid Geatk R QWéeivifg c&ﬁﬁnses means
apparatus of claim 18, further conprising neans for

forgeeraving fhecpreles more géditiora) epde prekeis voiimthe doetion of acpeiact
wﬂﬁb‘& cator. 25. The apparatus of claim 24, wherein said
neans for receiving conprises nmeans for receiving the
one or nore additional code packets over the duration
24of dhe apaaatts i ¢leiowl 8,26rtheh comppising maaeatialyerernty the trigger
r SI n i nstructi ns whi ch when executed by at

eV?E 8H€‘BW%€%@@8?H 15 ate to detect a decode

failure, the conputer-readable nedia conprising:

251 NSt appaRRtss 6OF1aie 24 Wiehdin 8fid niHahi &lr réd¥PHAE cothpSRd theans
packets; instructions for detecting a trigger event

fonraegiving thecue s mpreladdtiendl gpdapaskets overthe deraipn pf 1 pentact
i al ampunt of code packets; and instructions for
recéiving one or nnre addi tional code packets, based
on the tri agel.8yen
26, A comput fda e medla comprising instructions, which when executed by at
least one processor, operate to detect a decode failure, the computer-readable media
comprising:
instructions for receiving an initial amount of code packets;
‘ instructions for detecting a trigger event that indicates a decode failure
associated with the initial amount of code packets; and
instructions for receiving one or more additional code packets, based on the

trigger event.

27.  The computer-readable media of claim 26, further comprising instructions for
decoding the initial amount of code packets and the one or more additional code packets

to obtain transmitted data.

28.  The computer-readable media of claim 26, further comprising instructions for
increasing an ¢ parameter to determine an amount of the one or more additional code

packets.



27. The conputer-readabl e nmedia of claim 26, further

conprising instructions for decoding the initia
wanoesss code packets and the one or nore ad#Criusemb/038537

code packets to obtain tradmtted data. 28. The

conmput er -r eadabl e nedi a of claim 26, further

conprising instructions for increasing an e paraneter

to deternm ne an unt.. of. t he qn r _nore.additjonal
29,0 g GeRbeer-2aRih esisas slab. e i ESEIAE Bbefmor
reséfing the & @ams@m drSinfifh] L4188 foGluBRYubRiredePARE td8@nt he

e paraneter to an initial value for a subsequent

recei ving session. 30. The conputer-readabl e nmedi a of
30c| aihe cempyter-raadable segdia ofickagmiZ6s further F@ARNifing instructions for

oA fleh; Pt R AR on Y o MERERAEIEY, ¢ roai o

of claim 30, wherein said instructions for receiving
31.conijbhe sempuist-raadable nedfacf ciamaiOy whgreihaidimgtractions fe

addi tional code packets within the duratiqgn. of a
roc BRSPS OB Foh oSN oS eI OSRLEge packets

withliPth8\dgfiioh OF h BEAt&AARESW! NG | nstructions for _
generating the trigger event based on a receive ratio

i ndi cator. 33. The conputer-readabl e nedia of claim
3232, Thmeprpyestiadalln siedipalichig A0pfurther edmpprgng trprétipas for

' j Vi re additional
et ¢ RS &2y BRRE o el MR Blatdly .\ mctow
34. At |east one processor configured to performa

33 ret Wbel cémoputeheteadibla qediaddctxdm Faivhares saddmstredtiond for
conpri sing: .recejvi an .initjal anmount aof. code

rech S Rsoenpt i EEE Pl oy b nf e A HiaoRE o gackets

ovE QRO aficH b SiAsE9shA&ed W th the initial amount of
code packets; and receiving one or nore additional

34.00R ¢ RACKGESHrolRSSE @offi’ﬁgl{rﬁ? 1ol fe@%la U0 for%%teﬁgﬂgﬁ decode

met hod of clal m 34, er ‘conprising decodi
failund, theahethnd aompofingode packets and the one or nore

addi tional code.packets to obtain transmtted data.
36. PR Y 1%?111@%%@%5 PECEPBher conpri sing

deteOEQASIgBE ABnEhPEhABLEE dEQdE 84iREEhRBCiARITRAE iffial
the one or nore additional code packets. 37. The

amapRtipd ods paskelisnd86, further conprising resetting the e
par @E@f\/ﬁ{g 3R R"More additional code packets, based on the trigger event.

35.  The method of claim 34, further comprising decoding the initial amount of code

packets and the one or more additional code packets to obtain transmitted data.

36.  The method of claim 34, further comprising increasing an g parameter to

determine an amount of the one or more additional code packets.

37.  The method of claim 36, further comprising resetting the & parameter to an

initial value for a subsequent receiving session.

38.  The method of claim 34, further comprising generating the trigger event based

on a memory utilization threshold.

39.  The method of claim 38, wherein said receiving comprises receiving the one or

more additional code packets within the duration of a contact window.



initial value for a subsequent receiving session. 38.

The nmethod of claim 34, further conprising generating
woOher7isggger event based on a menory utilizati 8AT/US2006/038537

threshol d. 39. The nethod o claim 38, wherein said

recei ving conprises receiving the one or nore

addi tional code packets within the duration of a

0o %ﬁ %ﬁgcg \r,‘fvéaf{%ﬁ4Tg}“’Ehﬁng‘t>{}$ﬁ%98%% g%\a?léarﬁnlﬂéglé%f@ggtsqﬁ@nt based

onﬁ@é@[%qaﬁ@md%altd}dl cator. 41. The nmethod of claim 40,
wherein said receiving conprises receiving the one or

nor e addi tional code %ackets Wi thin the duration of a
41.¢ onThe mefhiadds\wlaim 40, wherein said receiving comprises receiving the one or

more additional code packets within the duration of a contact window.



