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paral l el turbo decoder system capabl e of asynchronous

decodi ng and buffering parallel streans of
iGldion ofPriority @addrgdSOUISIC] $1093] FIG 1 is a schematic

I agr am depij.ct i ng. an, ex l.le of . a 1/3 .. I
DO 1 TG Eh PRTiom, 5 3 e GUE? RrisPich Breyisionl pgplication
ARC 60i680,96%, BRdINISLR 1Y 800¥, A& 88sididaAlio REE MstgheBAERf and hereby
error correction to be perforned at near the Shannon

Expriessly Neerporedhoy reféromcerheppivsent s an i npl enent ati on
where one input bit streamis converted into a
3-conponent bit stream The original data stream (x)

passes to a multipl exerﬂl{@i&t@Rﬁ with parity bit
WO parallel recursive

gutf(gts (pi and p2) from
yE€1%Cmati c convol utional (RSC) encoders. An
interl eaver randomy arranges bits that are input into
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the three parallel input bit streanms into an out put
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assunption that data will be degraded, due to noise,
%tra‘sm ssion. On the receiver side of the

' n, a turbo decoder reconstructs the
original bit stream
[0003] FIG. 1 is a schematic block diagram depicting an example of a 1/3

paréllel—concatenated turbo encoder (prior art). Turbo decoding is an
iterative process that permits data error correction to be performed at near
the Shannon limit. The 1/3 notation represents an implementation where
one input bit stream is converted into a 3-component bit stream. The
original data stream (x) passes to a multiplexer input, along with parity bit
outputs (pl and p2) from two parallel recursive systematic convolutional
(RSC) encoders. An interleaver randomly arranges bits that are input into
one of the RSC encoders. The multiplexer reassembles the three parallel
input bit streams into an output serial stream (x pl p2). Although a 1/3

turbo encoder is shown, 1/2, 1/4, and 1/5 decoder are also known.

[0004] The turbo encoding is performed based upon the assumption that
data will be degraded, due to noise, during transmission. On the receiver
side of the transmission, a turbo decoder reconstructs the original bit stream

by using a turbo trellis function to perform multiple search iterations.



by using a turbo trellis function to performmultiple

search iterations.[0005] FIG 2 is a schematic bl ock
walr@gngaseof a turbo decoder (prior art). Each PET/UB®06/009471

two maxi num a- posteriori (MAP), bl ocks generates

extrinsic information. The extg‘i nsi c i nformation

represents the likelihood that a bit is either a "0"

00003] " FIG. O MhdhoE K bERE dlﬁgﬁéﬂﬁ&‘ d fi?rbo decoder (prior art).
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all the errors in the data they receive. It woul

fdvaribageous if received data could be split |nto
parallel data streams and parallel processed, to
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paral l el turbo decodi ng system and
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dat a packets i n an out put buffer. If the data is

EHO%%] %ﬁgerll I%he hfléﬁ [iaga rates and amount of data to be processed, many
real-time receivers are unable to use turbo decoding to correct all the errors
in the data they receive. It would be advantageous if received data could be
split into parallel data streams and parallel processed, to minimize the
bottleneck associated with turbo decoding. However, this solution would
present the addition problem of how to efficient collect and recombine the

data streams after they are decoded.

SUMMARY

[0008] The present invention describes a parallel turbo decoding system
and method. The decoded data streams are recombined, in the proper order
of data packets, in an output buffer. If the data is organized in different

frame categories, then the recombined data streams can be stored in



frame categories, then the reconbined data streans can
be stored inseparate output buffers, one for each

WO et egory. The system al so gener at es varPOUES2006/009471
i nterrupts when turbo packets:?re stored in the out put
buffers. [0009] When a packet 1s available and a turbo
decoder is idle, the turbo decoder takes soft decision

dapardte Qutpubbhffers ldne fok bRh mdﬁé RatddReP. MR system also
t ur bo- decodi ng operatlon is conpl eted,” hard deC|S|on

lpeherztee varrldusdntéuptsaheaspebdipagkeistiretbfdd in the output
buffer. Wen a mni output buffer is full, datais
tufifes§.erred to an appropriate out put buffer. The

output buffers are drained by a m croprocessor. The
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provi ded for parallel path turbo decoding Iin a
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The nmet hod accepts a coded stream having a first order
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$rarsdemredthearf approprtateduspuehnffes. Mineboitgat budirs are drained
enerating a first decoded infornmation stream
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g gﬂﬁ seco aecod i nforpmati on stream
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stream. Then, the first and second decoded streans are

EORSVAEE PNt 0 a conbi ned stream having the first order

of decoded i nformation packets (the order in which the
P03REt Aceerdingls ei method (sOfrbijdethforfgaratlehpatls teddlecoding in
decoded streans are conbi ned by parallel buffering,
armprhabla|wisplasa cpmmeunitetione diset temimnad (BT e reamethod

Then, the pgrallel buf fered decoded streans are

Aegantp siraandisweng pdisk prdemed inforanatipn paskelse and
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o{*r'ngt 1on SGrasmna. ef: rs% codg’é B M is turbo decoded, generating a
first decoded information stream. Likewise, the second coded stream is
decoded to generate a second decoded information stream, asynchronously
with respect to the first decoded stream. Then, the first and second decoded

streams are combined into a combined stream having the first order of

decoded information packets (the order in which the packets were received).

[0011] The first and second decoded streams are combined by parallel
buffering, and parallel-buffered decoded streams are generated. Then, the
parallel-buffered decoded streams are multiplexed. More specifically, the
first and second decoded streams are parallel buffered by storing the first
decoded stream in a first mini buffer, and storing the second decoded stream

in a second mini buffer. Outputs from the first and second mini buffers are



in a second mni buffer. Qutputs fromthe first and
second mni buffers arenultiplexed to create a

w@e vbiovesels st ream and the conbi ned stream i s sPOF/ES20061009471
an out put buffer. [0012] In sgfe aspects the coded
I nput streamis organized into"a superfrane with a
plurality of franes, where each franme includes ordered
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streans are conbi ned |ntoapura|tyo ne
$h e Epubeiffereach conbi ned stream i ncl udes or der ed
i nformation packets corresponding to a frame category.
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THE DRAW [0014] FIG 1 is a sc ti

doabiady ﬂftl@'a@f)ld}ﬁh@ﬁ oB&ABlIR détréats3where each combined stream
paral | el -concat enated turbo encoder (prl or art).

ifQa8és bidered ihformeatidiepatkets kbowdspehaiticatd Hfraané vakgory.
decoder (prior art). [0016] FIG 3Ais a schematic

Blaoh lcotilzriged stifana ipstotread e avmapah*e’asomthhuffmt i ons

user termnal (UT), with a systemfor parallel path

EWIBP Q‘ﬂ‘ﬂ?ﬁbﬁ&’l détgtgé& tﬁé gb?{}@ 3 JeScr &%l hE3 SARY grs?gistem for

depi ction show ng det ai t he t pl exi ng nodu
phrdildb path tul-BO H8todih&in4d P &tﬁbﬁﬁ@ﬁ@éds%oﬁhﬁﬁhl@dtﬁﬁfs@ﬁ@er
of an exenplary UT recei ver [ 0019] Is a

toraninad ade pirotided Helww or gani zat i on of [ nf or mat i on
packets into a superfranme. [0020] FIG 6 is a second
exenpl ary depi ction showi ng details of the

Scherat ¢ DPBURIHIEPGRUEBICR B THE RBAHINGS <o

for parallel path turbo decoding in a portable
[0014] eFIGe drisanichatiadivsblodk diagram depicting an example of a 1/3

parallel-concatenated turbo encoder (prior art).
[0015] FIG. 2 is a schematic block diagram of a turbo decoder (prior art).

[0016] FIG. 3A is a schematic block diagram of a portable wireless
communications user terminal (UT), with a system for parallel path turbo

decoding.

[0017] FIG. 3B is a first exemplary depiction showing details of the
multiplexing module of FIG. 3A.

[0018] FIG. 4 is a schematic block diagram of an exemplary UT receiver.

[0019] FIG. 5 is a drawing depicting the organization of information

packets into a superframe.

[0020] FIG. 6 is a second exemplary depiction showing details of the
multiplexing module of FIG. 3A.



[0022] FIG 8 is a schematic block diagram depicting a

variation of the systemfor parallel path turbo
waeleweotiysegs i n a portable w rel ess conmuni cat i onBCT/US2006/009471

[0023] FIG 9 is a nore detailed depiction of the

exenpl ary paral l el decoding systemof FIGS. 3A and 6.

[0024] FIG 10 is a schematic block diagram of an

o021 FIG. W ia BediRatic bm&&iiag-lk%n éébiét%n%ra[)ﬁ%@mmevice for

illustrating a nmethod for para pat h t 0 decodi ng

iparallplopa thblierbei deebéing ioapurtiabdé warseddlcorPEINi é&fbns UT.
DESCRI PTION [0026] FIG 3A is a schematic bl ock

P T Tner e R bR R eI Rt of the
T A L P S0 e P Mo e Bl

a6eeRtnRatiedeqrpt ream The coded streamis conposed of
ordered information packets. For exanple, the

[ ' packets are ranged i first order. The
AR T R 3e 0k s et SIELAnERon ol thaecmwien Eele

[ {: ed f d Itiplexed information, and
gﬁ&o‘{dﬁ%&&gge%ﬁg@&%t%n‘gggm y a second coded stream
of denul tiplexed information. For sinplicity, a
00241  Fd e Brisiassobienvatic blogkvidagram of therxeasplacy sninh duffer.

two coded input streans may be outputs from a

[0928] VENG. 1948 &l fidkhéhard ill8strasiiteAMdthol OF ka 1R lrp%g}emsturbo

of an exenplary UT receiver. The receiver 400 Inclu

deceling e aRforpabkesieless kancanhi@uwied WP, recei ve
transmtted RF OFDM synbol s, process them and
frequency convert themto baseband OFDM synbol s or
substantially baseband signals. A signal can be

referred to as substanti alg‘lé% a baseband signal if the
frequency of fset fDIBABREIDINASORIRTION a fraction

of the signal bandwidth, or if signal is at a
F0026] CFRG! BA ikvsdhehnedtie Bl okl A5 RAHTGYpdr@aBle! Witeless

di rect processing of the signal wthout™ further
toraguericytions veéstermindh €UDr BOOSwitoh Syéte@idrh®arallel path
turbo decoding. The system 302 comprises a demultiplexer 304 having an
input on line 306 to accept a coded stream. The coded stream is composed of
ordered information packets. For example, the information packets are
arranged in a first order. The demultiplexer 304 has an output on line 308
to supply a first coded stream of demultiplexed information, and an output
on line 310 to supply a second coded stream of demultiplexed information.

For simplicity, a demultiplexer is shown. However, in other aspects the two

coded input streams may be outputs from a receiver.

[0027] FIG. 4 is a schematic block diagram of an exemplary UT receiver.
The receiver 400 includes a receive RF processor 410 configured to receive
transmitted RF OFDM symbols, process them, and frequency convert them
to baseband OFDM symbols or substantially baseband signals. A signal can
be referred to as substantially a baseband signal if the frequency offset from



receive RF processor 410 are coupled to an FFT nodul e
420 that is configured to transformthe OFDM synbol s

W 200bke95k8 er ar chi cal |y nodul ated frequency donedTUS2006/009471
subcarriers. [0028] The FFT nodul e 420 can be
configured to couple one or nfte subcarriers, such as
predeterm ned pilot subcarriers, to a channel
BN A R of PRF Skl ogifjenal is at a
Suﬁﬁ?caéﬁtlgﬂ&vv_ ihBerre 8RR BE fregBbhBP O A1EWUirSctGRBLE IR LS the
to use the pilot subcarriers to estimate the various
shmietishohafutheefrequehéeesnvrsione Tee OFPM &rbhbls from the
synbols. I n one enbodi nent, the channel estimtor 430
receibe Ribpficgasad tbacketmrpled éo andiBfimabdekt42tatheant is
correspondi ng to each of the subcarriers. The channel
genfigarasstatransfam the OFDMusonbelsde thahibmrebindllysmadulated

hannel estimate _for adjacent subcarriers, for
ney dompde siselieTsers within a predet er ni ned

coherence bandwi dth of the pilot subcarrier. [0029]
To0283 UMty FFErsoflukMahearrbd conflghfedEdcAiisle ode or more
channel estimates are coupled to a subcarrier synbol
debcdeidreavach 44 Preddiermymbabpildesub@irrizaycio 2 dRatnsl dgimator
configured to reverse the synbol mappi ng perforned by
430r éﬁgrmpﬂ@’ressul(qa@riesmwmbe, 0d@3@mpikecome br meireiegjually spaced
nmodul e 450 can operate _on the nodul ated tone to
geliseafPAPM sybearraensp dihaehannalestmeatoy 4130 iy configheed to use
6 B E BT s th e R e G BB £ St on

B0 Lol ot STRBMRS 18 arelommbf @it faf, Shipbl Gfitmator 430
ol Keki 0. .Th ' be, defi ned
LA bl il ®08 16 AbjGmifBS ditdf SRl L ABHn8nd B each of
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ternatively, the ratio can be INn a reverse

WBYd W eI éhdrfife] lekBn b e R 2 BI:RBAP kb rida! fol R&aB18] ifse
bit is O over the probability that the original bit 1s
eab@lrrieds Witlhies rédetePmsndis tetidrieake bandwidth of the pilot

subcarrier.

[0029] The subcarriers from the FFT module 420 and the channel
estimates are coupled to a subcarrier symbol deinterleaver 440. The symbol
deinterleaver 440 can be configured to reverse the symbol mapping

performed by a transmitter (not shown).

[0030] The bit metric module 450 can operate on the modulated tone to
determine a metric indicative of the quality of the received symbol. In one
aspect, where the symbols are turbo coded, the bit metric module 450 can be
configured to determine a log likelihood ratio (LLR) of the received symbol.
The LLR is the logarithm of the likelihood ratio. The ratio can be defined as
the probability that the original bit is 1 over the probability that the original

bit is equal to 0. Alternatively, the ratio can be defined in a reverse way,



di fference between these two definitions. The bit
metric nodul e 450 can use, for exanple, the synbol
wore@niogaseles and the channel estimate to det er nPCEUS1906/009471
LLR val ues. [0031] The netricénodule 450 utilizes a
channel estimate and a received signal to determ ne a
LLR val ue. A noise estimate may al so be used. However,
WHerB@hs €19 14 PR Brotibili GAThASHRURSERRY b Ls)o be&ofRd
if a turbo decodi ng nethod that provides the sane
pesbaliility el theessgalal biteisnate te9t i ThéR ishd/s@sbtahfial
such an enbodi nent, the bit netric nodul e 450 hardware
dififerenee bepwede thess tverldefihitiorass The bitoingerie sidde d50rcan
cal culating LLR val ues. [0032] The output of the base
bie, foeexamplediiessybiolimagnitpided and theldsmrehgstimate to
processor descranbl er 460, configured to operate on
dpterpapeithed-LRRalugsies to reverse the synbol
scranbling perforned in the encoder. The output of the

03P THRSGEEID heId 6250 utdstRl £6hi@nd ddtimate and la received

di sinterleaver 470 that is configured to disinterleave

bipsapte detershinel NLEMR ealved A ywhel sstirAsteshewnalsd behised.
aspect, the descranbler output disinterleaves into two
Blowester clrsnGiRE eatith:32Germhtaahbasebstaupiadly ismoiddif a turbo
turbo decoders of FIG_ 3A. [0033] Returning to FIG
decodang imefthodiihias ptevidde the santearesaltsi negardless bf the 80Be
to . accept the first coded stream and an output on |ine
egtimade 43,9584, In spek angprebedianents dherbbr metrie rradyle 450A
gec(gnd turbo decoder,K 316 has an in ﬂt on line 310 . to

AECRETS Fe U6t Sri HB e o RaTe 2AALSPOBR FHIFE if ne

. SUppl second decoded stream of information.
%#gugggﬁ%ggégggggﬁ‘strean1is asynchronousl y generat ed
Wth respect to the first decoded stream [0034] A
0321 plTheiovgprbdiithe B2 bidsnepuedude 460 eptoupledftorashase
and second decoded streans on_lines 314 and 318,

layep arorssspy deswramhler 160 esandigrrgdite oproatemithrteceived LLR

first and second decoded streans, and s |ies a
Valrues to reverse tTle sym oq scramli)ﬁng performe 1pnpthe encoder. The

output of the symbol descrambler 460 is coupled to a bit disinterleaver 470
that is configured to disinterleave the previously interleaved symbols. As
shown in this aspect, the descrambler output disinterleaves into two bit

streams 308 and 310, which are coupled to the turbo decoders of FIG. 3A.

[0033] Returning to FIG. 3A, a first turbo decoder 312 has an input on line
308 to accept the first coded stream and an output on line 314 to supply a
first decoded stream of information. A second turbo decoder 316 has an
input on line 310 to accept the second coded stream, and an output on line
318 to supply a second decoded stream of information. The second decoded
stream is asynchronously generated with respect to the first decoded

stream.

[0034] A multiplexing module 320 has inputs to accept the first and second

decoded streams on lines 314 and 318, respectively. The multiplexing



conbi ned stream at on output on line 322. The conbi ned
streamis conposed of ordered decoded i nformation

Wpawketes28 For exanpl e, the decoded i nfornati onPEEURBIE009471

are organi zed in the first orger, the order in which

t he coded informati on packets were received by the

denmul ti pl exer 304. [0035] FIG 3B is a first exenplary
deplude 380 ehthineg thefiaxst andketdral dedaded! sxeams naadi bepplies a
of FIG 3A. The multiplexing nodul e 320 typically

commbirarek streaiy 8t omiontpbiuéh dineBLL. hBhe egmbined ptneaums

line 314 to accept the first decoded stream and

sempgeedhf prdesed sigcededsprpatiop; R%’ikeb%f Yer e&am%athﬁ decoded

e
d buf
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to accept the first and second buffered streans,
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conbi ned stream [0036] The multiplexing nodul e 320

myltmlqwngrmp@@lmf@‘% Pt plre Buttiplexgazmosiile§28 dypically
GRilpes Biiet %@%iée%éa%ééééwﬁgmgi%%ﬁﬁ%%'éc‘fep""t”the
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second cl ock signal.” The clock 340 interrupts the

$o/Rpdept @he et hhlSecthdblifferdhalrehths, @656 ely) albfdean output
demul ti pl exer 304 ceasing to supply fhe first coded

shlaen322 tk ewpply, thiehenthined sBedmnt errupts the supply
of the second clock signal in response to the

g@%y |I"illle tﬁﬁl%irﬁr{%%lé)ﬁi?ﬂf Eg@ lé%%sg glgrrtglgﬁ glgcguﬁg t%%boutput buffer
8k ‘H&‘%@ng fem iABLE 0hIiMP398tRat@pt the combined stream and an

output on line 336 to supply a buffered combined stream.

[0037] Returning to FIG. 3A, a clock (CLK) 340 has outputs on lines 342
and 344 to selectively supply a first clock signal and a second clock signal,
respectively. The first turbo decoder 312 decodes the first coded stream in
response to receiving the first clock signal, and the second turbo decoder 316
decodes the second coded stream in response to receiving the second clock
signal. The clock 340 interrupts the supply of the first clock signal in
response to the demultiplexer 304 ceasing to supply the first coded stream.
Likewise, the clock 340 interrupts the supply of the second clock signal in
response to the demultiplexer ceasing to supply the second coded streams.
In this manner, the decoders need not be clocked if there is no data to

decode. It is widely known that dynamic power consumption of CMOS



decode. It is wdely known that dynam c power
consunption of CMOScircuits can be significantly

wo edaoed2dy sel ectively interrupting the cl ockPCTg2006/009471
i ndependent clock signals hel g enabl e the asynchronous
decoder functionality. [0038] FIG 5 is a draw ng
depi cting the organi zation of information packets into
arsuipe chn dewighdichnslypedicedrbyisel evhikelpinteirepting the clock.
plurality of franmes. In one aspect there are 4 main
‘The andeparstent clotkisigoaky helpenable thanspnchronous decoder
Synbol s/ System (O S) frame, and 1 Local OS franme (n
fgchiopality 2). Each frane includes a plurality of
ordered packets (turbo packets). In one aspect, the

j00ds] aFIGLEGak ddaSribEATREctORe thé B SatioR B kefoSmaditeh

the 4 maiin data frames typically hold nmany nore than 7
packtett sntd-owaperframes upach saperfranteois thade g fteophurality of
particul ar nunber of frames, and a frame is not

friamese dint en@ayperdthecaiber 4 mominedatef frpasse i SWidthOwertead
coded information streamis organi zed as a superfrane, )
EformationgS sl sty (D fotme) end Jebosal IS Eeree (1 =6 and
plurality of conbined streans, .as_described in

dedaitfacheirame nrbidesenphirasivpoh eeleela et packets). In
St By e A OB Bt B A and e
505 2885 Trm = s iR sl b e L " bW Ever, o
EPRenSH d248 Shgfa)e SAPDBRL MR, ChS: oL h5R, A0 Pivame i
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as coded I nformation packets. [0039] FIG 6 is a

BB AR NP A0 s 08PARizEQ A s NAVDdIr486 AHeSm@ltiplt&er module
mul ti pl exi ng nodul e of FIG 3A. Viewing FIGS. 3A, 5,

a0 & FIthe3Besuubpliqy £ pbiradds oficomipined bigeanteds slesedbed in

as a superframe with a plurality of frames, where each
frrorerelebanit babbes, whebeer eathi eoinobimetli sbreapadkelsleseodered

exanpl e, information packets are shown in the main
[iarmptibngpaskets corresponding to a frame category. In this example
there are three frame categories: Data, Wide OIS, and Local OIS. Using the
above example, the multiplexer module supplies a combined data stream,
combined Wide OIS stream, and a combined Local OIS stream, where the
decoded packets are combined in the order in which they were received as

coded information packets.

[0039] FIG. 6 is a second exemplary depiction showing details of the
multiplexing module of FIG. 3A. Viewing FIGS. 3A, 5, and 6, the
demultiplexer 304 accepts the coded stream as a superframe with a
plurality of frames, where each frame includes ordered information packets.
For example, information packets are shown in the main (Data) frame
category, organized in the first order (x+1 through y). In this aspect, the

multiplexer module 320 includes a multiplexer for each frame category. The



category, organized in the first order (x+1 through
y). In this aspect, the nultiplexer nodule 320

w0 pwbaoeksss a mul ti pl exer for each frame cat egorBCT/US2006/009471
Thesuperframe is shown with tfiyee frame categories
(Data, Local OS, and Wde AO°S). Therefore, the
mul ti pl exer nodule 320 is shown with three
Faperfipires & showhwevk thrédfrainiyexticories $Datd, Loaal 038, bad
any particul ar nunber of frame categories
Wide 0I8) e Mdhrespfor&aidte multipleixex enodi(6 32602 shamh Gith thase
inputs to accept the first and second buffered streans
oltiplexers?2 Blarayedsthe inyepsioniis alof litviteditp lcaypartaodar
602, and 604 have outputs 606, 608, and 610,

mher of Gearpe cotpgoties| (nubiplexese). SEpel mauliplexerf QY 602, and

o
o ﬁr@g?%f%n@afﬁksgivf ﬁfl%ﬁ@?f it oneontied hrpacs lipes 326
it Beb. eiwechvald’ AMETenisRER o0 G hd GPEBadE o Rbhuss goe,
6% BTG BhHTAIR, bty doiiped e MR oL SN T
ﬁﬁgfrﬁéﬁgnﬁf%gﬁﬁﬁega? Edres o?lrdilggi; %rﬁ@ SRER-HI (')ItHegi:ﬂ%lti%lexer

category. nsideri ng r HG™ 3B
TR uBR0 b1 R Bl fes(dn Butp BUbdBEr £3%4ach PRt tdesyetBach

fromthe buffered conbined stream sinmultaneously wth

d@ipitng Rk, $1# andtd16 leadhh ieputts aetept bhe@fehe combined
aspect, the output buffer 334 has an output on |ine

SrBatns. Mupfidns Gl 2; GAL anfl Gléclaiedontyfuds BdS8, 620 pack 608,
stored in the output buffer. In other aspects, the
mspeatively, ko sepPstr buffenesl cambinpdr sideam foupptoyregponding
interrupt signal to a mcroprocessor (not shown)
f@@}ﬁ)?ﬁeﬁpw-for draining the buffer. The interrupt
signal can be generated in response to the buffer

09401 OgnsideiRbediched FEG. $BairFItArds)thewugptit buffesd (i.e., buffer
capacity level, the storing an end of franme packet, or

884y dujsplivs erdtetd frdad thdbufferqubedebinathdream siatidtaneously
burst is a |logical organization of information packets
Wit loadihg pgekets Heomdhe OeDWlingdristiteaf. §n ona aAdpdetatheoutput

| ogi cal channel or M.C). Although not

buffer 334 has an output on Iine 350 to supply a count of decoded
information packets stored in the output buffer. In other aspects, the output
on line 350 can be configured to supply an interrupt signal to a
microprocessor (not shown) responsible for draining the buffer. The
interrupt signal can be generated in response to the buffer reaching a
predetermined (watermark) output buffer capacity level, the storing an end
of frame packet, or storing an end of data burst packet, where a data burst
is a logical organization of information packets lasting longer than an
OFDM symbol (e.g., a MediaFLO logical channel or MLC). Although not
specifically shown, the buffers of FIG. 6 can also be enabled with outputs to

supply packet count and interrupt information.



specifically shown, the buffers of FIG 6 can also be
enabl ed with outputs to supply packet count and
WO nioen9spg | nformation.[0041] FIG 7 is a schem@l/U82006/009471

bl ock di agram depicting a pr ssor device for

paral l el path turbo decoding T'h a portable wreless

communi cations UT 700. The processor device 702

[odpr | BE6. 7 idartchehpltaxdockdihgrant déphaitigng procdseptitievice for
on line 706 to accept a coded stream having a first

paxidiel gfathriwobordecating as leepartableewitelasstdopimxeications UT 700.

%del\/UX) modul e 704 has an output on |line 708 to supply
heinrecessori daviceridinsonipresfid deplEiipletarfopdule ‘gt hawag an
an output on line 710 to_supply a second coded, stream

BIPwanling fi06xeracapbr saded alrepophaying & first oxderind
{riarmatiop kasdets s Che deraniteetes ABMUSS mocige F03 e an output
BB S PSR ST o PN TR e 5588060, ane
SRR e C e R

%ﬁﬁbﬁgagﬁnasynchronousl y generated with respect to the
Irst decoded stream A nultiplexing nodule 720 has an

input on_lines 714 d 718 t ccept the first a
L082h, o Adarss dabe 31? ,m?iglﬁ&&aa fah g1 1R ﬁﬁﬁmep? @& o gecept
dul e 720 .conbines fhe first and cond degode
{55 et an bl pUEP G0t Fie oM BIGUR fre decoded
I neg. avy ' d .
FAPRT B SRR L Ol el SpoRhE PO AR an imput on
: . ¢ . h )
SRS A B B e o 008 oSk B g i o
SYSPHISTE EQ&ond b8l shlaln bPIIBrH@eRM], Khith ida SR dAbhusly
wi reless comruni cati ons UT. The system 800 conprises a
ﬁ@lﬁ@ﬂa&é@ eih RespERa ns tBO Erstodewdefistfeaand @dnalltipdéRing module
aving a first order of information packets. The
d20hakigl mputpmiaes 780 2nsUpkd tesceept the firsbaed sstarehdecoded

of denultiplexed informati on and a second coded stream
stiredummyirespactively. The multiplexing module 720 combines the first and

second decoded streams, and has an output on line 722 to supply a combined
stream having the first order of decoded information packets. In one aspect

not shown, the combined stream is buffered.

[0043] FIG. 8 is a schematic block diagram depicting a variation of the
system for parallel path turbo decoding in a portable wireless
communications UT. The system 800 comprises a demultiplexing means
802 to accept a coded stream having a first order of information packets.
The demultiplexing means 802 supplies a first coded stream of
demultiplexed information and a second coded stream of demultiplexed
information. A first turbo decoding means 804 accepts the first coded
stream and supplies a first decoded stream of information. A second turbo

decoding means 806 accepts the second coded stream and supplies a second



information. A first turbo decodi ng neans 804 accepts
the first coded stream and supplies a first decoded
waeweammsed i nformati on. A second turbo decodi NBCTES2986/009471
806 accepts the second coded ream and supplies a
seconddecoded stream of information, asynchronously
generated with respect to the first decoded stream A
daustibd aticai o8 aiferHasions asphchroheubly géneratedediinckspect to
decoded streans, conbines the first and second decoded
e festrlecadet strpphi.eA candminbtinadnesne 808 lkavéply thiedirst and
first order of decoded information packets. In _sone
secpadidecoded siveams, aoinbifes theslirsd andresondisidepded ptuepms,
conbi ned stream_ Functional Description [0044] FJ 9
ard gupphies acpaihined giysem hawing t %ﬁr%@ﬁlﬁr af ge | el
decodi ng system FI GS. 3A and 6, Sho e two turbo
WdegRaHaN BRRHO TSRS GPERIE 94 FPEIT: SdieRRABS FheTes

0PN f the turbg decoders. One Wde O S out put
@Tx‘ff%ég),t (é’lﬁl&]@ﬁfi %r%aIBut put buffer, and one Data
out put buffer. The system manages to wite packets

fromtwo turbo decodtumctionaldesgmiption put buffers.
The system al so manages arbitration and col|ision

W84 | REGuhénaanmedepiledalepintion ebihe exumpiary parallel
desoties & e6Teeb T IGNT P A b Rd g Wik PBR4UT AR Ghegsrs and two
FRTh TS, PRRusinen B pcrar erih ZeFaard. Qup Wide
OO B Al L R o Do
'\&;\‘}1'5 ?9%%‘1‘1? %ﬁ%&ﬂag%%%%h@@gg&@ébg FARA Y ORBb IR Bl &rs t\%célﬁ three

orrespohding m ni output buffer.

%ﬂeﬁdﬂibﬂf@rgy THU@Em! S5 Wdnadatabitratioansi®edlBsionthandling
a

ppropriate output buffer. In one aspect, the

QAW niedolp@b cesbieaddshibuffétiérdiantdnclaeesisniMeansdedy with
(RAMB) that are drained by a m croprocessor (not

shomternal ReADY afdh acdeys Gouffeclhddise)myatieue ndleratbts@an be
support 1/2, 1/3, 2/3, and 1/5

generated when turbo packets are stored in output buffers.

[0045] When a packet is available and a turbo decoder is idle, the turbo
decoder takes soft decision data from the LLR. Following the turbo-
decoding operation, hard decision bits are written to the corresponding mini
output buffer. When a mini output buffer is full, data is transferred to the
appropriate output buffer. In one aspect, the output buffers are 16-bit wide
Random Access Memories (RAMs) that are drained by a microprocessor (not
shown).

[0046] The turbo decoders may be enabled to support 1/2, 1/3, 2/3, and 1/5
code rates. The turbo decoders interface to an LLR block, where the soft
decision bits are stored in the turbo decoder iteration buffer memories. The

output buffers are typically large enough to store an entire packet. For

example, a typical buffer may store the following information for every



code rates. The turbo decoders interface to an LLR
bl ock, where the soft decision bits are stored in the

wao eoobodexoder iteration buffer nmenories. The PCL/PS1006/009471
buffers are typically |arge %ough to store an entire
packet. For exanple, a typic buffer may store the
follow ng information for everypacket: 994 decoded

Pidketf 9 hirlet Wibofidec tse turbd ddcoderfs bite of $ha data burst
identity (i.e., MediaFLO Logical Channel (M.C) ID); 1

idehtiteii.&y MddiaReQuhdgioaly Cabenk]l (MRC) 1&)ad witfor Cyclic
indicator; and, 1 bit for base/enhancenent |ayer
Redineddmry. CBeclc (CREB eexsmel indicamav drgl, lebisifos wi de, to
pack these bits into a 16-bit-w de interface, each .
hincegentdeser vrkicatesp Sincpily exgrap is 16 bits
requi renments for. the data . output buffer ar derf{ve.d
widante mackilesa hitaante 3 46ikTHes ARty age, eagl prakefels
(gépfler tood that not all franes carry the sanme nunber
?f'ég‘r?é‘ts €€Bnd not all frame categories carry the

RA%TLr SR Soordirn tRER L B datA GrePhfpRtieL Bre HBMived
L P
%/E:fc hePEadk ttﬁ@%m@é nhﬁ?oér%ﬁ‘%a\éﬁétsﬁ AhidWasteall Srale U&tegtories

correspon to 12 OFDM synbol's. Then, the anoun

@bfrrg 3ha sahfd EmbRY oPBGkRés. | ThkRifbre,ahd Ddte Wlafer @l larger
buffer should be at least 4 x 12 x 1 kb = 48 kb.

{1ReA8TheIWide and floeak®38 buffersr dadufirinmthny thé niddmum turbo
output buffers when it receives a watermark interrupt.
décodee thetughpartkis ddutt packeds peo QPRM byrinjoel, angl Bt maximum
50% the 48 kb can arrive before the m croprocessor
mdspuddatancy ofdhe raeginer sefsvaopis 16 mes, s7lick, copresppnds to 12
shoul d correspond to 50% of required size of .the fa
Qi sysealer Therathe amaup ofshoda stersgPapacet é%gﬁlitd and the
e 96 kb, .1f_ the 9 b byffer is.or i zed .i,n the
‘E%‘iad%ﬁpélt é’élf%r[szli’h?id ke fgife%%w’f xJor SRS ﬁ% t is 64
f()%ﬁg]t 'Phe nqgggprotcgses%rtmhgy ?gaflé ?rrorrrl] %ln()jrsof Re %%1%5&{ Buffers when it
receives a watermark interrupt. If the watermark of the data output buffer
is set at 50%, the 48 kb can arrive before the microprocessor responds to a
watermark interrupt. Therefore, 48 kb should correspond to 50% of
required size of the data output buffer. That is, the data output buffer
should be 96 kb. If the 96 kb buffer is organized in the hardware as a [6144
x 16] RAM, and each packet is 64 locations deep, then the buffer holds 96
packets.
[0049] The Wide and Local OIS packets are stored in separate output
buffers for quick microprocessor access to overhead information contained in
these packets. If the Wide and local OIS data always consist of seven
packets each, and using the same requirements for each turbo packet as

data buffer above, each packet requires 64 locations. As a result, one

448x16 RAMs is required each of the Wide and Local OIS buffers.



[0049] The Wde and Local OS packets are stored in

separate output buffers for quick m croprocessor
wW@ewen9se® over head information contai ned in tPEFES2006/009471

packets. If the Wde and |loca},O S data al ways consi st

of seven packets each, and using the sane requirenents

for each turbo packet as data buffer above, each

[OSkpt Thequitpes béffetoganérates anAnternups uf 4 wateemé4Rihbeshold

RAME is required each of the Wde and Local AOS

bufdeehed] @080jng hleatotltepbm ffbnis drained he pae\eerardata loss. The

interrupt if a watermark threshold is reache

wiadermagk level i3 peftware programgmabledThe Opltmfehtlffgm ean be

Ioss The waternmark. | evel is sof vvare pr ogr.anmmabl e.

sRablsdite LRI'OU{ffef méfarﬁpbfé:eé?f&b‘fv 3 60WRio0f e RwRber of packets

T e P b £ e e v
as
R R SR utg%ﬁlﬂ*?s% %ﬂlegab%%%%sa%ﬂ il ackots.
I
0o B0 U a1 SEAHEL 5 S0 L R wben the
7003 kef\Rak MeBh Ul dGaRANO be generated by an output

buffer when the nunber of stored packets exceed an
osif | oW igResiuipt @An H1861be FehBehtel ds iy sdbatpasb@¥eNwhen the

lost. An interrupt can be generated when the | ast
paoketr dfsteredrpaskebaexdeedrnis bosrdldw esndibien, ildichtiag that data
acket in a data burst (i.e., MC) is stored. [0052]
ag beenddrs. dﬁmmllerrtt;ascaal bedeuetaddd vilen the st packéeof a
{m ni _dec_ob). The mni output buffers are desm%ned o)

aane ine bean istoted, dewdwer the lask haeketringa dgtambpesiée., MLC) is

into its mni_dec_ob, the second turbo decoder can
%ﬁoﬁﬁqltaneously Wite to its nmini_dec_ob, and data from

L e ST
b 0e®ad A BB 1< oo SRR a
&Q&td'e? %ﬁl@lﬁéﬁcﬁﬁh{éga Q)%%ESE fhto its mini_dec_ob, the second turbo
decoder can simultaneously write to its mini_dec_ob, and data from the both
mini_dec_ob can then quickly be transferred by hardware in 64 chipx8
clocks from either mini_dec_ob to one of the three output buffers. This
approach reduces latency and allows both turbo decoders to continue
processing packets.

[0053] FIG. 10 is a schematic block diagram of an exemplary mini buffer.
Each mini_dec_ob decoder output buffer has one 64 x 16 RAM. This RAM is
written to by the Turbo Decoder and read by wois_dec_ob, lois_dec_ob, and
dec_ob. Internal address pointers track the addresses. After every read
from one of the output buffers, the internal address pointer is auto-
incremented, so the next read by the output buffer points to the next

address location and so on. The address pointer is incremented as the turbo



[0053] FIG 10 is a schematic bl ock diagram of an

exenplary mni buffer. Each m ni_dec_ob decoder out put
whegobeyIskeas one 64 x 16 RAM This RAM i s w i ttBCT/US2006/009471

the Turbo Decoder and read by i s_dec_ob,

| oi s_dec_ob, and dec_ob. Internal address pointers

track the addresses. After every read fromone of the

dedaolet vintifdsedsta torthei RABE and isdderensepednihen ian output buffer

aut oi ncrenented, so the next read by the output buffer

pmdst dataouthd theX@AMUdr ess | ocation and so on. The

address pointer is_ increnmented as the turbodecoder )
0054k s Thattarbe deerdermongriates 9 Hehauhterigionpiss e at a time,

P B 2 L B Bl LOO2E) O e oo
NENEY T e
IPAPBTAMARF 1 RiaBobadhe B bt BeliBl Mokt biider. The
SRR Bt G R G Bbleh Yoo o

g%yeggl USStiAded 98 %I? al e L lged géna%@g 3heSut data. The
dress pointer - fter

utput data. The a IS bits wide; a

Wi dFds8 PpopnterisEisits (Ade; Atat weithlg ohé padksl @3SlopationH) the
rolls over to zero. The read pointer is always behind
aféressipgoenipeirollefovel 00 2&do. AThé head pdirmdbr évelwaysibditnd the
packet, after all the hard-decision bits are stored,
wirdetpoibterdecoder i ssues a done signal to indicate to

t he output buffer that the packet has_been decoded. At
[0958] pditithe endeofiavery baddio pankstpaitreeall thedagraledision bits are
bit, and the base/enhancenent bit can be, stored (see

gozed shhe trgpe degedarageniena deng signal torindicate 4p fheanfput

L8R, Y SR AR, g 2500 Bt DB BTG 0 of e
SR ] S SO LFER Bl B B o stored
@eg WG. 5-5h i'IShiE %ﬁ&ﬁ?attioq{]isi &Slfé&jﬁf’fhe 64th RAM location for every
packet.

[0056] At the start of every turbo packet, the mini_dec_ob also captures
other information for each packet and updates this information at its
outputs in response to the done signal. This information includes:
frame_done, end_of mle, frame_cnt, and td_cnt. The LLR block sends this
information at every start of packet. This information is latched on start
and held in registers until the next start. At done, this information is
passed to the wois_dec_ob, lois_dec_ob, or dec_ob after each packet, so the
correct interrupt can be generated when the respective condition is true for
that packet. For example, when mini_dec_ob processes the last turbo packet
in a frame, frame_done will be set. When the dec_ob transfers this packet
into its RAM, it assets frame_done_irq interrupt to indicate that the last

turbo packet for this frame is ready in the output buffer.



frame_done, end of mc, frane_cnt, and td cnt. The LLR
bl ock sends this information at every start of packet.
wabios/o99seor mati on is | atched on start and hel dPETIUS2006/009471
registers until the next st arfs At done, this
information is passed to the Wois_dec_ob, |ois_dec_ob,
or dec_ob after each packet, so the correct interrupt
[0857peTHe dena tstgh Aifesmt 4 eurlesdeotiey eriggael fHeostarsof thiee
for that packet. For exanple, when m ni_dec_ob
tnsfsdeemtibe mias tddcuoly 6o pae kEthé manfadpat biuffere Datie is
wll be set. When the dec_ob transfers this packet
readoottt Fomie RAM dydhe dutant busies. Therens enragsecinted read
indicate that the |ast turbo packet for this frane |s

pddueps peintes, whiguis Hge Ochits pody podrbartssom; zpxal Afpegngvery
Foa o BaS R s YT e RFm A B o inter el
il St o Bang ARG odgkeL {2 oraBaR s s point br

0581 FBa5 B0 BTl PR gL urbo
SSKEIE L8 PN il SO S o 8] SUPYRe oo
s QumbRdtad 4 kbghdRlel dThnBBEdOstebs FoP@adity ethdRtithbering does

turbo decoding in a portable w rel ess comruni cations

Lt néddsbarihdichetetichsrdier of depstdped Iashaukkhe emderstbod that
nunbered steps for clarity, the nunbering does not

sane 9 thédeystdps hadyebe bkiprede peaforided int ppsllel torgrerfidined
be understood that sonme of these steps may be ski pped,
ot ¥hd requiransntail maintaisying angdichiordeef sagmence. The
requi rement of maintaining a strict order of sequence.
meshod shrgds et Ster 1400st ep 1100. [0059] Step 1102

RIBSF -G dio e anes Ssodad pithe o dinites BItGRb e edpfuamation
AT, S 10 oS 05500 R0 2 AR
ST AR LR b, A A0 B4, S e
9GBEEA LbAGr £i58 6 3t A8CAHRLiH B HAAHBA Bfeam. Step 1108 turbo
decodes the second coded stream, generating a second decoded information
stream, asynchronously with respect to the first decoded stream. Step 1110
combines the first and second decoded streams into a combined stream
having the first order of decoded information packets.

[0060] In one aspect, combining the first and second decoded streams in
Step 1110 includes substeps. Step 1110a parallel buffers the first and
second decoded streams, generating parallel-buffered decoded streams.
Step 1110b multiplexes the parallel-buffered decoded streams. Parallel
buffering the first and second decoded streams in Step 1110a may include
substeps (not shown). Step 1110al stores the first decoded stream in a first

mini buffer. Step 1110a2 stores the second decoded stream in a second mini

buffer. Then, multiplexing the parallel-buffered decoded streams in Step



stream asynchronously with respect to the first
decoded stream Step 1110 conbines the first and

WG ewongbselecoded streanms into a conbi ned streanP¢EUEI906/009471
the first order of decoded iqf rmati on packets. [0060]
In one aspect, conbining the first and second decoded
streans in Step 1110 includes substeps. Step 1110a

Parod inRludusfthalis ?Itahmg bugutaitbraaherfirst eaddedond meimibuffers
generating paral buf fered decoded streans. Step
tbickehtattd ¢qrhleined sthenrparlal dreithbrbfpeddSter dHEQC stores the
streans. Parallel buffering the first and second

adechited ssteseams apro@pa bidida may i ncl ude substeps

énot Shomd?;ff Step Il11Cal stores the first de ]::ngg

6 Hardn a dafferend aspped, agcartins ti epflerh stygams t@é) %Jrﬂe?
second decoded streamin a ecori ffer. ,
ipghudss @ﬁﬁn@ng ReSyRerinamae vy %a% am&sr‘éf e Pﬂch

R afl's%ﬁff 8B B8, S P e and
ssetcpggﬁe deacﬂstgﬁ%}éﬁt Irllllcqsld)%gﬁe I n o afﬁ?gtl?h st and

&%Bﬁﬁ?ec@&&c?%bgﬁstd}%ng&gﬁguﬁﬁﬁa@ doﬁlbci‘hﬁﬁ s%f'é%gns Where each

€s accepting a superfrane”w th a plural

{orAPERd WREHA iRl el brdBrddNaloidRStiOh HRICRELY (Elfr@ééﬁﬁlki toa
packets. Then, conbining the first and second decode

ShhRAdRebtrySt Bike¥ddé) Stepl LIA@Sma9ntor surch tembiresl stadedn in a
second decoded streams of into a plurality of combined

sdpagatsouthermfsaach conbined streamincl udes ordered

i nformati on packets corresponding to a frame categor y

0062 BeanGtlep abpect, Tep dildRalresimhthaiiproation tehirom

a separate output buffer. 0062] I n anot her aspect

ireegprabinedatteears infbeiowprihufieh Jherestoring g pembined

corrbl ned stream out uf fer The storin

E R M ARE m@“s Foap gharengd %tlari fgelfets

tore info acket.s sinultaneoys he ..

LR HEPUSHY PAT Fif T DAk O PP B b Bl b e SSmbined

Shb&am

[0063] In a different aspect, Step 1114 supplies a count of combined stream
_information packets stored in the output buffer. Step 1116 generates an

interrupt signal in response to an action such as reaching a predetermined

(watermark) output buffer capacity level, storing an end of frame packet, or

storing an end of data burst (MLC) packet.

[0064] In another aspect, turbo decoding the first stream of coded

information in Step 1106 includes substeps. Step 1106a accepts coded

information packets at a first turbo decoder. In response to receiving the

information packets, Step 1106b supplies a clock signal to the first turbo

decoder. Subsequent to turbo decoding the information packets, Step 1106¢c

interrupts the supply of the clock signal to the first turbo decoder. Although

not specifically shown, the same substeps apply to turbo decoding the second

stream (Step 1108).



[0063] In a different aspect, Step 1114 supplies a
count of conbined streaminformati on packets stored in

wo bmscostsprit buffer. Step 1116 generates an i ntBCT/URL006/009471
signal in response to an acti such as reaching a
predeterm ned (watermark) output buffer capacity
| evel, storing an end of frane packet, or storing an
g5 Pf FiGt Al lkanstltdiMadlydactkntderstO@iibt] rdpresaitt Simrations in a
aspect, turbo decoding the first stream of coded
sighat betriog mediste paddibdy endiodyise ayhregemnn. of Shaghihé@adable
accepts coded information packets at a first turbo
Hetoediond exacuspoirdy a digitelprpcaising appatatuseioi rarform parallel
packets, Step. 1106b supplies clock signal to_the
paﬂstwth%wd&gaaba.posgﬁéééq*ué%ﬁw gommwicaEensilhly t he

b oAt ethod BRgcitereorpyidsel e duagiol DALh turbo
st T ipgRRBbbaRg e BRnhd Se B R T SBecific types
SRR 8055k G s 20, BLESEABELY G MALEHS! 8B i o

represe operations I n ari ng medi um

hadgis Bl 1iaeasye ﬂges%b%‘i’]%@%g] gifor.r&% if18; whadahlge output

I nstructions executa gi tal "processi ng
BaHerfhHve bBe® ehRIEEA, RALANY EAtiBAES nbt hBEeABFF idGitbd t& this
portabl e wirel ess conmuni cati ons UT. [0066] A system
Aathbeel Mattelianes abidemghriew tladof dcopersodtecdhgsdi thielihbention is
decodi ng. The invention has been illustrated in the
nohheodssafily pe tinhited.t ther whriabiduk anidoembodimatistsarfdhe
data organi zati on. However, the invention is not
meraday vill paturcly those sbdtecbitaths @8, For exanpl e,

whil e three output buffers have been depicted, the
invention is not necessarily limted to this nunber.

Li kewi se, al though two turbo decoders are shown, the
invention is not necessarily so limted. Oher

vari ations and enbodi nents of the invention will occur

to those skilled in the art. CLAIMS WHAT | S CLAI MED | S:

1. In a portable wireless comuni cati ons user termn nal



(UT), a nmethod for parallel path turbo decoding, the
nmet hod conprising: accepting a coded stream having a

wo poosowsesier of information packets; demul ti pl BXEUSI006€009471
coded streaminto first coded g?md second coded
i nformati on streans; turbo de%odi ng the first coded
stream generating a first decoded information stream
turbo decodi ng the second CIJRIMS ream generating a
YWHAT IS CRASVMEDI I%:nat i on stream asynchronously wth
respect to the first decoded stream and, conbining
the first and second decoded streans into a conbi ned
stream having the first order of decoded information
packets. 23 The t f i [ [ :
Phe Tirst And obarmt iege el Lot IEh Rl AR AE R Ymina]

peTa! d fletRud ¥ pARIL %)aftli'l rtﬁi“b@agco?ﬁﬁg,nﬂledﬁ%ﬂgﬁij comprising:

streans, generating parallel-buffered decoded streans;

and, multi pb@ptig 4 kedsEilehe] hRvines edstierraed information

streans. 3. The method of claim2 wherein parallel
putlketsj ng the first and second decoded streans

i ncludes: storing the first decoded streamin a first

m ni  buf f edemantiplestedrihegotdhd séreon dnthelivdeddsd rasinnecond
a second mni buffer.4. The nethod of claim3 wherein
peded wifesenationtsérgsans | el buf f ered decoded stream

i ncludes nul tiplexing outputs framthe first and
second ni nEuEherdesoding g ﬁaﬁté:oeisgcsémmeaewa@% a et

tor] he conbi ned streamin an output buffer. 5.
%ﬁ@)dﬁ@%ﬁ‘%ﬂ‘%ﬁlﬂlﬁpﬁﬂaﬁnmer ein accepting the coded

stream i ncludes,acgept ;ng.a superframe with a ..
plurality g?ﬂ}or% §}1?glvjhlé<$%econa coded streaIn, gerterating a second
decoded information stream, asynchronously with respect to the first
decoded stream; and,

combining the first and second decoded streams into a

combined stream having the first order of decoded information packets.

2. The method of claim 1 wherein combining the first and
second decoded streams includes:

parallel buffering the first and second decoded streams,
generating parallel-buffered decoded streams; and,

multiplexing the parallel-buffered decoded streams.

3. The method of claim 2 wherein parallel buffering the
first and second decoded streams includes:
storing the first decoded stream in a first mini buffer; and,

storing the second decoded stream in a second mini buffer.



each franme includes ordered informati on packets; and,
wherein conbining the first and second decoded streans

w0 p@baeksss conbi ni ng the first and second decodedI/US2006/009471
streans of into a plurality conbi ned streans, where
each conbi ned stream i ncl udes ordered information
packets corresponding to a frane category. 6. The
met hod of 4l ai nThewhettridofebainn Bi whetdin hultiblering the parallel-
second decoded streans into the plurality of conbi ned
stiffesdsdécodbd dteash dnélagee avhltipdedingeditptitefnom bhafirst and
separate output buffer. 7. The nethod of claim4
$econHeninddmffersitn greatiediordonepinkd strefearnad.on packet s
fromthe conbined streamin the qutput buffer; and,
wherei n st gorig theecashbiedsdreamdanmn autn et
buffer includes storing information packets
simultaneously with the draining of infornmation
packets fr mth&n combi neolg The net hod

cl 2}0 m 4 fuPther ESﬁﬁ?ifhé)l : :Cﬁé‘%ﬁlgvﬁﬁﬁlﬁ af%%ttin%]tﬁg coded
SR AR P08 0 e
EQMPE At h( J@.{ Sdeh8d ?ﬂfo&*ﬂfa@“ﬂﬁéc@t&%ﬁd,! n response

fo an action sel ected froma group consist’ing of

reachi ng awplpsial &nibingHs eHé Pkt AR fseEorfP@scIdel dtekahs
storing an end of frane packet, and storing an end of

Haladdédihbipat €he fikft andsesmidddestfedaitaéams offietoed plurality
turbo decoding the first stream of coded information
ofhedmidiexd sieeans, wherodach corhbinesl stveamaickbidesatrdared
first turbo decoder; in response to receiving the
infoomatiovhqacketketrsespansbhg itag Fagleowitegonynal to the
first turbo decoder; and,

6. The method of claim 5 wherein combining the first and
second decoded streams into the plurality of combined streams includes

storing each combined stream in a separate output buffer.

7. The method of claim 4 further comprising:

draining the information packets from the combined stream in
the output buffer; and,

wherein storing the combined stream in the output buffer
includes storing information packets simultaneously with the draining of

information packets from the combined stream.
8. The method of claim 4 further comprising:
supplying a count of combined stream information packets

stored in the output buffer.

9. The method of claim 4 further comprising:



subsequent to turbo decoding the information packets,
interrupting the supply of the clock signal to the

w0 200sn995e8 bo decoder. 11. In a portable w rel eBGI/US2006/009471
conmuni cati ons user term nal ), a systemfor
parall el path turbo decoding, tThe systemconprising: a
denul ti pl exer having an input to accept a coded stream
having a f géesératicgesn dhterntipl sighabin pexoatss to am atiquselected
to supply a first coded stream of demulti pl exed
froho e EEbUP REnSistingrofceahingt @ psefrikyminakeoimittdutféer capacity
st ream of derrulUPI exed information; a first turbo
Wwebaderingvimepdnf frape pecketc sagtsteringfan end ehdata burst
stream and an output to supply a first decoded stream
BRckatf or mati on; a second turbo decoder havi ng an i nput
to accept the second coded stream and an output to
supply a second decoded stream of information,

3:%282302? E@lay %3{19 e%(}%ql%ﬁ%?x&ggyﬁ%taﬁpgg% gecod;mg the first
%@g %fco%l%aqgkormaecé&? ggélua d second decoded streans,

exing no e co i'ning the first and second

decoded st 5?&?& %dﬁg\ﬁ?ﬁ&nﬁ'ﬂ}l@ﬂb@HReﬁsoatSé'ﬂPi‘»tytLﬁ'bo decoder;

conbi ned st st “order of decoded

| nf or mat i Ofh PEERES td feceliinSHH 1@ﬂbﬁﬁaﬁbﬁlﬁaclkéts\/\/@ﬁ¥)ﬁlyﬁng a
er

the nul tiplexing nodule includes: a first mni buf

tlavk Bipral tonhytfirkd tatedicotbr, did,st decoded stream and
an output to supply a first buf f er ed stream a second
m ni  buf f esubseguent do turipudedoding tkeinfohmadmoopackets,
decoded stream and an output to sup Jcoly a second
intefamsing the swpplarmf the ohedlk sighakty thealirstdurhe deegodes.
accept the first and second buffered streans and an
output to supply the conbined stream 13. The system

of cl aiml% V\,heiein ttgebrrulli | exi n m)du{.e .
1. n a portable wireless communications user terminal

(UT), a system for parallel path turbo decoding, the system comprising:

a demultiplexer having an input to accept a coded stream
having a first order of information packets, an output to supply a first coded
stream of demultiplexed information, and an output to supply a second
coded stream of demultiplexed information,;

a first turbo decoder having an input to accept the first coded
stream and an output to supply a first decoded stream of information;

a second turbo decoder having an input to accept the second
coded stream, and an output to supply a second decoded stream of
information, asynchronously generated with respect to the first decoded
stream; and,

a multiplexing module having input to accept the first and
second decoded streams, the multiplexing module combining the first and
second decoded streams and having an output to supply a combined stream

having the first order of decoded information packets.



further includes an output buffer having an input to
accept the conbined stream and an output to supply a
whedobeyeses conbi ned stream 14. The system of cPEI/Is2086/009471
wherei n the demul tipl exer acegpt s the coded stream as

a superframe wwth a plurality of franes, where each

frame includes ordered information packets; and,
wherein the multiplexer nodules further includes: a

mul ti pl exer for each frame category, each nultiplexer

havi ng i nig.s tThasgspin dhdaimrlst wasteisahendubliplesiregimodule
streans and an output to supply conbi ned stream of
incliglesd i nf ormati on packets for a corresponding frane
category; and, an outfut buffer for each frane

cat egory, afitst mimibatfeohesngiay inrptae aosppt thefizwtdgpoded
SRR S8 PBER 6 SUPING % BEP TG SRR at egor y. 15
cat egory. 15.

The system of cl.aim.13 rei.n the. output buffgr /
suppl i es FaERoPS W%‘#?‘fﬁﬁ%e%ﬁlpgraéﬂn%ﬁgqor?ecﬁegii ﬁéeaf‘ﬁcond

i myl I ith | [ t '
Pt SRS e B RS S ol B S8ERR0h.
buf f h .
it or mat | ohELARELAE By BN o QB Ao AFROARE second
Pd¥fered ShAAAL aﬁHaeilﬂTb&’gpLWl%rﬁiﬂﬂﬂ& fBe edinPittedbirbem. has

an output to supply an interrupt signal in response to

an action selected froma group consisting of reaching

a predeterm ned out put buffer capacity level, storing

an end of f3.aneEThaskstem aficdasmnald wheasinehe miiltdplexing module
burst packet. 18. The system of claim 11 wherein the
fethdrtinplveesrarnospitshuffe haodegd ast ingarh tasicee gl samakimed
with a plurality of frames, where each frane includes
sreraneand ak oukpet bhsyprlye Bulferad combined stream.

14. The system of claim 13 wherein the demultiplexer
accepts the coded stream as a superframe with a plurality of frames, where
each frame includes ordered information packets; and,

wherein the multiplexer modules further includes:

a multiplexer for each frame category, each multiplexer
having inputs to accept the first and second buffered streams and an
output to supply combined stream of ordered information packets for
a corresponding frame category; and,

an output buffer for each frame category, each output
buffer having an input to accept a combined stream and an output to
supply a buffered combined stream for a corresponding frame

category.



wherein the multiplexer nodule supplies a plurality of

conbi ned streans, where each conbi ned stream i ncl udes
wo@eaenerd2s nf or mat i on packets correspondi ng to BCT/DS2006/009471

category. 19. The system of c? im211l further

conprising: a clock having outputs to selectively

supply a first clock signal and a second cl ock signal;

wher ei n t hdbfi r thet sirsbemdsfedaien 18echeiesn tthe olitpwt buffer

coded streamin response to receiving the first clock

siigphies patleateifromibededtardd tcontivned sbrpamm deuultencohddy with

second coded streamin response to receiving the

desing pechkets pgnihie cambineghmream. t he clock interrupts

the supply of the first clock signal in response to

the denul tipl exer ceasing to supply the first coded

stream and_i.nterrupts the ly,of. the second cl|.oc

signal in llgspor;@’é’ ﬁyét?ﬁr}eo%i% ﬁ?’ﬁ’f’]%%ﬂnzgﬁgp 1t lguéer has an

supply, t he second coded streams. 20. |n ortable

RRR Ll R BT A rmibion fagke bRy B e output
|-ng medi um tangi bly enbodying a program of

machi ner eadabl e i nstructi ons executable by a digital

processi ng apparatus to perform operations for
paral l el path turbo decoding, the operations

conpri si ng:17accamd digt@mTERains i B e AN tRE odtpid Bhffer has an
order of information packets; denultiplexed the coded

stut@anio supplyiansintendgd sigithldacesgotsadedan attibnwelseted from a
streans; turbo decoding the first coded stream

geoey egngisting foff reacldeg edpebdendonimed @rtpsit bedfer capabidy level,
decodi ng the second coded stream generating a second
g aniemdoeinfiramerpankebaand atoyieh anremgisq»f;da%athurst packet.

respect to the first

18.  The system of claim 11 wherein the demultiplexer
accepts the coded stream as a superframe with a plurality of frames, where
each frame includes ordered information packets; and,

wherein the multiplexer module supplies a plurality of
combined streams, where each combined stream includes ordered

information packets corresponding to a frame category.

19.  The system of claim 11 further comprising:

a clock having outputs to selectively supply a first clock signal
and a second clock signal;

wherein the first turbo decoder decodes the first coded stream
in response to receiving the first clock signal,;

wherein the second turbo decoder decodes the second coded
stream in response to receiving the second clock signal; and,

wherein the clock interrupts the supply of the first clock signal

in response to the demultiplexer ceasing to supply the first coded stream,



decoded stream and, conbining the first and second
decoded streans into a conbi ned stream havi ng the

wo peospwsesler of decoded i nformation packets. 2BCT/US2086/009471
portable wrel ess connunicatiAfs user termnal (UT), a
system for parallel path tur decodi ng, the system
conprising: a neans for accepting a coded stream
539 iR@raupisthle PPty ofthé BédmaApdlbeln sipnak éh sesiunzpltyithe
a first coded stream of demultiplexed informtion, and
derppliiplgen cessing do cagely tie ssmondfcodedsktdamhexed
information; a neans for accepting the first coded
stream and supplying a first decoded stream of
information;,a neans for accepting the second coded )
st r eam and2&upply pgriakie soinelegs comeruricpbighs gfser terminal
i_nf ormation

asynchrgnously generated. with respect, to. .

(WE). 14 vignabibeardeg r@,@dl@amtaxaﬁgfy amRedH %pr%@éatoti fepchine-
the first and,second oded str.eans, conbini ng_the
FoHRabIe RS ERNTT SECUHRAOIT & HETALRHrET R ARG Tatss to

combi ned str.eam.havin he first qrdet of . .dec
BB s, e 3! BRh £y Qoo R Etons
%QHBthg tions user termnal (UT), a processor device

or parda’l el path turbo decoding, the processor device

conprisin gé%(%ggﬁféué bbdd £ X8 aIPAMN B AR 0@y IofRdor ki tion

accept a co stream having a first order of

padlsteat i on packets, an output to supply a first coded
stream of denultiplexed information, and an output to
supply a séeondtipleted thiroedeod atredeminto fitstxeded and second
information; a first turbo decoder nodul e having an
cotmdt infarmgdeptstidaend;i r st coded stream and an out put

to supply a first decoded streamof information; a

second t ur barbgetasadingrrrfisstieeded gtrapmgrperabingce Bpst

&chbded information stream,;

turbo decoding the second coded stream, generating a second
decoded information stream, asynchronously with respect to the first
decoded stream; and,

combining the first and second decoded streams into a

combined stream having the first order of decoded information packets.

21. In a portable wireless communications user terminal
(UT), a system for parallel path turbo decoding, the system comprising:

a means for accepting a coded stream having a first order of
information packets, supplying a first coded stream of demultiplexed
information, and supplying a second coded stream of demultiplexed
information;

a means for accepting the first coded stream and supplying a

first decoded stream of information;



second coded stream and an output to supply a second
decoded stream of information, asynchronously

w@emwengtsegsl with respect to the first decoded sPCEHH§006/009471
and, a nultiplexing nodul e hayd ng an i nput to accept
the first and second decoded 'Streans, the nultiplexing
nodul e conbining the first and second decoded streans
and havi ngaanesns fortaccepisng phy sacanhiudeddstséamamd supplying a
having the first order of decoded information packets.
second decoded stream of information, asynchronously generated with
respect to the first decoded stream; and,

a means for accepting the first and second decoded streams,

combining the first and second decoded streams, and supplying a combined

stream having the first order of decoded information packets.

22. In a portable wireless communications user terminal
(UT), a processor device for parallel path turbo decoding, the processor
device comprising:

a demultiplexer module having an input to accept a coded
stream having a first order of information packets, an output to supply a
first coded stream of demultiplexed information, and an output to supply a
second coded stream of demultiplexed information;

a first turbo decoder module having an input to accept the first
coded stream and an output to supply a first decoded stream of information;

a second turbo decoder module having an input to accept the
second coded stream, and an output to supply a second decoded stream of
information, asynchronously generated with respect to the first decoded
stream; and,

a multiplexing module having an input to accept the first and
second decoded streams, the multiplexing module combining the first and
second decoded streams and having an output to supply a combined stream

having the first order of decoded information packets.



