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FOR HI GH DATA RATES [0001] The present application
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Mul ti pl e Access (TDMA) systens, Frequency Division

Mul ti pl e Access (FDMA) systens, O'thogonal FDVA

(OFDMA) systens, and SBACKGROWENDDVA (SC- FDWA)
systens. [0004] Newer w rel ess comruni cati on systens
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mul tiple-output (M MO operation in_order to achieve
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users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] Newer wireless communication systems may support wide bandwidth and/or
multiple-input multiple-output (MIMO) operation in order to achieve high data
throughput. A user equipment (UE) with wide bandwidth and/or MIMO capability may
need to support a very high peak data rate. For example, the peak data rate for the UE
in a 20 MHz system with 4x4 MIMO configuration may be as high as 200+
megabits/second (Mbps). The UE’s decoding capacity, which is usually the bottleneck

of the receiver processing at the UE, should be designed accordingly in order to support

such a high peak data rate.



[ 0005] Techniques for efficiently supporting high
decodi ng throughput are described herein. A
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the, data bjts in.the code block. such that, informatipn
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any manner without regard to contention-free memory access at the Turbo decoder.
Large code block sizes may be used for large data payloads requiring high decoding
throughput whereas small code block sizes may be used for small data payloads.
Multiple SISO decoders may be used for large code block sizes (e.g., those larger than
the threshold size) and may benefit from the use of the contention-free Turbo

interleaver.



3 [0008] The transmitter may perform Turbo encodi ng

for the code bl ock based on nultiple constituent
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the code block size is larger than the threshold

size. The transmtter may perform Turbo encoding for

t he code bl ock based on the I tiple constituent

encoders and the regular Turbo interleaver if the

code block size is equal to or smaller than th

{0908k hol Tdhestransmittqrgpgo perferan Fétb@u Pdlﬂﬁyfobéh@f %}dﬁubfrmlwased on
% gé '}gngtfe n{t%ﬁc&&g a Jg(%ﬁg P l%d tgl‘léllvglol% the code
ec ree 0 i nter

ers an he con I on- eaver
bloek cidbeisblangde thai ehe ItBrelsl&tﬂ@ esfizet hdi’het trensitint@s mal dperform Turbo
Si z

The receiyer y erforn1Tu bo decodi n or t
Ssainetpb i 15as Bipc hatad TodSImHBIeSOa HOT SR E ] e rogular
T&%hﬁveﬂéwepffth@&ﬁelb@@cmﬁzé ik efig t&&ps%lau*a{ fak t1§é t%{?eshéld size.
equal to or snal han the threshold size. 10]

M90Ppus H@p@ctlselandyfmfomme@ldvb ddvedidigsior dlsfu rcedwb@ck based on

L P o P T s s

ﬁflat%epﬁﬁﬁ tiet thtcsdld aRF. ThdlFecelvePha) pEif6Em FuHdUBoding for the code
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processor FIG 5 shows a
F[]OQOF dl\%foamagfec% a'ﬁdrszﬁuﬂe ofdey disdl0Qt6 hreFdeteritedsh@isher detail
a bl ock diagram of a Turbo decoder with one SISO
bdevder . [0017] FIG 7 shows a block diagramof a
Turbo decoder with nmultiple SISO decoders. [0018]
FIG 8 shows a plot of code bl ock size versus data

payl oad. [ BRILFDESCRIPOIONEFI HE DRAWINGSr ed
relative prime (DRP) interleaver. [0020] FIG 10
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023] The techni ques described herein may be used for

4busIuﬁrép@@@sabbﬁhgﬁgﬁﬁﬂp%m“§?@?é&¥)é@@pnggaggwp
W’Yﬁ]‘; F% 2 bl%}%é?%n?&ﬁa T&ltb:a%fecc?&/e’?t ens. The

‘syste and ten
[09t1 6] changeakbhyws #bloCOMAgRys beNT by detglce mithtona STSdidecoder.
1[‘0%% h]nol %qé %léllcl:oll)vsa a? blLnglL \clii%[g?a%ll o%r a? "rl"lrlr o relcoac{elr Wlt% multiple SISO decoders.
[0018] FIG. 8 shows a plot of code block size versus data payload.
[0019] FIG. 9 shows operation of a dithered relative prime (DRP) interleaver.
[0020] FIG. 10 shows a block diagram of a configurable Turbo decoder.
[0021] FIG. 11 shows a design of a process for processing data.

[0022] FIG. 12 shows a design of an apparatus for processing data.

DETAILED DESCRIPTION
[0023] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A

CDMA system may implement a radio technology such as Universal Terrestrial Radio
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[0025] The techniques may be used for single-input single-output, single-input
multiple-output, multiple-input single-output, and/or multiple-input multiple-output
(MIMO) transmission. Single-input refers to one transmit antenna and multiple-input
refers to multiple transmit antennas for data transmission. Single-output refers to one
receive antenna and multiple-output refers to multiple receive antennas for data
reception.

[0026] FIG. 1 shows a block diagram of a design of a base station 110 and a UE

150 in a wireless communication system 100. Base station 110 is equipped with



reception. [0026] FIG 1 shows a block diagramof a
design of a base station 110 and a UE 150 in a
WORM08/08986 comruni cati on system 100. Base st at i PCI/LD07/683284
equi pped with WO 2008/ 057906 PCT/ US2007/083284 5
multiple (T) antennas 134a théough 134t that may be

used for data transm ssion an reception. UE 150 is

equi pped with nultiple (R) antennas 152a through 152r

t hat for data transm ssion and reception.
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[0029] At UE 150, R antennas 152a through 152r may receive the downlink signals,
and each antenna 152 may provide a received signal to a respective receiver (RCVR)
154. Each receiver 154 may process (e.g., filter, amplify, downconvert, and digitize) its
received signal to obtain samples and may further process the samples (e.g., for OFDM,
SC-FDM, CDMA, etc.) to obtain received symbols. Receivers 154a through 154r may
provide received data symbols to a MIMO detector 160 and provide received pilot
symbols to a channel processor 194. Channel processor 194 may estimate the downlink

channel response based on the received pilot symbols and provide channel estimates to

MIMO detector 160. MIMO detector 160 may perform MIMO detection on the
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process the sanples (e.g., for OFDM SC-FDM CDNVA
W@L@s)P51906 obt ai n recei ved synbol s. Recei vers 1B@EUS2007/083284
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[0033] FIG. 2 shows a block diagram of a design of TX data processor 120, which
may also be used for TX data processor 182 in FIG. 1. Within TX data processor 120, a
partitioning unit 210 may receive data to transmit and partition the data into code blocks
of a selected code block size. A code block may also be referred to as a data block, a
transport block, a packet, etc. Each code block may be encoded and decoded separately.
A cyclic redundancy check (CRC) generator 220 may generate a CRC value for each
code block and append the CRC value to the code block. The CRC value may be used

by the receiver to determine whether the code block is decoded correctly or in error. A



codes for base station 110 and UE 150, respectively.
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bl ock size, code rate, and nodul ati on schene gﬁi be
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a;rtd)pmv'aieb h eokeghoadingmmadded bitekiafrs afde i bwh@ndoaet S 280 be any

[ n Turbo encoder 230 inplenments a parall el
V&L}Etsed convol utional code (PCCC) and i ncludes

EGN?»SFonQWitBMeT‘ﬁrbs RGESIRE 23810818083 328 rﬁ%dﬁlterleave or reorder
I nterl eaver 320, and a puncture and nultiple MuX

thei ctateBB@s (drampt@d’ 9en>c)oldethe 280c blrebdwsedaor @d@ldﬁedciurbf) ifterleaver,

and rOVI corre ondln encod
8/?10% Z) o lcgn %Oélr eeN 'ﬂ;ge)%v%re %J @%ﬁ ? 1n%erleaver as
d&cHB& bdlOR3 %od&ﬁd@hﬂe&uﬂ&% WAGARE EncdI0 the B4IE bits based on a first
interleaver 320 may interleave or reorder the data

wrtsgtueae ﬁ@iee@ln%ew}dq fArst arigo fds dawkedoass el Gimgarly, constituent
g’r?clo? f 0b In {)p&co% ﬁ]g 11%%131%%?1 dmlb‘ftlg ALY céja% ﬁﬁerleav.f:r 3%0 based on a

con ree o1n eaver or a reg

sarbed lcemstlicndsodd aad rprdede Bedond. pation itk t(dﬁﬁi’tede B¢ aylerConstituent
310 %/} encode he data bits based on a first
erredenst110Atand ot afﬁ%ly b@B\?P’&@t e SECURAYS ﬁXIStqﬂl%“é’ constituent codes,

cvﬂfcﬂ%%ﬁbél%oﬂ\)olut@nm Ll Y U fntaﬁr' €Qcive the data bits and the parity

bits from constituent encoders 310a and 310b and may puncture or delete a sufficient
number of bits based on the selected code rate to obtain the desired number of bits. Unit
330 may multiplex the undeleted data bits and parity bits and provide the coded bits for
the encoded block. The coded bits may include the data bits (which are also referred to
as systematic bits), followed by the first parity bits, and then followed by the second
parity bits.

[0036] FIG. 4 shows a block diagram of a design of RX data processor 170, which
may also be used for RX data processor 138 in FIG. 1. Within RX data processor 170, a



encoder 310b may encode the interl eaved data bits from
code interleaver 320 based on a second constituent

W@ ow8/05790 pr ovi de second parity bits (denoted BGI/E2007/083284
Constituent encoders 310a and 310b may i npl enent two
recursive systematic constitugnt codes, which may be
convol utional codes. Unit 330 may receive the data
bits and the parity bits fromconstituent encoders
310a and 310b and may puncture or delete a sufficient
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bits of the data synbol based on a correspondi ng data

¢ bloskiapdimovighe deording staas forcihadlesk:  Agyassémbler 450 may
L di ' ' : it bein ero
%ﬁwﬁg{fe &o%g)d%d ﬁl‘%;;kﬁ%\?g)ﬁ&%ﬁéea%g? g&lgi}%ool Ies? [ frat e for
{0837] coddDis shoAsahiancletiagaeimba ldeaye of & Taeba d¢@der 430a, which

mat chi n it _420 erfor i nterl.eavi an

B8 B S T Ooﬁg@sp é@lﬁ?ﬂfn s Willds Tiod ‘fﬁ‘ﬁ?ﬁf’ér‘ma’ a
G&Hﬂkigﬁéﬂ @dnx9 5t 0endy el € MHuP AL RRToF ALEddTBIEN LAY dBMultiplex
unit 240 in FIG 2 and provide input LLRs. A Turbo
thedoplgrLI480inteal LBe dothe detadhitsit, ddRso¥ forrfpat pdritRdits pomnd LLRs Z

o et B Pl ecRof 046 SeRERY et GERRREH yck ana e

and pRiQWideL Rs Serdsl haﬁulﬁig&&arss foodndt deentB@CKd dAB bit LLRs X, from
assenbl er 450 rra(%;ai, assenbl e t he decoded bl ocks and

peoda drintgderygedt Galla0 uoda]>26r maysicsronew & LiRisobicor the data bits
FLRcaTohsR 8R40, S TU5ho Emater s 47Rg, e o b

TURb O, deeddarthd sdesteATurde itk ity edveliic Daruk forTdAe imytlcaver 320
recei ve input LLRs for a code bl ock and denul tipl ex
tthEIG.npuend pRyideningericared Matadrit d&Ra B t sAXSISO Recodef §20b may

first parity. bits y, and LLRs Z . . ,
receive tl?e data ¥)it LLRs X’ ana tﬂe second parity bit LLRs Z from demultiplexer 510

and the interleaved data bit LLRs X, from code interleaver 530. SISO decoder 520b
may derive new LLRs X, for the data bits based on the second constituent code. Code

deinterleaver 540 may deinterleave the data bit LLRs X , based on an inverse of the
selected Turbo interleaver and provide the deinterleaved data bit LLRs X;.

[0038] SISO decoders 520a and 520b may be maximum a posteriori (MAP)
decoders that may implement a BCJR MAP algorithm or a lower complexity derivative.
SISO decoders 520a and 520b may also implement a soft-output Viterbi (SOV)

algorithm or some other decoding algorithm known in the art.



for second parity bits z. A SISO decoder 520a may

receive the data bit LLRs X and the first parity bit
wWQ.LR8/0¥799¢ om derul ti pl exer 510 and dei nt er | eavRCI/tig10a7/083284

bit LLRs X2 from a code deinterleaver 540. SISO

decoder 520a may derive new LLRs Xi for the data bits

based on the first constituent code. A code

interleaver 530 may interleave the data bit LLRs Xi

based on the selected Turbo interleaver (which is used
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by SI SO decoders 520a and 520b nmay be iterated
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ﬂl Cﬁ)[gf %S{lﬁ%\#ﬂ Eor?de;ﬁ?%ﬂ Ig@%o di for 'ﬂ?é he%Bh&f cglflsttl‘?l[ent %@&éﬁ LLRs U may

Iteration ng iterations are
oohpk ebadit BLReXent dirstpadtyntay LE.Bs @l Md Rde Henafyiindlhiddddtabit LLRs
g)t LLRs .from ShﬁL gcoder 520a, nmake a hard deci sion

nd seqeng psity B O‘Eﬁ vi de decoded bits. [0040] SISO

fragrer s op %@ﬁr@ﬂ&r@g@l@nﬂ%ﬁe besigpLdRbesd 420 s ﬂe@éve MLRE U from

extrinsic information fromone Sl SO decoder bei ng
mrwltlgbdera@l Oaznd hbRs )ffchrqnh@ starhgr wigt 889 adédodey new LLRs X;. A

rr]gave& éé‘aprﬁ%? i %%tﬂsd/glcgadzgé Zoﬁabmgleﬁgcg él“ u{boo interleaver
hﬁ%t%gﬁl@tmtgﬂ&f%g % )SC%' %?agé 208 630 P%gg*é seL&%@Jnstkl)tuent code,

shows a f agram-of a Turbo coder 430

EM'SG’ ReéRicPBE0 851 BReivOlLLRY Par e %@gﬁl’tlp‘ffe’%@ﬁ 6'1 G aﬁh CELP@S X, from

Wthin Turbo decoder 430b, a denultiplexer

§t6ﬁ1%b \iRiti6B0Whd Wbiee AQY LRRGOHE Al Qfik cﬁﬁﬁerf&%%il MO%@}Xdelnterleave
the input LLRs into LLRs Ufor the first constit uent

cofe andphidds o iRl idveReSecARd eRERUI Ut iRed@vet-laR8 provide
U may ’include data bit LLRs X and first parity bit

tdiRerlYaved URSR VX ey storagt welée abat aStbiakze ihRH50 may implement (i) code
interleaver 630 by storing LLRs X; from SISO decoder 620 in interleaved order and (ii)
code deinterleaver 640 by storing LLRs X , from SISO decoder 620 in deinterleaved
order. The code interleaving and deinterleaving may be achieved by generating
appropriate addresses for storage unit 650. A detector 660 may receive the final data bit
LLRs after all decoding iterations are completed and may provide decoded bits.

[0043] UE 150 may have wide bandwidth and/or MIMO capability and may need to
support a very high peak data rate, e.g., 200+ Mbps. The decoding capability of UE 150



X and second parity bit LLRs Z. [0042] For the first
constituent code, a SISO decoder 620 nay receive LLRs

wardososnoodenul ti pl exer 610 and LLRs X2 from a BCDDSZPE7/083284

unit 650 and derive new LLRs X1. A code interleaver
630 may interl eave LLRs Xi based on the sel ected Turbo
interleaver and provide interleaved LLRs X to
storage unit 650. For the second constituent code,

SI SO decoder 620 may receive LLRs V from denul ti pl exer
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wi adhw, df } KLLRaris mapns|udsalataHat LM s XN ahd Krst pacty b1t LLRs Y., for
segnment may be processed by a separate SISO decoder.
cSirsoastoaereodadgr swareat i deleR ndndyoinclude diga bit LLRs X,, and
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iagr a a design 8f 'A Tur bo
Damubq)lmedl(i oy ﬁw@@: chek drghait LABGoione kddmend decbdeb Dl 2.

BEAALT oW Egreeriatoubr 913 12 eReoh oS SOAeoti RO may perform
é&%e | AR{! for ARCARSor g%%)n'd%ln gﬁén&aco% %pagf%%ﬁrm&%m%t. For the first

nterl eaver 7 a co ei nterl ea
constituent code, SISO decoder 720 may receive LLRs U, from demultiplexer 710 and

LLRs X, from a storage unit 750 and derive new LLRs X,,,;. Code interleaver 730 may

interleave LLRs X,,; and provide interleaved LLRs X . to storage unit 750. For the
second constituent code, SISO decoder 620 may receive LLRs V), from demultiplexer
710 and LLRs X,, from storage unit 750 and derive new LLRs X, ,. Code
deinterleaver 740 may deinterleave LLRs X .. and provide deinterleaved LLRs X, to

storage unit 750. Storage unit 750 may implement both code interleaver 730 and code

deinterleaver 740.



740, and a storage unit 750. [0046] Wthin Turbo

decoder 430c, denultiplexer 710 may receive and
waeleooslosiopd ex the input LLRs for a code bl ock PEt/uoS10nR683284

Ul2 and V' 2 for each segnent m where mc { 1, ...,

MI. LLRs U'" 2 may include dafa bit LLRs X12 and first

parity bit LLRs Y' 2 for the %irst constituent code

for segment m LLRs V' 2 may include data bit LLRs X12

and second parity bhit LLRs Z* 2 for the second )
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730 and code deinterleaver 740. WO 2008/ 057906

PEOR/ U82@D 7/ 88 289 provide00A8] LIFYs talS6Ydidegodsts 7hRa fhrowgh 720m,

const.ituent .code, the. input LL ar. i nput AR are
FRPRAYEYS b R e ing Aty el Brist RS U i 730m,
£RpEEISBPNAFdrohe 3kconlli dodstituddt colfe,Btdrage units 7508 {Hidughl)50m may
-1 in the code bl ock. For decodi ng of the second

piowite; Dt LR clodRIS O drsoflerp (1204 thraugdy B20mwtresngctiestyiraad may store
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itdrhtiony hleecarmsletct)| @alctectomEilemay (ssteidenid €daladampgt M@Rs from
function for the selecteg Turbo interleaver that naps
sforagg ity Y0aghroygla i/ 9 and Py igaisepsissiPits: (x) . [ 0049]

MGLI NtAT LRAMERSFIGROS ﬁlﬁfugﬁgﬁ] af INFLARY OREFASCTRBS @coding is
on the selected Turbo iIntéerleaver. Code

thei axcbargeanfetestridd informagdn Bébremele dprdatgeofbths gdooronstituent

th Lnver se t he lected T o . nterleaver. , For )
s TREBERCLRE o e ghesing f B8 £l epuRagsadd O¢ provided as
ILPLORs fRAMR FBGdRIedf tResdcBRYEodstRRnt & de! s3d HES AL SThe output
720a through 720m ~ respectively, and nmay store the

bLRp ditosn Bfc deeoding of end eenstifusnt7@Blg arh imou ghter@uerder from the input
LLRs for the decoding of the other constituent code. Hence, the output LLRs are

interleaved or deinterleaved, as appropriate, before being stored in the storage unit(s).
[0051] Each storage unit 750 may store LLRs for one SISO decoder 720 for one
segment. Each storage unit 750 may store the LLRs in natural order for the first
constituent code, then store the LLRs in interleaved order for the second constituent
code, then store the LLRs in natural order for the first constituent code, ctc.

[0052] Each SISO decoder 720 provides output LLRs that may be interleaved or
deinterleaved and then provided to M storage units 750a through 750m. Each output
LLR, after interleaving or deinterleaving, may be provided to any one of the M storage

units 750.



respectively. For the second constituent code, storage

units 750a through 750m nmay provide input LLRs to
wER@®osmeoder s 720a t hrough 720m respect i vel yPCHOS200HY83284

store the outputs of code deinterleavers 740a through

740m respectively. After allhpecoding iterations are

conpl eted, a detector 760 may Teceive the final data

bit LLRs from storage units 750a through 750m and

Frovide decoded bits. [0050] As shown in FIGS. 5 )
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BRTEs  Auspigntionetice Rrgboninerisavernpay |bsadedtned ymathematically as
ggﬂgkerleaved and then provided to Mstorage units
0a through 750m Each output LLR, after
interleaving or deinterleaving, may be provided to any
one of zt(KenMist or ag& » vyt s 750. WO 2008/ 057906
PCT/ U 84— 1z [0053] TH¥ M SI SO decoders 720a Ea(D
t hrough 720m may —cont1 nuously provide output LLRs
that nmay be interleaved or deinterl eaved and then
proviEEdgEqnggz NI;LQ pynpits  750a through 750m |f
the o l&i _Ee SI SO decoders are nmapped Eq(2)
to the safe storage Ufit in a given wite cycle as a
result of the interleaving or deinterleaving, then
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[0055] Equation (1) indicates that the A-th data bits in any two segments m and n
should be interleaved to different segments. This condition ensures that the M output
LLRs from the M SISO decoders 720a through 720m for each write cycle, after
interleaving, are mapped to M different storage units 750a through 750m, where the
mapping is dependent on the code interleaving function 7 (x).

[0056] Equation (2) indicates that the A-th data bits in any two segments m and n
should be deinterleaved to different segments. This condition ensures that the M output

LLRs from the M SISO decoders 720a through 720m for each write cycle, after



mul tiple SISO decoders, after interleaving or
deinterleaving, can be witten in parallel to

wOorNoBiof19es st orage units in each wite cycle w P¢DUS2007/083284

encountering nmenory access contention. A

contention-free Turbo interl egyer may be defi ned
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function [ 0057]. The condjtions in equ?tl ons
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papdoaimangng Stopp8i 92 W, st too®1VddNg, bl oK, silzasle biduks may be used,

may be sel ected o
and the data payload may be divided evenly among the N, +1 code blocks. As shown

in FIG. 8, once the data payload is sufficiently large, the code block size is 4096 or
larger.

[0060] A high capacity Turbo decoder with parallel SISO decoders (e.g., as shown
in FIG. 7) may be used for large data payloads, which may be transmitted with wide
bandwidth and/or MIMO. For small data payloads, a Turbo decoder with a single SISO
decoder (e.g., as shown in FIG. 6) may be sufficient. Thus, contention-free Turbo
interleaving may be necessary for only large data payloads, e.g., certain big payload size
and beyond.

[0061] In an aspect, Turbo interleaving may be performed as follows:

e Use a regular Turbo interleaver for small code block sizes that are equal to or

smaller than a threshold size, and



based on various factors such as the expected range of
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Decoding performance may be verified for each Turbo interleaver design in order to
find a Turbo interleaver design that can provide good (or the best possible) decoding
performance. The Turbo interleaver design process may thus be complex and tedious,
especially for a large number of code block sizes. By using contention-free Turbo
interleavers for only large code block sizes instead of all code block sizes, the Turbo
interleaver design complexity as well as implementation complexity may be greatly
reduced.

[0065] In another aspect, a limited set of large code block sizes may be supported
with contention-free Turbo interleavers instead of all possible sizes. In one design, the

supported large code block sizes may be expressed as:
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paddi ng bits may

N, =4096+64 i , fori=1,2, ..., 64. Eq(5)

[0070] The design in equation (5) supports 64 different large code block sizes
ranging from 4160 to 8192, in increment of L=64. 64 contention-free Turbo
interleavers may be defined for the 64 different large code block sizes. The padding
overhead for each large code block size is around 1.5 percent or lower.

[0071] Other values may also be used for Ny, and L, which determine the number of
supported large code block sizes and the padding overhead.

[0072] In another design, the supported large code block sizes may be expressed as:

N,=N,, +L,, fori=1, 2, 3, .., Eq (6)
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The converse is true for a larger value of L. [0067]
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ted wi
nEpB to o talen the ft nal interleaved bits. The DRP interleaver is described in detail by

S. Crozier and P. Guinand in a paper entitled “High-Performance Low-Memory
Interleaver Banks for Turbo-Codes,” Proc. 54" [EEE Vehicular T ech., Oct. 2001, pages
2394-2398, which is publicly available.

[0076] A DRP interleaver function 7,,(n) may be defined based on the two dither

functions /,(n) and /_.(n) and the RP interleaver function 7,(n), as follows:
T (m)=1.(1,(1,(n))) , for n=0,..., N—-1. Eq (7)

[0077] The DRP interleaver function has the following properties:

74, (n+Q) mod N)=(z,,(n)+Q-P)ymod N, and Eq (8)



a dithered relative prinme (DRP) interleaver. The DRP
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operation. The DRP interleaver further applies
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implemented with a quadratic permutation polynomial (QPP) interleaver. A QPP

interleaver function 7, (n) may be defined as follows:
() =(a-n+b-n’) mod N , for n=0,.., N—1, Eq(11)

where a and b are two constants for a quadratic polynomial. Specific values may be
selected for a and b for the QPP interleaver for each large code block size.

[0081] It can be shown that if the quadratic polynomial is a permutation polynomial
for N, then the QPP interleaver is contention free for any K that divides N. The QPP

interleaver is described in detail by Jin Sun and Oscar Y. Takeshita in a paper entitled



7Lar p(n)=(Pn+PA(n)+B(n)) nod N, for n=0,..., N1,

Eq(10) where A(n) and B(n) are functions with a
weeeososrood C, which is a divider of N [0079] HEEUS2007/083284

val ues of A(n) and B(n) may be small conpared to P and
N/ K. The termP A(n) + ) adds a perturbation
to the RP interleaver. The ARP interl eaver is
described in detail by C. Berrou et at. in a paper
entitled "Designing Good Pernutations for Turbo
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Turbo interleaver 1030b may operate as described above for FIG. 7. Unit 1060 may
provide the code block size to SISO decoders 1020b, which may demultiplex and
decode the input LLRs based on the segment size K for the code block size. Unit 1060
may also provide the code block size to contention-free Turbo interleaver 1030b, which
may select the proper contention-free Turbo interleaver function to use for decoding.

[0085] After all decoding iterations are completed, a selector 1040 may receive the
final data bit LLRs from Turbo interleaver 1030a or 1030b. Selector 1040 may provide
the final data bit LLRs from Turbo interleaver 1030a if the code block size is not greater
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ég:lé)gé %phlﬁ)@eg ;[)2‘121’1]3?[9 c El)r?s%l‘gue?llt Zelelcorh%%/s gl?d %heel gg&teerguon free Turbo
interleaver if the code block size is larger than the threshold size. Turbo encoding may
be performed for the code block based on the multiple constituent encoders and the
regular Turbo interleaver if the code block size is equal to or smaller than the threshold
size.

[0089] For a receiver (e.g., a UE), Turbo decoding may be performed for the code
block based on multiple SISO decoders and the contention-free Turbo interleaver if the
code block size is larger than the threshold size. Multiple storage units may be used to

store information from the multiple SISO decoders. The information from the multiple

SISO decoders, after interleaving or deinterleaving based on the contention-free Turbo



data payl oad being transmtted, e.g., as shown in FIG
8. A contention-free Turbo interleaver nmay be used if
W0 b@soses bl ock size is |arger than a threshol BCHEUE®07/083284

(block 1114). A regular Turbo interleaver may be used

if the code block size is eq to or smaller than

the threshold size (block 1116). The plurality of code

bl ock sizes may conprise nultiple |arger code bl ock

sizes that are larger than the threshold size. Each
indgripavere BaE bl vpdtensinuarats) thheuulgpleatagspit i@ cach write cycle.
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used for all of the smaller code bl ock sizes.
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1
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fagdar ueekinba ek enthobid bloek (SoRS equlaem oreMEMide than anlthreshold
the contention-free Turbo interleaver if the code

HE®ER0dyls d 2l Q). ragage for priforiig HbesTsPEng oF glecadipg asced on the

&ﬁﬁ&fﬂf Irﬂgfr&ayurbg CntBRLLQF fFRek L ﬁl@& § déjﬁ lglggrciﬁag A0 QRold size
tiple constituent enco der & an regul ar

(modude 12t Q1 hedwenns fort frefocmds Ehld»okensodleglcs dzequhhg tbased on the

or l.er. than the. thr old . size. For

F%&%f”%lﬁ boigtegleaveg lﬁ@f %F*&sk dige éfcl?CH’d Wacgf JH@”ﬁEPhFB thepreshold

fiot (th&mic ey, bl ock based on nultiple SISO decoders

and t he contentlon free Turbo interleaver if the code

08tk siThe modilas gerFItChahZ ey  CHMPYITO PLDCSispes, elwaltmnmls edevices,
rage ,unit i nf or mati on .f

BHENAR ePTs oG ek tun e el MR o Rasies Rt or any

athbinplich th&leSO decoders, after interleaving or
dei nterl eavi ng based on the contention-free Turbo WO

K993} 05 7dwse PCHilide d@ﬁf@&@ﬂ@md@(ﬁtmﬁiﬂbﬁﬂ igfyeetionayd pignals may
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fhat ém}Yegeeliefqrﬁg@d clRFPughpyot a'&vm ePRCTBHOT iy e clspigsented by
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per
particles, or any combination thereof.

[0093] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is

implemented as hardware or software depends upon the particular application and



for the code bl ock based on at | east one S| SO decoder

and the regular Turbo interleaver if the code bl ock
waewe/0f®oequal to or smaller than the threshol BCHUE®07/083284

[0090] FIG 12 shows a design of an apparatus 1200 for

processi ng data. Apparatus %%QO i ncl udes neans for

determ ning a code bl ock size selected from anong a

plurality of code block sizes (nodule 1212), neans

for using a contention-free Turbo interleaver if the

dodrn pmsERing impoped omhgedverallasystem hP kRS pEisgny may lmplernent the
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and means for performng Turbo encoding or decodi ng
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devi ces, el ectronics conponents, "l ogical circuits,

denes | dscretst gate oF tmyistasolesion adiseatet haidssfe dogpopgnts, or any
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For exanple, data, instructions, cgonman
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represent tages, curre el ect’romagnet |
2alDSP, amdg raetrmcrdprce:les@r ora pdualit] e, rmptoptm:les%rgl dsc oor more

articles, or any conbi.natj t hereof. [0093 se of
TPPTOGHGPT 1 EPW 1°8ﬁﬁ§b%bgp &0Fh 8t aI}YE%LVa?PF g gura“"n

[d0oSpt I atHeV §eh O P CRIMtROP O SalgSREH @Sscribld GHI éo?meéiﬂﬁ with the
al gorithm steps described in connection with t

disslobwrs bersithmpye ba crmbypdibé dlrncplyemém@ehrasn el se&warmmdule executed
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RanlidrBorgN lashs RicioRy, R ONRiefidby,| EPRIGM fehit®y, EEPROM memory,
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FREEETS, d@gizdlislbeﬂcreal@wée disker GDH&OM of enmth@f formenfistorage medium
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ﬂﬁrﬁrd)&@icﬁrcaﬁmldl iafoliatiorafrom)y\ 2 X0i8/ ﬁiﬁﬂ’ﬁﬁﬁon to the storage medium.
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Imige gltgmative, dhsptarnege ggdiume dnayybe igtegeal fone REBFSSHRINnt T herrocessor

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.

[0096] In one or more exemplary designs, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium

that facilitates transfer of a computer program from one place to another. A storage



descri bed functionality in varying ways for each
particul ar application, but such inplenentation
wale@Bo59ms shoul d not be interpreted as causi NBCEUS2007/083284

departure fromthe scope of the present disclosure.

[0094] The various |Ilustrat|%f | ogi cal bl ocks,

nodul es, and circuits describéd in connection with

the discl osure herein may be i npl emented or perforned

with a general - . purpose rocessor, a digital signal
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avai | abl e nedia that can be accessed by a general
WQEpos®oor speci al purpose conmputer. By way RBET/US2007/083284

exanpl e, and not limtation, such conputer-readable

medi a can conpri se RAM ROM gEPR(]\/l CD- ROM or ot her

optical disk storage, magnetic disk storage or other

magneti ¢ storage devices, or any other mediumthat can

be used to carry or store desired program code neans

WHMeISfGLMMEgF@tructi ons or data structures and

that can be accessed by a general - purpose or

speci al - pur pose conputer, or a general -purpose or

speci al - pur pose processor.CNsSEMSny connection is

properly ternmed a conputer-readabl e nedium For

exanple, if the software is transmtted froma

mebsiie, server, or .other remgte source using a

Coaxi &1 cabPaPPHPBEfTGBRIS BAGHE, YW pair,

di gi t & [c8RPE PHr&REsdr icBRfigUPRE ko dOErninE &l &I block size selected from

technol ogi es such as infrared, radio, and m crowave, '

tere & plurelgsnof gpde blecke sizes, lvad topsd & certbntion-freq Tubg interleaver if

2l he a%%k sigk jsht, %ﬁl%ﬁatﬁr%&p%’lsgglaga such as | .nf.rar ed,

Fadiro; and it Crowave afe incl udéd 'h the definition of

medi uimebiosk caupleddiosbe atdsast 8Rspoesseom, | ncl udes

conmpact disc (CD), laser disc, optical disc, digital

versatile disc (DVD), floppy disk and blu-ray disc

wher e, di sk S P ce nRgnet | I .
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Cofigurealt fcopafat titwdalpote & hodd Hloak dasdae on molltipledsoft-input soft-

Wi t hi e, scqpe of conputer- re |l e di a...[,0097 .
FHau &/Sbﬁ%coggré epst s 95)&%10{11#@63?@@? Besiicaverst bmﬂd% dlpck size
[sQargRARhe RN BRS8N, SKkilled in the art to make or

use the disclosure. Various nodifications to the

di sclosure wll be readily apparent to those skilled

in the art,, and the geperi.c i nciples, defined .herejin

may by applPEdPEIGERGE VAR Bri BRYSH thoUP adsalt cacured to
frigiembensiBplel stor@ic GHRRE stdfec infditatlbs EbASHE eultTNY SISO Becoders.
di sclosure 1s not intended to be limted to the

exanpl es and designs described herein but is to be

accorged t | SCOPE. .coNSi i th,t .
pri nc?'pl eslilgen\(ljﬂpﬂ%\% S ?’ ga‘i %lﬁlegf d?]é%]?%ls\é\ﬁcf %(terlgfgsr%. ORfpProcessor 1S
CEHIB ORI 1B 061t THE WSRO0 T8 the A tip IS0l & cOllhb MHSr irfferleaving
CLAIMS 1. An apparatus for processi n% dat a, i

elb%ptiegi:aﬁigt}g based on the contention-free Turbo interleaver, to the multiple storage

units in parallel in each write cycle.

5. The apparatus of claim 1, wherein the plurality of code block sizes
comprise multiple code block sizes larger than the threshold size, and wherein each of
the multiple code block sizes is associated with a respective contention-free Turbo

interleaver.

6. The apparatus of claim 5, wherein the multiple code block sizes linearly

increase by a predetermined step size.



at | east one processor configured to determ ne a code

bl ock size selected from anong a plurality of code
whb@sks®Izes, and to use a contention-free TurPOI/US2007/083284

interleaver if the code block size is larger than a

threshol d size; and a nenory ﬁpupled to the at | east

one processor. 2. The apparats of claim1, wherein

the at | east one processor is configured to perform

decodi ng for a code bl ock based on multiple soft-input

soft- output (SISO decoders and the contention-free

Tur bo5inte h e

than the tﬁbggﬁg{r tlug (ifeﬁalgpg,”\{&glepe%lf ét?éa Sltl}%l}? Joﬁg go%cf sizes are

pleries n the nenory is configured to inplenent

mul tiple storage units to store information fromthe

mul tiple SISO decoders. 4. The apparatus of claim 3,

wher et tNe 2k /| east one processor is configured to

mwite the information fromthe nultlple SI SO decoders,

nterl eaving . or, deinter| eay

e N b PR R0, B SV D Py RSRRTs 5P block sizes

SiONAGan i Ntdde HldckPadednh@tg th@nﬁlﬂqﬂe ¥bdetiodlysit®. 5. The
apparatus of claim1, wherein the plurality of code

bl ock sizes conprise nultiple code block sizes |arger

than ghe t ﬁ‘ég sdE? gtk§|ozfeclalﬁ{]g \Mh%fe% I?ltlee gﬁn 1?% co'dgeolock sizes are

multiple co Slzes 1§’ assocCi a

gespecti ve contention-free Turbo |nterleaver. 6. The
apparatus of claimb5, wherein the nultiple code block
sizes _linearl i ncrease by a predeterm ned step size.
VO 2008 Fd@lgbé PCT/ US2007/ 083284 24 7. The apparat us
of claimb5, wherein the multiple code block sizes are

FYEN AR b in el ko, D FAE Sk 1% Sa i SHRE 2h3ue block size

afendNheindulBpleicoldbloeisiz®. ock size anong the nultiple
code bl ock sizes. 8. The apparatus of claimb5, wherein

t he nultlple code bl ock sizes are given as N = N _1

[ de bl
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si ze, code’
configured to use a regular Turbo interleaver if the code block size is equal to or smaller

than the threshold size.

10.  The apparatus of claim 9, wherein the at least one processor is
configured to perform decoding for a code block based on at least one soft-input soft-
output (SISO) decoder and the regular Turbo interleaver if the code block size is equal

to or smaller than the threshold size.

11.  The apparatus of claim 9, wherein the plurality of code block sizes
comprise multiple code block sizes equal to or smaller than the threshold size, and

wherein the regular Turbo interleaver is used for the multiple code block sizes.

12. The apparatus of claim 1, wherein the at least one processor is

configured to select the code block size based on a data payload size.



anmong the nmultiple code block sizes. 9. The apparatus
of claim1l, wherein the at | east one processor is

w@Blswed to use a regul ar Turbo interl eaverPCT/US1087/083284

code block size is equal to or smaller than the

threshold size. 10. The appagg;us of claim9, wherein

the at | east one processor configured to perform

decodi ng for a code bl ock based on at |east one

soft-lnput soft - out put QSISC» decoder and the regul ar

Tur bol3nt elheaApeprais phecleiByd . bvBeRIns ithee af slegguane preeessor is

E@le I

gén ald rﬁg é),eff\aﬁ]q refé&giu{é;@?ﬁ:aglriéj?ﬁ%lg Basfe& ]on é'x-‘mg?l% %Eﬂgstﬁﬁzéélz encoders

gahitd sententldni-fipdee Tufhd)eiﬂnérteakersﬁzels @quadlod¢lo size ismatgeerthan the

t han fhe threshol d size, and wherein the regul ar

HrH8!di¥ar | eaver is used for the multiple code bl ock

sizes. 12. The apparatus of claim1l, wherein the at

| east one processor is configured to select the code

b| ockl4i zeThasagpamtsaotflatlanpdy| wheteri e adcast one processor is
/ 057906 PCT/ US2007 0832 4 25 13. The par at

8? jEatiy to\m pm cngqding for p co etbl8ﬁ1éb?ﬁeg é)ggglblﬁgllegonstll%uen? encoders

g fhe %glﬁ@k TebBehtcAEML IChEicB8e bRk 36 @qﬁ?&l @6 br BRAsRE than the
on nmultiple constituent encoders and the

doepheldtsizsn- f ree Turbo interleaver if the code bl ock
size is larger than the threshold size. 14. The
apparatus of claim9, wherein the at |east one

processor Thc apmanituguof edirh a, phefedt Meadanatitg fifc@Tubo interleaver
code bl ock based on nmulti Ie constituent encoders and
tShEaSP%gcm ape ﬂﬁ ripditheree ApleBvePrinte (IRRPL dferlesvet kans phgost regular

‘P&ﬂi%'n gt RY o 461619&‘ than ot IE['t:iadrE'P{I g&&&hg‘ltlﬁhz glémlal (QPP)

appar m 1, wherein t contentl
ﬁmmhmvﬂnterleaver S based on one of a dithered
relative prime (DRP) interleaver, an al nost regul ar
pernmutation (ARP) interleaver, and a quadratic

per mujgti og Iﬁahwem@besg@g%ma tohgidigaver . 16. A
nmet hod of processing data, conprising: determning a

code itomknmigza codd blotsledlzﬁrselcp@doﬁtxgnammnlgreplmgfhtmfof code block
dede bl ock sizes; and using a contention-free Turbo
PhtefiGaver if the code block size is larger than a

using a contention-free Turbo interleaver if the code block size is larger than a

threshold size.

17. The method of claim 16, further comprising:
performing decoding for a code block based on multiple soft-input soft-output
(SISO) decoders and the contention-free Turbo interleaver if the code block size is

larger than the threshold size.

18. The method of claim 17, further comprising:
writing information from the multiple SISO decoders, after interleaving or
deinterleaving based on the contention-free Turbo interleaver, to multiple storage units

in parallel in each write cycle.

19. The method of claim 16, further comprising:



threshold size. 17. The nethod of claim 16, further

conprising: perform ng decoding for a code bl ock based
W@rooss190@l e soft-input soft-output (SISO derGHESN07/083284

and the contention-free Turbo interleaver if the code

bl ock size is Ilarger than thﬁsthreshold size. 18. The

nmet hod of claim 17, further conprising: witing

information fromthe nmultiple SISO decoders, after

|nterleaV|ng or deinterleaving based on the

cont etRlecsing RregulaFgo |1W?@¢4Véa%éhe cqds tlegk i i cqnyrtage smaller

rgllel in each wite cycle. 19. The nethod
thaﬁ4m&£H@8 Ur t her conpri sing: WD 2008/ 057906

PCT/ US2007/ 083284 26 selecting a regular Turbo
interleaver if the code block size is equal to or
smaller than the threshold size. 20. The nethod of

clai md9, fTH Bﬁﬁ{od%@mﬂlfibnﬂlﬁhgﬁé&%{ﬁr{g@ decodi ng for
a code bl ock based on at [east one soft-input

sof t - perfoting ¢<So&0g fdec cmbrblmkdoatsmrr aggasapne'l' sofbmput soft-output

LIS SFERE ahd e EePBE Furbe "Bl Be%S i er @R o is cqual to or

Ghal e, thé tHrédMBId RPri sing: perform ng encoding for
a code bl ock based on multiple constituent encoders

and the contention-free Turbo interleaver if the code

bl OCk I ZeT g’me f]pfahﬁr%tﬁl?thell&ngpsrﬂ% d size. .22' The

netho ‘of c ai hetr "co “perform ng

encodpéioririig an@ﬁd% ﬂirQﬁkodéalﬂeék Bﬁ]seﬂldti mlt®le constituent encoders
constituent encoders and the regular Turbo .
it g eerjetionsfrgen dughggintggicgur i e Godejogly sizg igrlarger than the

siRhbelsischan the threshold size. 23. An apparatus for
processi ng data, conprising: neans for determ ning a
code bl ock size selected fron1an0ng a plurality of

code Ioc SIZ n usi ng a

cont efti on 1 BEpiBg e gy ReliSEsoI IS code bl ock

sl ze b&forhﬁﬁ@ BheddiRNfR 4 PERSHBEIE bied®n multiple constituent encoders
and the regular Turbo interleaver if the code block size is equal to or smaller than the

threshold size.

23.  An apparatus for processing data, comprising:

means for determining a code block size selected from among a plurality of code
block sizes; and

means for using a contention-free Turbo interleaver if the code block size is

larger than a threshold size.

24. The apparatus of claim 23, further comprising:
means for performing decoding for a code block based on multiple soft-input
soft-output (SISO) decoders and the contention-free Turbo interleaver if the code block

size is larger than the threshold size.

25. The apparatus of claim 24, further comprising:



24. The apparatus of claim 23, further conprising:
nmeans for perform ng decoding for a code bl ock based
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and the contention-free Turbo interleaver if the code

bl ock size is larger than thf7threshold size. 25. The

apparatus of claim24, further conprising: WO
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i nt er MaRA fgr ovrited NEMEHOR nfowadleds Waltipke SISO decoders, - after
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sel ecting a regular Turbo interleaver if the code
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size.»@7. TheaRRPALSSMTaif 2 r@kiBr 28mpfishg-her

conprising: neans for perform ng decoding for a code

bl ockmsarsseltr stlcaingl samgtlanherboohterlcansuif the ebde blotlpsitze is equal to

SIS ecoder a the regular Turbo interleaver if

%%mﬁ%agmﬂﬁ%%ﬁmﬁﬁg@SP?' equal to or smaller than the

threshol d size. 28. The apparatus of claim23, further

conprising: neans for perform ng encoding for a code

bl ock2basedhoppnaates ¢f daigoHs furthes gempasisgder s and t he
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29. The apparatus of claim 26, further comprising:
means for performing encoding for a code block based on multiple constituent
encoders and the regular Turbo interleaver if the code block size is equal to or smaller

than the threshold size.

30. A machine-readable medium comprising instructions which, when
executed by a machine, cause the machine to perform operations including:

determining a code block size selected from among a plurality of code block
sizes; and

using a contention-free Turbo interleaver if the code block size is larger than a

threshold size.

31. The machine-readable medium of claim 30 which, when executed by the

machine, cause the machine to perform operations further including:



31. The machi ne-readabl e nedi um of cl ai m 30 whi ch

when executed by the machine, cause the nachine to
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the code block size is |larger than the threshold

size. 32. The machi ne-readabl e medi um of claim

whi chperigienng decogingdgiony ¢ade blegkchaspd on daylgalet swét-mput soft-output
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bﬁgﬁnhmwmeﬂﬁeﬁmkhgmor delnterleaV|ng based on the

contention-free Turbo interleaver, to nultiple storage

units in parallel in each wite cycle. 33. An

appar g3 us RS nRERGESSIIBIe HtdRum ©P TRIth it %lc@twﬂe%%cuted by the

one processor configured to determ ne a code

smzmngehmmnbdmmdmneuamnﬁgmaﬁphmma$ﬁn&woﬁwhddg block

Si zes ont nt| rIe r.if .

the' beliBeppGuRebD ity fe mufBien SISt doGimofit singloaving or

a&lftcka e bk el Qﬁ%h@&oﬁﬁé‘ﬁtﬁﬁl firéd "FﬁﬂbSElMt%fleé\fer th hﬁllﬁﬁl@%torage units

bl ock size is equal to or smaller than the threshol d

) pagalleh ocagh pwreeycleoupl ed to the at | east one

processor. 34. The apparatus of claim 33, wherein the

at | east one processor is configured to perform

decoddhg f an apparede & Rekeskiag dakaotonipisingdl e sof t - i nput

soft- output (SISO decoders and the contention-free

Tur bo?t gt ang Presesior copldgwadiéo BEISERING jaode bdogkayigseselected from
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the code ﬁlllock size ?s equal to or smaller than the thres oﬂ? size; an

a memory coupled to the at least one processor.

34. The apparatus of claim 33, wherein the at least one processor is
configured to perform decoding for a code block based on multiple soft-input soft-
output (SISO) decoders and the contention-free Turbo interleaver if the code block size
is larger than the threshold size, and to perform decoding for the code block based on at
least one SISO decoder and the regular Turbo interleaver if the code block size is equal

to or smaller than the threshold size



