LDPC ENCODI NG AND DECODI NG OF PACKETS OF VARI ABLE
SI ZES [ 0001] The present application clains priority

wo oooprogapisei onal U. S. Application Serial No. 60PE8BES208$051961
entitled "LDPC HARMONI ZATION, " filed January 24, 2007,
assigned to the assignee heregf and incorporated
herein by reference. BACKGROUND | . Field [0002] The
present disclosure relates generally to conmunication,
and nore specifically to techniques for encodi ng and
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symbols. The transmitter may then process and transmit the modulation symbols via a

communication channel. The communication channel may distort the data transmission
with a particular channel response and further degrade the data transmission with noise
and interference. A receiver may obtain received symbols, which may be distorted and
degraded versions of the transmitted modulation symbols. The receiver may process the
received symbols to recover the transmitted packet.

[0004] The encoding by the transmitter may allow the receiver to reliably recover
the transmitted packet with the degraded received symbols. The transmitter may
perform encoding based on a forward error correction (FEC) code that generates
redundancy in the code bits. The receiver may utilize the redundancy to improve the
likelihood of recovering the transmitted packet.

[0005] Various types of FEC code may be used for encoding. Some common types
of FEC code include convolutional code, Turbo code, and low density parity check
(LDPC) code. A convolutional code or a Turbo code can encode a packet of k
information bits and generate a coded packet of approximately r times k code bits,

where 1/r is the code rate of the convolutional or Turbo code. A convolutional code can



information bits and generate a coded packet of
approximately r tinmes k code bits, where 1/r is the
W@ owe/0vase of the convol utional or Turbo code.P@I/US2008/051961
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packet of up to L-k; information bits to obtain a codeword of L-n, code bits. A wide

range of packet sizes may be supported with a relatively small set of base parity check
matrices and a relatively small set of lifting values. The lifting may also enable efficient
parallel encoding and decoding, which may improve performance. Furthermore, the
lifting may reduce description complexity for large LDPC codes.

[0008] In another aspect, a single set of cyclic shift values for non-zero elements of
a base parity check matrix for one lifting value (e.g., the maximum lifting value) may be
used to generate cyclic shift values for all other lifting values of different powers of two.
In yet another aspect, cyclic shift values of s and s+ L/m may be selected for two non-
zero elements in a column of a base parity check matrix having at least three non-zero

elements, where s is an arbitrary value and m is a power of two. In one design, m is
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[0020] FIG. 11 shows a process for processing a packet.

[0021] FIG. 12 shows another process for processing a packet.
[0022] FIG. 13 shows an apparatus for processing a packet.
[0023] FIG. 14 shows yet another process for processing a packet.
[0024] FIG. 15 shows another apparatus for processing a packet.

DETAILED DESCRIPTION

[0025] The techniques described herein may be used for various applications such
as communication, computing, networking, etc. The techniques may also be used for
various communication systems including wireless systems, wireline systems, etc. For
clarity, certain aspects of the techniques are described below for a wireless
communication system.

[0026] FIG. 1 shows a wireless communication system 100, which may also be
referred to as an access network (AN). For simplicity, only one base station 110 and
two terminals 120 and 130 are shown in FIG. 1. A base station is a station that

communicates with the terminals and may also be referred to as an access point, a Node



as conmuni cation, conputing, networking, etc. The
techni ques nay al so be used for various conmruni cation
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etc. For clarity, certain aspects of the techniques
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are modulation symbols for data. A TX MIMO processor 220 may multiplex the data
symbols with pilot symbols, perform spatial processing (e.g., precoding) if applicable,
and provide S output symbol streams to S transmitters (TMTR) 222a through 222s.
Each transmitter 222 may process its output symbol stream (e.g., for OFDM) to obtain
an output chip stream. Each transmitter 222 may further condition (e.g., convert to
analog, filter, amplify, and upconvert) its output chip stream and generate a forward link
signal. S forward link signals from transmitters 222a through 222s may be transmitted
via S antennas 224a through 224s, respectively.

[0029] At terminal 120, T antennas 252a through 252t may receive the forward link
signals from base station 110, and each antenna 252 may provide a received signal to a
respective receiver (RCVR) 254, Each receiver 254 may process (e.g., filter, amplify,
downconvert, and digitize) its received signal to obtain samples, further process the

samples (e.g., for OFDM) to obtain received symbols, and provide the received symbols
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[0032] In an aspect, LDPC encoding or decoding of packets of varying sizes may be
efficiently supported with a set of base parity check matrices of different dimensions
and a set of lifting values of different powers of two. The base parity check matrices
may be for base LDPC codes of different (kg, ng) rates, where kg is the number of
information bits and np is the number of code bits. Each base LDPC code may be lifted
as described below to obtain a set of lifted LDPC codes, which may be used to encode
or decode packets of different sizes. A range of packet sizes may be supported by
lengthening or shortening LDPC codes by adding or removing parity bits in a base
graph.
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four rows for the four check nodes C; through C4. Each column of Hj includes a 1
element for each edge connected to the variable node corresponding to that column. For
example, column 1 includes three 1s in rows 1, 2 and 3 for the three edges a, b and ¢
connecting the corresponding variable node V; to check nodes C;, C, and Cs in Tanner
graph 300. Each remaining column of H, includes two or three 1s for two or three
edges connecting the corresponding variable node to two or three check nodes.

[0036] The constraints for an LDPC code may be expressed in matrix form as:
0=Hx, Eq (1)

where H is an my Xn; parity check matrix for the LDPC code,
x is an ny x1 column vector of ng code bits for a codeword, and

0 is a column vector of all zeros.
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t hrough C represented four constraints that define the
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desicsfl Iﬁlﬁﬁhuﬁﬁb@\fhatnces may be predeﬁned, and the permutation rnatrlx for each
non-zero element of the base parity check matrix may be selected from this predefined
set of permutation matrices. In another design, cyclic permutation matrices are used for
the non-zero elements of the base parity check matrix.

[0041] FIG. 5 shows a set of four cyclic permutation matrices for L =4 . In this
example, each permutation matrix has dimension of 4 x4 . Permutation matrix o, for a
cyclic shift value of zero is equal to an identity matrix I having ones along the diagonal
and zeros elsewhere. Permutation matrix o) for a cyclic shift value of one has the
bottommost row of the identity matrix moved or shifted to the top. Permutation matrix
o for a cyclic shift value of two has the two bottommost rows of the identity matrix
moved to the top. Permutation matrix o3 for a cyclic shift value of three has the three
bottommost rows of the identity matrix moved to the top. In general, an LxL

permutation matrix o for a cyclic shift value of s has the s bottommost rows of the

identity matrix moved to the top, where 0 <s <L —1.
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a larger lifted LDPC code. The lifting may be achi eved
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at h ermut atian . mat i ces det erm ne .hgy.t .

BRAELE! 1, Safo RS ML RhpR DR A Ry LB Rubfud Hiah #fg 4 win

SRACF t(ROUE Peinuthitth ha@icaPB, aRpiESe, bARSApldck@with Sd¥0¥Sthe four

an exanple of lifting for the base parity check matrix

¥ diequenmiratih GatGeesEac irowgh- gesiwvel enElG. 6f Fho bétianh of FIG. 6

orresponds to.an .edge in the Tanne raph) is . : :
S c BB RO R st I B Mermh ot i being
fopldchd QEthRAICbIYspohgl 484 mhatriklof oddi&nd Gcfogr Mut at i on
matrices for the 16 non-zero el enents of H are denoted
HW43h t Hreplagingsgrch wieerzerosgeingntt dfethp baseunasity oleckematiix Hy with a
for, edae .a.in FIG 3., [0040] The r,ut ati on trjces
2y BEMRRNR vRptotlohsneRs BT s il B h e LoPC

s&te Ringhembratcdl iFdR alBt 4 ipeRiutdByn Bt @ebpdiRithg @RGiYdevariable
pernmutation matrix for each non-zero el enent of the )
pedse Vpaanidt 4 giveacthoghtnadg Gmyhddowerelemay of rthin pgimaptation matrix

gdr?e%géﬂcp?od V?ff?lblé)fnogée Maﬁl%% rngfaghcc%iiesl D fRpt FO%E rows of this
esign, cyclic pernutdtion matrices are used for the
pamuzaion redtareatrsspohd thehcbrsedpar irt the éhegitaphedapics. The 1s in the

[0041] . FIG 5 shows set of four, cyclic pernmutation
PRETRi4tio8 megpix comrespond tg celgrscoaRetipp eariable foge Mmib 4bg fr graph

%iési 6 ha&k fHdTRNSH A B éra?h Sopicd O PAHRLIRMN TR EJRIMAR of row v

r a cyclic shift value of zero is equal to an
inctemt fhiaty vareabld mode Waui ggpbreepy al isegnideeeddioaghenlanodn ., in graph
zeros el sewhere. Pernutation matrix si for .a cyclic
SHDTE GARDE D5 PNEPEREHER YOS 15 ¥ §pT P don-zero cloment

: F . ftad ‘
It_gg%h%lx.n%é % Xanm‘ﬁg&f ﬁ’c;deséll fn [ cﬂ@ﬁé’?t& E/I{a%ﬁldes a.l in column 1 of

romutation matrix S for a cyc ue of two
fs 21 thichwoedno tiiad vamstile hows Vofin ghephicdentli ik yommdctedxo check node
noved to the top. Pernutation matrix s for a cyclic
Shik §r2RFRRY f three has the three bottonmost rows of

B
baskdsort b badsopdrapmabstk meatsx dl, tshewn in FIG. 3 with L=8. In this
representation, an 8x16 grid 710 stores the edges for the seven variable nodes in all
eight graph copies. Each row of grid 710 corresponds to one graph copy. The 16 boxes
in each row correspond to the 16 edges a through p for the seven variable nodes in one
graph copy. An 8x16 grid 720 stores the edges for the four check nodes in all eight
graph copies. Each row of grid 720 corresponds to one graph copy. The 16 boxes in
cach row correspond to the 16 edges a through p for the four check nodes in one graph
copy.

[0045] FIG. 7 also shows the connections between the eight copies of variable node
V, and the eight copies of check node C, for edge d, which has cyclic permutation
matrix o3 in this example. Thus, the eight copies of edge d are cyclically shifted down

by three positions due to matrix 3. Each of the remaining edges may be cyclically

shifted by a value within a range of 0 to 7 for L =8§.



identity matrix noved to the top, where 0 <s £ L -

1.10042] FIG 6 shows an exanple of the lifted parity
web@skoamirix H in FIG 4 with each of the 16PCT/US2008/051961

pernmutation matrices sa through sp being replaced with

one of the four cyclic pernutagtion matrices so through

s3 shown in FIG 5. The bottomof FIG 6 shows the

lifted parity check matrix H wth each cyclic

Eﬁ)ﬁ gggln?ﬁ%n% ralxérkfp rr?rllgn%ilc)r%&g | glgeﬁcgosl,umalrl] orzeearclésedgf btb% base parity

Blek agdtng a8@ohe Wﬁﬁé&h&if&ﬂ@m graph tdifedabiRe Pasobley of cach edge

check matrix Hwith a 4 x permutation matrix results

may s gy clicapy skifige by e a&%‘ét @f‘rt%raﬁnffdol?y the€ypligermppagion matrix for

ﬁﬁggégelng generated. For a 4 x 4 pernutation matrix

corresponding to a given variable node V and a given

ﬁmack ndﬂGSCQtmmhgh%ambwcaimnmqﬂeba&hLEPﬁemthaﬂiﬁmlmwepmﬂy

L s sspend v abhe o Vi The o ataeh
EPPCEIALRALH Be HFRE PGS maltid e sHoWMT ind TP, qgﬁin%%f different

The Is in the pernutation matrix correspond to edges
sloeneey |bngaohwvr:® bbly exsmgdey clicipermhietibo umatigeeapt & fpicat dingensions.

10 S og e stk RS WE SRR eilicB Sttty vatue

@itA e &APY o0 tSLLP nmcdy@ﬂc SRfiGRALK 1R cdés bR tHIMARNparity check
copy vy As an exagf cyclic pernutation matrix si
R E

matrixsmay bopeledied bps oding pergermaheg. var i abI e node Vi

O P B, Lot ROAAL i LOEL WGP b fr cirrn

Valugy ek raogie frohs6 a@mgehcl ledT4bte Chists waﬁ@@q)aamd:tersgifaw‘mx base

co 2. [0044] FIG 7 shows a representation o

FPPLetpdsnin fSFordaaek Wik qicxdesigng éﬁ@ﬂlﬁtd@ag%a@éé%\m@ HPC codes
F

Ry ARt p S HRSIBEN, B I v o

Ulten dtidels Brondliand (8WBh Avatkitatdce Spedewation, ’aIAugﬁsthﬁO7 which is

T T RN TN TN

16 edges a through/? for the seven varlable nodes in
one graph copy. An 8 x16 grirghi€30 stores the edges for
the four check nodes in all eight graph copies Each

row or |grl1d.rZu Corresponds 10 ohe grapn . |hTe 10
boyas |n E\%‘% Py CRUuMBSPSM] tNurhihe 06| e g Base parity
tinagugh/ gﬁirnlit;?]ﬁ el haHY bRORGH BaResitsidy n\f—‘anaitlée?l;B check matrix
0 6 27 33 3 Gy
1 7 31 38 3 G
2 8 35 43 3 G,
3 9 39 48 3 G;
4 10 43 53 3 Gy
5 11 47 58 3 Gs

[0049] In one design, a set of nine lifting values of 4, 8, 16, 32, 64, 128, 256, 512
and 1024 may be supported. In this design, the smallest lifting value is L _. =4, and

m

the largest lifting value is L__ =1024. These lifting values are different powers of

max

two, which may provide certain advantages. A total of 54 different packet sizes ranging




copy. [0045] FIG 7 also shows the connections between
the eight copies of variable node V2 and the eight

w@opsexoai check node C2 for edge d, which hasPCHUb1008/051961

permutation matrix s3 in this exanple. Thus, the eight
copi es of edge d are cyclicaljy shifted down by three
positions due to matrix s3. Each of the remaining
edges nay be cyclically shifted by a value within a

rngf4 t 826t4001t M be n%uppgr e(Ie \g@ﬁ %Ie dsdé bigsreqﬁgl@é Bg@eéqxnth kg ranging
ﬁaﬁﬂ 6 u) nrteﬁkthérﬁme llml@@hlm&aﬁgiﬂg from 4€®civ2af Ii pénckal, any range of
gra ph copies. The L coples of each edge may be

9@1&%465 e sERrertsg. A1 lanotit Lidetay BF ABY Syipbleielues.

7

D] 0 R AP B Blckof Blse paft AR mat b FcRtance with

blasdaesm i Ay slmdsm kn frable i1X Gd mbeimension-6{G27 8 3armidlmcflt1desg27 rows
t.his base code to obtain a larger LDPC c

W‘ltIlHn@lﬁ%“ of ¢ tﬂerau P @)d SH ORI Wit 1W10§Iﬂfv91thr?lug%l &y For each
t o) fer | Vi

Ron e e oltinh of Eible 2 26, MRMpRCIGEN, SHFCh Bl (o ihe

ﬁhabﬂdj @sngkrot dlembyes e tharowy T<hh ¢tokd erdomi of Elabﬂa)Z dees the column

clically shifted b .val ye within.a e

Sation s s B8 et Ged e Thofh S8R G g B oS gives the
E’ﬁ*’ll‘ctsl‘an bagk f&aéa"ch %oﬁ%robéieﬁ&'lt%teﬁéh R%G%PIL COdl(FEQI the cyclic
performance. [0048] In one design, a set of S basé

UPRG atedase Fathibe @edd 60 thor2di fEenegné d¥agaest Bisekrity check
rangi n%efrom 6 through 11. Table 1 lists various

p@trme tyough Gh erosjexcrpddn ppdoigagatoned 34d8Er@ane®t-001.
with one design. In one design, the six base LDPC
codes may be in’pl-@_{geégi gﬁ&sl?a%‘?feﬁwﬁgla SGPP2

a

C 80084 001, entit yS| C ayer U t ra Mobile

B el VAW »)Y A - | =S
| UO.UIJO.IIU \ UVD) Al ter I acl T QIJCbI I v O.I.I ot I‘\u UDI.

2007Ro%hi ¢h R@Wpum i cpluamapestiinedf The bé%)’éhE@P@V@BH’é@f
may lafeo beDeemeerren@@aerwelqmmmrrmes| eI ZerPghsingents in row

[4()Oé19bﬂlpn one6de3| gnn al’sgat3 @fg R ne I lfﬂﬂ1@9§,8’(2@9@,318@f 0,0
O, 10U, \.)L, UH-, 120, ZJ0 JJ.L allu vZEa—1ray— ot
st 1708t 763 805108, 0

slppotied] Inthig desilyR, Jihd: Kl | e
i Lmm =4 , gnd the |aygestq i 161 ng valiw, 259, 682X753, 0,0
1()24 . TIItbe Ilf Illg le ucos di . © LII | I Cl UIIL I.JUVVCI ) UI

4 1,4, 8,20 402,948, 0,0

4 0,5,6,20 318,0,767,0

4 2,5,6,7 154, 1023, 768, 0

3 0,1,11 885,323,0

3 0,2,12 617,220,0

4 1,2,3,13 799, 519, 669, 0

4 0,1,4,14 900, 72, 669, 0
10 4 0,2,6,15 574, 253, 352.0

4

4

4

4

4

3

3

1,2,7,16 848, 280, 920, 0
0,1,5,17 548, 928, 355, 0
0,2,3,18 17,376, 147, 0
0,1,4,19 795, 823,473, 0
0,2,8,21 519,424,712,0
1,6,22 952,449,0
2,7,23 887,798, 0




two, which may provide certain advantages. A total of
54 different packet sizes rangingfrom?24 to 11, 264

Wb Raog/0vmy0 be supported with the six base LDPC PGHES2008/051961

with kb ranging from6 to 11 and the nine lifting

val ues ranging from4 to 102431 I n general, any range
of lifting values may be supported, and Lm n and Lmax
may be any suitable val ues. [0050] Table 2 gives

. £ la
paranmeters—of —baseparit uncun et

accortfance wi fth one desi §nl> Bg4shown iln Tatﬂ5é 93.348. 0

’

has digrengi on3of 27 x33 apds, |2|ch udes 27 rOWS49@ 8516 0

i mdrces of O through—26—and_ 33 cotums—wt T

O |t hrough |32 YFor |each rgv%’ @I’?@ secon colig*?n @éﬁQBIq
2|givess the rew degree, whj4h7corresponds to26hEs6, 0
NYMTOET, Of [Non-, Zero e ene [Z§ 2§[ e 1oV

calu of Tahf‘p 2 m Ves um paos | ti nS%g 31841%495’0

non-zBro el emdnts|in eachOy&w9 The fourth coll0@Bipd
Tabl [VeS,the|cyclic T, val ue flor eac ~ Zer o
Lonstt | e T30 504

el 0 nagh oW For 1024 | the cy
shift25al es dare within &,d8nye of 0 fo 102R3%k&hH e

desigys off bage parity che trices|G t
are—desecr bedﬁi np* he anr%bmgﬁ —oned—3GRPR2 ?}5@;@2,@ 09
Table 2 - Base Parity Check l\/htrix [ 0051] In one

n, Iyl
@ghge gg ol[élgtﬁg orﬁaﬁeg ﬁlgii)ﬁécgﬁg At %tvllaﬁ‘lg nY%fI BSselected
Ejrraspa,cka dfisizel ngs todlowa. I.Flrsaya lh)ﬁﬂng elabetle thabd&es@leomdtﬂased on the
E%%ket S|ze asfollovvs L=2] log2(k/lk B| , Eq

D

eluier e aﬁk ﬂ*&& s the maxi mum nunber of i nformation
bits for all base LDPC codes, and " r 1 " denotes a

cei | i ng- eperat x =1 1 for the set of base LDPC gq (2
codes ShO\AE O%n&rTabfmjﬁ but may be equal to other 1@

val ues for other sets of base LDPC codes. [0052] A

RasR RALL idthe RRG& IR ik cN&Hinfot@atiBELisEoe 6l 8kclased codes, and
the packet size k and the selected lifting value L as

fol | oWs: ’Tdmloteﬁdemllmg opheatgel ect ed base parity check
tri be . .The Iected base

ESW R ot B oAb b A R an o ol R LS e Gfigal to other
SCr | tlon 53 | ected base parity check

ﬁ‘ﬁ??si @hgﬁ%?ts{?fg’%g“é??ecﬁﬁﬁ fting value L can encode

gmst.»p KBy hsagerga@waﬁéc@gnm&sn@nme@ b0 1@ e Baded GdBe packet size k

The (ﬁ)acket

and the selected lifting Value L as follows:

ky =] k/L]. Eq(3)

The index of the selected base parity check matrix may be given as i=k, —6. The
selected base parity check matrix is denoted as G in the following description.

[0053] The selected base parity check matrix G and the selected lifting value L can
encode up to k; -L information bits and provide n;, -L code bits. The packet may be
zero-padded to length k,-L by appending z, =k,-L -k zeros at the end of the
packet. The zero-padded packet may be encoded with the lifted parity check matrix to
obtain ny - L code bits. For an (n, k) code, the z, padded zeros as well as ny L —n—z,

parity bits may be punctured to obtain a codeword of n code bits.



zero-padded to length kB L by appending zp = kB L - k

zeros at the end of the packet. The zero-padded packet
woregpsioe2oencoded with the lifted parity check ne@¥/iUS2008051961

obtain nB L code bits. For an (n, k) code, the zp

padded zeros as well as nB L tpn - zp parity bits may

be punctured to obtain a codeword of n code

bits.[0054] To encode the packet, a Iifted parity

GARSF, T g R LGS S0 LSRR 80y 50 gy e

baskll ionghy sdlet@ed-basE paripacticek nimtyx Gmm tkhe selaeted eigtinassfte L. The
on the lifted arlt% check matrix H. LOOSS To
B

g%cﬂfétrlaﬁﬁéﬂxeﬁ@wenmd@é gedionythe Htedparty ehsckppatiindl.cycl i ¢
v G I t
ISt s Eerclie BRI LR EER 1 e GG HACKAR for cach
hal-Faosclembrerd e isslcated yombt pastyi Eeck ahateix f@rmay be determined as
Egn zero elenment of G assuming lifting by Lmax, and ¢
lowscyclic shift value for a non-zero el ement of G

with lifting by L. [0056] The fourth colum of Table 2
gives,th shift values for the non-zero Eq (4
ol orofit s b c;dmfJ Ln x = 1024 . The cyclic shift 1@
val ues for the non-zero el enents of other base parity

oneekg ied £yctie ShiffeyalRefod 8 NBH-2t Rt @Ncht HF OF 2%@u1hﬁ1g5ﬁfﬂhé BY Linax, and
tables. In general, the cyclic shift values for th

non- z&F & etysheshist wiucdorajonacgelnet oG wih lifne tafrid

may be used for all lifting values fromLnln to Lnmax.
[0oiss] mayrtei foptth oyluaeséNatse 0ggvadnhy codle Seft velfues il th€ non-zero
shift values can be stored for G and used for al

plements pf\al {pesL..Eqd824 oThesycle skifft yadyasyfor Erepnamszese elgments of

re | east S|gn|f|cant bjts (LSBs) of g to obtain
helfngﬁset PRETtE hedly Brtriges tmarygtwﬁﬁ%a@ angdyStPTRg 1gedmysf tables. In

%&ﬁepal Lfﬁ%)%a{ahé-g% valﬁ?&eﬁh‘% H@ﬁ/ zp[% Jl@rﬁ&ﬁ? df '(% rﬂalye negéinerated for

be renove , etc. Y
bﬁnkménusag1ma@ﬁpn@§dhngvahesﬁeﬁﬂEmDWSM&p bleits wesyrsimplify design

different shif ra ers, e.g., S = + L/,4 .

e P Beeneost SheYaks OH Byt 5o or JorsfcBiithgnd ised for all lifting
Q¢ qilqu@ﬁ&'l B es &R P FentBe§ zEB n§dr9 Mabd s‘igfﬁﬁcaﬁit tb§ts (LSBs) of g
(MsSBs) of g may be renoved by perform ng nodul o-L

wpahtahi girfot theobleafed lidting vajue hayoatlwalebignotithalpngd- 1034 , one LSB
ot her manners. [0057] In one design, each non-zero

Blag e iemeyedGt ay She. W@pL&Bémaw hetremorgtifi b =papratcat Thgrremoval
rg% ?[h Iﬁ%?ﬁ% em%'g p?ets)%]rgla he re aélonsﬁl tweIGItl ydlﬁgr%gtkshnﬁt I;alra)l(mthers c.g.,
s'=s+L/4 described below, which may simplify encoding. In another design, zero or
more most significant bits (MSBs) of g may be removed by performing modulo-L
operation to obtain g'. g' may also be obtained in other manners.

[0057] In one design, each non-zero element of G may be replaced with a cyclic

permutation matrix ¢, to obtain the lifted parity check matrix H. &, may be obtained

by cyclically shifting the identity matrix I by g'. In another design, each non-zero

element of G may be replaced with a 2 x2 matrix to obtain a matrix G’. This 2x2

g'/2 0 (g'+1)/2

matrix may be
0 (g'-1/2 0

0
if g' is an even value or if g is
g'/2

an odd value. Each non-zero element of G’ may then be replaced with a cyclic



by cyclically shifting the identity matrix | by g .
I n anot her design, each non-zero elenent of G may be
WO epBAagwd with a 2 x 2 matrix to obtain a nmat rP&I/G52008/051961
This 2 x 29g'/200 (g +1)/2 mtrix may be if g is
an even value or if g is 0 gj¥2 (g'-1)/2 0 an odd
val ue. Each non-zero elenent of G nay then be
replaced with a cyclicpernutation rratri X that is
ﬁr%}utagl%ltnln\{atShtﬁa ?s? ‘f-}'bYlFaqMS% ed(l%I '/ 2 %ﬁ%t gg(gl)/ﬁ to obtain

aln

ffﬁﬂlfﬁ?%@ﬂ@%h@@l@ﬁfaﬁ%@ﬁ hpsS v\g a%? NS }?eﬂ-?r%a%ﬁse'a%ﬁr@ P other manners.

col ums and Ifted parity chec
HSB] x thwplmsr@drrown géthedrfteplexanm @teeld neurix Hanayt berearranged

T L A
, Misan (mMBL- M xNmtrix, and 0 is an Mx (nB

-L-N) maMx all zeros. Theldentlty matrix in the
| ower Hight' co per of H may be replaced with a | ower Eq (5)
triangul aMemalti x, which may have non-zero el ements

bel ow t he di agonal [ 0059] The di nension of M may be
dependent on the sel ected_ base parlty check matrix and
Wﬁ?releaSﬁthW\brmaélﬂxd@&éNn%kkm ;M may have the

foIIOV\/lngf A T[\/Il—vvlth bei ng i nverti bl e,
Eq (6M @S 1 g v&%&‘@B g, gpd (M - L/2) x (kB L)

matri L/ 2) matrix, Cis an

(L/ 2)6(§<S M{W néT TN mﬁﬁl’% g%i%lﬁze(fﬁ 2) x (L/2) matrix,

The identity matrix in the lower right corner of H may be replaced with a lower
triangular matrix, which may have non-zero elements below the diagonal.

[0059] The dimension of M; may be dependent on the selected base parity check

matrix and may be a function of code index ;. M; may have the following form:

M, = {A B T} , with {B T} being invertible, Eq (6)
C D E D E
where Aisan (M—L/2)x(ky L) matrix,
Bisan (M —-L/2)x(L/2) matrix,
Cisan (L/2)x (kg L) matrix,
Disan (L/2)x(L/2) matrix,
Eis an (L/2)x(N —k; - L) matrix, and
Tisan M-L/2)x(M-L/2) lower triangular matrix having ones along the

diagonal and zeros above the diagonal.

[0060] The constraints for the lifted LDPC code may be expressed as:

M, 0] x . X
0=Hx-= , with x = , Eq (7)
M, 1] p; P;

where x;is an N x1 column vector of information bits and parity bits, and

pzis an (ny-L—N)x1 column vector of parity bits.



Eisan (L/ 2) x (N- kB L) matrix, and Tis an (M -

L/2) x (M- L/2) lower triangular matrix having ones
w@k@sgoxome di agonal and zeros above the di agonk€T/US2008/051961
[0060] The constraints for the |lifted LDPC code nmay be

expressed as: where X1 is an N x | colum vector of
infornation bits and parity bits, and P3 is an (nB L -
X 1 colum vector of parity blts [ 0061] Because of

Ld&ﬁ er %G?El;lsrelo)f theozretro rna R { reéi%r cOtfler OE H'in equatlon (5), a

i on P O OT° eYu'st

PoDbE 96 eflialitn (%Mﬂeé&bress@ms( 8) V\here S ls a (kB L) x

1 colum vector of the information bits in the packet,

Pi is an (L IT) x 1 colunn vector of parity bits, and

P2 is an (M - é{ é),t 18 gol um vector| ®ff parity bits.
f

[ 0062]) Ty oL tii on ( be
or e- rrhltluqbl et Gni bh - 2 Bl N Y PR p T A EA®

BTQM =Eq (9 ETUWUI CDE- E TPA hC F 0 where
f == T 1B + D . [0063] Equations (8) and (9) nay be
conbined to obtain; As + B P1 +

(vh@)e $ 152 ke A) x1 @))hgnn,_vegzj_or-of @he 1nﬁa‘m(at1pn ]31t§ 1n[tbggaﬁketph e

ty hits ted
?Z‘Ho%i;s i fe o i Bl bt oS T) RS o (a

" P M,”‘i/%?‘ Sy m bt isadat i on (&), 11

the identity matrix in the 1 0
[0062] To solve for equation (8), M; may be pre-multiplied with Q :{ ET J

as follows:

oM — I 0][A B T] A B T Ea (9
"|-ET" I||C D E| |[-ET'A+C ¢ 0|’ 10)

where p=-ET 'B+D.
[0063] Equations (8) and (9) may be combined to obtain:

As+Bp,+Tp,=0, and Eq (10)
(-ET'A+C)s+¢p,=0 . Eq (11)

[0064] The parity bits p;, p; and p3 may then be computed as follows:

= ¢'(-ET'A+QO)s , Eq (12)
p,=-T'(As+Bp,), and Eq (13)
p;=—M,x,, Eq (14)

where x; includes s, p; and p, as shown in equation (8). If the identity matrix in the
lower right corner of H is replaced with a lower triangular matrix, then equation (14)

may be solved using (top down) back substitution.



| ower right corner of His replaced with a | ower
triangular matrix, then equation (14) nmay be sol ved

wW@I20089208p down) back substitution.[0065] ThePCT/US2008/051961

conmputation for pi, p2 and p3 may be sinplified by
performng the matrix multipljgation in equations (12)
and (13) in steps, storing internediate results, and
using the internmediate results for |ater steps [0066]

ifted parit
0l o BRI R G k' by b fge Y heggprming the
bﬁtrﬁmmttmlealdmmomlawndw(1gbl Qhd [ &3)eis. stdfze sthHgilﬁ@ﬂﬁé&nate results,
are structured as an inner "core" LDPC code of high

gt esing the ngglfr@dlaé@quplg,s o7 {ager staP8- encodi ng may be
RRIGEDT meihel i SEAYERLIha FRVISL (4 nOROALT ARS8 may be

or exa parity bits

BRef agmputigd of . FHtm@SbeSbLQMUrbdltcE@m@ﬁll lﬁghe(r Taps. TH@DDPC codes are
parity bits p2 may be conputed next (iIf needed) as
Shwmrecﬂ rs eguaneo Hedqre 3 )LDRh doddh oh hpgr raty vttt sueB pasty bds. The

ut ed Iast |f neede shown ion 4) .
el SRy ST R G OBGR R urey ihiber of ode
i@§ rmse%ﬁ@leo arityARDp, nf9 bHAREB ut@i filsPaSdRotvingh ciBtion (12), then
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have the form shown in equations (5) and (6). Graph 800 is used only for illustration
and does not match any of the base parity check matrices described above. Base graph
800 includes a number of square boxes, with each square box representing an element in
the base parity check matrix. Each non-zero element of the base parity check matrix is
represented by a marked box. Each marked box is associated with a cyclic shift value
that determines the amount of cyclic shift for the L edge copies obtained by lifting the
base parity check matrix by a lifting value of L.

[0069] A codeword is composed of information bits and parity bits along the top of
the graph 800. The bits in the codeword may be transmitted starting from the left and

moving to the right, except for some re-ordering of the parity columns.



represented by a marked box. Each marked box is
associated with a cyclic shift value that determ nes
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obtained by lifting the base parity check matrix by a
lifting value of L. [0069] A gpdeword is conposed of

information bits and parity bits along the top of the
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I ncludes several features that may sinplify encoding.
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wégfheléclgd@ﬁaﬁhr@bﬂh@d%waresb@mm Byeccepnuagio giangngy.  The degree 2
Uﬁ{arb'l 1$osde§ rn%g)%e lQOnﬁgulred in an accumulate chain structure, which is also known

as a dual-diagonal structure. This dual-diagonal structure is shown by the triangular
matrix T having two stacked marked boxes in each column of T. The dual-diagonal
structure may have significance in code performance and encoding. Having a large
number of degree 2 variable nodes may improve performance, and having the degree 2
variable nodes in the dual-diagonal form nearly saturates this possibility. The dual-
diagonal structure also allows the degree 2 variable nodes to be easily recursively
encoded, much like a convolutional code. When properly ordered, the H matrix
structure may be include sub-matrix T with only the diagonal (1,1), (2,2), etc., as well

as the sub diagonal (2,1), (3,2), etc., containing non-zero elements. Often, the edges



whi ch includes three shaded square boxes for three
non-zero el enents. The degree 2 vari abl e nodes may be
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bBdELPRE cdb papepthsmighghe hnghhgnlf thdeast graghlacafmulhfer blage (degree
g E%é a@g %lgeagr%%%g%n eg]r;rga?%i%ty%%%ﬁglphacggog ‘gy ¢ may still be
small. However, this design may still be susceptible to some error floors. In a third
design, s'=s+L/4 and ¢ is a sum of nine permutation matrices. The corresponding
loop in the lifted LDPC code passes through the length of the base graph accumulator
chain (degree 2 nodes) and four degree 3 nodes. The complexity of multiplication by
¢~ may still be small since ¢ ' may still be a sparse matrix. This design may simplify
encoding while avoiding problems associated with error floors. The cyclic shift value
for the third non-zero element may be x, which may be another arbitrarily selected
value.

[0074] The techniques described herein may be used to support a wide range of

packet sizes. A suitable packet size may be selected based on various factors such as



multiplicity L, which may result in suboptimal error

fl oor performance, especially since the base graph has
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L/2 and f 1 is a sumof three pernutation matrices.
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Vaqr?albleens‘elQetsenga;I ﬁé re]rgco?iec(i: gllrJ Héclorc]igd based on a set of base parity check matrices
of different dimensions and a set of lifting values of different powers of two (block
912). The set of base parity check matrices may comprise base parity check matrices
for 6, 7, 8, 9, 10 and 11 information bits, as described above, for kg to 2kg-1
information bits, for kg+1 to 2kp information bits, or for some other range of
information bits. The set of base parity check matrices may also include some other
combination of base parity check matrices. The set of lifting values may comprise
lifting values for 4, 8, 16, 32, 64, 128, 256, 512 and 1024, as described above, or some
other range or combination of lifting values. Parameters (e.g., cyclic shift values) for
the set of base parity check matrices may be stored for use to encode or decode packets

of variable sizes (block 914). Each base parity check matrix may comprise a plurality

of non-zero clements at a plurality of locations. Each non-zero element may be
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check matrix. [0077] FIG_ 10 shows a design of an

appar dexedic sbdovaless fpr beddisd mgritvathack mapary maynbe computed based on

the cyclic shift values for the non-zero elements of the selected base parity check matrix
and the selected lifting value, e.g., as shown in equation (4). The lifted parity check
matrix may then be generated by replacing each non-zero element of the selected base
parity check matrix with a cyclic permutation matrix of a cyclic shift value computed
for that non-zero element.

[0080] For encoding in block 1120, information bits in the packet may be encoded
based on the lifted parity check matrix to obtain first parity bits, e¢.g., as shown in
equation (12). The information bits and the first parity bits may be encoded based on
the lifted parity check matrix to obtain second parity bits, ¢.g., as shown in equation

(13). The information bits, the first parity bits, and the second parity bits may be



1000 i ncludes neans for encodi ng or decodi ng packets
of variable sizes based on a set of base parity check
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val ues of different powers of two (nodule 1012), and
means for storing paranmeters 4g.g., cyclic shift

val ues) for the set of base parity check matrices
(block 1014) [0078] FIG 11 shows a design of a
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in the first set, as shown in equation (4). In another design of block 1212, K MSBs of

each cyclic shift value in the second set may be removed to obtain a corresponding
cyclic shift value in the first set.

[0083] The first parity check matrix may be generated based on the first set of cyclic
shift values (block 1214). This may be achieved by replacing each non-zero element of
a base parity check matrix with a cyclic permutation matrix of a cyclic shift value in the
first set corresponding to that non-zero element. A packet may be encoded or decoded
based on the first parity check matrix (block 1216).

[0084] FIG. 13 shows a design of an apparatus 1300 for processing a packet.
Apparatus 1300 includes means for determining a first set of cyclic shift values for a

first parity check matrix of a first lift size based on a second set of cyclic shift values for



in equation (14). [0081] For decoding in block 1120, a
| arge graph for the lifted parity check matri x may be
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and second lift sizes may be different powers of two.
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rm ned
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vaI e|ﬂy§he Seco set ra
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(4). In another design of block 1212, K MsSBs of each

I t lue jin th d set
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set. [0083] The first parity check matrix may be

gesnesratiefoNas@etran ntafeeck IB shd PetachfhagWCkideh 8hilf fnatrices D and E
val ues (b%ock 1214) This may be achi eved by repIaC|ng

easdhhason hetahd of| bk ther at least three non-zero elements are in a column

corresponding to matrices B and D. A packet may be encoded or decoded based on the
lifted parity check matrix (block 1416).

[0086] FIG. 15 shows a design of an apparatus 1500 for processing a packet.
Apparatus 1500 includes means for obtaining a lifted parity check matrix by replacing
cach non-zero element of a base parity check matrix with an L x L permutation matrix
of a particular cyclic shift value, where L is a power of two (module 1512), means for
using cyclic shift values of s and s+ L/m for two non-zero elements in a column of the
base parity check matrix having at least three non-zero elements, where s is an arbitrary
value and m is a power of two (module 1514), and means for encoding or decoding a

packet based on the lifted parity check matrix (module 1516).



a base parity check matrix with a cyclic pernutation

matrix of a cyclic shift value in the first set
w@omseseendi ng to that non-zero el enent. A pacREr/UsmMYS/051961

be encoded or decoded based on the first parity check

matrix (block 1216). [0084] HXG 13 shows a design of

an apparatus 1300 for processing a packet. Apparatus

1300 includes neans for determining a first set of

i C i ft | ues Lrst parity check matrix of .
(00871 <1 “ershod PobTEniclt 1Bn13 Bl BTl Ko FRFpiort. Sbctronics

ghiiéds, habwes doicssaearnthidaloniponekteClsgiarlt ¢itowitdf mémories, etc., or
second lift size (nodule 1312), neans for generating
phecoisgtionghere9f. check matrix based on the first set
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pamipily, thésectschmidues g ynod ithgethddi6d .in hekiS8a}e, Firtdwatd software, or a
shows a design of a process . 1400 for. processing.a .
prrewiagtionatherdote ghyat | V&%ﬁ%dﬁlp??é‘%ql%tloﬁfayl%%m%%gﬁgn@&“ used to
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check matrix Wth an L X L pernutation nmatrix o o '
péhini on¢ ar wyed applgatién spedifie, integetal cirwtsa(ASifus), digital signal

t bl 412). COycli hift val d L/ .
hitge bR ES P ol U b pRPt e eieS et En Praiarpatle logic
HhecRaga Py ifeld pReSkmABbI] Yatbaytdyd @PGAR3S brdcBis8R, controllers,

non-zero elenents, where s is an arbitrary value and m
mécrg-cppifelicrs fmicyaprodsisses cleptupnic dayieeneotbes plgefrome jugits designed

. i.c shift | ue t t
AT AP DD B D Uit B bt
pi®shpn, Horis feawake aad/boubftwardihplementationg $bi teéhniques may be
val ues for the two non-zero elenents are s and s +

implemgried gyt Rede tesi GFRCOMYFS WReANSE B108pight 1,nstami0p§/e§t0-) that
Gl A S . PO AR v
fhedipal i tenghiyf tembaliyi@gofirmwary dnd/osebeftved tate andshibed used in
RO e b B S TR PR, Seheh v andor
P A e By et & ) ond
ofccuted pptariireesssd (agd pPcestoh 2 hher 27 heilhhmeofory magbd imhksmented
\%‘ith{neﬁg tprgcherss%? or ekl %o %lleel%rc]és%orar J?hei Plrr%w%l%l aidlor software code
may also be stored in a computer/processor-readable medium such as random access
memory (RAM), read-only memory (ROM), non-volatile random access memory
(NVRAM), programmable read-only memory (PROM), clectrically erasable PROM
(EEPROM), FLASH memory, floppy disk, compact disc (CD), digital versatile disc
(DVD), magnetic or optical data storage device, etc. The code may be executable by
one or more computers/processors and may cause the computer/processor(s) to perform
certain aspects of the functionality described herein.

[0090] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined

herein may be applied to other variations without departing from the spirit or scope of

the disclosure. Thus, the disclosure is not intended to be limited to the examples and



corresponding to matrices B and D. A packet may be

encoded or decoded based on the lifted parity check
woreaosioeo¢bl ock 1416). [0086] FIG 15 shows a dBGI/{j8200$/051961

an apparatus 1500 for processing a packet. Apparatus

1500 includes neans for obtaizyng a lifted parity

check matrix by replacing each non-zero el enent of a

base parity check matrix with an L x L pernutation

TR SbVB oe 1§E24 BoRU ibe ¥IUT ar i Efulsica wit he
prindipley aldiescDfcatir@nilsostd héid. or two non-zero

el enents in a columm of the base parity check matrix
havi ng at | east three non-zero el enents, where s is an
arbitrary value and mis a power of two (nodule 1514),
and neans for encodi ng or decodi ng a packet based on
the lifted parity check matrix (nodule 1516).[0087]
The nmodules in FIGS. 10, 13 and 15 may conprise
processors, electronics devices, hardware devices,

el ectroni cs conponents, logical circuits, nenories,
etc., or any conbination thereof. [0088] The

techni ques descri bed herein may be inplenmented by

vari ous neans. For exanple, these techni ques may be

i npl emented in hardware, firmvare, software, or a
conmbi nation thereof. For a hardware inplenentation,
the processing units used to performthe techni ques at
an entity (e.g., a Node B or a termnal) may be

i npl emented within one or nore application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs),
programmabl e | ogi ¢ devices (PLDs), field programmabl e
gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, electronic

devi ces, other electronic units designed to perform
the functions described herein, a conputer, or a

conbi nation thereof. [0089] For a firmnvare and/ or
software i nplenentation, the techni ques may be

i npl enented with code (e.g., procedures, functions,
nodul es, instructions, etc.) that perforns the
functions described herein. In general, any

comput er/ processor -readabl e medi um tangi bl y enbodyi ng
firmvare and/ or software code nay be used in

i npl enenting the techni ques descri bed herein. For
exanpl e, the firmvare and/ or



software code nmay be stored in a nenory (e.g., nenory
232 or 272 in FIG 2) and executed by a processor

W@ 2008/0920p0 ocessor 230 or 270). The nenory nmay BPET/US2008/051961
i npl enmented within the processor or external to the
processor. The firmware and/ of4 software code may al so
be stored in a conputer/processor-readabl e nedi um such
as random access nenory (RAM, read-only nenory (ROM,
non-vol atil e random access nenory (NVRAM,
programmabl e read-only nmenory (PROV), electrically
er asabl ewPROMIS EEREMVED ISEASH nenory, fl oppy di sk,
conpact disc (CD), digital versatile disc (DVD),
magnetic or optical data séﬂ@ﬁﬁsdevi ce, etc. The code
may be executabl e by one or Tore conputers/processors
and may cause the conputer/processor(s) to perform
certain aspects of the functionality described herein.
[ 0090]- TheApragpirews compusingt i on of the disclosure is
provided to enabl e an ers skilled in the art to . .
ke 8 g Of Eotsoof PHaBRLSP . ftsts Sfanteb deRingf Pyiatle sizes
bdred dhsicdcosfibBc \Watity dRck @aghidey ofldFfdremtditondibiBsad a sct of lifting
skilled in the art, and the generic principles defined
e pes of didSreniepozyspt it ot 8t her vari ati ons wi t hout
depart i I fi.t,.0 c '
Thue, *TRETOPEGP LR 3B; ey o Tea BRE gRbe MG M S PEHIFFL to store
pdremetcantol é® saneftese parity desdkrmiteidesher ein but is to be
accorded the w dest scope consistent with the
princi ples and novel features disclosed herein. WHAT | S

CLAI MeD | Sty Mandk- of\CIARPAT &l HSMOMRY ia$i 1REkt 9136 processor is

| east one processor configured to encode or decode
padigetesl tofdeteamingld packetzese blos patkentosbesatcoddd dradasoded, to select a

rity.check trices..of different dipmensions.and a
BReotar o RV GEdtGe SitbrebBRt BREmeeth Vot diget o base
9ar1f$ FRENK BEtR 6 ttke §1Qf Bhscl RS} cIRRR NUtAERIHE] Sl Ehe packet size
configured to store paranmeters for the set of base

patf Iy Sedevsskliffiger Yodess o 2zendiaes aptedaauidy sheakl miamixt based on the
%!f & Phst Bgritatchl Siaﬁltatr&na%dQﬁeo sy ]tlfl‘u?l %gﬂlfel aq{ﬂrtg% EQde or decode
etermneld packet a1 ze of a packet 16 be encoded Or

thegaded baded odaheliftedpdrity thevy native fromthe set of
lifting val ues based on the packet size, to select a
base

3. The apparatus of claim 2, wherein the at least one processor is

configured to select the lifting value by computing

L=2» ’7 logz(k/kB,max)—‘ ’

where k is the packet size, kg max 15 @ maximum number of information bits for the set of
base parity check matrices, L is the selected lifting value, and “[ 17 denotes a ceiling

operator.

4. The apparatus of claim 2, wherein the at least one processor is

configured to select the base parity check matrix by computing

k, =] k/L],



parity check matrix fromthe set of base parity check
matri ces based on the packet size and the sel ected
woO pdoslova4val ue, to generate a lifted parity chRCRUS2008/051961

matri x based on the sel ected base parity check matrix

and the selected lifting valug and to encode or

decode the packet based on the |ifted parity check

matri x. 3. The apparatus of claim 2, wherein the at

R 6 PSS b T A B B PR cheRly Ml gf pgormarion

Bigs Rl s21cRtcTB4bdHHR BIRR mAfix | 4t o1 MAL idefbtd 4 &ifi® ofdifor.

set of base parity check matrices, L is the selected
lifting value, and " f 1 " denotes a ceiling operator.

4. The apparatus of claim.2. wherein the at, |east one .
processor ii‘[s1e caé’ﬁf‘ﬁa{dﬁr 8@ thgblmse eCt It ﬁlettl%easag 1|Sf'§1sr(;{i ?%/e processor s

e pkrdiRb rideferby thOMEd parity kBedikihbdrix, Bab&T Rirthet &n Efdic shift values
acket size, L is the selected |lifting value, kb is a

MBTZCES cleenss ARthE splceird BasegrriphéhicsleMeied base

parity check matrix, and " f 1 " denotes a ceiling
operator. 5. The apparatus of claim2, wherein the at

| east 6one Phocopsarusi of caaifd gureterem glenex alicastt i processor is

lifted parity check matri x based further on cyclic
%‘?ﬂf{‘gﬂ“%? ke -Slzérvaﬂvgﬁ e S154 peti cSeterpigty based on the
ARSI AT MilieC st WAL clBmeri0®raRPINBUUE b [GhA Thédk matrix

rein the at | east one processor 1s configured to
swhthatselcetyd liftmgshilde, anditougmerfatr the idtetl iphtieydchpelr imarix by replacing
check matri x, based on the cyclic shift values for the .
0. AT 6ol SIFBRL ofr tenscledd st Bt haFk (pagRoagth e cyeli
?ahfult@ﬁoanﬂatﬁia of 8 el @rtsach Vilhé badpuad #R thaish-1Q0 GRARKAL €
he lifted parity check matrix by replacing each

non-zero el enent of the selected base parity check

matri %, W tli‘héEl aﬁgé%{aiéu% Eg :J@ﬁhﬁtj‘ ovrx}h&%ltnr itﬁ(ei %ft 1%%sffy§4?ei %I'oecessor is

shift "value ¢o non-zero el enen

apiipueddus geheatcathtliZed phtyedhackt hatrid bdsedsh [08®ics of a base graph
g%ocessor Is configured to generate the |jfted

_parity
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8. The apparatus of claim 7, wherein the base graph comprises a plurality of

edges for the non-zero elements of the selected base parity check matrix, and wherein
the at least one processor is configured to perform decoding in parallel for L copies of

same edge in the L copies of the base graph, and to perform decoding sequentially for

different edges in the L copies of the base graph.

9. The apparatus of claim 7, wherein the at least one processor is
configured to perform decoding in parallel for the nodes of each copy of the base graph,

and to perform decoding sequentially for the L copies of the base graph.

10. The apparatus of claim 2, wherein the at least one processor is

configured to encode information bits in the packet based on the lifted parity check



non-zero elenments of the selected base parity check
matri x. 8. The apparatus of claim7, wherein the base

w@e@plowaenpri ses a plurality of edges for the PORUEMOL051961

el enents of the selected base parity check matrix, and
wherein the at |east one procgssor is configured to
perform decoding in parallel for L copies of sane edge
in the L copies of the base graph, and to perform

decodj n nt i for diff
ma &xes X al{lhlret alrf’ta é S aﬂd t% enc@gqg% bna 1%% §1§ng)f1ts c:a]ng Iﬂ}ﬁ grst parity
viebRedoh bR 18ted| Iﬁﬁﬁ} cheble makrdCR®SHIn b&ob® phitigied t o

perform decoding in parallel for the nodes of each
copy of the base graph, and to perform decodi ng

sequenpt i al iy, fa@iar{i:tpg |01an c%ﬁﬂ ' 185 wﬂgrehpﬁwe bag?&llsQBﬁ"eogrocésgor is further

The appar at us whereln t east
pcmﬁgasaiab ehsodeahé irdormexioh ditethe diest lpafi@rrbm; araihthbis¢®nt parity bits

cket based on the lift ckmatrix to
E R the hitqd naay felgPCfs irpadrix t%lgalélﬁf:%% SH%
|nfornat|on bits and the first parity bits based on

the lifted parity check matrix to obtain second parity
bits.121. Theapppanadlslaoh IchdiranOic sehef base ahiéy aleck matrices

| t furth f d t
EHEPTSRY OF 00 e Bty ey PR pEeg et S Eng s 10 and 11
fEsadonaitkty bits based on the lifted parity check

matrix to obtain third parity bits. 12. The apparatus
of claim1l, wherein the set of base parity check

matri ¢ces c I t eck .
et ri )ﬁi? £ or ?g? ‘)é 9%% 81%%? 1 w'ﬂgre?rg’?h%gﬁ? %ily‘un Vfues comprises at
|cadtonpiftignvddid fr aﬂlBast theobpanariss 69f 128l a56n512 and 1024.

wherein the set of lifting val ues conprises at | east
one |ifting value for at |east one of 4, 8, 16, 32,

64, 1 19-§ 2@9@ Ca%fa%raﬁﬂdoil Q?ﬁm :}4 E’&n apRAr BisY S?aﬁfty Cél@cf@ matrix

1, wherein ea ase parity chec matrix conprises

mmplasies tayplofalutw of nenacel eomatts aata plupllity af idoptiofs, each non-zero
| ocations, eac on-zero el nt, bei.ng associ ated wt

glepgpy l?een%ﬁﬁsmlak?ﬁmﬁl YT RgT Valhg Fihh o e xtoleax . where
MehEa AR litiRedgm i fting value. 15. The

apparatus of claim 14, wherein the nenory is

configured to store a plurallty of cycllc shift val ues

Lg: i : ?? p! thé laf)]ga\fatus of ik 4 W érg{lrle tﬂg %16%101‘3? & conkf%ured to store a

plurality of cyclic shift values for the plurality of non-zero elements of each base parity

check matrix.

16. The apparatus of claim 15, wherein the at least one processor is
configured to determine cyclic shift values for all lifting values for each base parity
check matrix based on the plurality of cyclic shift values stored for the base parity check

matrix.

17. A method of processing data, comprising:
encoding or decoding packets of variable sizes based on a set of base parity
check matrices of different dimensions and a set of lifting values of different powers of

two.



check matrix. 16. The apparatus of claim 15, wherein

the at | east one processor is configured to determ ne
w@ywBog20dhi ft values for all lifting val ues foPCEHEHSW08/051961

base parity check matrix based on the plurality of

cyclic shift values stored foy; the base parity check

matrix. 17. A nmethod of processing data, conprising:

encodi ng or decodi ng packets of variable sizes based

on a sgt of, bas ard ty. check. matrjces of. different

ai mendi one TR RE Hinf 17T F RGBT I Binior (8{Effe packets of
pawdlssieds cowprid®d. The nmethod of claim 17, wherein the
encodi ng or decodi ng packets of variable sjzes
conpr feegnigegsrnicket nirc #f pparet tabencgdedorgieerdad. t o be
encod : ] ek f L f .
et of T e e S AREhE OF o intdd L L OB iz
sel ectdlewging ablase ppatyl theck hekx fiwir ihe set ofrbddaeasiet cladfck matrices

as rity check trices sed on the packet size
g%ag phehkeingg Al WE@%%@?% Ye¥Herating a lifted
pari t yoehemk IRREd Ea&?%@cl@ﬁm’ér&eb%_@a eaitRd sbased gé’sre' Pa¥fity check

check matrix and the Selected lifting value, an
matgodindghosclelgabliiting vele, gpeicket based on the |ifted

her PO iE crdpttdife e Per Bt g Mt Reip Sl gnatrx.

computing L = 2 | log2(k/k B where k is the packet
size, kB, macis a maxi mum nunber of information bits
for th® sefThormpthed farclaim dheowhcrin rihgescleqtings thehdifting value

el ect [ fting value, and " f 1 " denotes a ceiling
%E%&%?g?9ﬁéﬂﬁﬂgThe nmet hod of claim 18, wherein the

sel ecting the base parity check matrix conprises
comput i ng ere k is the packet size, L is the

sel eclled2? | fogi (kg kyal.be, -kb is a nunber of information

where k is the packet size, kp max 1S @ maximum number of information bits for the set of
base parity check matrices, L is the selected lifting value, and “[ 17 denotes a ceiling

operator.

20. The method of claim 18, wherein the selecting the base parity check

matrix comprises computing
k,=[ k/L],
where k is the packet size, L is the selected lifting value, kg is a number of information

bits for the selected base parity check matrix, and “[ |7 denotes a ceiling operator.

21. The method of claim 17, wherein the generating the lifted parity check
matrix comprises
generating the lifted parity check matrix based further on a plurality of cyclic

shift values for a plurality of non-zero elements of the selected base parity check matrix.

22. The method of claim 17, further comprising:



bits for the selected base parity check matrix, and "
f 1 " denotes a ceiling operator. 21. The nethod of

W@ k@B920¥) wherein the generating the |ifted pe€T/U§2008/051961

check matrix conprises generating the lifted parity
check matri x based further omg plurality of cyclic
shift values for a plurality of non-zero el enents of
the sel ected base parity check matrix. 22. The net hod
cyel Q0B i s HERTRMS IS0 PSRy IS oRments of
eloarmagd sary cRRRAAS ¢ PRt of bakegdtitirehddkomatiicdshe set
of base parity check matrices. 23. An apparatus for
processi ng data, conprising: neans for encoding or
decodhfig p j . jZ € nﬂﬂ% .on a set of
base %grit%ﬁgﬁééﬁgég¥ﬁﬁé§§&§¥aﬁ%f?@rent di nensi ons and
a set meind fof tncugingadruksodihg padkeer @taripblesizes dhsctwm. a set of base
24, The apparatu cl ai m 23, wherein the neans for _ .
BHEY DA Bltiges iﬁé‘erﬁ% Risreasions gad jaatst @tfﬁ}f%% values of different
QRL LBRS Means for determ ning a packet size of a

packet to be encoded or decoded, neans for selecting a
lifting value fromthe set of lifting val ues based on
the packet.size ans for . sel ecti a base parit. .
checkhmt r T FRUIEnG ot 37 Kasemgr ey fraleodife or decoding

BisGESaR@te sz otigispacket size and the selected

ifting value, neans for generating a lifted parity
checkmeansfox dgaraigingrs nakketsie ot v @acksa sebpencodgd erdserded,

LT LTS T G o0

paukict gizgheck matri x. 25. The apparatus of claim 24,
wherein the neans for selectinq{the-lifting val ue )
conpr Ms@s fop aslectingra Rasppatiiyrgictk matiy frpydhe Rotiof Baggearidy check

falritel B%e@%ﬁlﬁ%%&k&%ize@dWseil%t&l [fFR%L Wm nuber of
Information bit or the set o

means for generating a lifted parity check matrix based on the selected base
parity check matrix and the selected lifting value, and

means for encoding or decoding the packet based on the lifted parity check

matrix.

25. The apparatus of claim 24, wherein the means for selecting the lifting

value comprises means for computing

L=2» ’7 logz(k/kB,max)—‘ ’

where k is the packet size, kg max 15 @ maximum number of information bits for the set of
base parity check matrices, L is the selected lifting value, and “[ 17 denotes a ceiling

operator.

26. The apparatus of claim 24, wherein the means for selecting the base

parity check matrix comprises means for computing

k, =] k/L],



base parity check matrices, L is the selected lifting
value, and " f 1 " denotes a ceiling operator. 26. The

wappangows of claim 24, wherein the nmeans for BEI/E810081¢51961

the base parity check matrix conprises neans for

conputing kB=fk/LlI ,where k i® the packet size, L is

the selected lifting value, kb is a nunber of

infornation bits for the sel ected base parity check
rator

" d
{%ﬁeére K1 tﬁ acket §1ze L 18 %ﬁezgﬁ?ec V\%d hf%nﬁ Vgﬁlgolrgﬁglgnasm%mber of information

ap arat ¢larm ere

BRI atd %&cieﬁ%aké pdrRel cRRKirhatrigh@dk [ ML dbXot LRI liSESperator.
nmeans for generating the lifted parity check matrix

based further on a plurality of cyclic shift val ues

for a2’P| ur ?/'il é% ratﬁgfgp C alel’{l%e V\%ﬁl‘@?ltl %h of g%nll}gfo% feger?ei%gt%?% the lifted

base parit e hppar o)

Baity chédkhestric @omiptisdsng: nmeans for storing a plurality
of cyclic shift values for a plurality of non-zero

el enefcansofor ggegiatings e dsﬁthgﬂr@h é@@kﬂﬁ%tﬂf‘ apgd fuiBeisen a plurality
81t oyﬁét ShRLhiuYs GhEE %1&5&‘[& npcferfoe n- 210 e@nﬁéﬁ 13‘15 RIPREH ke parity

conpri sing r-rea
dﬁﬂbmusmmg code for causing at | east one conputer to
encode or decode packets of variable sizes based on a
set of base parity check matrices of different

di mensg. onSTﬁé]QpIﬁra?tﬁst of@flaibd 33 'fﬁ}%e‘r‘%ﬁlﬁﬁmﬁﬁ di fferent
powers of two. . The conputer progtam product of

cl ai mm2@s fmh@tcafmg 4 mhlrddmitoanheahilﬁbv%uaseﬁr wnplfitatityhef non-zero
conpri s ode for causing th ast o ut er
FI5 R BF st pulk B dhssn ThephealdiSt s BRFHHGecs.
or decoded; code for causing the at | east one conputer
to select alifting value fromthe set of lifting
vaIue§9basédmﬁwuﬁﬁ@ﬂnﬁﬁn@ﬂxbwkéom@ﬁaegfor causi ng the

at | eRghmBNE: ROMRL Bleahuh SGhSRIn@ base parity check

code for causing at least one computer to encode or decode packets of
variable sizes based on a set of base parity check matrices of different dimensions and a

set of lifting values of different powers of two.

30. The computer program product of claim 29, wherein the computer-

readable medium further comprises:

code for causing the at least one computer to determine a packet size of a
packet to be encoded or decoded;

code for causing the at least one computer to select a lifting value from
the set of lifting values based on the packet size;

code for causing the at least one computer to select a base parity check
matrix from the set of base parity check matrices based on the packet size and the
selected lifting value;

code for causing the at least one computer to generate a lifted parity
check matrix based on the selected base parity check matrix and the selected lifting

value; and



matrix fromthe set of base parity check matrices
based on the packet size and the selected |ifting
W 20080920d¢0de for causing the at | east one conpRCBDS1008/051961
generate a lifted parity check matri x based on the
sel ected base parity check majgi x and the sel ected
lifting value; andcode for causing the at | east one
conmputer to encode or decode the packet based on the
lifted parit heck .matrix. ;31, The conputer_ progra
pr oduct " of fealth CHISTRABF & 5BhenE SRETLY r Goepite of tecodo the

etasé o herifedparityserck gade. f or causing the at
east one conputer to select the lifting val ue by
computing L = 2L | log2(k/k B, max where k is the

packet;siz ' - . ofni o _
pACKES 51 B KBy BeA T MR OHT 050! BABCITRomputr
tdadatde hedivedfurinkt congprisak:ue, and " f 1 " denotes a

ceiling operatpor. 32. The conputer program product_.of

cl ai m 30, BT aetie r%i?ag? PR RISt che i gﬁrltfﬂ% value by
EPItinges: code for causing the at |east one conputer

to select the base parity check matri x by conputing

where k is the packet size, L is the selected Iifting

val ue, kb ts a nunber-of information bits for the
selecgeﬁz%gggz@5¢bhy)1heck matrix, and " f 1 " denotes

a ceiling operator. 33. The conputer program product

of claim 29, wherein the conputerreadabl e medium,
Pheicrkels theopAsketsis: kpodds ¥ BRXiEns nwgbed informatips bitsyfer the set of

BRI 0sRRORCEL £ IR 090 ik SO, Tt i

bpgratbhe plurality of non zero elenments of the selected
base parity check matrix. 34. An apparatus conpri sing:
32. The computer program product of claim 30, wherein the computer-
readable medium further comprises:
code for causing the at least one computer to select the base parity check

matrix by computing
k, =] k/L],

where k is the packet size, L is the selected lifting value, kg is a number of information

bits for the selected base parity check matrix, and “[ |7 denotes a ceiling operator.

33. The computer program product of claim 29, wherein the computer-
readable medium further comprises:

code for causing the at least one computer to generate the lifted parity

check matrix based further on the plurality of cyclic shift values for the plurality of non-

zero elements of the selected base parity check matrix.

34.  An apparatus comprising:
at least one processor configured to determine a first set of cyclic shift values for

a first parity check matrix of a first lift size based on a second set of cyclic shift values



at | east one processor configured to determne a first

set of cyclic shift values for a first parity check
woredosioeoed a first [ift size based on a secondPGEUSINS/051961

cyclic shift valuesfor a second parity check matrix of

a second lift size, the first3jand second lift sizes

being different powers of two, to generate the first

parity check natrix based on the first set of cyclic

%or at5ﬁcon%| parl y ch a?rnhgcég (sjeﬁ,g{q li es?z%ﬂ %r ngegco?lg%l s%es being

Hﬁfetreﬁl@ pa‘tveﬂs Qﬁ$\fvo (16 Scidroe ess st p&ﬁy cﬁb&( rﬁmarbakédﬁomﬂle first set of

cl aim 34, mhereln the at | east one processor

el Yiff valuey adtterirede ar fecoder ac @fswe%ﬁnathe dstopagity check

&Hﬁn§ nd lift size to the first [ift size, and to

rennve | east significant bits (LSBs) of each cyclic

shi f t a veimoey coupldtetogbe atridass ehe procebdrai n a

corresponding cyclic shift value in the first set. 36.

The apparatus of claim 34, wherein the at |east one

processor e CORhlaAN §F JfmA8h EWHASn ahk altl Raf ohd %)rocessor is

second lift size to the first 1ift size, and to obtarn

eadigumodctbidetestinfcta fagou & hased b afratrasof tlaesedo;ad diuﬂvsmh toghafirst lift

correspondi n lic shift valu e e

S TP R0 Cimde It et Bl Bl Gapt s/ SRk At in the
Jden@ s abtdm dork dndinioycib sl valuehs tiat ﬁﬂsﬁs%$t one
processor is conflgured to determne a factor K based

on aratio of the second |lift size to the first |ift

si ze, gnd e I %E?r\é?us of‘mcﬁlmsggn hege%rl]tthg 43 leglg\{sgﬁg rp%cessor is

each cycllc Sh

CafioRsqaon dichgminecd tatiosifithd se¢ahdiéifii slﬂzettbehé tirss tiftsgete, addto obtain
The ap Paratus of . claim 34, wherein the first and
sxhayalis phift wilucew the é‘lr%iusrﬂf@f ehidips e eyrnding. cygle shiffevaluc in

ARRBLA Ut l%f thE & dﬁrfﬁ”fogﬂmﬁé 850 1% ﬂ%'e??aﬁh one

processor 1Is con lgured to generate t rst parity
check matrix by replacing each non-zero el ement of a

base rity. check matrjix wt cl.ic tatlo
matri 3 of ihw@mfé Uéhp# clajmy 3 e thP & loagh one processor is

ST RSRIOB Y RIM IR o ABP RbAE! Qn q |r@c{836‘ft the ﬂ’&ond\ lifesiRo@ (B first lift
processing data, conmprising: determning a first set

gike,caand| tooreglaivé K wmist signifisantabifs ™dSBpaofi tagh cdyelik simfit vdlxe in the

gefcogd set to obtain a corresponding cyclic shift value in the first set.

38. The apparatus of claim 34, wherein the first and second lift sizes are

different powers of two.

39. The apparatus of claim 34, wherein the at least one processor is
configured to generate the first parity check matrix by replacing each non-zero element
of a base parity check matrix with a cyclic permutation matrix of a cyclic shift value in

the first set corresponding to the non-zero element.

40. A method of processing data, comprising;:
determining a first set of cyclic shift values for a first parity check matrix of a
first lift size based on a second set of cyclic shift values for a second parity check matrix

of a second lift size, the first and second lift sizes being different powers of two,;



first lift size based on a second set of cyclic shift
values for a second parity check matrix of a second

WO pdos/ogioze, the first and second lift sizes beP@yUS2008/051961
different powers of two,;generating the first parity
check matrix based on the firgt set of cyclic shift
val ues; and encodi ng or decodi ng a packet based on the
first parity check matrix. 41. The nethod of cl ai m 40,
wherej n the determ ni the first . .set. of lic shift .. .
val uet ekt BR i Pt sheRl i oRSG R (LBt g 8F eyetic shif
vatépand the second lift size to the first lift size,
and renmoving K least significant bits (LSBs) of each
cycl i encoringtordgeasng hpadket kasedad thedirsinarighehsick matrix.
corresponding cyclic shift value in the first set. 42.
The nmet hod of claim40, wherein the generating the
first4pari Tie atedek ofadlaink4@onipreiaabe deteamaingnihe tfiret set of cyclic
first parity.check matrix by replacing each non-zero
& ﬁ%h?sﬁﬂnén%%se parity check matrix with a cyclic
per M QLinARingB! fltdr RibaRe LHEL tRioWHRd sob8hdBftIs et the first lift size,
first set corresponding to the non-zero el enent. 43.
#nrd appar atus conprising: at |east one processor

configured to .obtain..a |ift ri heck rix b

Conl bty RHSRE HebieRareibEBoe Gob sEa Rt bore Aling scoond
SRt bdtaid & ddrBpdadin Rt baftivancTRtld fkesofet.2 particul ar

cyclic shift value, where L is a power of two, to use

cyclic shift values of s and s+L/mfor two non-zero

el emepts | f. b . [ h X .
cror B S TS Ohh 0, NG OAl BHRURE LTy check
ahbix doatptise@l ue and mis a power of two, and to encode

or decode a packet based on the lifted parity check

I .
mat r i gSnCEeAh R PTE s matE: PhEPiCingessh ngprcro clement of a
E%Sgg)%%g?ﬁe&é i‘lhaé%-g ifRRPAT A g)%rrﬁlfltaﬁé)t‘?hﬁhﬁgof Q(\’Gﬁrh%' dhift Dfue in the

matri’X conprises
first set corresponding to the non-zero element.

43.  An apparatus comprising:

at least one processor configured to obtain a lifted parity check matrix by
replacing each non-zero element of a base parity check matrix with an LxL permutation
matrix of a particular cyclic shift value, where L is a power of two, to use cyclic shift
values of s and s+L/m for two non-zero elements in a column of the base parity check
matrix having at least three non-zero elements, where s is an arbitrary value and m is a

power of two, and to encode or decode a packet based on the lifted parity check matrix;

and

a memory coupled to the at least one processor.

44. The apparatus of claim 43, wherein the base parity check matrix
comprises

ol



BTDEwhere Tis alower triangular matrix, matrices

B and D each has a wwdth of 1, matrices D and E each
whawsaoteel ght of 1, and the at | east three nonP@BDS2008/051961

elements are in a colum corresponding to matrices B

and D. 45. The apparatus of cimim 43, wherein the at

| east one processor is configured to select a cyclic

shift value of s for a third non-zero elenent in the

SRATELPNDE Bl M SRR ARAR ELTRERSifPypy. marices

Prhdtin eachytak iahetplht bf 1 vaald RS atf104st tHiee AMIZzd10 BIcA®G are in a column

el enents are s and s+L/2. 47. The apparatus of claim

acgresppictieg 1 metriseseBaad Dk o four and the cyclic shift

val ues for the two non-zero elenents are s and s+L/ 4.

48. The apparatus of claim43, wherein mis equal to

ei ght4and The appadaius shicldimvdBueshetan thbeatt Wwastnone zeo@ssor is

el nts are s ang. s+L./8. 49_ A nethod of processin

a%?éflre@otﬁp*ﬂeg‘i % .Cq’Gb“Pllj Kalhg 0bs forra dﬁ*&ﬁr&@@) elkmeRt in the column

HRIF % 10 ER] RELAGo ERARnAON. ZEr 0 el ement of a base

parity check matrix with an LxL permutation matrix of

a particular cyclic shift value, where L is a power of

t wo; i ng clic shift valyes of. s and s+L/mfor two .. .
non- 780 eFEgRReEet ol i steip i el AP e it shin
vabéd for RVBGoalzelPaSheith bR MAR+ELN 0 el enents, where

s is an arbitrary value and mis a power of two; and

encodi ng or decodi ng a packet based on the lifted

. h . T f i . .
Pher eVt BB o aim L8 WIRECIR fn Regfiith Bt dnd shegyetic shif

bey for theitdoaoh @ory cléhemngtel saandwgird. x, matrices B and
D each has a width of 1, matrices D and E each has a
hei ght of 1, and the at | east three non-zero el enents

are inga cehu YPpdr§ ©F REAI 4% WiRr R 1§ @&ua@ t@%ﬁjghp'and the cyclic

shift values for the two non-zero elements are s and s+L/8.

49. A method of processing data, comprising;:

obtaining a lifted parity check matrix by replacing each non-zero element of a
base parity check matrix with an LxL permutation matrix of a particular cyclic shift
value, where L is a power of two;

using cyclic shift values of s and s+L/m for two non-zero elements in a column
of the base parity check matrix having at least three non-zero elements, where s is an
arbitrary value and m is a power of two; and

encoding or decoding a packet based on the lifted parity check matrix.

50. The method of claim 49, wherein the base parity check matrix comprises

ol



51. The nethod of claim49, wherein mis equal to four
and the cyclic shift values for the two non-zero
W@L@aeyd0 are s and s+L/ 4. PCT/US2008/051961
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where T is a lower triangular matrix, matrices B and D each has a width of 1, matrices
D and E each has a height of 1, and the at least three non-zero elements are in a column

corresponding to matrices B and D.

51. The method of claim 49, wherein m is equal to four and the cyclic shift

values for the two non-zero elements are s and s+L/4.



