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{0903] In typical wireless delivery systems, content is delivered to portable devices

over a multicast transmission channel. The content is in the form of code packets that
are coded to overcome packet losses that may occur as packets are transmitted over the
transmission channel. An encoder at a transmitter takes the original data packets and
produces code packets that are transmitted to one or more devices. Because of noise or
other degrading transmission effects, a subset of the code packets is received at any
particular device. The received code packets are decoded to recover the original data
packets.

[0004] Typically, a distribution server has an encoder that performs message coding
on the data packets. The encoder takes the data packets (d) and produces code packets
(C). The code packets are sent over the lossy transmission channel and some subset
(C) of the code packets (C) is received by a device. A decoder at the device uses the
received code packets (C’) to recover the original data packets d.

[0005] The goal of message coding is to efficiently and reliably deliver content to a
large number of mobile devices over a multicast wireless network. However, mobile

devices are generally limited in their CPU capacity, amount of available memory,
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pevovher Aidtkdreprobldn Rejriaed coieh Maptsr thdihgi s thak€s is a serial
concatenation of codes. First an inner-code has to be decoded. These decoded packets
are then fed to the outer decoder. These two steps have to be performed in sequence
and this takes time to perform. Another problem with Raptor coding is that it takes
more memory to perform the decoding operation than is typically available on a mobile
device.

[0010] Therefore, it would be desirable to have a system that operates to provide a

coding scheme that has low computational, memory, and overhead requirements for use

in wireless environments.
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AL OF S o8 Rt P a5 e ARG IS Rl M hparatus
E8frises means for generating one or more permutations of the data, and means for
determining weights associated with each permutation. The apparatus also comprises
means for calculating one or more code packets from each permutation based on the
associated weights, and means for multiplexing the data and the one or more code
packets into a code packet stream.

[0015] In an aspect, a computer program product is provided that comprises a
computer-readable medium. The computer-readable medium comprises a first set of
codes for causing a computer to generate one or more permutations of data, a second set
of codes for causing the computer to determine weights associated with each
permutation, a third set of codes for causing the computer to calculate one or more code
packets from each permutation based on the associated weights, and a fourth set of
codes for causing the computer to multiplex the data and the one or more code packets

into a code packet stream.
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[0023] FIG. 5 shows a code packet generator for use in aspects of a coding system;
[0024] FIG. 6 shows a method for use in aspects of a coding system; and

[0025] FIG. 7 shows coding logic for use in aspects of a coding system.

DESCRIPTION
[0026] In one or more aspects, a coding system is provided that operates to code
data in a communication system. In an aspect, the coding system encodes data using a
low density generator matrix that allows decoding using a single decoding stage thereby
conserving memory and minimizing computational complexity. For example, the
system is suitable to encode data for transmission over a wireless communication
network. The system is especially well suited for use in wireless network environments,

but may be used in any type of network environment, including but not limited to,
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[0030] After code packets are generated by the coding logic 112, the code packet
stream 114 is transmitted to the device 104 over the network 106 as shown by path 116.
When the device 104 receives the code packet stream 116 and uses its decoder 118 to
decode the code packet stream to obtain the transmitted data. In an aspect, the device
104 does not need any special knowledge about the encoding scheme used because the
packet headers provide all the information that is necessary to decode the received code
packets. In another aspect, the device 104 is aware of the coding scheme utilized and
operates to decode the received packet stream based on that knowledge.

[0031] Therefore, aspects of the coding system operate to flexibly and scalably

encode data for transmission over a network. It should be noted that the network 100
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BB S5 B, PP g A0 i o
Bitdivardamduss@ielated In an aspect, the encoder 204 operates to encode received data
packets dg based on the permutation control signal 212 and the weight control signal
214 to produce the N-x code packets 208. The N-x code packets 208 are input to the
MUX 202. In an aspect, the MUX 202 comprises any suitable hardware and/or
software operable to multiplex multiple inputs to produce a multiplexed output. In an
aspect, the MUX 202 receives the data packets dg, the N-x code packets 208, and a
MUX control signal 216. The MUX control signal 216 indicates how the MUX 202 is
to multiplex the N-x code packets 208 with the data packets dx to produce the code
packet stream 210.

[0035] During operation, the control logic 206 operates to generate the permutation

control signal 212, the weight control signal 214, and the MUX control signal 216.
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rafigpoPeration, the control |ogic 206
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VSR kets dK are received for coding. The data
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and this operation is represented as m1. The leg 306 generates C; code packets each of
weight ;. Similarly, the permutation operation of the leg 308 is represented as nL., and
this leg generates C;, code packets each of weight ;. It should be noted that the leg n0
operates based on ;=1 and C, equal to the number of data packets (i.c., equal to x of
the coding logic 200) so that the output of this leg is simply the data packets. It should
also be noted that the code packets generated by the legs 1 thru L comprise the (N-x)
code packets of the encoder 208.

[0039] Consider the general case of leg J that generates C; code packets of weight
W;. The leg J randomly permutes the k data packets as represented by nJ. The first
code packet generated by the leg J uses the first 7, entries from the permuted set of data



packets dK to produce the code packet stream 210.
Thus, the system provides a parallel LDGM coding

wore@laeissin t hat operates to encode data into aPCDU82007/083762

packet streamfor transm ssion over a network. The
code packet stream 210 can thgn be quickly and
efficiently decoded at a recefving device using a
singl e stage decoder, which thereby mnimzed nenory

pidkkisz Athic @Bcond G o8O BilidcO ftetd nc&kO M c@ifict ¥ronEhe @datuted set of data
Operation [0036] The followng is a detail ed

pecketsi grd 6n abf th@@ﬁérmoﬁh%ﬁo%pé@"t%s gencrged byolgenyy can be
fe%)?e%s@ﬂﬂe [Q037] FIG 3 shows a graphical representation
a ?uétrat es the code structure of a LDGM code
300 for use in aspect of g)}wlgpsystem For exanpl e,
the LDGM code 300 is sui use in the coding
| ogic 200 shown in FIG 2. In FIG 3, k data packet
wbeesD as eher‘fqgtoesrem‘emitiag thod k dhtessyﬁfbomweﬁ)eisal (kyx &} permutation

T@?ﬁ @?gﬂ g;ggls(ﬁ_ OVI degté&tﬁ@! Bigrl gse structure. The first

gcgﬁbfs@g% Beﬁ ) ﬁé/s thh %ntrfegqttﬂﬁlng?é wineb §a@ev»fhe%wf@1hé dhtAés equal to

8] Referri now to 306, this gi
padde mopnéé@m@tf 5:(67 HZ’J) khag gntaicp ggk’et &gy WJaqua ti¢ril eind the rest of
eenr%l Qn 4 | p eselrln ed as itl. The |l eg 306 generates
ou8 8% kes SR of weight WL. Simlarly, the

pmnpt atTheepeidddnerait@fmdthie of 8@ c80% dodle cePbEEPRisestcdss;
7LL, and this leg generates CL code packets each of

weight W.. It should be n gg( hﬁ)tt e legitO

oper at es based on W=1 an (;q 6{)0 t he nunber of
dat a packets (i.e., equal tg(&, cW)p he codi ng logic
200) so that the outputGs thlslegls sinply the data
packets. It should also e not.ed that the code
packets generated by the | ry |L conprise the
(N-x) code packets of th %?@jclogwb# 8. [0039]

Consi der the general case of leg J that generates CJ
et e padkginsbodd C\ued b proddtt NG ahd theHataasyeihislsyD per mut es

the k data packets as represented by 70. The fir
U packiee Honerates By SyHEm | Qgres, Gegenerde 1y cadodpackets that

f 38
ST PRI B, PRt YR RRELBESSTR N ot

padststdre gapocatedjbyedtirli) dsgsf tllafraltehmlrplmrcdmethrts €t 'ohe diattaleg uses
Bgﬁgﬁéigﬁ%vi ?’é grqq] Gjégﬁ r@tér hi( té% r%ége]eqf ags%stglglgtelc o ek?’() Ic’s the identity

matrix, Cy is k, and W, is 1. Thus, the 0" leg generates k code packets each of weight 1.

[0042] As an example, consider a systematic code with k =4 and N = 8. It will be

assumed that the number of legs is three (L = 3) and the (C, W) values are as shown in

the table below.
Leg C \'4
1 2 2
2 1 3
3 1 4

[0043] The G(C;, W;) matrix is shown below.



G C'W)PID where Dis the vector representing the k
data synbols and Pj is a (k x k) pernutation nmatrix.
wab@sedsrs x G(CJ W) is a (CJ x k) matri x w t hPEI/E8207/083762
case structure. The first row of CJ W) has the
entries 1 thru W equal to 1 ﬁnd the rest of the
entries equal to 0. The secoAd row of G CJ W) has
entries W + 1 thru 2*W equal to 1 and the rest of
the entries equal to O and sp @n.9[ 0040] The resulting
generator matrix of the sLtiPBe code can be represented
as: G ,1)Po G G CL, n‘} 14 dicL, W)PL  and the
code synbols C are the product of G and the data
bl s The F@DAR]) i, is shovanbaddspect, the system
operates to generate N coded packets that conprise a
conmbi nation of the k data[paa;kqat sg] and (N-x) code
packets. The N coded packets are generated by (L+1)
th re nuober thr first,le es
RS et MRt SR s © el Tt EBHSSF o
systematic code, Po is the i e%tit_y matrix, Co is Kk,
and W is 1. Thus, the ot/hl | g ge(herat es k code
packets each of weight 1./0[0042]0As an exanpl e,
consi der a systematic codeon\l\%g kO: 4 and N = 8. It
w Il be assuned that the hu r of legs is three (L =
3) and the (C, W values [drel0a® shown in the table
below. Leg CW 122 2|43 ?]04 [0043] The G C1,
) matrix is shown bel ow V\b 008f 063873
PCT/ US2007/ 083762 91 1@ 00 d ol 1 [0044] The
G C2, W) matrix is shown jbehow. 1

I 111

[0046] In general, the matrix G is a sparse matrix and hence the code is a Low
Density Generator Matrix code.

[0047] FIG. 4 shows a functional diagram of the coding logic 200 for coding data in
aspects of a coding system. The coding logic 200 comprises (L+1) legs, shown
generally at 402, where each leg comprises a code packet generator that operates to
receive data packets 404 and produce code packets (C) 406. Each of the generators
utilizes a permutation (P) of the data packets 404 and selected weights (W) to produce
the code packets 406. For example, the generator 412 uses a first permutation (P;) of
the data packets 404 and a first set of weights (W;) to form C1 code packets. For
example, the number C1 may range in value from one to any selected number of code
packets. Likewise, the other generators form code packets using selected permutations
and associated weights.

[0048] In an aspect, the generators operate to determine the permutations that they
will use based on a permutation control signal 408. For example, the permutation
control signal 408 is provided by the control logic 206 shown in FIG. 2. The
permutation control signal 408 describes and/or selects the permutation of the data
packets that each generator will use to produce code packets. For example, in an aspect,
cach leg comprises a random number generator is initialized with a different seed and

thus randomly determining the permutations for each leg. In another aspect, a number p



[1110] [0045] An instance of a generator matrix G

of the code is shown below 10000100 0010
wO2@80638731 1 00 0011 1011 1111 [POBEE200TI083762
general, the matrix Gis a sparse matrix and hence the
code is a Low Density Generator Matrix code. [0047]

FIG 4 shows a functional di a]gor am of the coding logic

200 for coding data in aspects of a coding system

khelcerditing id &@itﬁle@%rﬁ@fm{ laf@8n (ditidl)scbEPPis adddWdected. Then al =
nerally at 402, where each |eg conprises a code
??&dk@l mgawlerkated 23 F4e] opdmadaly lf ¢ind s@ @8 \héﬂa%@ade cach leg selects

Fﬁﬁﬁ%‘ﬁﬁg‘?é&ﬁg rp({egqcluce code packets (C) 406. Each of

e gen izes a pernutation (P) of the data
[dREt S M@bﬁeﬁﬂdeﬁ@ eddhe donved Igigiml @YY id als@podided totthe generators

d 406, | th t 412
1 IS0 B 0T S S il e i
azﬂi bsh ﬁ&%htocfle U&LGHEA éfe}%ﬁtaﬁ& behi s £R0& Rﬁﬁﬂ&ﬁﬁ@e the desired

For exanpfe, the nunb may range in valg ue from
omeb¢roofawge petlets eldormxatipie, of ac astect, placketzbts dre Kieved Heforehand.

L AR R B GR35 R S e

asdegct, the generators operate to determ ne the
rmutations that they wll use based on a ' '
Bb.%ﬂht atltl @n agpnst. eyl pes‘ingtaatlon 4glgrolr5tgﬂab4dbﬁm1dethe waght control signal

B er elec(::t %dgﬁn E gf Qﬁlgﬁtlsdaend obryar% uger(]i to generate

con permuta

ﬂﬁrﬁefrﬁhtaﬁd)lgﬁﬁﬂd vé&@ht@i a8 ﬁﬂeh@ e aved ’@5‘ céhl1@€t Shishehe operation of the
pernmutati on of the data packets that each gener

WRing dngie pop EF%&%SeCQSi@d@CIﬁé%Q@G ECPTESSPt WiRatpl dC ,|<Fp+é%1+C2+C3+
SSRCE1y1 | SB0000, GATRLF L8 (ARSR Qymoer senerato
fedSdpm Vindet ea:pasmnldagh tchée peclkatitc@hiadisinf@magac hhbbegthel kg from
ﬁ%—g@%[ﬁ%@%é ec%t%gFgrugg%{plg eac 0200 esgaglge%sczgtains information about the
permutations and weights used to generate that code packet. In another aspect, the
entire structure of the legs may be made known beforehand so that any receiving device
will be able to process received code packets.

[0052] FIG. 5 shows a code packet generator 500 for use in aspects of a coding
system. For example, the generator 500 is suitable for use in each leg 402 shown in
FIG. 4. The generator 500 comprises processing logic 502, weight logic 504, and
permutation logic 506 all coupled to a data bus 508.

[0053] The permutation logic 506 comprises a CPU, processor, gate array, hardware
logic, memory elements, virtual machine, software, and/or any combination of hardware
and software. The permutation logic 506 operates to receive data packets 510 and
produce data permutations based on a permutation control signal 512. For example, in
an aspect, a data permutation comprises any desired set selected from the data packets.
[0054] In an aspect, the weight logic 504 comprises an array of values that are to be
used to weight the data permutations to form code packets. For example, to form a code

packet, each data item in a data permutation is given an associated weight. The

weighted data is then combined to form a code packet. In an aspect, a weight control



10 is selected that is relatively prine to k, and an
initial seed a0 is also selected. Then al = (a0 + P)
wo@alesky and a2 = (al + p) nodul o k, and so PET/UE2007/083762
this case, each leg selects a different value for p
and a0. [0049] Furthernore, a weight control signal
410 is also provided to the g]e]nerators by the control
| ogic 206 that describes and/or selects the weights
tibadl ;acugeneatefine Wcldhtdher 4r® tod @t withecadh 896 ipatrgtation to
pernutation of the data packets to produce the desired
HPYBES casle Peglets. packet s. For exanple, in an aspect, the
ts t e

[sE & Rl Gl LGS A B prisch™ CPE, SpeBR 3ol sl hardware

hgﬁd nietndoe eleﬁ&d&dwrt[u@ﬁﬁﬁ)dhnhd) safitwaspatior anfi@ombination of hardware

pe tatiop contr ol gnal .40 and t he wei ght control
%ﬁm{; wargr1 i Pppstte thFcPr%Cé’PSé’&% 98t Medneries Peomping Veighted data

‘f‘ﬁioﬁ@*t& 1’?&?&% Ble &fd@ g‘élel?éiis 50 9PRELBUB e, ttllfkewelghted data values

errrutatlon and wei ght hat are to be used by "each
hregonibimed, bytthepwpessaigi logic 592 ukieg av oxiéIngvd 6@1 fon@@m (XOR).

%%gﬁce code J’? Eet sdthat repr esent the su % Le., . r
R@8.a5pech ePgaigg Suigm CHPBIFIARES B JIRESY™ ¢pbructions
pYnﬁ%B%r@t’PérSse‘ﬂsO@f “cb@&5Klorbd oA RENREL-reRBEIR BQFE@M, which when

packet contains information about the leg from whi ch
precwied bg’e?m éqaatt@@ er@SS@x@ﬁm@nce&mow@l@ 3 dlekerocessing logic 502,

ﬁ\tgovg(%ts d e nmacfe cqrﬂ)ea%% Hh aFg % éﬁlt I§eq?sn ?f gon(%s tnhaé/rbe loaded

0 generate T n ano

ﬁﬁ@&fetproéeﬁﬁnﬁ esiic 562 Hbhilg bd}iﬁﬁut@lf rehﬁkﬁblé ﬁ@&luﬁ’f@)éucﬂﬁamﬁﬁppy disk,
known beforehand so that any recei vi ngMdew ce wll

SRROYp sy £8rd: AR iz deaiReRAMI BORS) oy, O%wr type of
ﬁ{%ﬁl\@ff‘y AefindQy Q@g{fbﬁ{er-g Blgttﬁédlﬁlgloth%ﬁ{ntéfﬁ%eé th ﬁrcbogl‘égéslsglg logic

a CO I Ng r exa e generator
§02.t bbimtlicoraspse thers@aohcddeg n@Zoesdtuwvﬂoéded ikt Ghe frocddsing logic

500 | [ 502, i gh
?@5?@3%%2 oXigrg! 8%%{3%1{3’? BEHK ?%é\lﬂggsd%%gﬁgrs %fz w&}:{\g Idgle%l executed,
gl%tvﬁieth'éﬁec@so& a JAAARystEheasRREATAhERM | 0gi ¢ 506

onprises a CPU, processor, gate array, hardware
[Qﬂ§7b ra&bréy slmvanerm@hocl/ 600 o usfauhaspects suffat mchn:g systern For

ARRhOme RSP BR B b absi e S R e BEs AR BRE lome o shown

mle1end anﬂrt@l@lgéﬁerdﬂiresﬂoeﬂﬁ%aﬁﬂ PIG. basefd &ample, in an aspect, the
pernut ati on control signal 512. For exanple, in

a@ﬁ@é ﬂoglgl%ﬁ&ecwﬁ e aF MS¥ic senpf Fagss tepgnteddhq @uil%toglc 200 to
?ﬁlfo%ﬁlt ﬁ‘{lﬂﬂ?ghg géesg%@gd%erl)&gket s. [0054] In an aspect,

4"conprises an array of val ues that
0038} O bﬁ block 602, weights for each leg an encoder are determined. In an aspect,

for each leg of the encoder 204 the weight logic 504 determines weights based on the
weight control signal 514. For example, the weights describe how data elements of a
data permutation are combined to form a code symbol.

[0059] At block 604, data permutations for each leg of an encoder are determined.
In an aspect, for cach leg of the encoder 204 the permutation logic 506 determines data
permutations based on the permutation control signal 512. For example, a data
permutation comprises any portion of data items selected from the received data values
510.

[0060] At block 606, data values are received. In an aspect, the coding logic 200

operates to receive the di data values for coding.



used to weight the data pernutations to form code
packets. For exanple, to forma code packet, each

WOl2108/063823 i n a data pernutation is given an aBEDUBZNB0B3762

wei ght. The weighted data is then conmbined to forma
code packet. In an aspect, a weight control WO

2008/ 063873 PCT/ US2007/ 08376217 11 si gnal 514 is used
to determ ne weights that are to be used with each

f6d] perAiBledk 608, Nox cieashdk&s ERURNPRAEKE TSy eX MBS ]thd BiRoder 204
processing | ogic 502 conprises a CPU, processor, gate

apgralgs thaneodartee di dafiacyalyes e yecapiatreedN-x gqde prckets 208. In an
TR, SR A O SN Lo AL AU above
Eoleeﬁnqﬂe teach deb bh ehoneicghtre204d Aisaan paooidtedt daﬂm perintutation that is
e. the code packets 516. For exa th . .
gg*fﬂ%ewﬂa ATRCRlRA EEhts 49 éé%{ﬁsﬂ%ﬂafﬁfog'%@eﬂrbdégg Brqggssing logic
gﬁ’ﬂ{ Cford% RicRA AfhRr 6F HsdMsac R #RC LR B (HERde lp[a%%?sgéroduced

I'n an aspect, the coding system conprises one o
by dgrlegs afrilse erwotiero?r% fo(rﬂNasbodﬁcpacbcts ) or sets of

mgzleseé ﬁlpgla 68{)}, tipctf g )ré%g&%lglg gsre QTGFIB}IIU\II)\IPGXG(I{] into a code

patRERGRERM. AF S SGRTHO rth@M@XQOWc%@ﬁﬁe%‘ t0%eé @@ the2Md@ and N-x code
provi des the functions described herein. For exanpl e,

perkets 08 and n@kbtaégxq&élwb togethatidform thecads@aghes steessn AL

t 0 pgy 5% q{%%%% ﬁ%cke? gtg ?jn 1sﬁfi%qﬂ@d t3 %‘ﬁe 89%10?6 receiving

RAM es RO e%m@lﬁyth@tcb&é p&c)kl@ﬁst&fam mrtyan@mte@&w@f the network 106
comput er -r eadabl e nmedi um that interfaces to the

fortbe degrn i04 wyilestratgbin Kl. dnot her aspect, the sets of
Fﬁb%;ﬁrf may; Pecdews! 2adeds é)@Hantl&f“ taE HOEESHL e ah;?%ﬁlstn?e%s to the
ron a r sets

n external device net wo Fesour ce
oddicpdadementned teXbequtfedned. pliovh depaspbe t:entcdl laglc cmlli6rtg)erates to

stem as descri bed herein. O[SogtEZ]QFG 6
THIGC dDBNY BFIUHEENfs, arﬁsﬁ?@@q tharec 48 i g® %PP’@H%S tpdhe current
G(l)cﬁﬁé K¥hentd) Qhé@%ﬂgoﬁeﬁgg ﬁr@ce@&?% 'btb%g R f%' &Mnﬁ@ codlngddata for

reference to the coding logic 200 shown
trivesngener. atfdhers @6 shostments té-kE, coﬁmgj:@hemﬁ,athpﬂl éﬂ,e mcthadl proceeds

BOREAG$0% Bffs 58 el B g s F 5ot Gt
gmrgSpr M, tht! MekicAE00dpSRkdsRE Prdved O asb&%sh chdinP dy&kn It

hts for each | eg an encoder are determ ne
$hﬁ>uédwaa@qi@@that the gcteorc 0 tepresnts jwst ensdebamepodiontyad that other

LB RS AL R A PR,
descri be how data el enents of a
Code Design
[0066] The following description illustrates the design of an LDGM code for use in
a coding system. It should be noted that the design illustrated below is just one
implementation and that other implementations can be provided by aspects of the
coding system.
[0067] The number of legs L and the value of (G, W;) for each leg determines the
code performance. In an aspect, the LDGM code that is selected satisfies the following

constraints;



data pernutation are conbined to forma code synbol .

[ 0059] At bl ock 604, data pernutations for each | eg of
w@poosfeisder are determned. In an aspect, forPERUR200TB3762

of the encoder 204 the pernutation |ogic 506

determ nes data pernutations based on the pernutation

control signal 512. For exanpy%, a data pernutation

conprises any portion of data itens selected fromthe

recei ved data values 510. [006 At bl ock 606, data

val ues are received. In éﬁﬁasbe C.the coding logic

200 operates to receive the dkitlata val ues for

codi ng. WD 2008/ 063873 PCT/ US2007/ 083762 12 [0061] At

phoskosorh log ki, boael thacket s are generated. For

exanpl e, the encoder 204 operates to encode the dk

data val ues and generat e (y he Wx<cpde packets 208. In

an aspect, the N-x code packet’s are forned in

accordance with the codi i descri bed above. For

exanpl e, each leg of the encoder 204 has an associ at ed

t ermut.ation that .is. weighted wi,th assocj.ate
@68}]? S,I%ﬁ@tqehaés%%c{ﬁhtai in, éaag I‘ﬁ:@&l t%.? a’gacluon og code packets
RitAGRSSHRY [WO g]_l_l‘é deR&d 'b? 307 Théh e hasibetoneieackts of weight w
codexgackets. he sum of the code packets produced by

tsHEN gy wbf Thheurabrr o dags 2o chpberigidsto eenpsatp Hrske packets is;
[0062] At block 610, the data and N-x code packets are
mul ti pl exed into a code packet stream For exanple,
the MJUX 202 operates to recgiye hfe |data and N-x code
packets 208 and nul ti pl €yes ether to formthe
code packet stream 210. [00 S]L J bllock 612, the code
packet streamis transmtted tjd¥gne |or nore receiving
devi ces. For exanple, the code packet stream 210 is

m t vey 4 I
HIBRET 2SO ] PO1OBE AR Bk AT Gl Bes these
peldger bus, istahdtod defenminiig Anyd ddj (G5 tWevabies,@ degeee distribution of

odi ng schene.need to be perfornmed. In.an gspect, th
) BTG Sge. a6 Skl Pt HEPR WAHES Aangiche’ OF the code
?éhk@@taﬁ&meSfr@dﬁ@nr@@es’&dpack&s td1Rha6h pdrBcller weipHSt ments to
he current coding schene, then the nethod proceeds

78] oc¥I6HET showsaedinguegicothnigr dsg & dspects of a coding system. For

transm.ssion. |f.t e are.ad; ustnepts to the 0 .
SLRIRE 7 kil b A S aBlAE RSt FBLSplie o 17 in Frc.
newlpahnshadt] s cadifdg dbgleeT@N s iplRndeted ebye a6 .one processor
[ 0065]. Thus, the method 600 operates to provide an

SRIPRIAYING PG OF: g@rq]alogy@ﬁ &anfigyred to provide aspects of a coding system as

described herein. For example, each module comprises hardware, software, or any

combination thereof.

[0071] The coding logic 700 comprises a first module comprising means (702) for
generating one or more permutations, which in an aspect comprises the permutation
logic 506. The coding logic 700 also comprises a second module comprising means
(704) for determining weights, which in an aspect comprises the weight logic 504. The
coding logic 700 also comprises a third module comprising means (706) for calculating
one or more code packets, which in an aspect comprises the processing logic 502. The
coding logic 700 also comprises a fourth module comprising means (708) for
multiplexing data and the one or more code packets to form a code packet stream, which

in an aspect comprises the MUX 202.



shoul d be noted that the nmethod 600 represents just

one i nplenentation and that other inplenentations are
w@omsiokises Wi t hi n t he scope of the aspects. CodeCTES:0gT083762

[0066] The follow ng description illustrates the

design of an LDGM code for use in a coding system It

shoul d be noted that the desi]g‘h illustrated belowis

just one inplenmentation and that other

[0WIRENERE abli@RS1IGAMERE 1§ Y 1618k BYockSNa6dEeDfand REcuits described
codi ng system [0067] The nunber of legs L and the

aganacesion(wth theyaspesits digelpsaddigraie mymerigplemntedceygrerformed with
ISFLORCRNGG . WDBRSPRehy, SR bR E0TBSPD difjcaion spesiric
ROEB406 3B YRtPCASUSL 007 FORI3 fodgrathdhable (dutex )artd§, (FPGA) or other
where for each leg. L;,.froml thru L 0<C4 < k ,W>1

posEsImikle ylogic yleviges GHASEF'E nEc i HapHstet dogigy ditssthghardware

L . ' ! . g '

OB B by Gt oA R sy B dscrbes
hetght Avgenersl-pifrNese) probsor, fnay Phe miondyepcasfor] bygfs it Hamt alternative,

St e SR SRl bR R0 RSt Sbep zfebicsh @er. or state
Reinéini Aopiskyssi siafyi Dus aft agplesenttdeses dombida®B8 - of computing
Thus, instead of defermni n%&l; and the (C, W val ues,

c

devdegyr exg.di st antindtion of 2t 6t @ smipseRrEAdsHRte . 2 Thlngplity of
AR SR, bRUb) R RERNEDES 0% Wl ERk B Shinf 598, or any

packets an e fraction 'of €O or eac

piet s@dhl ednfip@aiagioh. UhQd 68lmdduGes for HRefEmmg duf@idnegbdinething like
700 for use in aspects of a coding system For
ﬁ%‘anpl e, the coding logic 700 is suitable for use as

Edb%FOdiﬂl% gtéf)gio(f ajrﬁgthoc@QMg.thhﬁl &scribed in connection with the aspects

disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, a hard disk, a removable disk, a CD-ROM, or any other form of storage
medium known in the art. An exemplary storage medium is coupled to the processor,
such that the processor can read information from, and write information to, the storage
medium. In the alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The ASIC may reside in a
user terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[0074] The description of the disclosed aspects is provided to enable any person
skilled in the art to make or use the present invention. Various modifications to these
aspects may be readily apparent to those skilled in the art, and the generic principles
defined herein may be applied to other aspects, ¢.g., in an instant messaging service or
any general wireless data communication applications, without departing from the spirit
or scope of the invention. Thus, the present invention is not intended to be limited to
the aspects shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein. The word “exemplary” is used

exclusively herein to mean “serving as an example, instance, or illustration.” Any



1. In an aspect, the coding logic 700 is inplenented
by at | east one processor conprising one or nore

wo@aless7onfi gured to provi de aspects of a coPECTYS2007/083762

system as described herein. For exanple, each nodul e

conpri ses hardware, software, or any conbination

thereof. [0071] The codi ng Ioﬁic 700 conprises a first
nodul e conprising neans (702) for generating one or
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ﬁﬁpggdréﬁﬁdadefsagi{t{olﬂs AR £e GRORIHSH BYiIMRARS $0& ot {iffiting, of the
mul t1 pl exing data and the one or nore code packets to
savpmofitheontenpackelicls isseaforthvhitiehfollowirmrclaspect

conprises the MUX 202. WD 2008/ 063873

PCT/ US2007/ 083762 14 [0072] The various illustrative

| ogi cs, |ogical blocks, nodules, and circuits

described 1in connection with the aspects discl osed

herein may be inplenmented or perfornmed with a genera

pur pose processor, a digital signal processor (DSP)

an application specific integrated circuit (ASIC), a

field programmbl e gate array (FPGA) or ot her

programmabl e | ogi ¢ device, discrete gate or transistor

| ogic, discrete hardware conponents, or any

conbi nation thereof designed to performthe functions
described herein. A general-purpose processor may be

a mcroprocessor, but, in the alternative, the

processor may be any conventional processor,

controller, mcrocontroller, or state machine. A

processor may al so be inplenented as a conbi nati on of
conmputing devices, e.g., a conbination of a DSP and a

m croprocessor, a plurality of mcroprocessors, one

or nore mcroprocessors in conjunction with a DSP

core, or any other such configuration. Units or

nodul es for perform ng functions, sonething Iike that
[0073] The steps of a nethod or algorithmdescribed in
connection with the aspects disclosed herein may be
enbodied directly in hardware, in a software nodul e
execut ed



by a processor, or in a conbination of the twd. A
software nodule may reside in RAM nenory, flash
wWoreens/0§387ROM nmenory, EPROM nenory, EEPROM nenoPgT/US2007/083762
regi sters, a hard disk, a renovable disk, a CO-ROM or
any other formof storage nediumknown in the art. An
exenpl ary storage nediumis cHﬁpIed to the processor,
such that the processor can read information from and
wite information to, the ggigxpgs nedium In the
alternative, the storage nediummy be integral to the
WHADSISHLATMED §8:0cessor and the storage nedi um nmay
reside in an ASIC. The ASIC nay reside in a user
terminal. In the alternative, the processor and the
st or age nedimeahodmforrcedindeatasthecdndhskéEmmoiponents in a
user termnpal. [0074] The description of the disclosed
as pec EQFRING ARG OF BT Beramations ghibe daison  skilled in
the a : i i .on. Various
modi f?%%@gﬁg%f%%ﬁ g%gcﬂa{aég ng:hte%%ﬁgfxﬁ@e{&?géfédi ly
appar ealtultting drese nedee kbddpackets fimnaeach pamautatien bpspdoi the
géinci | es . defined herein may be applied to other
peiged welghts: and "o i nst ant messagi ng service or  any
gener gultl&ghEHS ddalAdIRITRErGAdre @BdepRkbE ditb ASde packet
W t hout departing fromthe spirit or scope of the
ptraENt i on. Thus, the present invention is not intended
to belimted to the aspects shown herein but is to
be accorded the w dest scope consistent with the
princppl esTapthetRMIf clagatiufigthettsaprasgdirhgntiting thhéde packet
word "exenplary" is used exclusively herein to nean
SERMPYEG 2dstVeiikexanpl e, instance, or illustration.”
Any WO 2008/ 063873 PCT/ US2007/ 083762 15 aspect
descri bed herein as "exenplary” is not necessarily to
be coBst r udthcascthokedforidied]l ,ovherada vadicalgelatisg oaeprises kelculating
spects. [0075] Accordingly, whil spects of a coding
ﬂwns o insbecosBan ks s dncka Gbor BB b guther el 1 it
w || be appreciated that various changes can be nade
to the aspects w thout departing fromtheir spirit or
essenti al Thamathodrf st s, whkeermesaod multiphexingi¢aaprossir es

and. descrjptions herein are intended to be
A EE S IR NDedRbe i B kGRS riipe o gacket
5tRABN tHRFbin YR Bble bickeEitrdhdr ddhpriRed Heotdldf Nowdded paélatdTs .
WD 2008/ 063873 PCT/ US2007/ 083762 16 CLAI M5

5. The method of claim 1, wherein said calculating comprises calculating
the one or more code packets using a low density generator matrix that describes the

permutations and the weights.

6. The method of claim 1, wherein said calculating comprises calculating

the one or more code packets using a low density generator matrix expressed as;

[ G(C.DR |
G(C,W)A

|G(CLL W, )P, |



WHAT IS CLAIMED IS: 1. A nmethod for coding data, the
nmet hod conprising: generating one or nore
w@ersiemrs ons of the data; determ ning wei ght BCT/US2007/083762
associ ated with each pernutation; cal cul ating one or
nore code packets from each pernutation based on the
associ ated wei ghts; and nultihﬁexing the data and the
one or nore code packets into a code packet stream
2. The method of claim1, further conprising
transmtting the code packet stream over a network.
3. Thé net Eg@n@fht)éméicmrm,l, wheied] fpidggngratng camefip¢sgandomly

S R R S DA A e

of claim3, wherein said nultiplexing conprises
mul tiplexing the (N-x) code packets wth k data
packegs t 0/ APrBBRERS fHerodBigelafa HICaAPPITUS CARPTIRET ei n

the c ; | t :
?%{ﬁlu%ﬁfb%%glé tc&ﬁ%%]r%}? C cheBR held@hddre ggmﬁtﬁtﬁﬁi@ df the data;

packe The™ net aim1, wherelnh sa
cal cuvatghhlpgoompfigses te déteuhiat megghts dssomated wuthmachepermutation;

code packets .usin | oy densi t enerator natri hat
descr o iedosts Sty o D pREwERpeS Pakelyfipts cach
pahhediodlbasd Bdriihd assobRiRi weigidb.hn@gal cul ating conpri ses
calculatin the one or nore code packets using a | ow

densi & ynuffemercsconfigraed ioxneliipleashedatagnd thgoao on mpee @de packets
ClLW)IP .= CL, W) PP WD 2008/ 063873

%?E&%Qfﬁ{ﬁ8§%w 17 7. The nmethod of claiml1,

wherein said generating conprises randomy generating

each of the one or nore pernutations of the data, 8.
An apPar at UdiefagpargdohglataBavheni sapshrpeastiss logic is configured to

CAIML 40 RSB SR BT g9 asnesa
10. The apparatus of claim 9, wherein said multiplexer is configured to
multiplex the (N-x) code packets with k data packets to produce the code packet stream,

wherein the code packet stream comprises a total of N coded packets.

11. The apparatus of claim 8, wherein said processing logic is configured to
calculate the one or more code packets using a low density generator matrix that

describes the permutations and the weights.

12. The apparatus of claim 8, wherein said processing logic is configured to
calculate the one or more code packets using a low density generator matrix expressed

as;

[ G(C.DR |
G(C,W)A

|G(CL W )P, |



wei ght | ogic configured to determ ne wei ghts

associ ated with each pernmutation; processing |ogic
wa@omBiogasred to cal cul ate one or nore code packepCEHUS200M083762

each pernutation based on the associ ated wei ghts; and

a multiplexer configured to nmultiplex the data and the

one or nore code packets int® a code packet stream

9. The apparatus of claim8, wherein said processing

| ogi c13.s CURE hghakads 60claifPd, Gitleddif siil pe@@atdin IBPIcs 6@ Rured to

packets to produce a total of (N x) code packets. 10.

Rdombpeingtatiag 6achcafdhepie onjpeieaichmuatationsafites ¢itexer is

configured to multiplex the (N-x) code packets with k

data packets to produce the code packet stream

wher el t hanepdeapadémeiodiigrdaanieappaiaassompticingl of N

coded packets. 11, The apparatus of clgin18, wher ei n

sai d PIBRESE BTG ACi08 MOsnPITEatignt 8T thedpi@ul at e t he

one oo 8r BGUiRAEKELiSY1B6aRa\AMK dRADLIN,BRRET at or

matri x that describes the pernutations and the

wei ghtsansif2r caltd atappareairusorofcodd prcket8 fromheackiparmsetiigon based on

g&ocesskn l.ogic is configured to calculate the one

HeE Sggﬁc s using a | ow density generator

mat r | &e%?ﬁﬁﬁ%leﬁﬁ%tb@(@ ahliftRe offe §Arhdre\BbdEpackets into a code

G(CL, W) PP WD 2008/ 063873 PCT/ US2007/ 083762 ~ 18 13.

mekctiifsamat us of claim8, wherein said pernutation

logic is configured to randomy generating each of

the one or nore pernutations of the data. 14. An

appar a.us fh¢ ageitdgoiadian 14, fiertiap pamnptisife &RETN fod krafsmitting the

neans for generating one or nore pernutations of the

erftepackhsprm PHer adr&%émilﬁ- ni ng wei ghts associated with

each pernutation; neans for cal cul ating one or nore

code packets from each pernutation based on the

associl@t ed Theiaghdrstus afidlaime ddswhareinmaldtrhqne Xormgldubeeing comprises

data and fhe one or nore cod ackets into a cod
means for cafcuisatlng ?he one or more code lfaclgets to proguce a tota OF (N-x) code

packets.

17. The apparatus of claim 16, wherein said means for multiplexing
comprises means for multiplexing the (N-x) code packets with k data packets to produce
the code packet stream, wherein the code packet stream comprises a total of N coded

packets.

18. The apparatus of claim 14, wherein said means for calculating comprises
means for calculating the one or more code packets using a low density generator matrix

that describes the permutations and the weights.

19. The apparatus of claim 14, wherein said means for calculating comprises
means for calculating the one or more code packets using a low density generator matrix

expressed as;



packet stream 15. The apparatus of claim 14, further

conprising neans for transmtting the code packet
waresamseyer a network. 16. The apparatus of cPEI/ms2047/083762

wherein said neans for cal cul ating conprises neans

for calculating the one or nore code packets to

produce a total of (N-x) code”)packets. 17. The

apparatus of claim 16, wherein said neans for

mul ti pl exi ng conprises nea égtjqz%ti | exi ng the

(N-x) code packets with k ddta ga&k % to produce the

code packet stream wherein tbﬁ(ggﬂ?ﬂpa ket stream

conprises a total of N cdd packets. [L8. The

apparatus of claim 14, whergin sai-d neaps for

cal cul ating conprises nean | ating the one

or nore code packets using ‘?Q§}32%§ﬁt gener at or

matri x that describes the permutations and the

wei ghts. 19. The apparatus of claim 14, wherein said

means26.0r Tht sphadthdef GLPT4, SERreilEaf nchiN fof gbmwathtaiol ddghprises

the one or npbre code packets using a | ow density

et far sndpmty goncraging cadseithegne gymogagrmeanys of the data.

PCT/ US2007/ 083762 19 CO,1)PO0 G C IW)I i G

G CL,W)PL 20. The apparatus of claim 14, wherein

sai d PkeansAf@mpyarprairampradmeprcosessingeans f or

randoni ener at i egch of the one or nore

pernu?ﬁ%@g “H?d@ﬂ%nﬁaﬁﬁﬂC%@P“%P%onputer pr ogr am

Pr 0dugtiest SAMBCh@dsNBr carling UM Riker 16 BLRRIE oAEES MBRe permutations

conprising: a first set of codes for causing a

obdgtait er to generate one or nore pernutations of

R R G R
RehUéRpdrRftation;

a third set of codes for causing the computer to calculate one or more code
packets from each permutation based on the associated weights; and

a fourth set of codes for causing the computer to multiplex the data and the one

or more code packets into a code packet stream.

22. The computer-readable medium of claim 21, further comprising a fifth

set of codes for causing the computer to transmit the code packet stream over a network.

23. The computer-readable medium of claim 21, wherein said third set of

codes are configured to cause the computer to calculate a total of (N-x) code packets.

24. The computer-readable medium of claim 23, wherein said fourth set of
codes are configured to multiplex the (N-x) code packets with k data packets to produce
the code packet stream, wherein the code packet stream comprises a total of N coded

packets.



a third set of codes for causing the conputer to

packets from each

wW@ersi6mrs on based on the associ ated wei ghts; BOUS2007/083762
fourth set of codes for causing the conputer to

cal cul ate one or nore code

mul ti plex the data and the onge

or nore

code packets

into a code packet stream 2220 The conput er - readabl e

medi um of claim 21

further conprising a fifth

set of

codes2f0or ThySdMButtNRaEMIPHESTunt & d4idNBITnthectd@sH@eerd set of

packet stream over a networKk.

23. The

edsiep atesgonfignigd 5o ealpmatic dirg Ofc @Imagrmeode pagkels dpiRg 84y density

T

T R R e PRl A ke s

24. The conputer-readabl e medi um of claim 23, wherein

sai d urth set of cog ? ar
the (R0x) (BeEOTpRIRITeE aja?ﬁleﬁlu
toes %&d&)nﬁgﬁﬂéa%

conpri ses tota

coded packets.

§§l&?§t@thé"&f‘er Siflork REIELRR R AGH
[Mof N VO 200

- configured to nult

IRl g ackle e pi

i%g{jgﬁset of
b 1§ [BRMY
/063873

:

BOFHUS2007ik@8BR6Rd a80 25. The conput er-readabl e medi um
of claim?21, wherein said third set of

configured to calcul ate the
using a |l ow density generat
the pernutations and the wei
comput er - r eadabl e nmedi um of
third set of codes are €onf
one or nore code packets usi

one or nore
or trix t
gﬁ?gekégé>T
clAi P
igﬁfggziglc'

ng a {ow de

codes are
code packets
at descri bes
e

erein said

| cul ate the
sity

generator matrix expressed gs; ApPD G G CL,W)P
= CL,W)PL 27. The comutzqg&é’%’éﬁ)le medi um of
claim?21l, wherein said first set of codes are

configured to randomy generate each of the one or

nore per nurad t@sutOfrehiddle Maliam dlaifN 21, 8@Rkei®BAd first set of
processor configured to performa nethod for coding

eleries are qopéigaied te ppntdombesprerteessh of gwmneiosimuge pernfutatipns of the
ga?ule for generating one or nore pernutations of the
ata;

28. At least one processor configured to perform a method for coding data,
the at least one processor comprising;:

a first module for generating one or more permutations of the data;

a second module for determining weights associated with each permutation;

a third module for calculating one or more code packets from each permutation
based on the associated weights; and

a fourth module for multiplexing the data and the one or more code packets into
a code packet stream.

29. The at least one processor of claim 28, further comprising a fifth module
for transmitting the code packet stream over a network.

30.

The at least one processor of claim 28, wherein said third module is

configured to calculate a total of (N-x) code packets.



a second nodul e for determ ning wei ghts associ at ed

Wi th each pernutation; a third nodule for cal cul ating
wWor@®s0638ndr e code packets from each pernutati oPCT/D82ET083762

on the associ ated wei ghts; and a fourth nodul e for

mul ti pl exing the data and the_one or nore code packets

into a code packet stream 28l The at |east one

processor of claim 28, further conprising a fifth

nodul 81. f OTh¢ hEABSIbAS progdedsbio T s T0aoHekeirs i4i€ BtirdMUBsdule is

network. 30. The at |east one processor of claim 28,

apdiearad e amdtiplex the (NowLeadeipackegowith kupagkett il Rradupedhe code

kP08 05570y S0 BRR SRR pE SRIFEPN coggg pockes

of claim 30, wherein said fourth nodule is configured

to multiplex the (N-x) code packets with k data :
packelt’é- Lolhs R Mt 9fa Rete. SteBimTaIGdanedule is
L pdeoRackBle B bR SIS BEcilts R a 1?% c?,\én '%dgéherator
packets. 32. The at |east one processor of clal 8,
whetethat dacibes hha permothtibes asl the orefdhtrur ed t o cal cul at e
the one or nore code packets using a | ow density
generator matrix that describes the pernutations and
the we3 ght $he 83 casl Bfe AloctRaS4f PNM 1Y, AGRSPSai @ thiel BddIe is
28, wherein said third nodule is configured to
eenfteyrette celeulatrtée one apmercwde ppekskeatsnasiongdaasitpgencrator

%}@é%ggg [ ator matri x expressed as; G C0,1)P0 G
) =G CL,W)PL 34. The at | east one
processor of claim 28, wherein said first nodule is
configured to randomy generate each of_the one or

nmore permutations of the datja.G(C,,1)F,
G(C,,W)P
G = (C.W)A
| G(C,,W,)P, |
34, The at least one processor of claim 28, wherein said first module is

configured to randomly generate each of the one or more permutations of the data.



