DECCDI NG CI RCUI'T AND ENCODI NG CI RCUI T Enbodi ment p T/SGZ(WQ?‘OWQ4§ _
generally relate to a decoding circuit and an encoding Circult. Lowdensity
parity-chwoko(oBPO) codes are a class of |inear block cedesc2idmwsdensity"”
refers to the characteristic that a LDPC parity-check matrix conprises only
afewl's in conparison to the amount df Os. LDPC codes provide a
performance which is very close to the channel capacity for a | ot of

di fferent channels ap&caDIng ICIRCWIT AND ENOTDINGI @EEdviws for decodi ng.
Furthernore, LDPC codes are suited for inplenentations that make heavy use
of parallelism A LDPC code is defined by its parity check matrix H I.IFgr
an ari trieX a. r ndj i t i . C e
The Tanner T A ahian o oo e ger Al A S e TSR et or
check nodesci@t andl emeckcoodegCoiwiciti.ndex i ) is connected to a variable
node V (with index j ) in the Tanner graph if the elenent hj_j of the
parit?/ check matrix His 1 . In decoding in the context of a data

transn ssicaPdehRa tRuBen t9f BRlcums. Nl dr Palkid Yo hiecks Nt i X ddr
corresponds to the nunber of codeword bits of a codeword transmtted via a
conmmuni c&licek cleaerel " Lthe deaddwyr'd rerfgrsmitar ddieyichanec wonminicdtliagn
channel c¢o IS unber K q.f .informat.ion bits and. a nurber Mof parity
check bi t%sEBEFlﬁe%%lf%g/r Iggl%‘CrkO\I/\n/éat(")rflXt e bari*ey &?&é’k_ang%ervf >r<]l K cdt responds to
t he nunbeomph rpaiint ¥ ocheek abictumtMof The .c oDPES RN ABes »r aph
CO”%&gse%erformance which is very close to the channel capacity for a
lot of different channels and allow linear time complex
algerithms for decoding. Furthermore, LDPC codes are suited

for implementations that make heavy use of parallelism.

15 A LDPC code is defined by its parity check matrix H. For any
parity check matrix H a corresponding bipartite graph exists,
called the Tanner graph, which comprises a set of variable
nodes (V) and a set of check nodes (C). A check node C (with
index i) is connected to a variable node V (with index j) in

20 the Tanner graph if the element hij of the parity check

matrix H is 1.

In decoding in the context of a data transmission, the number
of columns N of the parity check matrix H corresponds to the

25 number of codeword bits of a codeword transmitted via a
communication channel. The codeword transmitted via the
communication channel comprises a number K of information
bits and a number M of parity check bits. The number of rows
of the parity check matrix H corresponds to the number of

30 parity check bits M. The corresponding Tanner graph comprises
M = N - K check nodes C (wherein each check node corresponds
to a check equation given by one row of the matrix H) and N

variable nodes, one for each bit of the received codeword.



M= N - K check nodes C (wherein each check node 9000 349ck
equation given by one row of the matrix H) and |a e nodes, one for
each bit w0 20tw3smeei ved codewor d. Conventi onal LDPC dec oderss2em®00342
illustrated in figures 1 and 2 . Figure 1 shows an LDPC decoder 100. The
LDPC decoder 100 conprises a bl ock rowZsequence controller 101, a storage
menory 102, parity check update bl ocks 103, a parity check function bl ock
104, router circuitry 105, bit update bl ocks 106 and reverse router

CIrCUItr¥ 107. For exanE (read only nenory) is used to store the
tanner gFapkengignagskh FtdSFogﬁésbﬁéékl#éws§€ dncdrigidigserl rod
Typically, a conplicated control logic or state machine is required for the
control according to the Tanner graph. Furthernore, the routing/reverse
routing net wor ks, whi ch connect variabl e node and check node processors,

typi includes, a | arge unt of. bank of multiplexers. Figure 2 shows
an L C %éggdgr Zﬁbow?hégLEEgEd§888gFrzgéOlncIudes a ROM graph nenory 201
for storing the tanner graph. The LDPC decoder 200 further includes a first

RAM (random access nenory) 202 for storing the data to be sent to the check
nodes (iAnei BPPEedeapthrrt hBOacpmpsiscesti abek oW egdudtels hood radi os), a

switch Zg Kk de p ock ond 205 for storing
t he chec gﬁ% 8ﬁgggc%ggbr o% u?agR@vkoﬁgsgggéspgﬁd d P par M update
blocks 103, a parity check function block 104, router
10 circuitry 105, bit update blocks 106 and reverse router

circuitry 107.

For example, a ROM (read only memory) is used to store the
tanner graph, e.g. as part of the block row sequence

15 controller 101. Typically, a complicated control logic or
state machine is required for the control according to the

Tanner graph.

Furthermore, the routing/reverse routing networks, which
20 connect variable node and check node processors, typically

includes a large amount of bank of multiplexers.
Figure 2 shows an LDPC decoder 200.

25 The LDPC decoder 200 includes a ROM graph memory 201 for
storing the tanner graph. The LDPC decoder 200 further
includes a first RAM (random access memory) 202 for storing
the data to be sent to the check nodes (initialized with the
a-priori estimates or log-likelihood radios), a switch 203, a

30 check node processor block 204, a second RAM 205 for storing
the check node processor output (Rcv) messages and a parity

check function block 206.



check function block 206. Also for this LDPC dec T{S*GZ’D’G%N)‘OWZ
typically conprises a | arge anount of bank of multi plexers. An object on
whi ch enbwodioeniss2onay be seen to be based is to provi depam/sGe@8@poancoder
and an (LDPC) decoder that are nore efficient and/or |ess conplex than
known LDPC encoders and decoders . Thi 8 object is solved by the decoding
circuit and the encoding circuit with the features according to the

i ndependebso ctak nhisnLDRE aabederpntheasdeeedi Ng3Ckkpuich1ily provi ded
conprising a data buffer, conprising a plurality of storage elenents for
storing H%T%?%?ﬁ%o?sléﬁaeaaEPBéﬁs§fnBaEEr@ﬁiWué%ﬁﬁﬂ?§ﬁﬁg-a plurality of
inputs and a plurality of outputs. The processing circuit is configured to
process data synbols received via the plurality of inputs and output the
pr ocessedn dalt desynbol shvch ehbopiment 5t yapf beutpahstoEaehbakerdage ebenent

of the plurality of ge elenments . is ¢ I to an associated input of
t he glur%f?Yﬁd%fa?nbﬁ@gé?mﬁﬁFggﬁ?tﬁ%daggozﬁﬁgﬁgndEFogﬁé. FéFaPF@ymﬁFe
storage eFerenést Wahd/bhe1pkyr abhpYeRf thBRUKSOLA d6ber Bhaedhy anki rst
decodi ng paraneter. Each storage elenent of the plurality of storage

el enent sd¢go@®udl ed to an associ ated output of the plurality of outputs,
wherein the association of the plurality of storage elenents with the
plurality of outputs is deternmned by a second decoding paraneter. The
first deriots ngopacants esoanddt bg secondcdacandi sgrparanahar taee determ ned
by a
y 10 encoding circuit with the features according to the

independent claims.

In one embodiment, a decoding circuit is provided comprising
a data buffer, comprising a plurality of storage elements for

15 storing data symbols and a processing circuit comprising a
plurality of inputs and a plurality of outputs. The
processing circuit is configured to process data symbols
received via the plurality of inputs and output the processed
data symbols via the plurality of outputs. Each storage

20 element of the plurality of storage elements is coupled to an
associlated input of the plurality of inputs, wherein the
association of the plurality of storage elements with the
plurality of inputs is determined by a first decoding
parameter. Each storage element of the plurality of storage

25 elements is coupled to an associated output of the plurality
of outputs, wherein the association of thé plurality of
storage elements with the plurality of outputs is determined
by a second decoding parameter. The first decoding parameter
and the second decoding parameter are determined by a

30 decoding rule and the first decoding parameter and the second
decoding parameter are not changed throughout the decoding

process.



decoding rule and the first decodi ng paraneter aptWSGmg/GB 109
S . ther

paraneter are not changed throughout the decodi ng proces n ano

enbodi nenv 2a/semedi ng circuit is provided conprising acusGaodowbizaz ,
conprising a plurality of storage elenents for storing data synbols and a
processing circuit conprising a pluralidty, of inputs and a plurality of
out puts. The processing circuit is configured to process data synbol s

recei vedIvi anbhaepl umdbitiest ,i BRUES c3Rd neuiAHciRe iy eaessed dat a synbol s
via the plurality of outputs. Each storage elenment of the plurality of
st orage EPBRERFINPsacHafRelUfécsn £980CiaLEg PnpUureflittie ofl wialnage of
i nputs, ehehRst B8 a8$QGEH AL f lurald ty torage elenents with
t he pIurgﬁits o? ?ngutsgggﬁ e?gF%iﬁgg%ggsaagﬁrétF%%E%ﬁfﬁggbéPéﬁ%Pg?. Each
storage ebmpentiof thplplraddlit yfofinpuasagadelae pantrs liis v aupltgua san

associ at output of the,plurality of qutputs, wherein the associ ation of
the Bl ur ShE B EBPe SRR Hg LB PbentS” Rorr LEHECH: FPaPHEP O GRS 1S

det er m nedcbyvaqdsecandnhenpodi-ad iRy’ aFet ahuwaeRsidn e rtglte ‘;ﬁ%%‘és%%éi
paranmeter and the second encodi ng paraneter are determned by a encodi ng
rul e whefletp shsbplesviantbei pdupadanwt of endpults .s@ewhd seroedieng par anet er

are not r hout. _t he, encadin rocess. |l lustrative enbodi nents
of the i%@%ﬁg?gnggrgngB EF.gatgngwF%gfﬁgFeﬁiﬁgﬁ&E%<}%rﬁ?%ﬁ@ﬁfﬁﬁg?n
Enbodi meassowshiatbdatapdeseri bad bnueantext oaf ihhet¢ecodicne 6i ke t are
anal_ogously valid for the encoding circuit.

107 association of the plurality of storage elements with the
plurality of inputs is determined by a first encoding
parameter. Each storage element of the plurality of storage
elements is coupled to an associated output of the plurality
of outputs, wherein the association of the plurality of

15 storage elements with the plurality of outputs is determined
by a second encoding parameter wherein the first encoding
parameter and the second encoding parameter are determined by
a encoding rule wherein the first encoding parameter and the

second encoding parameter are not changed throughout the

20 encoding process.

Illustrative embodiments of the invention are explained below
with reference to the drawings. Embodiments which are
described in context of the decoding circuit are analogously 4

25 wvalid for the encoding circuit.
Figure 1 shows a conventional LDPC decoder.

Figure 2 shows a conventional LDPC decoder.
30
Figure 3 shows a communication system according to an

embodiment.



Figure 1 shows a conventional LDPC decoder. Fi gu%q-é?(g\rﬂ?%f?omgonal

LDPC decoder. Figure 3 shows a conmunication sys 0 an

enbodi nenwo.2biogss®94 shows a first parity check matrix, paTsecandogsazity
check matrix, and a third parity check matrix. Figure 5 shows a decodi ng
circuit according to an enbodi nent Figlre 6 shows an encoding circuit
according to an enbodinent . Figure 7 shows a decoding circuit according to
an enbodimentr Fidguowd shdisrsa denodsr @eaor dingrio, an eabegd Batityigure 9
shows Vl\l-f%%}%lp and CNP-t o- VN._i nterconnections according to an enbodi nent .
Fi gur es PR % 3Gt Pat & g (RATENY P ONPIR'6E VR | nt er connect i ons f or
one VN bank according to an enbodinment. Figure 11 illustrates a VN-to-CNP

i nt erconnection according to an enbodi nent. Figure 12 shows a check node

pr ocessofigeesr ¢ mihows an dedeodinge i rcFEilguracdind ust rat esmbodiment cui t
design for a 2-input order nodule and a 4-input order nodule. Figure 14
shows™ an Rev update nodul e according to an enbodi ment . Figure 15 shows a
decoder ace@ird ) drewan senkedideMy dHixaure ahamsnancengeder according to
an enbodi nent. Figure 17 shows an encoder according to an enbodi ment. Figure
18 shows e@beedlenfode processor according to an enbodi nent :

Figure 7 shows a decoding circuit according to an embodiment.

10
Figure 8 shows a decoder according to an embodiment.
Figure 9 shows VN-to~-CNP and CNP-to-VN interconnections
according to an embodiment.

15

Figures 10A and 10B illustrate VN-to-CNP and CNP-to-VN

interconnections for one VN bank according to an embodiment.

Figure 11 illustrates a VN-to-CNP interconnection according

20 to an embodiment.

Figure 12 shows a check node processor according to an

embodiment.

25 Figure 13 illustrates the circuit design for a 2-input order

module and a 4-input order module.

Figure 14 shows an Rcv update module according to an
embodiment.
30

Figure 15 shows a decoder acdording to an embodiment.

Figure 16 shows an encoder according to an embodiment.



Figure 19 shows a check node processor accordi ngggﬁg(gmmon34ﬁi gure

20 shows an encoder according to an enbodi nent. Ws an encoder
accor di ngvoaoswmsewbodi ment. Fi gures 22a and 22b show CNPsTaceammdesg2t o an
enbodi ment. Figure 23 shows parity check matrices according to an

enbodi nent . Figure 24 shows a check néde processor according to an

enbodi nent. Figure 25 shows a conventional LDPC encoder architecture.
Det ai | ed description Enbodi ments descri bed bel ow in context of the encoding
circuit are analogously valid for the decoding circuit and vice versa. LDPC
(1 ow den8iL8yTBalti’t pheWscR) evgedmiy acsoreiamplte v esdptigerdat a

transm ssion froma sending device to a receiving device as it is
illustrated in figure 3 .Figure 3 shows a comuni cation system 300

accor di ngigoranlénbadiveent chethe nodrmpriocaisisor sysicaid0 tworgri ses a
tranzgit%ﬁ% éOl that transmts data to be transmtted 304 to a receiver 302
via @ cofffBRP¢EEPon channel 303. The data to be transmitted 304 i s encoded
by an encoder 305 to a plurality of code words. The encoder 305 supplies

t he encoded data 306 to a sending circuit 307 (for exanple conprising a
nmodul at oFigurer dAsshowaneephackenodp Phratcesesnds adve reticaddd dat a 306 to the
recei ver 302 ¥ia,the

10 Figure 20 shows an encoder according to an embodiment.
Figure 21 shows an encoder according to an embodiment.
Figures 22a and 22b show CNPs according to an embodiment.

15
Figure 23 shows parity check matrices according to an

embodiment.

Figure 24 shows a check node processor according to an

20 embodiment.
Figure 25 shows a conventional LDPC encoder architecture.

Detailed description

25
Embodiments described below in context of the encoding
circuit are analogously valid for the decoding circuit and

vice versa.

30 LDPC (low density parity check) code may for example be used
for data transmission from a sending device to a receiving

device as it is illustrated in figure 3.



comuni cation channel 303. The encoded data 306 pCTYSG2009700034ed
data 309 by a receiving circuit 308 (for exanple conprising a denodul at or

a recei vewanvamseoetc. ). Since the code words are affectrasd2tng/onaiuse of

t he conmuni cati on channel 303 in transm ssion, the receiving circuit 308
does not reconstruct code words exactly but generates |og-Ilikelihood ratios
(LLR) 309 for the received codeword bits. These are supplied to a decoder

310 that Frlgg@aser BBb& st Be cohansNidat8dnc ed@ terf dno e ENeeder- 30 and the
decoder 310 are for exanple configured according to an error correction

code, formeREAPpEataccording to LDPC. A LDPC code is defined by its parity
check matrix H. For any parity check matrix H a correspondi ng bipartite
graph exists, called the Tanner graph, which conprises a set of variable
nodes (\VIhandoamset catiohesk stedes00CrompAickeck node GilwWdh Foudendt ) is
connected to a, variable node V (with indexoi ) inthe Tanner:§$aph if the
el eneht hif3PSBE tBheapar Loy PenECRSRELIEROH04 To aTreaqinmssr /2 dBlaurfs N of

the pari tynsligskarabh ¥hHneeHr @pRONds to the nunber of codeword bits of a
transmtted codeword. Each codeword conprises a nunber K of information

bits and a nunber Mof parity check bits. The nunmber of rows of the parity
Cor s poRAPnE=TAnREr DBt BRTEOTBFSe O L oNoTR AL FOtEdie et n each
check nodg gopnespondy be aoelegk raguatrhen egicvRiz DY 0dNe Y ifs the matrix H
) aq% N encoded data 306 to a sending circuit 307 (for example

comprising a modulator, a transmit antenna, etc.) that sends

the encoded data 306 to the receiver 302 via the

communication channel 303.

15 The encoded data 306 is received as received data 309 by a
receiving circuit 308 (for example comprising a demodulator,
a receive antenna, etc.). Since the code words are affected
by noise of the communication channel 303 in transmission,
the receiving circuit 308 does not reconstruct code words

20 exactly but generates log-likelihood ratios (LLR) 309 for the
received codeword bits. These are supplied to a decoder 310

that reconstructs the transmitted code words.

The encoder 305 and the decoder 310 are for example
25 configured according to an error correction code, for example

according to LDPC.

A LDPC code is defined by its parity check matrix H. For any

parity check matrix H a corresponding bipartite graph exists,
30 called the Tanner graph, which comprises a set of variable

nodes (V) and a set of check nodes (C). A check node C (with

index 1) is connected to a variable node V (with index j) in



vari abl e nodes, one for each bit of the recei vedPp@QI¥SG2009/060034R- based

LDPC code the parity-check matrices can be partitioned into square sub

bl ocks (swb 20ewa3bmes) of size Z x Z . A sub matrix is ePCHSG2609/000342
cyclic-pernutation P of the identity matrix z or a null sub matrix. A
cyclic-pernmutation matrix Pj _ is obtaimed fromthe Z x Z identity matrix by
cyclically shifting the columms of the identity matrix to the right by i

el errentSthEh@armte&l gerQ g ttlh% %pénéritd Nty tdf r’@f{él rlFé)J axampl e, for Z
8PL=0... 0 (0 0 0% .. 01010 ...

0 The rratmart@es: B];sand P2 are pr oduced by cycl i cal |y Shl ft| ng the col umms
of the identity matrix | = P to the right by 1 and 2 pl aces, respectively.
This structure allows processing of at |east Z nmessages in a parallel

fashi on. T%a%lm%%rf O Qb@‘&ﬁnls[)ﬁcocfoct%eog fl%f%]{r%afﬂﬁ%d{{ are shown in

the figure 4 . Figure 4 shows a first parity check matrix 4 a second
5 corresponds to the number of codeword bits of a transmitted

codeword. Each codeword comprises a number K of information
bits and a number M of parity check bits. The number of rows
of the parity check matrix H corresponds to the number of
parity check bits M. The corresponding Tanner graph comprises
10 M = N - K check nodes C (wherein ‘each check node corresponds
to a check equation given by one row of the matrix H) and N

variable nodes, one for each bit of the received codeword.

In a block-based LDPC code the parity-check matrices can be
15 partitioned into square sub blocks (sub matrices) of size

Z x Z. A sub matrix is either a cyclic-permutation P; of the

identity matrix Iy or a null sub matrix.

A cyclic-permutation matrix Py is obtained from the Z x Z

20 iddentity matrix by cyclically shifting the columns of the

identity matrix to the right by i elements. The matrix Pgy is

the Z x 7 identity matrix.

For example, for Z = 8

25




parity check matrix 402, and a third parity checpwggem?(]@g@ggggrity

check matrix includes 32 block colums (nunbered 1 to 3 e first
parity chwolkorsaissios 401 i ncl udes 16 bl ock rows (| abel | esdci/siGaoc®osa2t he
second parity check matrix 402 includes 8 block rows (labelled 1 to 8), and
the third parity check matrix 403 inclues 4 block rows (labelled 1 to 4 )
In this exanples, Z = 21, and the codeword length is 672 (32 bl ock
colums timesr21 sub bl ock col ums ger bleck colum) ,i.e. the
correspondi ngl codes™are |l ength 672 LDPC codes. The codes corresponding to
the parity check n@itricés 401,0 402;-|403 were proposed for the energing | EEE
802. 15. 3, high.rate Wrel ess Pergsonal Access Networks (WPANs) standard. A's
one can see fromthe third parity check matrix 403, the elenments of the
matrix are higRly regular: Bach blogdk rowis a cyclic shift (of length 4 )
of its above pljock pow. .Enbodi nente |described in the foll ow ng can be seen
to be based on this type of highly structured LDPC codes. Figure 5 shows a
decoding circuit 500 according to an enbodi nent . The decoding circuit 500
conprises a data buffer 501 conprising a plurality of storage el enents 502
for storing datba sybrbol s1 The-deco@ing circuit 500 further conprises a
processing cifguit p03 conprising . a plurality of inputs 504 and a plurality
of outputs 505. The processing circuift 503 is configured to process data
synbol s Fece&iv@d via the plurality off i nputs 504 and out put the processed
data synbols (viha thg ... g 1

0 1 0 .- 0

5 The matrices P and Py are produced by cyclically shifting
the columns of the identity matrix I, = Py to the right by 1

and 2 places, respectively.

This structure allows processing of at least Z messages in a

10 parallel fashion.

Examples for block-LDPC code parity check matrices H are

shown in the figure 4.

15 Figure 4 shows a first parity check matrix 401, a second

parity check matrix 402, and a third parity check matrix 403.

Each parity check matrix includes 32 block columns (numbered
1 to 32). The first parity check matrix 401 includes 16 block
20 rows (labelled 1 to 16), the second parity check matrix 402
includes 8 block rows (labelled 1 to 8), and the third parity
check matrix 403 includes 4 block rows (labelled 1 to 4).

In this examples, Z = 21, and the codeword length is 672 (32

25 Dblock columns times 21 sub block columns per block column),



plurality of outputs 505. Each storage el enent o?qazgﬁg(zq)gygoqj34gor age

el ements 502 is coupled to an associated input o Ity of inputs
504, wherwonotodmsemssoci ati on of the plurality of storagecelsenenisoeth the
plurality of inputs is determned by a first decodi ng paraneter. Each

storage elenment of the plurality of stdrtage el enents 502 is coupled to an
associ ated output of the plurality of outputs 505, wherein the association

of the pliukal itthe @ﬁ@%ﬂﬁﬂmwéﬁ e PHired s it BHL ST S
determ ned by a second decoding paraneter. The first decodi ng paraneter and
t he secol@dgsc sPnTgSparahivie t artdadaarifihathdank anatecioss @ Gl ed@herein t he

first de i ar anet er t second .decodi ter .are not. changed
t hr oughogl@%t % egg&pﬁgeﬁggoersgc%q Ielmuegi%rle{]tq \%é}g 82?%'2%1 ?e%gmbikf VIERTE t he
storage @liertnriss @rd sdhe 1IPreeRSS N teidrds t (WERNS Jdesdidr{ encodi ng)

circuit is kept constant during the decoding or encoding process, i.e. is
selected in dependence of one or nore paraneters characterizing the

decodl N0 Al 2ACUNA Y QGRGP cxft EniR YIBLALS Hldan e e Apsodlng of
encodi ng schene such as specified by a“property code as For exanpl e given
by a propéemgendfs a&fpahiet ymatheick aret hidghlyn mewledodiamnthlddie fow sis

decodi ng paraneter .a t he. second decodi ng paraneter. are non-negative

i ntegers? F,;(cgﬁg ét%%%l et _%q”fi _stodfldégtﬁgiarpd"f?aﬁ%@r%q]%rr%'d the second

decodi Ng FRAGATRICEI: el HReS Y A th Lﬂotlgoﬁrpj Qch He daich Syl s with
e

respect to the plurality of inputs an
10 based on this type of highly structured LDPC codes.

Figure 5 shows a decoding circuit 500 according to an

embodiment.

15 The decoding circuit 500 comprises a data buffer 501
comprising a plurality of storage elements 502 for storing

data symbols.

The decoding circuit 500 further comprises a processing

20 circuit 503 comprising a plurality of inputs 504 and a
plurality of outputs 505. The processing circuit 503 is
configured to process data symbols received via the plurality
of inputs 504 and output the processed data symbols via the
plurality of outputs 505. Each storage element of the

25 plurality of storage elements 502 is coupled to an associated
input of the plurality of inputs 504, wherein the association
of the plurality of storage elements with the plurality of

inputs is determined by a first decoding parameter.

30 Each storage element of the plurality of storage elements 502
is coupled to an associated output of the plurality of

outputs 505, wherein the association of the plurality of



plurality of outputs. In one embodi ment, the decp@TISG2009/00 By an

error correction code. In one enbodi nent, the error correction code Is a
parity chwokomo3de09l n one enbodi nent, the error correctipem/scaa®/ones4a | ow
density parity check code.ln one enbodi nent, the data synbols correspond to
transm ssion synbols received via a comiuni cati on channel. In one

enbodi nent, the data synbols are Log-Likelihood Ratios for the transm ssion
synbol s. slt@)r@g% enkadiniant,i thhe Y QaesSiNg gt Wit gt £ o | g &dh s gheck
based on the data synbols whether a.pre-determned criterion is fulfilled.
In one eRbodi werendt Heoddndettam@ned@roriterion i s based on a parity
checking of the data synbols. In one enbodi nent, each storage elenent is
configured to output its stored data synbol to its associated input. In one

enbodi neMhe €aeBtsteragd nel erRiimdtercenid gileeddandfdetodiiputting its
stored data synbol to its associated input, receive another data synbol
from3 t s PALSBE e TOUCHIE IS G % hé Id FUshmitie e ditputi e

ot her dat@3yahe! Pgeahfe%eas%%i ARd JPHy ddE RS F B, 4he goupling

of each storage’elenent to its associated input 1s hard-wred. In one
enbodi rechangkd tbuplighgudaf téaciestooiiage pelomess.- to its associ ated out put
is hard-wred.
Illustratively, a coupling betweéh the storage elements and
10 the processing circuit in a decoding (encoding) circuit is
kept constant during the decoding or encoding process, i.e.
is selected in dependence of one or more parameters
characterizing the decoding or encoding process, e.g.
parameters given by the decoding or encoding scheme such as
15 specified by a property code as for example given by a

property of a parity check matrix.

In one embodiment, the first decoding parameter and the

second decoding parameter are non-negative integers.

20
In one embodiment, the first decoding parameter and the
second decoding parameter each specify a shift of a block of
data symbols with respect to the plurality of inputs and the
plurality of outputs.

25

In one embodiment, the decoding rule is given by an error

correction code.

In one embodiment, the error correction code is a parity

30 check code.

In one embodiment, the error correction code is a low density

parity check code.



I n one enbodi nent, the decoding circuit is a ci rplé-tr/s%mg/ggng and

decodi ng. This neans that in one enbodi nent, there Ts resource sharing

bet ween twe 2erose®p and the decoder. In one enbodi nent, paT/setiosodzaz
decoding is provided conprising coupling each storage el enent of a
plurality of storage elements for storill®g data synbols to an associ at ed
input of a plurality of inputs of a processing circuit being configured to
process data synmbols received via the plurality of inputs and output the
processed data synbols via a plurality of outputs, wherein the association
of the piar @nhiet pmgbddmenige tolee arties syimbie lisheouingsaiandy wf i nputs is

determn first i_ng _par.anet er.;. coupling .each storage el enent of
t he pIurggﬁgémgfséférgggggﬁgn%ﬁfglwg aH1§s§b6¥5T%é$%ﬁﬁ n(ﬁh%hﬂéﬁﬂ urality

of outputs, wherein the association of the plurality of storage el enents
with the pIuraIit% of outputs is determ ned by a second decodi ng parameter;

wher &1 n £ReOFFr §HCQEEB8N Ry paFarBiter symdotive adec W dededliimpshriatetad are

det er mi ned by,a q§%9ghggsgghesg&%dwgerein the first decodi ng paraneter and
t he second decodi ng paraneter are not changed throughout the decoding

process. For exanple, the coupling according to the first decodi ng

paranetet._and the, second, decodi ng paraneter ,is not .changed throughout the
decodingEBr8885§mb9ﬁ18ﬁ§ten%gﬁi RCESTIRGt Fad SOt e SHHGE I S5t hA ded

conpri si BEceRUBLEBE BACRNS! ALRge seh®RAt WBktdch W ¥ddWfermined

10 criterion is fulfilled.

In one embodiment, the pre-determined criterion is based on a

parity checking of the data symbols.

15 In one embodiment, each storage element is configured to

output its stored data symbol to its associated input.

In one embodiment, each storage element is configured to,
after outputting its stored data symbol to its associated

20 input, receive another data symbol from its associated
output, store the other data symbol and output the other data

symbol to its associated input.

In one embodiment, the coupling of each storage element to

25 its associated input is hard-wired.

In one embodiment, the coupling of each storage element to

its associated output is hard-wired.

30 In one embodiment, the decoding circuit is a circuit for both

encoding and decoding.



storage elenents for storing data synbols to an PGW?GQD@QWOO?AZ

plurality of inputs of a processing circuit being configured to process
dat a synmwb=oreseloved via the plurality of inputs and ortcpsGedmogupcessed
data synbols via a plurality of outputs, wherein the association of
theplurality of storage elenments with tiBe plurality of inputs is determ ned
by a first encodi ng paraneter; coupling each storage el enent of the

pluralityhot stanagengkemBnbact emBBdARSAG ated rQULRUL Lfodhe RIHNAlHd Y of
out puts, wherein the association of the plurallty of storage elenents with

the pl uraetvgenf that pnesdes aadekhene@chyies.second encoding paranet er
wherein the first encodi ng paraneter and the second encodi ng paraneter are
determ ned by a encoding rule and wherein the first encodi ng paraneter and
t he secomd eneodinhgdpaeanet ar matkodotfoehadeged ihkr agghoutyitdeel decodi ng

process . For exanple, the coupling according to the first encodin
par a te?O%BHlFﬁ@gséeﬁﬁéléﬁcﬁaFﬁg g&Féﬂﬁtéﬁeﬁ§nﬁopfcﬁaﬁ@@&aﬁﬁﬁaﬁgﬁgut t he

decodi n9s96958§5e1gﬁén9§0§8§5b@grﬁhﬁc'd'atta' S yhPh 18X 2Pl %%%fdcq]lg to pass
the data synbols received via the plurality o inputs to the urality of

out put s {ppsti bfyappbuesdedy ofThepdasaoﬁuhf@mohassn@@ @mmqmmi Megmaups of
SLorage, MihLs.,£a8h 9 QUB.COPLLRLIY (G ks of 51 9ha0e U by, sech, bank
parity checknpttsahg. gutgheckheog@o@é@@%asar:a%)a s9aeld 1RAKIikY check uni t
10 plurality of outputs, wherein the association of the
plurality of storage elements with the plurality of inputs is
determined by a first decoding parameter; coupling each
storage element of the plurality of storage elements to an
associated output of the plurality of outputs, wherein the
15 association of the plurality of storage elements with the
plurality of outputs is determined by a second decoding
parameter; wherein the first decoding parameter and the
second decoding parameter are determined by a decoding rule
and wherein the first decoding parameter and the second
20 decoding parameter are not changed throughout the decoding

process.

For example, the coupling according to the first decoding
parameter and the second decoding parameter is not changed

25 throughout the decoding process.

In one embodiment, a method for encoding is provided
comprising coupling each storage element of a plurality of
storage elements for storing data symbols to an associated

30 input of a plurality of inputs of a processing circuit being
configured to process data symbols received via the plurality
of inputs and output the processed data symbols via a

plurality of outputs, wherein the association of the



conprising MK*R inputs, having one input from ep@rﬂﬁr(%zlgbygwﬁ pk  of
out put's

storage units; and each parity check unit conprising n one
enbodi nenvo 20fwe3beoout put s of the storage units of qth baoh/sckogiobogz oup are
associated to the ((p-1) *K*R+q) th input of each of the said N parity
check unitsFor exanple, the ((r-1) *K*R#4s) th outputs of each of the N
parity check unit are associated to the N inputs of the storage units of u

th bank efiufaliitgr QP st® BRI 1dinfdr@reiti th eMal 1k 108, eiodif®d .14 he
processing circuit conprises ND parity check units, D Dbeing an integer

nunber, REbeEBiLRgdaRyi Bt égars themsedinsa@rreaater ic meoksl iurg tea®mpri si ng
MK*R in ayi e t Ci d ach of said K*R bank of
storage SiPEagtaEd Rl ol BRERTE 0SB SRR S RuE For
exanpl e, aasseliateed otPuauiofuttheofpltifia 19ter age ditidhi Of wdrdiankraf pth
group. are assqQciated to the ((p-1), *K*R+q) th input of each of the said

N D. Dar PE§OERELROtinPls thtoPloked iy ffotharass edi@eny ittpihe of t he

st orage { q f h Q& .ar Ci : ((p-1)
*K* R+q) th?f%%gz:yo%&eggﬁk)ggst ﬁEeS g%it%%%ega%?ts% cs%tec %%n:(%edls that all N

out puts phrehetstor aperenint $hef fGidstbamkoofingt Ipagrametcar erabsdod ated to the

o ((Pathank Bkl mout of oot O e S ah WD P Hdeleck i te, T

D r ounds:.
N D pari bfdchaeketifi thar €18s$0enad ny Hh rseleeed N RHRESng

10  encoding parameter are not changed throughout the decoding

process.

For example, the coupling according to the first encoding
parameter and the second encoding parameter is not changed

15 throughout the decoding process.

The processing circuit is for exampie configured to pass the
data symbols received via the plurality of inputs to the

plurality of outputs (possibly processed) .

20
The data buffer has for example M groups of storage units,
each group comprising K*R banks of storage units, each bank

comprising N storage units;

25 The processing circuit for example includes N parity check
units (e.g. check node processors), each parity check unit
comprising M*K*R inputs, having one input from each of said
M*K*R bank of storage units; and each parity check unit
comprising M*K*R outputs

30
In one embodiment, the N outputs of the storage units of gth
bank of pth group are associated to the ((p-1)*K*R+q)th input

of each of the said N parity check units



of the storage units of u th bank of r th group,mwggﬂggmgg3gzom u ;

followed by the same ((r-1) *K*R+s) th output of each parity
check uniwoheiongemssoci ated to anot her sel ected N D i npets/sckomiveosat or age
units of u th bank of r th group; so that the sanme ((r-1) *K*R+s) th out put
of each of the NND parity check unit béeiing associated to all N inputs of
the storage units of u th bank of r th group, in D roundln one enbodi nent,
the processing circuit, while encoding, processes the data synbol, after
bei ng passed between data buffer and itself for Rtinmes. In one enbodi nent,

one ' macke®l grerrleh dheckl Wodes H'Rpddt edtiniteheo ki@ ¢hdepenent of

t he chec i For C t.he i 4 ency. .y be as
smal | as ta%g'%ﬁlu eer% o?mlrir:a(?roeh%isgs&ecﬁ%e%%dx e tgggr:iq\?yﬂ%l‘léﬁ ér:%t?}il?(.

Enbodi mresttoremy geriésatod (atcH éastl) e hankgmfumpars tiye ohecki bféserdt one
clock_cycle. In one enbodi nent, a decoder circuitry for decoding a received
dat a 3tr&&fercoded according to a | ow density parity check (LDPC) code is
provi ded, wherein the circuitry conprises a variable node nenory for
storing the initial probability values and the subsequent updated

pr obabi | ilty ongl eedoddamentty dihec b nopatse ngnidis;cfidr ampdatisegs theD probabi lity
val ues and nerating check note .val ues,, hardw red .i nter ections, for
fouting PATa TR SOSEIT MY I Uol P hd IRt "OF e o A (BB e
rregory t ansaige rsetumdk rhaldalch grack wRgals: WHilS ddadi Patd tyy-eheck units),
an
10 inputs, having one input associated to each of said M*K*R
bank of storage units; and each parity check unit comprising

M*K*R outputs.

For example, a selected N/D outputs of the storage units of

15 gth bank of pth group are associated to the ((p-1)*K*R+qg)th
input of each of the said N/D.parity check units, followed by
another selected N/D outputs of the storage units of gth bank
of pth group are associated to the same ((p~1)*K*R+qg)th input
of each of the said N/D parity check units; so that all N

20 outputs of the storage units of gth bank of pth group are
associated to the same ((p-1)*K*R+q)th input of each of the

said N/D parity check units, in D rounds.

In one embodiment, the ((r-1)*K*R+s)th outputs of each of the
25 N/D parity check unit are associated with selected N/D inputs
of the storage units of u th bank of r th group, s being
different from u; followed by the same ((r-1)*K*R+s)th output
of each of the N/D parity check unit being associated to
another selected N/D inputs of the storage units of u th bank
30 of r th group; so that the same ((r-1)*K*R+s)th output of
each of the N/D parity check unit being associated to all N
inputs of the storage units of u th bank of r th group, in D

round



hard-wired interlinks, for linking said updated pr iﬁtgd; 0’09?‘)9%&20

said set of parity check update units to the varia Ie node nenory.

enbodi menyo 20twm3papi ty check units process the subsequemtnsp;dammdosu
probability values, after being passed between different variabl e node
menory and different parity check updatl® units for B*R tines, B being an
i nteger nunber. In one enbodi nent, the hard-wired interlinks route the
((rl1)* K*R+s)th out put of each of the NND parity check updateunits to a
selected VD inputs of the storage units of u th bank of r th group, s
bei ng di fReP@ft eﬂlb@@lﬁlentfroﬁlhmowstﬂﬂél%mql{rtrl)wf*WER@)Canw put of

) h I d
ND i npuPSCSrERE. S15 AR unt oy  DAe R RIS Rgh TR the

sane ((rbhffek* Rhel) ittheldft gotr &f tdaeds.of the NND parity check update unit
being routed to all N " inputs of the storage units of u th bank of r th
grou A nenory used in the enbodi nents may be a volatile rrem)ry for

exarrpl e n A W) menory, for
exanpl e g“% %@ggﬁ%ﬁ g’ggeagl%%%%y%r y)o% %MR@‘%%B asabl e PROV

EEPROM ( BEpdetedcahl pnEr ayablee @R@Vjpermiena fdfaS:hlerre:rfmqk re:dga walglttcmtl ng

gate ne char tra an MRAM net or esi stl ve ndom
Access K/Eﬁ%ﬁﬁ an ?‘ éaﬁfﬁ’(‘fé’ A% I3 asfn

enbodi meAtmbar" eifr cmet:rorraxa%r@n@qr o a%S_Lt%/n)(:H@dw n@t@ii ogic
|nplenent|ng entity, which may be special purpose
Embodiments may generate (at least) one bank of parity check

bits at one clock cycle.

In one embodiment, a decoder circuitry for decoding a
received data stream encoded according to a low density

15 parity check (LDPC) code is provided, wherein the circuitry
comprises a variable node memory for storing the initial
probability values and the subsequent updated probability
values, parity check update units, for updating the
probability values and generating check note values, hard-

20 wired interconnections, for routing said probability values
from the output of said variable node memory to said set of
parity check update units (e.g. parity check units), and
hard-wired interlinks, for linking said updated probability
values from said set of parity check update units to the

25 variable node memory.

In one embodiment, the parity check wunits process the
subsequent updated probability values, after being passed
between different variable node memory and different parity

30 check update units for B*R times, B being an integer number.

In one embodiment, the hard-wired interlinks route the ((r-

1) *K*R+s)th output of each of the N/D parity check update



circuitry or a processor executing software storp(t SGH0 Ofdg re,
or any conbination thereof. Thus, in an enbodi nent; "a " Ci rcwg?’0 may De a

har d- wi r eslol20gi/0s6mbr cuit or a programmabl e | ogi ¢ circui PCISGRO@B0OEB42

programmabl e processor, e.g. a microprocessor (e.g. a Conplex Instruction
Set Conputer (ClSC) processor or a Reddded Instruction Set Conputer (RISC)
processor) . A "circuit" may also be a processor executing software, e.g.

any ki ndunf t somrputers g edn N £D §inpu€sNBYt &hePrNGs AR &ISHATLE BT Lualn
machi ne code such as e.g. Java, Any other-kind of inplenentation of the
respect i R@PKuREt FoRhE @RPER,wol PebaIdddélfrpeati frepr elsddodiiowssl & ridye al so

be under d ~Ay %GR UI L, %ggpr ngew. t ternat.i ient. A
"bl ock" %@Qf o(i&ei%gmp e@Cr%e)tt&néje]‘lr toodgtﬁoggéha%g?&c%tﬁ/@i Eﬁﬁt?@ﬁ%m%?an
encodi ngueiflateai tné@6 dociorgi nouted ahoentodiheentsel ddtee®ngAli agpaicscwt 600

conpri ses, a data buffer, 601 conpri.si plural ity of storage el ements 602
fo;rp tor‘?}ﬁ% §&CE 2PmIB LS Tﬂg &nc iﬁgngi Cui% 16}30c—‘fi‘rtfPrUtprfers ofpftsddi®

processi fgmé&i [qui-tl ) 6&3RIQTRIN itk pbar abbhy o ﬂ'}{bpwﬁﬁnfi?ér%@‘} %h@dg{ ality
of outputs 605. The grqces& ng circuit 603 is configured to process data
synbol s rdeigednitabehagpkapakit fooklinPullsprets arfd thet pionege prddessed

data sy I la th lLurality_of outputs 605. Each storage el enent of the
pl ural i F@Poﬁ gftio?%rglg §Feﬁe%bs¥gﬁﬁpi's coupl ed to an associ ated input of the

plurality of inputs 604, wherein the association of the plurality of
StOE%ge.§L£Q§Q£§ Egég Eget guég£gg¥mggts may be a volatile memory,
for example a DRAM (Dynamic Random Access Memory) or a non-
volatile memory, for example a PROM (Programmable Read Only
Memory), an EPROM (Erasable PROM), EEPROM (Electrically
Erasable PROM), or a flash memory, e.g., a floating gate
15 memory, a charge trapping memory, an MRAM (Magnetoresistive
Random Access Memory) or a PCRAM (Phase Change Random Access

Memory) .

In an embodiment, a "circuit" may be understood as any kind

20 of a logic implementing entity, which may be special purpose
circuitry or a processor executing software stored in a
memory, firmware, or any combination thereof. Thus, in an
embodiment, a "circuit" may be a hard-wired logic circuit or
a programmable logic circuit such as a programmable

25 processor, e.g. a microprocessor (e.g. a Complex Instruction
Set Computer (CISC) processor or a Reduced Instruction Set
Computer (RISC) processor). A "circuit"™ may also be a
processor executing software, e.g. any kind of computer
program, e.g. a computer program using a virtual machine code

30 such as e.g. Java. Any other kind of implementation of the
respective functions which will be described in more detail

below may also be understood as a "circuit" in accordance



inputs 604 is determned by a first encoding parpr(;w?(g@gogmomﬁ

storage elenent of the plurality of storage el enents I's coupled to an
associ at esoauiopstoof the plurality of outputs 605, wher ecm/sGhaevasaazi ati on
of the plurality of storage elements with the plurality of outputs 602 is
determ ned by a second encodi ng paraneter. The first encodi ng paraneter and
the second encodi ng paraneter are determ ned by an encodi ng rul e wherein

the firsy;dgcadi AgrpRRARBLEN e%@d&ﬁ@nﬁecgndbqg%%iﬂ& HATRLE AL 20t

changed t hroughout the encoding process. The data synbols are tor exanple
(at | eastngarstabflyfoi bkornetironilbi.ts to be encoded. The encoder for
exanpl e generates parity check bits for the information bits.In one
enbodi ment, the processing circuit, while decoding, processes the

subsequent gupdatedhpiiabahi Ehtyavahuesrcafterkobeizraopassed detween data
buffer and itself for B*R tines, bei ng an integer nunber. The processing

circit FEPoBEmeBEd for both encoding and decoding, i.e. the circuits 500
and 600 may be conbined into one circuit. In one enbodi nent, a

comuni cati on system conprising a receiver with a decoding circuit as
descri bethabenecdhdgact ransm tOer ceimphiasseacaditag beifffew t6oas descri bed
above is provided. An exanple for a high throughput LDPC decoder,

ar chi t ecEOFRT 48¢B7 dfnglEE2bhéYeRboArREAES] §1ERSEESHERZ A MhS TGS ng Wi t h

referencg;t9 §{@Y58s? The encoding circuit 600 further comprises a
10 processing circuit 603 comprising a plurality of inputs 604
and a plurality of outputs 605. The processing circuit 603 is
configured to process data symbols received via the plurality
of inputs 604 and output the processed data symbols via the
plurality of outputs 605. Each storage element of the
15 plurality of storage elements 602 is coupled to an associated
input of the plurality of inputs 604, wherein the association
of the plurality of storage elements with the plurality of

inputs 604 is determined by a first encoding parameter.

20 Further, each storage element of the plurality of storage
elements 602 is coupled to an associated output of the
plurality of outputs 605, wherein the association of the
plurality of storage elements with the plurality of outputs

602 is determined by a second encoding parameter.

25
The first encoding parameter and the second encoding
parameter are determined by an encoding rule wherein the
first decoding parameter and the second encoding parameter
are not changed throughout the encoding process.

30

The data symbols are for example (at least partially)
information bits to be encoded. The encoder for example

generates parity check bits for the information bits.



Figure 7 shows a decoding circuit 700 according wmmbo342 one
enbodi nent, | ayered decoding is enployed for better convergence, as

descri bedwonromapenndi ng and comonly assi gned appl i cati oRCBSG2008000342

10/ 806, 879 filed Mar 23, 2004, published as U S. Patent Application
Publ i cati on No. US 2005/0204271 Al, ind&porated herein by reference. In
figure.7 , the input/output buffering registers are not shown for
sinplicity. The decoding circuit 700 conprises a nenory 703 storing the
Log-Li kel i hood Ratios (LLRs) for a received codeword (i.e. is in one

enbodi neAf CAEt CEPCLEA SRty h thife AregeiSisiald kae R4t i ddtiore tdrcodived ved
codeword -PLi.Qri i far r i : ._.dhe menory
7031 nt cPeRgager e it oyl BRI i e
processobedngaypadtédbpetmars diata buffer' andericowiettian BXH wimks, swcond

i nterconpegtion 702, For exanple, the data synbols stored in the nmenory 703
are d%da EdNOs B8 £PRGIEFoMPRELLLR for the recei ved codeword supplied by
the receiving circuit 310) in each iteration to a-posteriori estinmtes Q.

I n one enbodi ment, unlike conventional decoders, the interconnections 701,
702 bet wEbe pheocessonyg zd3carid ray deeclksetode piodds sorcatitay ai04 are
hardw red w t.hout conplicated _control. | ogic banks of |tiplexers.

Furt her Fg?dﬁHgOné'SngﬁﬁngﬁFFuﬁhg 3@@ogﬁﬁb%gﬁ%€ﬁﬂii#bd“%%&?%ﬂnlﬁ | ude a
menory fenest@kicngtthe parity check matri x.

10
In one embodiment, a communication system comprising a
receiver with a decoding circuit as described above and a
transmitter with an encoding circuit as described above is
provided.

15

An example for a high throughput LDPC decoder architecture
according to one embodiment is described in the following

with reference to figure 7.

20 Figure 7 shows a decoding circuit 700 according to an

embodiment.

In one embodiment, layered decoding is employed for better
convergence, as described in copending and commonly assigned
25 application Ser. No. 10/806,879 filed Mar 23, 2004, published
as U.S. Patent Application Publication No. US 2005/0204271
Al, incorporated herein by reference. In figure 7, the
input/output buffering registers are not shown for
simplicity.
30
The decoding circuit 700 comprises a memory 703 storing the
Log-Likelihood Ratios (LLRs) for a received codeword (i.e. is

in one embodiment initialized with the Log-Likelihood Ratios



An exanple of a nore detailed structure of the Lpﬁg ;gyog %
accordance with one enbodinent is shown in figure Figure ows a decoder

800 accorwongiimsecmn enbodi ment. In this exanple, the nemrorRGEZAB/DEE4R

vari abl e node (VN) array including a plurality of nmenory banks 801-805
(nunbered 1 to 32) and the check node proocessor array includes a plurality
of check node processors 806-809. In this, exanple, the nunber of nenory

panks (32}, -andol he Auher Llaeek J10ds, i otase r%ﬁ&%&atet S uper of

i nputs and out put's of each ¢ eck node pr oc ssor

i nt er conmeceiiordbeweewotdal .nenory banks and the check nodeprocessors
(corresponding to the interconnections 701, 702) corresponds to the LDPC
codes defined in | EEE 802.15.3c draft as given by the parity check matrices

401, 402Eh40%eth§5W@@t%%t%&c%h&@%% {he Theoardabl.e Nage (MN) array
801-805 is a variable node nenory. The array 801-805 is initialized with

t he cdhanfessebRs, wilté aMC&WCt]ﬁ@OId@g-pIIIOIc@ISStm@my o4 dry tnemrcuraferd
codeword ...t he codemord to cur ent4 d | i,ed by

recei vi ngggl cult 368 ORTE O@ngpﬁ fycr évc %%f?rf)rg ST 7af}£\br d
length 673r Bhempaeks Q14305 @mbgmum@ﬁem A rMtheB nin@ips . 7 R cdrdank
801-805 conprises N = 21 storage units. The 21 storage units of each bank

801- 805 HPEaEBAndEtadtiandt KEompiie LR Hor2 thehadeaiows prutavisst s 806- 809,
wher el n eagRisbar 98 il lrd216auRl @4 RN )P U Yadiaitddadits, Gligck node

processor
10 a-posteriori estimates Qv.

In one embodiment, unlike conventional decoders, the
interconnections 701, 702 between the memory 703 and the
check node processor array 704 are hardwired without

15 complicated control logic and banks of multiplexers.
Furthermore, in one embodiment, the decoding circuit 700 does

not include a memory for storing the parity check matrix.

An example of a more detailed structure of the LDPC layered
20 decoder in accordance with one embodiment is shown in figure

8.
Figure 8 shows a decoder 800 according to an embodiment.

25 In this example, the memory 703 is a variable node (VN) array
including a plurality of memory banks 801-805 (numbered 1 to
32) and the check node processor array includes a plurality

of check node processors 806-809.

30 In this example, the number of memory banks (32) and the
number of check node processors (21), the number of inputs
and outputs of each check node processor (32) as well as the

interconnection between the memory banks and the check node



The decoding circuit 800 includes a parity checkp §G2009£60 Do test
the convergence of the decoding process (for exanple conprising a plurality
of iteratwonsjo/memto provide the inherent early stop mechaciemobes2t he
decoder. As illustrated in figure 7 , there are two interconnections 701,
702 which may be seen as two types of rquting networks, i.e., the VN-to-CNP
network and the CNP-to-VN network. In one enbodi nent, these networks are

hardwi r e n i e t e 801 5 (i.e.
t he st orgégzgsg%g%t gggfggﬁg%gl\gﬁﬁg glglF%%S?%;tr? ct he |C>1€|;iuc{]h'rsg g%mt'hepf@P array

806- 809 mayrbepsnds tto haegilb@d bpdesi dstfidecoding Fidt &t .6l . Janktaftby t he
first block-row of the third parity-check matrix 403 in a clic shift
manner . Bor 9&XaHple, tgﬁnggrﬁtéle%‘f%g GatsiEsSe 4dte 4tdno’[.]{t 499s interpreted
here as @ai1#xs2raERbd Xnofrigukamatrices; an entry i thus denotes the
permutation matrix PjJ , the first VN bank 801 is to be connected to the
firstoinput of each CNP in a 1- to-1 nmanner without permutation, .e. the

first st g : t waf, t fiir Nghank ~801 i I tq the first
i nput of eﬁﬁegﬁgkgﬁ%\lggg&f}%ﬂﬁeagt'erg ng%;&t groggéiselsaeqrrgaﬁinlag%qet %leo irst VN bank
801 i s cnapbeg.t TheherfriaksBoilrBOs dk tihe tdeddrdCNR B0 AmndismrEl This

part of the VN-to-CNP interconnection s illustrated as first bank
connect i BH8581%-8ndvaEh ther ilggré i&eligorce ratip:)for fde (e adtond VN

bank 802.j e (gopnegt.ed Seq0 [ f [ - 4 hat
VN2 (19) C?ée&é%ﬁﬁ (%N%('zg;h%- Sb%‘\altgg?d. jad @’%Nzc?‘ %ite-n&“l&%%%ov S %‘?@;ﬁﬁﬁ&,
10 by the receiving circuit 308.

The length of the array 801-805 is the codeword lengfh 672.
The banks 801-805 are grouped into M = 8 groups. Each bank
801-805 comprises N = 21 storage units. The 21 storage units
15 of each bank 801-805 are connected to the input of the 21
check node processors 806-809, wherein each storage unit is
coupled to the input of exactly one check node processor 806~-

809.

20 The decoding circuit 800 includes a parity check function
block 810 to test the convergence of the decoding process
(for example comprising a plurality of iterations) and to

provide the inherent early stop mechanism for the decoder.

25 As illustrated in figure 7, there are two interconnections
701, 702 which may be seen as two types of routing networks,
i.e., the VN-to-CNP network and the CNP-to-VN network. In one

embodiment, these networks are hardwired.

30 The connection between the output of the VN array 801-805
(i.e. the storage elements of the banks 801-805) and the
inputs of the CNP array 806-809 may be seen to be given by a



wherein VN2 (i) -> CNPj neans that the ith stor agﬂlmegﬁmgg_?og?

bank 802 is coupled with the (second) input of t S par
t he VN-t owGNP1ovo3s®pconnection is illustrated as second lpemsGeanmeais ons 813
and 814 in figure 8 . The CNP-to-VN interconnection, i.e. the connection

bet ween the outputs of the CNP array 8@8-809 and the inputs of the VN array
801- 805 may be seen to be given by a second decodi ng paraneter, nanely the

4-cyclic C i ar.i rd. _ e, the
order of ftg élﬂf P%slbt%)d?%t?lr ?%rﬁatrﬂleé%rﬁofé}%&g%%&%anfdﬁfge%(]f%:%mfgegﬁ&lt o right)
in the fithst thiodk peowtyft-chieekt martd igarioBy imatar ioy AGZ: cdcilft imartriees.econd

bl ock-row of the third parity check matrix 403 in the order fourth entry
407, first entry 404, second entry 405, and third entry 406, i.e. according

to a onepeyckeafpdbl shine garpaned o (phealdd sotdownakhe; GNP-t o- VN
interconnection corresponding to this regular code structure, i.e. the
routihg ABL@EPKeteemhENPs a806- 4632t pavNigr ody B0 805 e larstendtad das

fi i 8 8 in_Fi . Pl ,
const dor L RE BaRE 0T hs0b e b g o B o i o o hanicd! dare e ™
accor di ngot 04 hics YCliofnEhPekO-YNcha! gncannaGlan o ek, the f 115t

group connections 815 to 818 conply with the c c structure e code

gi ven bytbhé mbhhnérpadithputheekmmbtiong08 .ien fhlgurel bt sfherassgecond out put s
of the CNP array (i.e. the second out s .of all s 806-809) are coupl ed
to the fFEE{neV B(Sinﬁ%gofl\];isi &gyng’éﬁlﬁi gﬁtlBi@, thltoqérrtd’ Ut
10 input of the first CNP 806, the second storage element of the
first VN bank 801 is coupled to the first input of the second
CNP 807 and so on.

This part of the VN-to-CNP interconnection is illustrated as

15 first bank connections 811 and 812 in figure 8.

Since H(1,2) = 18, the second VN bank 802 is to be connected
to the second input of each CNP in a way that VN2 (19) ->
CNP1, VN2 (20) -> CNP2, .., VN2(2) ~-> CNP5, VN2(1l) -> CNP4,

20 wherein VN2 (i) -> CNPj means that the ith storage element of
the second bank 802 is coupled with the (second) input of the
jth CNP.

This part of the VN-to-CNP interconnection is illustrated as

25 second bank connections 813 and 814 in figure 8.

The CNP-to-VN interconnection, i.e. the connection between
the outputs of the CNP array 806-809 and the inputs of the VN
array 801-805 may be seen to be given by a second decoding

30 parameter, namely the 4-cyclic structure of the third parity
check matrix 403. For example, the order of the first four
entries 404, 405, 406, and 407 (from left to right) in the

first block-row of the third parity matrix 403 occur in the



the CNP array are coupled to the second VN bank s{é i 7, the
fourth outputs of the CNP array are coupled to teg??Z|r E%ﬂpggggtgggivia
connect i ono&dByo3eavd the first outputs of the CNP array ace/scauploeasszo t he
fourth bank 804 via connection 815. The VN-to-CNP interconnection in this

way facilitates the decodi ng process t@3update the nessages in one block
row in one cycle, and start to process the nessage of the next block rowin

the next sgvehé HWELE-LhiS o €hid 86k e o0l (GHlCiCY rﬁef;bgggo?%ie&dge or one

iteration of the decoding process. This iIs ue not he" co
correspondidry fouthd ehitry @&t \f ictséc lenmtyr 140 403 dunndlesa fyordade codes

ondi,ng,to the fir ar,ity check matrix 401 and the secqnd parity
gﬁregﬁsﬁafapfjxgﬁéfdagr\ﬁrpll ibgeei‘p %i REF TN & &t a1 Eé/lcgkﬁ Wi % he direct

har dw r edhVigtt eofedB ragd teNRhko-FYNsicntekconnect i ons, the exenpl ary
architecture illustrated in figure 8 is esSpecially well suited for the LDPC

codes® corresponding to the parity check matrices 401, 402, and 403. The
VN-t 0- CNR,.an NP-t 0, VN r .0 f e f.irst_group of banks (banks
Ifh@ g%\lg:\lﬁg N 1nlt@§c%ogl&%%%(i%'n ooy ea SE)stnC{J’[neqd Jcio?]’fT ITs Tre

801-804) acc to one enb ment are il ra I"gure A gure 9
shows VNebdeChiPranduEhP- toeVNthat ebtannec hicdns raC Fidi MINHE suE-aggmdigrent .
A CNP array 900 c rresgonds to_the CNP array 806-809. A first bank 901, a

second bdNka§83y F0{RPra Bénli“léﬂ)l@fcr&ﬁ&daaﬁo@ﬁf%&rﬂ@%@%ﬁ@é@?ﬁj_ to the
Ii rst greyp ob Bapksn8elyulQss.ThechRkeroRnedidonid hist rakad dd figure 9

hus i
10 banks 801-805 forming M = 8 groups of four banks each

according to this cyclic CNP-to-VN interconnection structure.

The first group connections 815 to 818 comply with the cyclic
structure of the code given by the third parity check matrix

15 403 in figure 4: The second outputs of the CNP array (i.e.
the second outputs of all CNPs 806-809) are coupled to the
first VN bank 801 via connection 816, the third outputs of
the CNP array are coupled to the second VN bank 802 via
connection 817, the fourth outputs of the CNP array are

20 coupled to the third VN bank 803 via connection 818, and the
first outputs of the CNP array are coupled to the fourth bank

804 via connection 815.

The VN-to-CNP interconnection in this way facilitates the

25 decoding process to update the messages in one block row in
one cycle, and start to process the message of the next block
row in the next cycle. With this architecture, only four
cycles are needed for one iteration of the decoding process.
This is true not only for the code corresponding to the third

30 parity check matrix 403 but also for the codes corresponding
to the first parity check matrix 401 and the second parity

check matrix 402 as will be explained in more detail below.



illustrates the connection in accordance with th f the
PCTY IthE(MRQf?Dq %o

third parity check matrix 403. Specifically, first cy

905- 908 cwonesptmoto the first four entries of the thirdrparotypoehaeck
matri x 403 and each first cyclic shift block 905-908 carries out a cyclic
shift of the data synbols stored in the4orrespondi ng bank 901-904 in
accordance with the corresponding entry of the third parity check matrix

403 (i.ey;ithet6@r HesReRANAG RABH ahi-Ad I i20g -oNi- sy 6% the correct
order for the next cycle, the outputs of the CNP array 9 are cyclically

shifted Bbptescondecyébins, shhhtdxmm#SMSOgugmzbﬂﬂtﬂr&xmk@usnnaﬁé&eImverse
cyclic shi.ft to.the ¢ ift rrle he f cyclic shift
bl ocks 9%%g56§ 88630? P8§IP§H 59@1 gﬁ¥¥ ééi ‘§%ﬁﬁy a cyclic

shift of cOraeepohdsnghitht tok PR AiTyr e:\r@rcsge%a&yc@ecammlc shudt afq 3ddo have

21 total which corresponds to O because of the |ength of 21 of each bank
901-904), a cyclic shift of 6 is reversed by a cyclic shift of 15 (to have

Proe’sd oo PRALB-ENS LASEIELALY i IBX el Yelafe Ml Ohorobs”

have 21 total The cyclic shi Shown as the cy cl ks 901- 904,
909- 912, gapep bh baekenﬂbdnanBOl&@OﬁhOW@ddIdﬂnyﬂﬁbEbnerdmﬁddﬁﬂmhy a
correspondln of, storage elenents to inputs and outputs to storage
el enent s#*Fe gﬁﬁ%?%%gF§d ?ﬁef9%56FV§utput wiring of the first VN bank 901 is
illustrated in figure 10A and the input/output wiring of the second VN bank

902 is illustrated in figure 10Bin a "top
10 Figure 9 shows VN-to-CNP and CNP-to-VN interconnections

according to an embodiment.
A CNP array 900 corresponds to the CNP array 806-800.

15 A first bank 901, a second bank 902, a third bank 903, and a
fourth bank 904 correspond to the first group of banks 801-
804. The interconnection illustrated in figure 9 thus
illustrates the connection in accordance with the first four
entries of the third parity check matrix 403.

20
Specifically, first cyclic shift blocks 905-908 correspond to
the first four entries of the third parity check matrix 403
and each first cyclic shift block 905-908 carries out a
cyclic shift of the data symbols stored in the corresponding

25 bank 901-904 in accordance with the corresponding entry of
the third parity check matrix 403 (i.e. the corresponding

permutation matrix).

To be in the correct order for the next cycle, the outputs of
30 the CNP array 900 are cyclically shifted by second cyclic
shift blocks 909-912 which carry out the reverse cyclic shift
to the cyclic shift carried out by the first cyclic shift
blocks 905-908. Specifically, a cyclic shift of 0 is reversed



Figures 10A and 10B illustrate VN-to-CNP and mw@ﬂgg%ﬁﬂggﬂgz‘gm fori

one VN bank according to an enbodi nent. CNP arrays : rrespond to
the CNP awoay108B6209A first bank 1001 corresponds to thepCisstodoanis4901 and
a second bank 1006 corresponds to the second bank 902. First cyclic shift

bl ocks 1002, 1007 correspond to first @pclic shift blocks 905, 906,
respectively, and second cyclic shift bl ocks 1004, 1009 correspond to

second cygl heoghhfit bhaeks o909, A10yasspechistelor 1Ha Ul Olq the Jirst
bank 1001 connects directly to the first input of the array 1003
t hrough OYShiift shiifst ofy8l i(toshiafe 2Ai ttot@02 whillvd icopute safortdre Hd rst  bank

1001 co e,.secon tput ,of the CNP. arra 0 as specified by

t he 4-c§§§8gé§g}%g gﬁ?u@?ﬁ ggo?%fﬁg S BE e RE _pﬁig%%63.aﬂﬁ¥Qﬁ¢¢ltp-VN
i nter consrertonregchisc rekiekket biyust tgted byneye icg 9 fie ek L004) is
the reverse shift of the cyclic shift of the VN-to-CNP interconnection
(i1l ostr5PEalby 86l AcC¥RLEE Bhaék ©607) 16f reNersecomy N ik ¢l 608 fito t he

second i gpui gof r cyclic shift 3 ) . Afirst plurality of
connectigﬁsigo Egggggéi?gcggggggil connections between (first bank) second

cyclic shift block 1004 and the first bank 1001. Pl ease note that the

| ift of .th i hi ft block 1004 can be realized by a
gg?rggpiﬁh?nﬁgﬁ}?FﬁéﬁX$kggB§Wbuﬁ§ &het R¥CdéCorlibanklosds A0 -Eddpl ed to

the secopdoioppfsaet, the GAR arpayiA@A8,vihd tRewhserond fank) first

10 realized by a corresponding wiring of storage elements to

inputs and outputs to storage elements, respectively.

The input/output wiring of the first VN bank 901 is
illustrated in figure 10A and the input/output wiring of the
15 second VN bank 902 is illustrated in figure 10B in a "top

view".

Figures 10A and 10B illustrate VN-to-CNP and CNP-to-VN
interconnections for one VN bank according to an embodiment.
20
CNP arrays 1003, 1008 correspond to the CNP array 900. A
first bank 1001 corresponds to the first bank 801 and a
second bank 1006 corresponds to the second bank 902. First
cyclic shift blocks 1002, 1007 correspond to first cyclic
25 shift blocks 905, 906, respectively, and second cyclic shift
blocks 1004, 1009 correspond to second cyclic shift blocks
909, 910, respectively.

The output of the first bank 1001 connects directly to the
30 first input of the CNP array 1003 through O-shift first

cyclic shift unit 1002. The input of the first bank 1001

comes from the second output of the CNP array 1003, as

specified by the 4-cyclc cyclic structure of the parity check



cyclic shift block 1007 inplementing a cyclic shy f ) =
18. The cyclic shift of the CNP-to-VN i nterconneg¢ﬂs(¢%(zgwgptaﬁasﬁ);2
cyclic shivbtotee6i091009) is the reverse of the cyclic slrcitsGabostones4y/N- CNP
i nterconnection of the third VN bank 903 to the third input of CNP array

900. A second plurality of connections 2§10 are direct 1-to-l connections
bet ween (second bank) second cyclic shift block 1009 and the second bank

1006. TheaiRRut /40ut.plth MdiieG 2 Q%t\éwﬁ;ﬂ%%@% S%i?cwg hsﬁf':‘?t-l?\lp array

806-809 is illustrated in figure 11 in a ront vie gure
i 11 ustratlédlasygatedCry iandricomhectt drl cade dridl4)g 190 e erdwst sensh Thie

illustrati f t VN-t a- CNP i nter ect ] as shown in figure 11 shows
t he corr%gggrkl%eﬁéjé}ﬁ&c t%é%oﬁo%W%é’r_%éﬁquqq‘Fﬂ%g&cycl ic
struct ur € 10fl ushe atede BOIwRIANGMGH Biidik oD RN idne checknaagi x 403.
First_group connections 1101, corresponding to the first group connections

815 t 8P8nkcdR96y twi tthe ecopd ilapstty it Gfrngie e Givehidyshhgt third
parity check matrix 403: The first group connections 1101 connect CNP2 ->
VN, i.e. the second outputs of the CNP array are coupled to the first VN
bank designated by VN via the first group connections 1101. Anal ogously,
the fi rsh %r.oug cgnnegt,i ons 1101 connect CNP3-> VN2, CNP4 -> VN3, and CNPI
S> VNG . AThE TEEnRESERd Tt Ofh &OPReStE 1gdug IO e idieats G- k@t ¥ esponds to

the 4-cyebhéections between (first bank) second cyclic shift block
10 1004 and the first bank 1001. Please note that the cyclic
shift of the cyclic shift block 1004 can be realized by a

corresponding wiring.

The outputs of the second bank 1006 are coupled to the second

15 inputs of the CNP array 1008 via the (second bank) first
cyclic shift block 1007 implementing a cyclic shift of 18
since H(1,2) = 18.

The cyclic shift of the CNP-to-VN interconnection
20 (illustrated by cyclic shift block 1009) is the reverse of
the cyclic shift of the VN-CNP interconnection of the third
VN bank 903 to the third input of CNP array 900. A second
plurality of connections 1010 are direct 1-to-1 connections
between (second bank) second cyclic shift block 1009 and the
25 second bank 1006.

The input/output wiring of the VN banks 801-805 with the CNP

array 806-809 is illustrated in figure 11 in a "front view".

30 Figure 11 illustrates a VN-to-CNP interconnection according

to an embodiment.



structure of the block colums 1 to 4 of the thi y i 403
(i.e. the cyclic right shift by one from bl opk-rgvpﬁso%qbgzg/qqgg?é
first fouwohkbowisemel uims 1-4) . Further, sinmilarly, secegd/sgraomoo342
connections 1102 connects CNP6 -> VN6, CNP7-> VN b, CNP8 -> VN7, and CNP5

-> VN8 corresponding to the 4-cyclic staucture of the third parity check
matri x 403. The connection of the second group connections 1102 corresponds

to the 4meChie shiuliune 4 dhe W-aek o e Dbt Of ok Nes L PaLi ty
check matrix 403 (i.e. the cyclic right shift by one from bl'ock-fow tTo
bl ock rowiigirehd lsebon fde dolmdercoldents 5B)thdoiN-tthe-anher si x bank

groups t - GNP .i nt er.connection N-t0-, GNP network) .includes simlar
group coﬁ%&ggctgﬁg%é‘toq éqklgcqﬁcr{gb%n%t Cé'gc\itlﬁ:_e FIHCHAS _stc}?'%c‘f%% of the

respect i verbeepbneghyms ahd it hRan ohaheGhe @i i2#03. 1t has been
found_that the particular sequence in which the bl ock-rows of the parity

check’ matrices are processed can affect the decodi ngf performa.nce].c The
nat ur al n IS il rated,. igure 8. is for

Tl Ustrat fan por ooBe oAy R Ha o e i e U o vate
per f or magceumayohecalitiainse @ 13y tiched 1i8g- aoatgxrliyngriath tiee dyacksd ow decodi ng
sequence. , For  this, interconnections illustrated in figure 8 may be

th . .
rewired. STABFE e gPTed €8ﬁﬁat9i1§’@ﬁ bt Wdén THe hreriittettaiack ImalstFat ed in
figure 14p3thenar ehirkecigwbe Idotslcatied s ﬁlfdlg;&réﬁa cae“fé:ﬁftb‘ﬁ A Ghif ecture of

an enbodi ment, e.g. simlar to the one descri ove W referénce to
figdﬂé gi.e. the second outputs of the CNP array are coupled to the

first VN bank designated by VNj via the first group

connections 1101.

Analogously, the first group connections 1101 connect CNP3->

15 VN2, CNP4 -> VN3, and CNPl -> VN4. The connection of the
first group connections 1101 corresponds to the 4~cyclic
structure of the block columns 1 to 4 of the third parity
check matrix 403 (i.e. the cyclic right shift by one from
block-row to block row in the first four block columns 1-4).

20
Further, similarly, second group connections 1102 connects
CNP6 -> VN6, CNP7-> VN6, CNP8 -> VN7, and CNP5 -> VN8
corresponding to the 4-cyclic structure of the third parity
check matrix 403. The connection of the second group

25 connections 1102 corresponds to the 4-~cyclic structure of the
block columns 5 to 8 of the third parity check matrix 403
(i.e. the cyclic right shift by one from block-row to block

row in the second four block columns 5-8).

30 For the other six bank groups the VN-to-CNP interconnection
(VN-to-CNP network) includes similar group connections that
take account of the four cyclic structure of the respective

block columns of the third parity check matrix 403.



Tabl e 1The architecture of a check node pr ocessog@wggmg@e@(%éz

enbodinent is illustrated in figure 12. Figure 12 shows

pr ocessorw®20fy/wsemor di ng to an enbodi nent The check nede/sgravsssaz 1200
includes a plurality of inputs 1201 coupl ed, as described above, with the
out puts of the VN banks 801 to 805. Theg&heck node processor 1200 further
includes a plurality of outputs 1202 coupl ed, as descri bed above, wth the
i nputs of the VN banks 801 to 805. Corresponding to the exanple illustrated
in figure 8 , the check node processor includes 32 inputs 1201 and 32

out puts EFoasyipgegadeunshithat Hre okt ivtle Hravesense 1200whEcki vies an
apost eri @i, &SRt f()ﬁi&n t.Qut ed a-posteriori_estimte Qv via
the respective gg}t%pg)t. 0 eaco&:fgpoc?lne&gf g%g@{la%e$ ?D%ej%?c%%%e yeie, the
data pat lafdfecttheé heNBet20l rics , pd 1f canearerdnodimenta t it El ye g@ahidat i onal . An

Rev update nodul e 1203 perfor, updates of the probabjlity val ues Rev. An
updat%d Q&&C&gﬁ&@ S%IOH& P ¢ Lﬁ&\/ralﬁ?djatlél nodi % 13085 i 50F eedback to a

respect i \iglﬁgmb)tila%ognﬁ?fds%g ReNd) ngf Qthe- %%@hm )aﬁe_é‘rg%r QY@ ue

fromwhi ch the updated Rev val ue "was gener at ed. Ea nmenor i S 'oper at ed

in a fir$AlenPRrESrnence( RO aveinterd,nedobyexdre| e tamlentnd esit viid shi ft

Lig:ZterEl%%k@rgéwh%%%df%6“¥¥&$&$§9 %%ms%%ﬁsj(gﬁe\gﬂég¥%oé%ég¥ag£geaCh
illustrated in figure 8 may be rewired.

10
Table 1 gives a comparison between the architecture
illustrated in figure 1, the architecture illustrated in
figure 2 and the architecture of an embodiment, e.g. similar
to the one described above with reference to figure 8.
15
Architecture rchitecture
Method _ Embodiment
of Figure 1 of Figure 2
CNPs -> VNs Bank of Bank of
_ . hardwired
interconnect multiplexers fmultiplexers
VNs -> CNPs Bank of Bank of
. . hardwired
interconnect multiplexers multiplexers
ROM to store Hs yes ves no
RAM to store R and
Same S
IR ame Same
Bit node update Complicated Simple Simple
Overall memory .
. High High Low
requirement
Overall Complexity [High High Low
Throughput Low Low High
Cyclicity
Requirement on the o no ves
H

Table 1




one Rev value is generated and fed to the nmenory val ue
w il be output by the nenory 1204 after four cycwﬁsemwmm@?

i terati omyoantyasbmoupdat ed Rev value will thus be out putrcimgsceom/omsanry 1204
in the cycle when the rightful Q/ is input, i.e. the Q/ corresponding (i.e
bei ng an update of) the Qv value from\#fl ch the Rev val ue was gener at ed.
This is because the Qv values follow the four cycle structure (e.g.
illustrated in figure 11) and re visit (possibly updated) a VN bank every

f our cyclﬁf and thus are re-input (possibly updated) via an input 1201
every fodi B et ussy AfalruS i Rodsy RrIRSAISE BTZOTEiRabte szt ed from
the Qv v £ v t 0 t 1201 by a subtractor 1205.
The resul%%n%?gl?%gftt gL%t ﬁlglggsﬁ:%%riafgg‘ rﬂﬁ%eé %%3 and to an adder 1205 where
it is added to the updated Rev value to generate the updated Qv val ue. The
archlgecgure of .the Rev up te nodul e 1203 according to an_enbodi nent is
expl al ned PR Ehé 4 S8 r‘_f‘g etcill{ HEEFTFE gkl 2L AN £ AR hj s
enbodi mreaimbotiheep@r.mal i zed m n-sum al gorithm (NVS) is adopted for
illustration. Figure 13 illustrates the circuit design for a 2-input order
nodul e 1301 and a 4-input order nodule 1302. The 2-input order nodule 1301

comar esshao ARl tude LIRS 0d opfputoathem Ln g sorfad raaner (the

m ni rum vi a t tput and emax
| ower out pao) coiﬁb&e@-l lalasuae@rcd&rbelm@wo@fel3%tt}ﬁlt@fe oM @HRSE Ofhe VN
pre-cHde{)ed an‘gl i.tude i nputs (i.e. each group is ordered into

1 anks 801 to 80

The check node processor 1200 further includes a plurality of
outputs 1202 coupled, as described above, with the inputs of
the VN banks 801 to 805.

15
Corresponding to the example illustrated in figure 8, the
check node processor includes 32 inputs 1201 and 32 outputs
1202.

20 Via each input, the check node processor 1200 receives an a-
posteriori estimate Qv and outputs an updated a-posteriori

estimate Qv via the respective output.

To decode one block-layer in just one cycle, the data path of

25 the CNP 1200 is, in one embodiment, purely combinational.

An Rcv update module 1203 performs updates of the probability

values Rcv.

30 An updated Rcv value output by the Rcv update module 1203 is
feedback to a respective memory 1204 corresponding to the
same VN bank as the Qv value from which the updated Rcv value

was generated.



m ni rum and nmaxi mum of the group) and outputs th e nd
mnimum (i.e. outputs the two | owest val ues of tﬁ%ﬁ?}%glgmgﬁgl to
x4) . A swehowm3eciobhe pre-ordering of the input to the 4pcmperomrodess2 modul e
1302 is achieved by two 2-input order nodules 1301 coupled in front of the
4-input order nodule 1302 . To determ 3® t he second m ni nrum a 3-i nput

m ni mum nodul e 1303 (i.e. a nodule outputting the | east value of three

i nput values) is used by the 4-input order nodul e. The indexing of the
mnimmis not shown in figure 13 for sinplicity. An Rev update nodul e
based onERRE Pemggyt l@ddulis PReraied time a4-fimsuit-impdilms 308 i FiFd)ust r at ed

in figur Fi gure at.e.modul e 1400 according t n
enbodi maﬁfa%ﬁe r?ggpgnéﬁﬁg%ﬁngﬁeeﬁ%\ér%é@? Wolf%}\/ﬁq—blaﬁi(srq%s?cheerse%%} e@ﬂown
in figurend istkenRéguupdate mudule FH4Q0 viad v s32-9iHuE iRe\eaHdat g dul e.
The vV u dage rmd%il e 1400 is pLérer conbi nati onal . The Rev update nodul e
1400 4 ncPEﬁe CVoURLES Asudehsdarres 2a63 trfetd Fhen&emanictliQ4 ofan he

8-1i nput dukesg R4Q3 v ukl hMshr aked ok, it er t -izrbq#n | e 1403
as an exgprrpl e. The 8Yi npuut nodul es il4%3ti % I 3@% or régclh 0 a’[ﬂr?e)elc%J i nput s,
a splittfagrusyecles04 iwei.chinsphiet sextord taredlive )r ecel we wiplddw iRgput, t he

val ue in jts shgn, (output fromthe peroutput of the splitting unit
1404") a%%l#l swé%%l F&H&egfoﬁflﬁﬁfltf é’m%tlp‘ﬁemfe&%ry J%toﬁutlnoftl'{ehéws‘ﬁﬁ tting

unit 140¢hen the rightful Qv is input, i.e. the Qv corresponding
10 (i.e. being an update of) the Qv value from which the Rcv
value was generated. This is because the Qv values follow the
four cycle structure (e.g. illustrated in figuré 11) and re-
visit (possibly updated) a VN bank every four cycles and thus
are re-input (possibly updated) via an input 1201 every four

15 cycles.

An Rcv value output by a memory 1204 is subtracted from the

Qv value received by the corresponding input 1201 by a

subtractor 1205. The result is fed to the Rcv updated module
20 1203 and to an adder 1205 where it is added to the updated

Rcv value to generate the updated Qv value.

The architecture of the Rcv update module 1203 according to
an embodiment is explained in the following with reference to
25 figures 13 and 14. In this embodiment, the normalized min-sum

algorithm (NMS) is adopted for illustration.

Figure 13 illustrates the circuit design for a 2-input order
module 1301 and a 4-input order module 1302.

30
The 2~-input order module 1301 compares two amplitude inputs
and outputs them in a sorted manner (the minimum via the

upper output and the maximum of the two values via the lower



The signs of the 32 input val ues, nunbered from PGTI%?G%QZQQW4QMO

four groups of eight signs. These four groups are Tnput

det er m navoantro/@szoeui t 1430 which nay be part of the Reecupdabe/oossdal e 1400
but is shown separately in figure 14 for better overview. The signs for
each group of signs are XORed by first 3AOR el enents 1413-1416. The out puts
of the first XOR elenents 1413-1416 are further paired up and XORed by
second Xgﬁtﬁhemnﬁ'ﬁelﬁllnp%‘tl%rdg}em%'&h@'ét 3 390 the seaqnd rg&%ﬁp% gents
1417, 1418 are XORed by a third XOR el ement 1419 Ich germerates as its

out put aP§Pobafespgnampddiyugle) npl@tutrzmdul €.1463h m:dmﬂe&as:ﬂo@ie&tmgm a

h
i nput TARTaR1308 TRELE o5 ibe GRLRRY Byt B gt o Ey o

scal ed byha sagendonshaniumby iseal lolﬂt@FEm@UPch% T4Q5 Wit grNeli &F the
respective scal ed pairs of output values 1406-1409. Simlar to the sign
oper:ril oﬁothé§EuEa’|‘7F‘§u8f3 it Gt xdal-uds FAOFNYAGRears hpadestinmiafed up to

be used agel BHH%tt‘Bot \5@1344_#_@@%: pdu %eﬁlogﬂ%&% \Mgoczh %z%%lﬁt elql%ho{% of_ val ues

1410, 1411 which are again to an I nput ule re?t es a
final pa2rlnlbubud;deervmbdaieMlzo1A|cbuph1esle ihocalohg! @lfaltmgll-iitnﬁﬂﬂigl gns,
i.e. the irs_of to, 1412 and the signs qutput by the

el enent s° ga% |IH?)?1 ESagel Ot FEhCHBANFe 2826 SFRE S BV EdIUgh FodTii®@PHi20 may
be part minibhemReyaupdateogodyl e 140R8cBUb el SuTRAM 13EPAMRS Qlos dth Jhowr e 14

for better
10 of three input values) is used by the 4-input order module.

The indexing of the minimum is not shown in figure 13 for

simplicity.

15 An Rcv update module based on the 2-input module 1301 and the
.~ 4-input module 1302 is illustrated in figure 14.

Figure 14 shows an Rcv update module 1400 according to an

embodiment.

20
Corresponding to the number of VN banks in the example shown
in figure 8, the Rcv update module 1400 is a 32-input Rcv
update module. The Rcv update module 1400 is purely
combinational.

25
The Rcv update module 1400 includes four 8-input modules 1403
wherein the structure of the 8-input modules 1403 is
illustrated for the uppermost 8-input module 1403 as an
example.

30

The 8-input modules 1403 include, for each of their inputs, a
splitting unit 1404 which splits, for a value received via

the input, the value into its sign (output from the upper



[

overvi ew. The operation of the selection nodule Fﬂgp

the coding rate. The sel ection nodul e 1420 generggglgtﬁ gzgg(ﬁ% esi red
si gns andwverplowsmes 1421 to 1424 according to the specipCirsd2emdvosg2r at e,
i.e., in this exanple, 1/2, 3/4, or 7/8. Each group 1421 to 1424 is a group

conprising a mninmm a second m ni rum32a sign and an index of the m ni num
Each group 1421 to 1424 controls one group 1425 of four groups of

mul ti pl exaeputoogetnthepniightiby Rl iiwds el aach Gt Pcu&:éﬂ‘c(fslﬁg{\'ﬁ%}’cp of

mul tiplexers is part of an output stage nodul e 1433 which are

separ at ef§ornthpglipEersopspui lodt tde opddditéwg lumidadh Wutput stage nodul e
1433 the anplitudes are conbined with the signs by conbiners 1426 to get

t he updated Rev val ues which formthe 32 outputs of the Rev update nodul e

1400. W Thet bégoar eﬂfuthéegQgﬂn@futt ke lpasi, t yuebesk dretddces e myodifgent s
such .as the on rated in figure 7 can support nultlple LDPC codes

with sanﬁrPﬁﬂﬁghla a8 PFFeHéHPpFaPéSelgﬁtoﬁégéﬁboghﬁﬁﬁ faqur gnspw this,
these paékéYlﬁfJﬁEktHBErbE%% a@%e%ahé%qohre%%q @Hber whit d hone

enbodi nent, as 'nother' code he code correspon to % parity
check mepark a3the Bswdupbatkasiodullay @k Owbtity ascm&m@ rﬁp@ﬂatelll &dFrom

this cod h e-3/4 code given by the second parity check matrix 402 and
NNSYER ARTIS Rt e et

10 The signs for each group of signs are XORed by first XOR
elements 1413-1416. The outputs of the first XOR elements
1413-1416 are further paired up and XORed by second XOR
elements 1417, 1418. The outputs of the second XOR elements
1417, 1418 are XORed by a third XOR element 1419 which

15 generates as its output a global sign.

Each 8-input module 1403 includes as last stage a 4-input
module 1402 and thus (cf. figure 13) outputs two values. For
each 8-input module 1403 the two values output by the 8-input
20 module 1403 are scaled by a same constant by scaling modules
1405 which generates respective scaled pairs of output values

1406-1409.

Similar to the sign operation, these pairs of output values
25 1406-1409 are further paired up to be used as input to two 4-

input modules 1431 which output pairs of values 1410, 1411

which are again fed to an 4-input module 1432 which generates

a final pair of output values 1412.

30 All these local/global amplitudes/signs, i.e. the pairs of
values 1406 to 1412 and the signs output by the XOR elements

are input to a selection module 1420.



parity check matrix 401 nmay be constructed in a cyclic
property is maintained. This can be done througHpg%?zgﬁga#gQQQQQSE%¢%ns of
t he "not wo20paissioy check matrix, i.e. the third paritypchsckommbesix 403.
For exanpl e, consider, the second parity check matrix 402. Two bl ock-rows
of the second parity check matrix 402 B8y be generated by expansion of one
bl ock-row of the third parity check matrix 403. It may be said that the
code corrpspeBdeagibe Wdausecondopaait HeChack Mt rine 402 AL expansi on
factor of 2 . The 4-cycle cyclic property may be maintaine or the

t wobl ockMoelBhegr84fs buis iist shewp| seperated ybyinerftiguese 408-21 lefttere second
parity c gggng%rix 402 in figure 4 . These expanded two bl ock-rows can be
processed Sinul'taneously since there is only one edge to be updated for

t hese two bl ock-rows and thus no conflict exists. The first parity check
natr%x 4%% has an expansion factor of 4 and_can be decoded in a simlar way
wi t h>f ouF 28I BBRIAEWCEr Bhpshfr 5868584081 AEPHARe Ry mavd Rénipriraidiass ar e
needed fgy epe Lbekali eareThe embodi ment described above with reference to
figure 7 Supports all these codes w thout a change of the interconnection
networ ks. The exenplary Rev control nodule 1420 shown in figure 14 is able
to contrgl thelRe .ugdatSHECCErgbng to the s%ecified coding rate with sone
sinpl e controf 1P5HLe aRaIHuFt T HFExEPESTAFERotgHt e MSo A sired

signs and amplitudes 1421 to 1424 according to the specified
10 coding rate, i.e., in this example, 1/2, 3/4, or 7/8.

Each group 1421 to 1424 is a group comprising a minimum, a

second minimum, a sign and an index of the minimum.

15 Each group 1421 to 1424 controls one group 1425 of four
groups of multiplexers to get the rightful amplitude for each
group. Each group of multiplexers is part of an output stage
module 1433 which are shown separately in figure 14 for a

better overview.

20
In each output stage module 1433 the amplitudes are combined
with the signs by combiners 1426 to get the updated Rcv
values which form the 32 outputs of the Rcv update module
1400.

25

With the careful design of the parity check matrices,
embodiments such as the one illustrated in figure 7 can
support multiple LDPC codes with same length and different
rates. In one embodiment, to support this, these parity check

30 matrices are derived from one 'mother' code. In one
embodiment, as 'mother' code, the code corresponding to the
third parity check matrix 403 is used. It has 4 layers with a
coding rate R = 7/8.



illustrated in figure 8 can support the code w tpc-lryggg'cmggﬁ%%nany

factor of 4 , the architecture can be applied to any
expansi orwbaotoss209 The enbodi ment descri bed above with ref@cGeoomodsazfi gure

8 illustrates a fully parallel inplenentation of the LDPC decoder shown in
figure 7 . However, it should be noted3t4hat enbodi nents can al so be
configured as sem -parallel inplenentation as well. For exanple, the nunber

of CNPs 704 (in figure 7 ) nmay be reduced to one third for |ow conplexity
appl i cations gﬁlti me-sharing the CNPs. To support the resource sharing, the
A

di rect i REePcSRAECERERs thel rate P02 $96en dirver dur &1k rgcdrol maipt e be
nodi fi ed i N I: g b | 4o ers. . Thiss is.illustrated in figure
15. Fi gufgg%{ gﬁrg\%\égallgezc%%?r %%glal/tgcc&ijgr |r(1:g§D X0 lﬁfeennbbc}’dﬂ#%%tﬁ%d[e

ar chi t ecparétyf chhekdeatddx ¥B00may Hlemidsars tiraidtl anrchi test wiesofride
decoder 800 aﬂd t he decoder 1%00_has simlar conponents as the decoder 800
descr] bed W ERSr EVEL&TcETPF R gurlte §21nkadineCer ence is that only 1/3 of
check node processors are instantiated in the decoder 1500 ( CNP1l- CNP7
instead of CNPl- CNP21) . For this, there are a bank of nultiplexers 1501
in the VRRi&- CAR het dork &hdomgbark lofinde-imel teixplaeredransl ®F2 tire t he

't er connieETERe DBE1EH05NSPR M Tiateder SehdaR 1D e 7Y AR al l ous a
CNP to pmatess d0Bferemt egtai@1symbehsigkber edd RddaRidNhanks alcidi fferent
tlrn?% Imgﬁrg; gbgte%sgtblock—rows of the second parity check matrix
402 may be generated by expansion of one block-row of the
third parity check matrix 403. It may be said that the code
corresponding to the second parity check matrix 402 has an
expansion factor of 2.
15
The 4-cycle cyclic property may be maintained for the two-
block-row groups, as it is illustrated by entries 408-411 of
the second parity check matrix 402 in figure 4. These
expanded two block-rows can be processed simultaneously since
20 there is only one edge to be updated for these two block-rows
and thus no conflict exists. The first parity check matrix
401 has an expansion factor of 4 and can be decoded in a
similar way with four-block-row groups processed
simultaneously and only 4 cycles are needed for one

25 iteration.

The embodiment described above with reference to figure 7
supports all these codes without a change of the
interconnection networks. The exemplary Rcv control module
30 1420 shown in figure 14 is able to control the Rcv update
according to the specified coding rate with some simple
control logic and multiplexers. Although the embodiment

illustrated in figure 8 can support the code with the maximum



processing time shares) by nultiplexing the conp f y ADHer ent
GTISGRIT(00g342

storage elenents of the VN banks to the sane CN

certai n pwvoeesgizemoti ne share) and de nultipl exi ng the egrpeotomodsne
correct storage elenent. The LDPC decoder designed in this way has | ower

t hroughput but the silicon size is redd&ed. According to one enbodi nent, a
LDPC encoder architecture is used as illustrated in figure 16. Figure 16

shows aneepeadebnl 6AQtRECHMiNG the A ARGURN LML MY tdhe
architecture of the decoder 700 illustrated in figure 7 ,the encoder 1600

i ncl udes S€6nPénERES Yadh BEVA eptramnsdoa Jiawtosrs 1o the conponents 701- 704 of
t he decoder 700. The encoder 1600 differs fromthe decoder 700 in that the
Rev nenory 705 and the parity check function 706 have been renoved for the

encoder TBeOembBudtiment teeceritedenbbe@0 wittl utee ey A6A3-avg ch is
one-bé't width and_i.s used to_buffer the codeword, whereas the device

0 obit s
703 i% tlﬂJtléPlﬁﬂi’éaFﬁé Sof P LLYRPGAEGES L AR EReTaRdimal qf .the g ated for
the recehueddsirgaabln 1hheignceder 16QRviW ther dngludes cﬁN51%ﬂ£ﬁ¥ 1604

that is, according to an enbodi nent, |ess conplicated as the exenplary
i mpl enene@bpgamentsheaCNRlsor b toafaguired s |densitatred gl figure 14. In

he menoi 51005 A4 e GnBoanr a) T4 i) e BB AHF A s SHES Ot the
conponent$n76ighee704 @byt be reduced to one third for low-complexity
10 applications by time-sharing the CNPs. To support the
resource sharing, the direct interconnections 701 and 702
shown in figure 7 may for example be modified by inserting a

bank of multiplexers. This is illustrated in figure 15.
15 Figure 15 shows a decoder 1500 according to an embodiment.

The architecture of the decoder 1500 is similar to the
architecture of the decoder 800 and the decoder 1500 has
similar components as the decoder 800 described with

20 reference to figure 8.

A difference is that only 1/3 of check node processors are
instantiated in the decoder 1500 (CNP1-CNP7 instead of CNP1-
CNPZ21) . For this, there are a bank of multiplexers 1501 in

25 the VN-to-CNP network and a bank of de-multiplexers 1502 in
the CNP-to-VN network, i.e. in the interconnections
corresponding to the interconnections 701, 702 of the decoder

shown in figure 7.

30 This allows a CNP to process different data symbols stored in
the VN banks (at different times, i.e. at different
processing time shares) by multiplexing the components stored

in different storage elements of the VN banks to the same CNP



decoder 700 shown in figure 7 , respectively.A n er in
accordance with an enbodinent is shown in fi gurepgwgggqugﬁgméan
encoder WOQomwsezodi ng to an enbodi ment. The architect ureTsiG2bdmoenazoder
1700 is simlar to the |ayered decoder 800 described abg e with reference
to figure 8 . The encoder 1700 differs3feromthe decoder 800 in that the Qu
array (i.e. the VN banks) are initialized with infornmation bits to be

encoded, S -8 At I b 3
(@H@_@bhpﬁ%@n%e%%§9% celr+8i4 %%o%% QJgiﬁﬁ%%bgggE%? %y%??k%it

i nterconnection lines 1711 to 1718 in"the enco

wi dt h. Fuouilhépderéngi theneuspihtditwenhe cloerédPs sEz06:dk? @d et Npl ement ed
with | ess conplexity (i.e. are sinpler) than the CNPs 806-809 of the
encoder 800. Figure 18 shows a check node processor 1800 according to an

enbodi nenhe. LHre ENRoH8R0 dies 1M X ARPh® 1150k aln & aENAS W0 G- A fud he
encoder 1700. The CNP 1800 has components simlar to the Rev update nodul e

1400,° suBHtashgr §dpiagrr 6vEfsésgredpcag -modul es 1801 and 1802, and 3-1evel
excl usive OR (XOR) nodul es 1803-1805. Accordingly, values 1806-1812 are
generated in course of the processing simlar to values 1406-1412 of figure
14. The oAtyoopdénhead ohet beabCNPm&800 Bmy.DIPE seewdar midHiplexens 1&l3 and
associ at ed ontroh | ogic to seleg¢t the correct parity check bit to the

cor r espoRdffg@Bort LEPTEatEHt pit f19%KE dfenplary circuit shown in figure 18

for the check node

10 Figure 16 shows an encoder 1600 according to an embodiment.

Compared with the architecture of the decoder 700 illustrated
in figure 7, the encoder 1600 includes components 1601-1604
that are similar to the components 701-704 of the decoder

15 700.

The encoder 1600 differs from the decoder 700 in that the Rcv
memory 705 and the parity check function 706 have been
removed for the encoder 1600. Further, the encoder 1600

20 includes a memory 1603 which is one-bit in bit-width and is
used to buffer the codeword, whereas the device 703 is to
store the soft LLR values from the channel (i.e. generated

for the received signal).

25 The encoder 1600 further includes a CNP array 1604 that is,
according to an embodiment, less complicated as the exemplary
implementation of the CNP array 704 as it is illustrated in

figure 14.

30 In summary, according to one embodiment, the interconnections
1601 and 1602, the memory 1603 and the CNP array 1604 may be
regarded as subsets of the components 701 to 704 of the

decoder 700 shown in figure 7, respectively.



processor 1800 is according to one enbodi nent, de
rates corresponding to the parity check matri ce?@%(gmoﬁp%4gure 4
An exenwbanyw/semeder CNP circuit with | ess conpl exityposakeofoossst he code
corresponding to the third parity check matrix 403 is illustrated in figure
19. Figure 19 shows a check node proceggor 1900 according to an enbodi nent.
For this code the grouping/reverse grouping nodul es 1801, 1802 are not
necessary since the one Lmacro' layer is just one block-layer for this
code. The nenory 1603 (Qv array) of the encoder 1600 is initialized with a
28-bit iAhoemempdarlyi ©.DROr dntodert he arcomdagdenfudrortdrormyiddistaraams The
parity check banks,of the Qv array (i.e. the 29th bank to the 32th bank of
the Q wﬁﬁ&?ﬁ%&ﬁ%&ﬁ&ﬁ& 38-the parity bits) are (initially) filled with
zeros . A 32-input XOR gate 1901 calculates the parity check bits for
different |layers. The XORed bit is then output to the 29th output port (via
mul t i%pl eKégur902y shawst he eheetlesndd@Ongcepeidd niche 2 trh auénddtiynestieck bi t
is generated and cyclically shifted to the 32th bank of the Qv array
t hrough the CNP-toVN-network (which is configured as descri bed above with

for exanphe metmieseeute bifguhe ddrodedt 1708 seceichianrcodingreycle the 30th
parity bit is generated fromall 28 inputs (i.e. information bits) plus the

new y gehd¥ated 99cRIpar P dreekibre phevehwithpuwefssence2)taarfd gure
8.

10
The encoder 1700 differs from the decoder 800 in that the Qv
array (i.e. the VN banks) are initialized with information
bits to be encoded, and all the messages (i.e. the symbols)
exchanged by the interconnection lines 1711 to 1718 in the

15 encoder 17 are of 1-bit bit width. Furthermore, in one
embodiment, the CNPs 1706-1709 are implemented with less
complexity (i.e. are simpler) than the CNPs 806-809 of the

encoder 800.

20 Figure 18 shows a check node processor 1800 according to an

embodiment.

The CNP 1800 is an example for the CNPs 1706-1709 of the
encoder 1700.

25
The CNP 1800 has components similar to the Rcv update module
1400, such as grouping/reverse grouping modules 1801 and

1802, and 3-level exclusive OR (XOR) modules 1803-1805.

30 Accordingly, values 1806-1812 are generated in course of the

processing similar to values 1406-1412 of figure 14.



output to the 29th output port again. In this nap@-ll-!ﬁgﬁgégpﬂﬁzused

to fill the four parity check banks for the code cor € third
parity chwokometssioa 403 illustrated in figure 4 . The eremsiGacny/ @2
circuitry illustrated in figures 18 and 19 may for exanple be used for the
architecture illustrated in figure 17.38his architecture is simlar to the
exenpl ary decoding architecture illustrated in figure 8 . Therefore, this

ar chi t echit eoh$, U360 18CG06HI RY.! enanes BEDAALMBAL o oLar JROlL 18NEqdlng And
decodi ng for haff-duplex applications ere the encodi ng procéss ¢an share
t he resolt2sanfl &heodeabdingoptooksiogiEotof selleditplée, coiriplcex and

broadcasti ng, applicatjons where the explicit instantiation of both LDPC
encoder %%HQE%CE%%F a éQCBHpEF@oF?FrﬁsgPPSHPQyPQFﬁpHéPeen@&&@Ptérchitecture

is used according to one enbodinment. This is illustrated in figure 20.
Fi gure 20 shows an encoder 2000 according-to an enbodi nent. The encoder
2000 3 ncThelesx¢mpbrnrut COACHLE bBaaks 200£12004, 18afiory thiet chanks nR0@5, and a

CNP arr j k,nod r 0GesSso 2006-2009..1n_t hi s, exanpl e, the
inforna??%%é%$§g%a%E§82651-%ﬁgﬁré%ggl%éa?P? Sggﬁgéﬁgﬁkmjﬁﬁiga i other, and
the CNPss2006x 20891 08byle Oubpel parréyp6haekgbicbs th8i wakak yt enklé decoder
800 shown in figure 8 t he encoder 2000 includes first bank connections

22011 arfeoBizeanti0sséBagshown in figure 4

10 An exemplary encoder CNP circuit with less complexity usable
for the code corresponding to the third parity check matrix

403 is illustrated in figure 19.

Figure 19 shows a check node processor 1900 according to an

15 embodiment.

For this code the grouping/reverse grouping modules 1801,
1802 are not necessary since the one ‘macro’ layer is just
one block-layer for this code.

20
The memory 1603 (Qv array) of the encoder 1600 is initialized
with a 28-bit information bit word from the incoming
information bit-stream. The parity check banks of the Qv
array (i.e. the 29th bank to the 32th bank of the Qv which

25 correspond to the parity bits) are (initially) filled with

Zeros.

A 32~-input XOR gate 1901 calculates the parity check bits for
different layers. The XORed bit is then output to the 29th

30 output port (via multiplexer 1902). At the first encoding
cycle the 29th parity check bit is generated and cyclically
shifted to the 32th bank of the Qv array through the CNP-to-



|

bank connections 2013 and 2014. A flattened view

architecture of the encoder 2000 is given in fi glﬁg-ltmgggyéegbéﬂ&/\@ an
encoder 240Qomwerodi Ng to an enbodi ment. The encoder 21@0TGORO@IPERLS t O

t he encoder 2000 and includes information bit banks 2101, parity check bit
banks 2102, and CNPs 2105. The informaticon bit banks 2101 are initialized
with information bits to be encoded, the parity banks 2102 are initialized
with all r L.nf.qr ion_ hit n 101 (initializ ith

i nf or mat y@ﬁ%%?tws? (%, (gaﬁglgall c%tnlfggélgr?ﬁiec% ﬁe%ﬁ%)el(ds e ngcm% in
each cyckeampler yeifefrencat iton fiigureank )2101 recei ves the val ue previously
stored in one of the other information bit banks 2101. The val ues stored in
the parity check banks 2002 are, in contrast, updated by the respective CNP
out put viha - C L QN 4 (o] i.ng, t P-t Q-
connections€?§1§?3g¥g %%?%?ﬁe%bg?%%% ﬁ%%k?oﬁﬁpgﬁgﬁgﬁ’fgf?uﬁtd§§§%ﬁﬁfim

not ed t hitorhalYN2BoiaNRtesordeet.i angoanmd tiiloe ENR-gt)o-PIN driteeatdwdns of t he

encoder Lopl.e cycl.ic shifts _as expl ained abgve with reference to
figure 9%%9%5Pg§Qa%§Eé,p%ﬁétgyggf &sﬁﬂité o%hfhéIWNl &Eéﬁpqgﬁnﬁﬂﬁﬁions and
the CNP- bat¥eomseeheonsthobutbe tpabirty abiati nRanks t3HQ2 rafrhH RRDY the

| ast four block colums nunmbered 29 to 32.of the third parity check matrix
403. Exafifré&st aret Heedr ERi £adtluitheof otife PENPS V20060 G rdyse fstrowhd n

figures 228.aRdr28Bponding to the third parity check matrix 403

10 illustrated in figure 4.

The exemplary CNP circuitry illustrated in figures 18 and 19
may for example be used for the architecture illustrated in
figure 17.
15
This architecture is similar to the exemplary decoding
architecture illustrated in figure 8. Therefore, this
architecture is used, according to one embodiment, for both
encoding and decoding for half-duplex applications where the
20 encoding process can share the resources of the decoding

process.

For full-duplex, simplex and broadcasting applications where

the explicit instantiation of both LDPC encoder and decoder
25 are compulsory, a slightly simpler encoder architecture is

used according to one embodiment. This is illustrated in

figure 20.

Figure 20 shows an encoder 2000 according to an embodiment.
30

The encoder 2000 includes information bit banks 2001-2004,

parity bit banks 2005, and a CNP array with 21 check node

processors 2006-20009.



Fi gures 22a and 22b show CNPs 2201, 2202 accordi ' o CNP
2201 shown in figure 22a nay be used for all codgg:gg;?@é%@ﬁggpgﬁg%4g%e
parity chwokoratsioees 401-403, i.e. for all code rates. PCRHRG2&OLod332Si M | ar
to the CNP 1800 described above with reference to figure 8 without the
outputs labelled 1 to 16. CNP 2202 may 4ee used the code corresponding to
the third parity check matrix 403. It is simlar to the CNP 1900 descri bed
above with reference to figure 19 but conprises only the 29th out put.
Though t he above exanples are described with reference to the LDPC codes as

defined iIn thesl ExKEm302,1%5h3c idrfafrimastiandarid, reriodiawnt-s2o@an s4s0 be used
for othe& éggis t han the LDPC encodi ng i ntended for | EEE 802. 15. 3c w rel ess

net wor ks Ix EPPINEC tLefle WeiHho Farn© r il e ENRT M2 figure 16

may al soche usedph@r phhe thDR&cqedes thr oposed to the emergi ng W Medi a
standard as they are’illuStrated in figure 23. Figure 23 shows parity check

mat riTes 2301, 2302 according to an enbodi ment . The code corresponding to
the first,.parity, check trix 2 is arate O.b LDPC code, and the code
correspo%&ﬁﬁ%agot9h2%§e§%58d5§r%@& @%@@P et (L9502 i ¢ @GPt h code
rate 0.820068 eneledesse&erbromahite comnked i@y 288 123031 2306 dhe okl e
cyclic structure of the second parity check matrix 2302 is as in the parity

check maPprP&esonnecidanshéfn i pnpi géld-2 . To support these codes, the
exenpl ary architectures

10 A flattened view of the exemplary architecture of the encoder

2000 is given in figure 21.
Figure 21 shows an encoder 2100 according to an embodiment.

15 The encoder 2100 corresponds to the encoder 2000 and includes
information bit banks 2101, parity check bit banks 2102, and
CNPs 2105.

The information bit banks 2101 are initialized with

20 information bits to be encoded, the parity banks 2102 are
initialized with all zeros. For the information bit banks
2101 (initialized with information bits), a local cyclic
connection 2103 is used via which in each cycle, every
information bit bank 2101 receives the value previously

25 stored in one of the other information bit banks 2101. The
values stored in the parity check banks 2002 are, in
contrast, updated by the respective CNP output via CNP-to-VN
connections 2104 (corresponding to CNP-to-VN connections
2015-2018 for the parity banks in figure 20). It should be

30 noted that the VN-to-CNP connections and the CNP-to-VN
connections of the encoder 2100 implement cyclic shifts as
explained above with reference to figure 9. For example, the

cyclic shifts for the VN-to-CNP connections and the CNP-to-VN



illustrated in both figure 17 and figure 20 may Fngagﬂg

circuitry for a CNP to be used for the code correspo &ﬁ?ggvﬁgnzgg%%d
parity chwokomeissios 2302 is illustrated in figure 24. Fipguse28%/0863ans a
check node processor 2400 according to an enbodi nent. Conpared with the CNP

1900 for the code corresponding to theahird parity check matrix 403, the
XOR gate 2401 is changed to a 40-input XOR gate and there is, in addition

to the i 2 , I: t i I |t pl 2403 .added at, .t he out put
port . Thr e e AR e d Fhae P I Pt A A T ey o “the
parity chesk fonti bdook théupasi hymbeeeld 28t ice o3 MHarcici & ydrcgan be
used for hhe cod% Corrﬁiponding to the first parity check matrix 2301 in
figure 28"GSXWBRETLW £730ne enbodi ment, e.g. an LDPC codec i npl ementation
with only hardw red interconnections, has the followi ng effects: 1t saves
the resource for parity check matrix storage and the conplicated contro

| ogi @ f oExpwrtefginst Moekarchitecsugls oft dhie GNEs @0 G420 izore ishgwist a

few cycl A .S ,,L,ndepen t of the H fow weight, thus suitable for high
throughpgﬁlﬁgﬁﬁPgFe%gﬁ 3§§I??§fions. Meanwhi | et he fast

convergence/ performance i s guaranteed since | ayered decoding is enpl oyed.
Only fixed hard-wired interconnects are used, for nultiple LDPC codes
derived FiEHF6Re2rdt RBF 2€BdENOYhE P Pri0Rat & 20Re arsedsiifngr tROMIT or st oring

H matrixe,8B4:8EE8at Iy reduce
10
CNP 2201 shown in figure 22a may be used for all codes
corresponding to the parity check matrices 401-403, i.e. for

all code rates.

15 CNP 2201 is similar to the CNP 1800 described above with
reference to figure 8 without the outputs labelled 1 to 16.

CNP 2202 may be used the code corresponding to the third
parity check matrix 403. It is similar to the CNP 1900
20 described above with reference to figure 19 but comprises

only the 29th output.

Though the above examples are described with reference to the
LDPC codes as defined in the IEEE 802.15.3c draft standard,
25 embodiments can also be used for other codes than the LDPC
encoding intended for IEEE 802.15.3c wireless networks. For
example, the embodiment described with reference to figure 16
may also be used for the LDPC codes proposed to the emerging
WiMedia standard as they are illustrated in figure 23.
30
Figure 23 shows parity check matrices 2301, 2302 according to

an embodiment.



the interconnect routing congestions in |IC desig N he
decoding latencies for all these codes are sane. P¢ﬁ§§?@9?"p@$é}%

t r ade- of fwbebwassobar dwar e conpl exity and processi ng | aremsg2009bbessencoder
can make fully use of decoder resources with trivial hardware overhead.
Bot h encoder and decoder have very | owg-atency. For conparison, a
conventional LDPC encoder 2500 is illustrated in Figure 25. It conprises a
- Hc dec oser, 2 u cal cul at.qr 2, and ., al cul ator, 25 To
cal cul at gﬂ% ,%%gﬁe%%gget%%osntcglrn t1ve t%ﬁ izﬁtsl%sc%é)c%%?ﬁﬁ%e%ﬁﬁd%%%o%?]rcat ed
addr ess/ dentr ahtleo@i.6. IMPSt domgr tant lhhe idbdonuantd aneid LIRPG engesler s,
there are no concerns of decoding architecture at all. In contrast, the

LDPC encS&&PEc Bardityg P& n TERIod e A 1y GRdee s g @Tde iatesbuf ce of
the LDPCAdeGAUOL-ANOGIES MU MdY erfiuardieathdd aidtss | th%“og-eg;gc?i@g

circuit conprising a data buf corrprlsmgapural!ty’of S a
el enent s cved ist stivng taatea ofy b semar geesiding e aic wmdt cion3&E ngs aas

I | i £ d I | it f tputs, wherein_ th i
i rcurt 18 CHRT PROREY EHopToles diath A S Sha) vat A A piural 1ty of

i nputs and out put the processed data synbols via the plurality of outputs;

To support these codes, the exemplary architectures

illustrated in both figure 17 and figure 20 may be used. An
10 exemplary circuitry for a CNP to be used for the code

corresponding to the second parity check matrix 2302 is

illustrated in figure 24.

Figure 24 shows a check node processor 2400 according to an

15 embodiment.

Compared with the CNP 1900 for the code corresponding to the
third parity check matrix 403, the XOR gate 2401 is changed
to a 40-input XOR gate and there is, in addition to the

20 multiplexer 2402, an additional multiplexer 2403 added at the
output port. This is because there is a similar block-wise
triangularity for the parity check portion of the parity
check matrices. Similar circuitry can be used for the code
corresponding to the first parity check matrix 2301 in figure

25 23 as well.

With one embodiment, e.g. an LDPC codec implementation with
only hardwired interconnections, has the following effects:
o It saves the resource for parity check matrix storage and
30 the complicated control logic for routing networks.
e It is able to finish one iteration in just a few cycles
which is independent of the H row weight, thus suitable

for high throughput/low latency applications. Meanwhile



— N

wherein each storage el ement of the plurality of ( '
coupled to an associated input of the plurality Eﬁgﬂy§ﬁ$§5b9§2p3ﬁ¥3?ﬁ%
associ at iwo 20fo/tsbmopl ural ity of storage elenents wth tireTiGaom@lonss2 of
inputs is determned by a first decodi ng paraneter; wherein each storage

element of the plurality of storage el eqents is coupled to an associ ated
output of the plurality of outputs, wherein the association of the

lurality o to el t ith the plurality,of out put i s determ ned
Ey a secgndﬁa%coglg%g par arregtrzqe\;/}dlcvﬁ{ebreerifnooﬁ%%ncfelrsf‘sdec%l@!rﬁ@‘ metERCAnd
the second tegeckdgipasdiry et saemplieyeam ned by a decoding rule and wherein

the first decoding paraneter and the second decodi ng paraneter ar e not
changed fhr%b}ﬁoﬁ%XQ%eh@é@owiLﬁgdpﬂoéegsonze.ct}?h@r@e&gaﬁd)g o (mglzmbeg_rﬁl ng
toclaim1l 4 erein_t LSt odi ng \par anet,er _ second decoding
par anet er a%%%no‘;\‘-?%%%a :&\fliebléﬁt £g§¥%59§e. %ﬁ«g%gécoéﬁo ci ?@lﬁ% HYHR Y to
claim 1l or 2he mbedeiflot hrOfi Foir decedhpgrparnamater And §hesefondydecodi ng
par anmet er each slgl)ecif a shift of a block of data synbols with respect to

t he plural ifiak%/eoif FRPEtRNGRE ERELANGr AONGE Sl B plit sIC4desThe dequdiory

circuit accoidi g ¢o. anf?’hé’nﬁeegdﬁhgi MEtdnk9ed £o0EME 1L dceocd)eds! ng.d ul'e
is gl ven by an error correction code.
same.

<

® It provides flexible trade-off between hardware complexity

10 and processing latency.

® The encoder can make fully use of decoder resources with

trivial hardware overhead.

® Both encoder and decoder have very low latency.

15 For comparison, a conventional LDPC encoder 2500 1is
illustrated in Figure 25. It comprises a Hc decomposer 2501,
an u calculator 2502, and a p calculator 2503. To calculate
u, one has to store the parity check matrix and use
complicated address/control logic. Most importantly, in

20 conventional LDPC encoders, there are no concerns of decoding
architecture at all. In contrast, the LDPC encoder according
to an embodiment fully makes use of the resource of the LDPC

decoder and requires negligible overhead.



5 . The decoding circuit according to claimA , i _
correction codegi s a parity check code. 6 . The ygg‘?ﬁ?@p?gm@%g@r di ng
to cl ai m&o,20whss®mbn the error correction code is a | owpdens2oop/opaarty
check code. 7 . The decoding circuit according to any one of clainms 1 to 6
, Wherein the data synbols correspond tay transm ssion synbols received via
a comuni cation channel . 8 . The decoding circuit according to claim1 ,
wherein icheidata synbols are Log-Likelihood Ratios for the transm ssion
synbol s. 79— The decoding circuit according to claim1 , wherein the
processing circuit is configured to check based on the data synbol s whet her

a pre-determned criterion.s fulfilled 10. The decoding circuit according
to cl ai mr19 , V\krcgei%o HE pre-dEterTiMed 19 erion is based on a parity

checking of the daits HUHFYIS. dokmprihe HecOdbNG-£] 1691 &£ ageordyHg to any one
of claims 1 to 10, wherein each storage el ement is configured'to output its
stored data syfdemands tormasde intedidtmuynka®ls The decoding circuit

Ut putti ng 115 SraEriay S TIPSR LR REEY ¢ EckRoet ot her.
data synbol framd t=s rdssediiatedHOwWydgutstore the other data synmbol and
output the wherein the processing circuit is configured to
process data symbols received via the plurality of
10 inputs and output the processed data symbols via the
plurality of outputs;
wherein each storage element of the plurality of
storage elements is coupled to an associated input of
the plurality of inputs, wherein the association of
15 the plurality of storage elements with the plurality
of inputs is determined by a first decoding parameter;
wherein each storage element of the plurality of
storage elements is coupled to an associated output of
the plurality of outputs, wherein the association of
20 the plurality of storage elements with the plurality
of outputs is determined by a second decoding
parameter;
wherein the first decoding parameter and the second
decoding parameter are determined by a decoding rule
25 and wherein the first decoding parameter and the
second decoding parameter are not changed throughout

the decoding process.

2. The decoding circuit according to claim 1, wherein the
30 first decoding parameter and the second decoding

parameter are non-negative integers.



ot her data synbol to its associated input. 13. TFQ ' ' i
according to any one of clains 1 to 12, wherein th mﬁQQJm%ﬁz
st orage evereniostmoi ts associ ated input is hard-w red. Pé¢r/SGharvgeasarii ng
circuit according to any one of clains 1 to 13, wherein the coupling of

each storage elenent to its associated gutput is hard-wired. 15. The
decoding circuit according to any one of clains 1 to 14, being a circuit

for bot hizencodi and [ . An encoding cifcuit. conprising a data
buffer, conpri S,Ilr}%g a pﬁlﬁgéji%%%"?lﬁtstao?%%%‘lerll%rrg%t%i?%lp Jst%?i%g dat a
synmbol s; a procéssieig cilteuf trcomedsdngy optanetét Vad tREUESc8Rd a
plurality of ou ut@,anerei n the processing circuit is configured to

process data s BRATA AR qarh p‘-’rRﬁ%ﬂ#Yyaoi’flP%%Et%fa%db @epuptt he
processed data sWH Q) ynd s thepl s abd Ly of %%ﬁrﬁ%‘%@%%f fﬁé@té?orage

el ement of the plurality of storage elenents iIs 0 an associ ated

i nput® of the plandaltiteyy Wfuiaigits,ofvmrigiuts he association of the plurality
of storage elenents with the plurality of inputs is determned by a first
encodi ng paraneter; wherein each storage elenment of the plurality of

storage elenentthd slexutilef dix A st al Bty ol iy Afnd her phis ahity of
out puts, wherein the association of the plurality of storage elenents with
the plurality to 3, wherein the decoding rule is given by an error

correction code.
10
5. The decoding circuit according to claim 4, wherein the

error correction code is a parity check code.

6. The decoding circuit according to claim 5, wherein the
15 . error correction code is a low density parity check

code.

7. The decoding circuit according to any one of claims 1
to 6, wherein the data symbols correspond to
20 transmission symbols received via a communication

channel.

8. The decoding circuit according to claim 7, wherein the
data symbols are Log-Likelihood Ratios for the

25 transmission symbols.

9. The decoding circuit according to claim 1, wherein the
processing circuit is configured to check based on the
data symbols whether a pre-determined criterion is

30 fulfilled.



of outputs is determ ned by a second encodi ng pamlsgﬂ(}ypgilgidd‘%‘t j I st
€ de ne

encodi ng paraneter and the second encodi ng paraneter "ar y a
encodi ng wol2e1o3eroei n the first encoding paraneter and trhe/sseaondiancodi ng
paraneter are not changed throughout the encodi ng process. 17. A

communi cation system conprising a receigger with a decoding circuit
according to any one of clains 1 to 15 and a transmitter with an encodi ng

circuit cor di t |aim16. 18.. A net far decodi c risin

coupl i ng%géch sTg{%r g%e(:%e él:gerﬁlro%ule{: ﬁlcucroal{&ﬁl%f 8%0 s%bar%gég'el 5 oS
storing data syrkeeldeteanamers sagitair@dn Apubafed gl W abd £y Plchaprisg of a
processing circuyit being configured to process data synbols received via
the plurality 6f iTHSuCSTEnEYIRPER: the processed data synbols via a
plurality of outputs, wherein the association of the plurality of storage
elements with the plurality of inputs is determned by a first decodi ng
par arﬁeteii;lcoupll‘hﬂgdea:ddjsIgorcaLgfmlJéJterwuor@Tin@lé:cplan}?Ian/ af ﬂavxijhmel ]
el ements to an_associ ated qutput of the plurality of outputs, erein the
associ ati on of tf’hzr sl BPERey GPh ogrté’gr@g% @Hﬁﬁ”{eﬁl it IHEHURSH %S of

outputs is deteiufpied iRy & RN AC Y IPHANBLIL s WerAidy thedd I st
decodi ng -paraneter and the second decodi ng paraneter are determned by a

decodi ng rule
12. The decoding circuit according to claim 11, wherein

10 each storage element is configured to, after
outputting its stored data symbol to its associated
input, receive another data symbol from its associated
output, store the other data symbol and output the

other data symbol to its associated input.

15
13. The decoding circuit according to any one of claims 1
to 12, wherein the coupling of each storage element to
its associated input is hard-wired.

20 14. The decoding circuit according to any one of claims 1
to 13, wherein the coupling of each storage element to
its associated output is hard-wired.

15. The decoding circuit according to any one of claims 1

25 to 14, being a circuit for both encoding and decoding.

16. An encoding circuit comprising
a data buffer, comprising a plurality of storage
elements for storing data symbols;

30 a processing circuit comprising a plurality of inputs

and a plurality of outputs,
wherein the processing circuit is configured to

process data symbols received via the plurality of



and wherein the first decoding paraneter and the 1 ter
are not changed t hroughout the decodi ng process. Pigqqmgglpg)ﬁgﬁ di ng
conpri si ngocowplssg each storage el ement of a pluralityrofi/sseanagessel ement s
for storing data synbols to an associated input of a plurality of inputs of

a processing circuit being configured t© process data synbols received via
the plurality of inputs and output the processed data synbols via a

plurality of out ) rejn the.association of the plurality of storage
el enents with t rgjlﬁp PR PTRYS At IR réante% %é{)f“EOf?r%i(aeﬁ%%d. ng
paramet er; couplingldash ot anageitd ement of the plurality of storage

el ements to an associ ated output of the plurality of outputs, wherein the

associ ation of W& PrurAdh P istradordgnetertht iR Hsnel pyuedl ity of
outputs is det rg.ned i dheacond, d RATAMBL L1, WEL §i &%ﬁéﬁg;ta

; i
encodi ng paraneter and the second encodi ng paraneter are deter
encodi ng rul e dr¢ wHemeild thhe ff i irgdutenc odiene jpartdret ¢ s antla t hen second

encodi ng par ar’r%th%r P "Fa Olttycr!)a.’cngs%dogahgreoue%he%]énéshewft Co’éjlilengpftggglefgy

of inputs is determined by a first encoding parameter;
wherein each storage element of the plurality of
storage elements is coupled to an associated output of

10 the plurality of outputs, wherein the association of
the plurality of storage elements with the plurality
of outputs is determined by a second encoding
parameter wherein the first encoding parameter and the
second encoding parameter are determined by a encoding

15 rule wherein the first encoding parameter and the
second encoding parameter are not changed throughout

the encoding process.

17. A communication system comprising a receiver with a
20 decoding circuit according to any one of claims 1 to
15 and a transmitter with an encoding circuit

according to claim 16.

18. A method for decoding comprising

25 coupling each storage element of a plurality of
storage elements for storing data symbols to an
associated input of a plurality of inputs of a
processing circuit being configured to process data
symbols received via the plurality of inputs and

30 output the processed data symbols via a plurality of
outputs, wherein the association of the plurality of
storage elements with the plurality of inputs is

determined by a first decoding parameter;
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19.

48

coupling each storage element of the plurality of
storage elements to an associated output of the
plurality of outputs, wherein the association of the
plurality of storage elements with the plurality of
outputs is determined by a second decoding parameter;
wherein the first decoding *parameter and the second
decoding parameter are determined by a decoding rule
and wherein the first decoding parameter and the
second decoding parameter are not changed throughout

the decoding process.

A method for encoding comprising

coupling each storage element of a plurality of
storage elements for storing data symbols to an
associated input of a plurality of inputs of a
processing circuit being configured to process data
symbols received via the plurality of inputs and
output the processed data symbols via a plurality of
outputs, wherein the association of the plurality of
storage elements with the plurality of inputs is
determined by a first encoding parameter;

coupling each storage element of the plurality of
storage elements to an associated output of the
plurality of outputs, wherein the association of the
plurality of storage elements with the plurality of
outputs is determined by a second encoding parameter;
wherein the first encoding parameter and the second
encoding parameter are determined by a encoding rule
and wherein the first encoding parameter and the
second encoding parameter are not changed throughout

the decoding process.



