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WD 2004/ 055992 PCT/ EP2002/ 014320 ADDRESS CGENERATI ON
FOR | NTERLEAVERS | N TURBO ENCODERS AND DECODERS 5

wWo-2@k@53992 t he i nvention The present invention PE/APHS2/014320

to techniques for generating addresses and was

devel oped by paying specific attention to the

possi bl e application in interleaving/de- interleaving
nodul es. 10 A preferred application of the present

ASDESRE | ek STIoNFIR HirfErg @ReEaL IONTUKBDI ANEODERETHND CELPDERS
systens, and nore to the point in the inplenentation

of the turbo decoder nother interleaver described in

the technical Specification 3GPP TS 25.212 V3.5.0.
(2000-12) Rel ease 15 1999. ° Description of the prior

art A turbo encoder is a conponent used in

t el ecommuni cati on systens w th,it he purpose of

re-arranging the information to be transmtted, with

t he Rissidlef 2Zhaddivdergniast contr ol codes in such a

way t at t§§5§gﬁ§0tln§gnﬂﬂaélrﬁgﬁétégur Eggﬁﬁ§ﬁh¥s for
af fec |ng ransm ssion can be conpéensa
gnnqﬂaﬂmmgaagddessdsngndtwahedakainhad Eyem@Yamg gpecific
tele onnun on_s t.ed . f.or 2 LG
TR ot G e B ey B Rbas el By sTang e ghp P ige/ ae-
iﬂEEfﬁandmgmméﬁmL@ssaJ Nbblle Teleconnunlcatlons

Syst U andar.d. Ke l e s in tur coder s

ot L r ek 3P AR gt qbe” ST ERS (b i) 888y s
ﬁme@hir@agéﬁ@iaai@ntmwbSDe 6@mmahiedtlon systems, and more
i nterl eaver/ de- |nt rl eaver a n of .suc

49 oERCe RIMG af Pyt FoﬁWﬁi?Wqﬂ & ]%rag %éFtWEFbO BeBoder
bt ar i ideite @fer Nf 0aEBEEFOBe@bi t Sini ncluided | ﬁeahnical

i%;ﬁk bl ock of Iength K to_be chan ed accordln%
heict bFHT TR 15GHE OBRF) BT O (800-1%) °r81ease
1999.
~ Description of the prior art
A turbo encoder is a component used in

telecommunication systems with the purpose of re-arranging
the information to be transmitted, with the possible
addition of control codes, in such a way that the effect
of impairment sources adversely affecting transmission can
be compensated by means of complementary decoding at the
decoder.

Exemplary of telecommunication systems adapted for
employing turbo encoding/decoding schemes are systems
adopting the so-called Universal Mobile Telecommunications
System (UMTS) standard.

Key elements in turbo encoders/decoders (as defined
e.g. 1in the 3GPP TS 25.212 Specification) are the so-
called interleaver/de-interleaver blocks. Operation of
such a block essentially provides for the order of the
elementary items of information (bits) included in a given
block of 1length K to be changed according to a

predetermined law.
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WO 2004/ 055992 2 PCT/ EP2002/ 014320 In EP-A-1 195 910
an interleaver is disclosed for use in a turbo

wer@adsiv9f or UMIS apparatus. The interl eaver iPCT/EP2002/014320

question includes a register for updating and
registering a plurality of paraneters for setting an
operating 5 condition of the interleaver; a controller
for generating a control si@nal for controlling an
operation of the systemby receiving the operating
condition fromthe register; an address Iat

for geneFBting %9$|%%Pl§n interieavey éﬂd é§§ 8§Fﬁgf8ﬁ use

iﬁtgrtﬁgﬂbp%E%%B%&|@%f“hMﬁﬁtéﬁﬂhréﬂhéntTHerQﬂkerleaver in
per nmut at i Onwgattern I ncr enent ran enent val ue and

@eshten iBwlperAutatics &h & e€ng ppadi degiffering
ihe iﬁgégﬁgg a%ﬁ°r$d¥%ﬂé%éﬂga 58¥“r§%t§iﬁ$a|an operatlng

gen rate the controller; and a data or age
cendichionl b sher iimg adeaviatpute tePRFEOT Lebot 95 9eneratlng

ne LUt ting. déBﬁtEBii?ﬁgonQﬁngqéékéi&bn of the

address gene%%ted by the address cCal cul ator. Such
%IY$’a$1rgerﬂEY1t Jrscetimsn@asid'cﬁ orPRETatHitner | @pnetitidint from the

?S%y a%?%l %sgoéafggfgfgg %B@'ﬁ%ﬂéﬁéﬁ]ﬁ@ 8 flnally

eaving paraneters ( e nunb
khbér?@avaﬁutaﬂdﬁfsaeuuﬁlmmd shosd f@ranerevs permUtathH

nated R C, Typ et
L N
arfaﬂgmneatl svibheeefand basedmra t hewas pemptitert idmt basic

t hese araneters ar.e ene t ed and obt ai
SRSrDEST hebHoyLEss o b or@igrRn SRS o che
desupent sf:a_;irlzﬂtgeheaaheﬁovbytohenm@m@rmlhem and a data

|nterleaver wher ei interl ea t
LEbechener, Wit e LA L PLECLERy! 10, PUQIR! S5 R0, suro
aseeyat pReSSi dhepwetikyi 688al korie spomiEndK ob thapmﬁdress

Cata kST L B LD LEGLL gy Cven v cach 130

Such an arrangement is thus based on an interleaver
that includes a register for updating and registering a
plurality of interleaving parameters (i.e. the number K of
input data items, and those parameters designated R, C, p,
u and TypeD) for setting an operating condition of the
interleaver. This prior art device is therefore based on
the assumption that these parameters are denerated and
obtained from outside the device.

Therefore, such prior art document fails to teach how
to implement an interleaver wherein the interleaving
parameters can be dynamically and rapidly adapted, e.g. to
take into account possible variations in the number K of
input data items, which may in fact vary even with each
packet being transmitted.

In “Low-Cost IP-blocks for UMTS turbo decoders” by
Masera, Mazza, Piccinini, Viglione, Zamboni - Proceedings
of ESSCIRC 2001, Villach, September 2001 an arrangement is

disclosed for implementing in hardware form some of the
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In "Low Cost |P-blocks for UMIS turbo decoders" by
Masera, Mazza, Piccinini, Viglione, Zanboni -

were@aesdbngs of ESSCI RC 2001, Villach, Septenber/ERD01/014320

an arrangenent is disclosed for inplenmenting in
har dware form sone of the WO 2004/ 055992

PCT/ EP2002/ 014320 3 el enents conprising an
interleaver. Also this prior3art docunent fails to
provi de directions useful in inplenenting an
|nterleaver whqse paraneters can be nan1cglly and

LTS a0RPPEG AR, Wor ePGERCPANFY, AN %O af Pafigdifert ATt

abengehhe i FAeTbeavidg PareEder s @ﬂﬁebﬂloﬂbreChbﬁfamd in
dynam cal |y extracted fromthe information to

TR HRRT R B (e@BentPEELy SERETY avhe 56t @ar%?%%lf% aR@e e

SHITRL Ya DIyt BedPresendiy nkeapten Hiei oObineet Afeddrnlly, an
present invention i's thus to 10 provide an address

YEFRAGETORC arvapgemehief otnbRELeAving parameters can be

ADESEL BRVERS/ éynéfai@éi ?ngt%ré(‘@@é&' PréfRechBt ehkeakkibon to
paranmet'ers can be direc and dynam cal | extracted

be opransel t pedr fessontial th%ngﬁiv@e@f
per mﬁﬁjé‘&té h@g& s DAL S Scho %%Qé(ﬂ@”lﬁ%hﬂléﬂd

r api he
numbeFhe dib]mt afat dlia epyeEenthe invention is thus to

P&?{@ga@ﬁ/ AL | SAMRMa AR A, éfg%n{é}& PrieNtise  in
nven I on suc an obj I's achieve neans of an
addeekeagene{dermgtsyéeawehSV|rxhendﬂalfeéﬂu&eslnterleaVing

SReSkIL AL ¥ah2 Lt ey, Ly C@&%é&ﬂ 28&95&&@3 From
e "RveEnti onalso Te ¢ %0 a T espond
bﬁeonafatmanlas.wgilbasttanamuUtbd enﬁnderpdemguELng those

LICLROLD0. L U8 340 S5, Ae1er  D0,R RGP ol . o
pbgskblélnafhattbﬁslmmenheonembetaKesftmn@utodpmaeutéﬁs to
ﬁ% rag}grgdgét dlregtl | oa gble in the interna
pUeThPaRed! GPf ATCEEABAYE? (such as e.g. a

processesrdihetopthduptebont uihtgnsbbhwasechode object is
agﬂgéggg EPrrfeLLQro ngn address generating system having
the features specifically called for in the claims that
follow. The invention also relates to a corresponding
method of operation as well as to a turbo encoder/decoder
including the address generating arrangement of the
invention as a part of an interleaver/de-interleaver
block. Finally the inventions relates to a computer
program product directly loadable in the internal memory
of a digital computer (such as e.g. a processor), the
product including software code portions for performing
the method of the invention when the product is run on a
digital computer.

A preferred embodiment of the invention i1is an
arrangement for generating addresses for interleaving/de-
interleaving sequences including a given number (K) of
items (e.g. in turbo encoders/decoders), the arrangement

including at least one memory unit with a plurality of
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the nmethod of the invention when the product is run on
a digital conputer. 30 A preferred enbodi nent of the

WO pwefsioen i s an  arrangenent for generating aPdr/EBRer014320

for interleaving/de- interleaving sequences including
a given nunber (K) of itenms (e.g. in turbo
encoder s/ decoders), the arrangenent including at

| east one menory unit with a4plurality of WO

2004/ 055992 PCT/ EP2002/ 014320 4 records stored

therein. Each record includes information signals ,
Ferp%dt | $BOBEda theymdat i vidaglt T6FOTRL erledidery information

PRLAEL er$ G a8 RONGENG, t @c8bekbeast ofer valfue;heertiBgving
given nunber of data itenms (K). 5 Still preferably

RUHIS AR POrreRpogidiay nuabet oleaght £19 efalpRr) for the
%R?%'@me@ Spragsponding sef of paranmeters (R C

or constructing a matrix (RxC) for arranging
sai d $tiel} npeefeegobricecant wpfeet ifey ithe a@ivew apgber of

&Q&ﬁf-&g@wgem}ﬁ)&“ 9RAk ;Ehg mat ixcgergggggggaga 19t  of

per nmut e triXx for generating the output esses.
Setanetoérsai(dl, pdranet evs (flRr Gropstyychirgt usmatrix (RxC)

r | i . ' ) :
R 10180 18"l PORRLBL BV BLASBEL 108 s
goweanduirheerefoit pesmiKpttiionbef e matrix to generate a

i nterl eaved/ de-i nterl eaved.,i.s u | ri

AFVE R AL SEEL R S ST LBHLleg, e
ohcl swled apanambdesrsf (Rcords that v sabst abhual | promptly
smal ] er. than sai i ven range. of val.ues. Each recor

ST TEnEPy ik s Pe St b BEn Hhis, et ofifhBer o
ot at Bremdssrrci ated with the 20 menory unit there is a

pointer retrieval _circuit, configured for generat,i
for edth \Vé‘ﬁ&@ o t i 9EREn rofogatlgcefl?senéwg to be

St 8 Db YOG ) @BYEnBe £DELREQONEI 18uaPLi/NtEfPRAERLEI Ag BOgiven
gagggpggt¢¥fuég?oggdlQhéh%eggggr&nignhgéferably includes a
number of records that is substantially smaller than said
given range of wvalues. Each record in the memory unit is
identified by a respective pointer. Associated with the
memory unit there is a pointer retrieval circuit
configured for generating for each value of the given
number of data items in said given range a corresponding
pointer pointing to a respective record in the memory
uqit.

’ An embodiment of the invention permits a core for the,
generation of the interleaving addresses to be implemented
both as a software solution with a low computational
effort (using a commercial DSP or Micro Controller), and -
preferably - as an ASIC solution. This important feature
leads to a stand-alone solution in the design of a turbo
decoder processor used in the UMTS receivers.

Brief description of the enclosed drawings
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25 An enbodi nent of the invention permts a core for
the, generation of the interleaving addresses to be

wo ppHes®pt ed both as a software sol uti on w t hP@r/ER2002/014320

conputational effort (using a commercial DSP or Mcro
Controller), and - preferably - as an ASIC sol ution.
This inportant feature 30 | eads to a stand-al one
solution in the design of a turbo decoder processor
used in the UMIS receivers. Brief description of the

encl osed draw ngs WO 2004/ 055992 PCT/ EP20Q2/ 014320 5

The irﬁk}%nt}%\ﬁe'@\'frg%‘?nnd%%;e oré%"i:rizqfed,éeog)f: Cg'f %Y way of
exanple oshYy, byoyeferadngidgd the e osedldisat Ngsawings,
wherein: - Figure 1 is a general block diagram show ng
Hherslphterleaver impl erentation, - Figure 2 is a

bl ock_dipgnam showhgaa féketast e ik Bakgreakershowing an
generation in an enbodi nént of the invention, - Figure
BnfprlsevaresMphegeBhebicBet ai| the bl ock di agram of

Figure 3;58nd 30iz Ei gYbexddiisc2afeRebaling ack idiagitBp of
of an address generator according to the invention.,
DerampsdrdeserrpEion of anprepefiBgnénbédithent rorItHeOn,

| nventi g datoay of1attaduet 100 beckberdenard pl i eAcofhlock
an 15 exenplary enbodi nent of thé& invention, the

bBasgramppifnEipghes 8f epdration of a turbo code

i nternal,. i nter,| e [ j chEi cati

serp Tarighihty W €8 oBepBeds. $HPql ADERBCRE ) ' Rress

gewelatbri ebbprdirgakbetthe2@nfessnvinal |y, the turbo

fggteabEEeET%!i LhOLELL SRYSE o Egib%Ee?:fre%: Ea?\r/ﬁ%%erf@c@f the
urirty, 1T a=

intentiow pernutations of a rectangular matrix, and
bltS-gng%éyfrg%ntﬁﬁ%x%%ﬁkﬁﬂg%lan the description of an

exemplary embodiment of the invention, the basic

primciples of operation of a turbo code internal
interleaver as provided in the specification 3GPP TS
25.212 V3.5.0. (2002-12) Release 1999 will now be briefly
recalled.

Essentially, the turbo code internal interleaver
consists of bits-input to a rectangular matrix with
padding, intra-row and inter-row permutations of a
rectangular matrix, and bits-output from the rectangular
matrix with pruning.

The bits input to the turbo code internal interleaver

are denoted by x,X,,X;,...,Xx, where K is the integer number

of the bitgs (data items) to be interleaved and takes one
value of 40 £ K £ 5114.
The relationship between the bits input to the turbo

code internal interleaver and the Dbits dinput to the
channel coding is defined by x,=0, and K = Kj.

Specifically, the following notations are used:



matrix with pruning. 25 The bits input to the turbo
code internal interleaver are denoted by

wWokgo@353082 . . ., XK , where K is the integer nunbeeT/ERP{002/014320
the bits (data itens) to be interleaved and takes one
value of 40 < K _< 5114. The rel ationship between the
bits input to the turbo 30 code internal interleaver
and the bits input to the cBannel coding is defined
by xk = Grk and K = Ki. Specifically, the foll ow ng

notations are used:, WD .2004/ Q55992 .PCT/ EP2002/ 014320 6
Klf\lurrberN‘H‘?bedqt ﬂ?ﬁﬁﬁ Pk 83&) TR i ‘?njar%terng

i nterl eameteR Mupdrer of rows of rectangular matrix C
Nurmber of columms of rectangular matrix 5 p Prine

nygber Vo P (e 50004 S IO darrReZ)

per mut at1 on Se sequence | a-row g mninmum

prime integers 10 r;, Pernmuted prinme jnte ers.}gT(i)) [
{051, , AU %t%@ﬁ%%rﬂﬁaﬁ%%ﬂaewqat“

(U (j)}je{0,1;",c-i} Intra-row pernutation pattern of
i -ph rovPrimherdexnlgdr r ow nunber of rectangular matrix |
I ndex of col umm nunber of rectangular matrix 15 k

I ndex ofpbifiseienss: As a first step, the bit
sequence Xxi,x2,X3,..., XK input to the turbo code

i n{sa:;nal interleaver_is witten i %o t.hq_df rect angul ar
meE ey -assi gni ng PR FIRSHI UL, “ AT 3™ 20
dependi nlg on the. val ue of K. The rows of rectangul ar
20 mat rixcHPE-H red 0, 1,, R- 1 fromtop to

bott om . .
gi Minimum prime integers

r; Permuted prime integers

<TG»E&hwkﬂ Inter-row permutation pattern
@GQ»F@L'GQ Intra-row permutation pattern of i-th row

i Index of row number of rectangular matrix
7 Index of column number of rectangular matrix

k Index of bit sequence

As a first step, the bit sequence x,X,,X;,...,%X, dinput
to the turbo code internal interleaver is written into the
rectangular matrix by assigning to R the values 5, 10 and
20 depending on the value of K. The rows of rectangular

matrix are numbered 0, 1,, R - 1 from top to bottom.

A second step involves determining the prime number
to be used in the intra-permutation, p, and the number of
columns of rectangular matrix, C. This 1is done as a

function of K and R
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A second step involves determ ning the prinme nunber
to be used in the intra-pernutation, p, and the nunber

w@boo4os8992ms of rectangular matrix, C. This i SPADAR208%014320

a function of K and R WD 2004/ 055992 7
PCT/ EP2002/ 014320 The col ums of the rectangul ar

matrix are nunbered 0, 1, ..., C- 1 fromleft to
right. Athird step involves?witing the input bit
sequence x|, x2, x3, , XK into the RxC rectangul ar

matri x_row by row5 startln with bit yl in colum
te reW WTRePE Hhe- sactiolla s atsixyarsy qyggLeg 00 1.
thqu_urrlrryf]mrgsl@f@ wadedachisuch  that yk = OCorl for k =
K+ 1, K+ ..., RXC. These dumy bits are pruned away

ngrgkhgh épUEeOfln%gfvégcbéggﬁh ﬂﬁgriﬁbﬁgtﬁ{t sequence

row and- it ef Y ow O pérmutations er the

BiisSzinokl tonideReC reet a:r&iﬂa&[gtmﬁfl Xatrtibe row by row
i'ntra-row and inter-row pernmutati ons for the RxC
o tescit tadg et threiv 1 £ xy-arier peylfuormed ot em/w sk Wyeusing =axx for

£ 255080, 3 0L i T I R {65 B0add e

lat hg, pesnuEed kest Rngul arxknmatzj x..ar exdenot ed by y' k.
The output of the turbo code internal |nterl eaver is
t he Biheseeduenrebissd aet ROMRM BYRFoITHAT fiksin PReput of

.ﬂgraré@MéﬁﬁglafntﬁéﬁfP%/p§f@@fedlﬁ%%acibﬁ0téﬂ@U|@hter row
matri x st ngvvlth20b|ty1|n row O of colum O

mm@mncgnwm bit yCRin rowR- 1 of colum C -
1. Theeo gh? Qrqu Y tﬁ%én@%qymﬂ¥c@éﬁ§ui§§tmatrlx,

wer e “padde e input o rectangular Tatrix
ﬁeéormtrmrwrmmchndmtmemomm@pwmma@mm fore. the RxC

O TR L gl}%gfagcgagoe@%%r%ﬂ% e 0 1 KuZi KAt s
step algorithm detailed in the Specification.

. After intra-row and inter-row permutations, the bits
of the permuted rectangular matrix are denoted by y'kx. The
output of the turbo code internal interleaver is the bit
sequence read out column by column from the intra-row and
inter-row permuted R x C rectangular matrix starting with
bit y'; in row 0 of column 0 and ending with bit y'«x in
row R - 1‘of column C - 1.

The output is pruned by deleting dummy bits that were
padded to the input of the rectangular matrix before
intra-row and inter row permutations, i.e. bits y'x that
corresponds to bits yx with k > K are removed from the
output.

The bits output from turbo code internal interleaver
are denoted by x'i, X'z, .., X'x, where x'; corresponds to
the bit y'y with smallest index k after pruning, x'z to
the bit y'yx with second smallest index k after pruning,

and so on.
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The bits output fromturbo code internal interleaver
are denoted by x' 1, x' 2, ..., x'" K where x1 |

w@ormmespends to the bit Y Kk with smallest i|ndB&I/KP2002/014320

after pruning, x'2 to 30 the bit Yk with second

smal  est index k after pruning, and so on. WO

2004/ 055992 PCT/ EP2002/ 014320 8 The nunber of bits
output fromthe turbo code i®nternal interleaver is K
and the total nunber of pruned bits is Rx C- K Al

of th egoi ng corresponds t roc cri.teria

t hat eknd %Bstﬂﬁg%u5ff ?Tlfﬁ?ngﬁﬁgan?d €and,
ﬁ@@eﬁﬁ&ﬁ Oor8p1ci0EKI 18 kOahe fHetbetallehambed of pruned
herein. Essentially, the interleaving solution

EserivedRi ¥ & heX-echni cal Specification 3GPP TS
25. 2127 V3. g¢0. Q%Qoofdgégangf5é&%ﬁééﬁ@ﬁh@f EBre®r0ce831ng

basi c steg namel - constructing a matri x, and
¢npLeriag hAE aﬁ@omeﬁg} ke (50 tHEOmtPF xsklll in the art

r a- n f
ipgra-g d%ﬁf’%xg ﬁmhte\gepﬁéggiﬁélog@ be I Gagdivdeof deh@iled

pernutate i X 15 obtained via
hatrednr ow and inter-row permutations. The interleaver

can bg, ggqgﬁfgff ed (Y3l nﬂn@epfégvlﬂgwg&dtw@'&@swfbed in

i ncom ng a a6 wiitten sequentially and read in a
shecitkichndrcgdr . sp¢pi§m¢atamy 3GPP TS 25. 212 V3.5.0.(2000-

er i nt-e i 0 ca e sinply
H b e acashBoi fea, B peaY! BpREPEERBsLRanelyal, B
operatl@mnstru@tmmwjagnbmaﬁwanamﬁpuﬁpMHtaIEhetheemmcoming
bi t to be interl eaved/de-interleaved in
éﬁ%goFaeEh?hey%}appear in such input file and

re-arrapgtng-rbenand ant@s- powpperfhiitetabnsespecti ve
posi t I ons ec%‘fr'?gl %%nt l:fxleedpebymuatatgea/e%a%ddr %rg’m the matrix
obtained via intra-row and inter-row permutations.

- The interleaver can be implemented wusing a data
memory in which the incoming data are written sequentially
and read in a specific order.

In fact, any interleaving/de-interleaving process can
be simply regarded as the result of either of the
following operations:

- a) taking from an input file the items (e.g. the
bits) to be interleaved/de-interleaved in the order they
appear in such input file and re-arranging them in an
output file at respective positions each identified by a
given address;

- b) taking the items from an input file in a
sequence identified by respective addresses and re-
arranging them in an output file one after another as they
are taken from the input file.

Also, it will be appreciated that carrying out both
operations indicated in the foregoing one after the other
(in any order), corresponds to a full interleaving/de-

interleaving process.
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- b) taking the itens froman input file in a
sequence identified by respective addresses and re-

wa@eooansiony themin an output file one after anpthEP208%014320

they 30 are taken fromthe input file. Also, it wll
be appreciated that carrying out both operations
indicated in the foregoing one after the other (in
any order), corresponds to a%ull interleaving/de-

i nterl eaving process. WO 2004/ 055992 PCT/ EP2002/ 014320
9 Hereinafter, reference to an interl eaV| ngﬁgrocess

wi || HRF e G t RE SRSt SonpRici t)TepdfAYINS process

WihEr ¥k spadundestioed that wiatsinglHeiing Stiséedyi Btherwise
connection with interleaving aggl ies_directly also to

WA FIRIRabhAg. atn At SES TEHI dlaCWAFCHCY With

£%Eéfﬁéﬁ¢fﬁﬁ“%gpi@@§l§1§@@tP§ £b5b | Yo | apl eneatedabyng.
resorti ng to t processi ng ar chitecture

cor r ¥poRBERELEGVER hBPIESE UIEDNYETH PHad begninterleaver
ﬁ&@@ﬂ?tkﬁﬁilﬁede@h§5§9"Dmﬁi@ﬁéﬁtéd mperedsfentiCeo the

nunmeral 10 denotes an”address generator 10 having_an
preeesaing aschi perbrye 100THeePERAIED ©0- BpERaTeSOWMEROD -

a tur%pﬁ ngader ) desodery ﬁ%?%%&ll%A aEpe ceedeci A4 Bijure 1,

i nten to process (1n a known “mannér, that does ot
wieepe r geﬁ@rb@C@es@mm@Q@m AOdelenqtehepai rjddages generator

%@Sﬁg‘?' %%&9% fed eq3sh Jg&sésrgei glnéénagmbsg@ Bberate

ein eave e-1n eaved
WhthrmaﬁmrbpremawédrfdechéevaK©©d©¢ Kl%whlch as

i ndi change_wi i dffe ta cket
trangj?lnq?t e&%cer‘ﬂ\%edf is r{slceﬁ—?%hr o% th 85 gg 151&;il E known
addness ghaer alas 1ﬁot2&eﬂm&r@atia> nbﬁord;eslﬂrml@d hen detall

ﬁ%%%f?:gsg% tf‘d]:e%irrrﬁ {/rnh%g %2?5 Pon. el'?OChl n% 3%}6e being
tbisr i8yd osE UK btyemauso nhet heteolleevéd/deeintitrdebkred.
data"ﬁéolﬁ orma 1o¥ 15@e8 %eq%%ﬁléglﬁgdgf K (which, as
indicated, may change with each different data packet
transmitted/received) is sent frqnl the codec 14 to the
address generator 10. A

The data memory 12 is the Dbasic element for
performing the interleaving/de-interleaving operation.

For instance this may occur by causing the codec 14
to write the data into the memory 12 in a sequential order
and then read the data from the memory 12 according to an
address sequence defined by the address generator 10.
Alternatively, the codec 14 may be caused to write the
data into the memory 12 according to an address sequence
defined by the address generator 10 and then read the data
from the memory 12 in a sequential order.

The address generator 10 described herein is
essentially comprised of three units, namely:

- a parameter generator 1l0a,

- a permutation pattern generator 10b, and

- an address generator 10c.
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and then read the data fromthe nenory 12 according to
an 25 address sequence defined by the address

w@eoenstoer 10. Alternatively, the codec 14 naRCDEP2002/014320

caused to wite the data into the nmenory 12 according
to an address sequence defined by the address
generator 10 and then read the data fromthe nenory
12 in a sequential order. 301The address generator 10
descri bed herein is essentially conprised of three

units, nanel ar gener tor 10a

per rmzé‘apioc?ﬁ%’&tet &?f?%%%geg?é’f) Yot afd par%e%%r gggperator
g68eral-onsk0Gin Wh@084+0558R2nPCHIERAMY D IHS2Ei 10i A shown
possi bl e general |ayout of a paraneter generator 10a

$Brfigeren?t he arrangement disclosed herein is shown

in figyse 2yodheshayQul sshauedi snbasaedreBobRetion that the
recognition that the 5 conputational effort required

forPrhat §enet aefderdf ¥rReuipadarkstershg rRIcEeRtIpR ©of the

ﬁafgﬁgt£9§ Rﬁe gongt ryst hansef tBe th@tébhgﬂfb%@lon of the
trix and the pernutat|on patterns coul d reduced

intarleaking mablréx(eUP) tdpprisehlteant ¢ B@EHGISFaF@é}ld be
9&5&&&&89 é”ﬁ%Sﬂdu ftQB§étQE@&¥ 9§B§BQEhn9an1Qe(hs%d

conput |ng such parameters whenever a new val ue of
|s engbabedr et Haxrwi.schecdusseple PEnqIBitigisdn Wnﬁratlng

L etheofighes il ockacho Q%ahEESFEe@K% el8CRaReNa100° of X
ould enpratet ossibifity o fedl at i ng
uhosacopataueﬂedg g. oh@@aM@e dlte 1¢mgthu+ pogenbby K - of

gﬁly%ﬁtof iﬁgh HEAY; %E%&% %V% mfgt Ll gd one could
efi mel Aore e select
behtéapédtmhenEher apnemubaﬂmEy foofK |saﬂUUBat1ng those

IBDaE e opeoiitl bl | ontall Wheeshotl ULSelk of x
Buphenpat&btet @0s essaritd althen nbear deéteifelm B\td):hedlt in a
Rggogse%éﬁbe selectively retrieved whenever a new value
for K is to be managed.

Such a solutidn will entail the significant advantage
of permitting the address generator to be implemented
essentially in hardware form, without the need of
providing any specific computing software to be run for
each new value for K.

This will i.a. reduce processing time and thus
represent a significant advantage as the interleaving
process is already by itself relatively time consuming:
the whole block of data to be interleaved is in fact to be
made available before the interleaving process proper is
started since the last input data to the process could be
the first output data therefrom.

In the 1look-up table arrangement considered, the
input to the look-up table would then be the size of the
data block incoming in the turbo encoder (K). This may
change in the range [40, 5114], that is assuming 5075

possible different wvalues. The concatenation of mappings
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provi ding any specific conputing software to be run
for each new value for K. This will i.a. reduce

w@e@aes®dPNg time and thus represent a signifiBEIEP2002/014320

advantage as the interleaving 25 process is already
by itself relatively tinme consum ng: the whol e bl ock
of data to be interleaved is in fact to be made
avai | abl e before the interl ddving process proper is
started since the last input data to the process could

be _the first out ut data therefrom 30 In,the | ook
of atsl e FFHHg eRBRRR %Bﬁ’s’?dgrced RthB+ i‘Hput® ‘H)ét ﬁ"é)mprlsep the

ol@pktUpot abhe wamaﬁwe@ametherh@ Zﬁnpiemdéneta’dﬂcbﬁ of this
bl ock incomng in_the turbo encoder

lerknye | rebhe cavge [2e, 651!15‘&]“OrtYha‘E“‘E Oa?ésuﬁ?ﬁ8¥§§75 each

rReSsHP! s didd.lend ¥é§g@§t1$€eééﬁuéieﬁakamétéﬁs for each
mappi ngs WO 2004/ 055992 11 PCT/ EP2002/ 014320 of

poisiiddentvagacamét &s (C, R p, v) could conprise the
OUt p%w‘%ﬁre@%cﬁ%é@eé@@' egulhe 4 MabemRAla iwouDd not be

' ook-up table Tould be a nenory of 5075 records,
quad:hi afetorienitncludvigwa ofespee t NOBOEEL SdFepdiedbiad and

QO LA Ly 1 L e pf pKa daweyeh el ageeiteters

suc a sol utloﬁﬁﬁg not be qU|te efficient in view
thfatt harﬂemm)tls:azle eequi riy; @pbilgodrPlHeRtiapsy such as

t@ﬁﬂf §ﬁjpmd% fﬁ% cupation paraneters that are
ica : )il e applications such as 10 UMIS

mobi IImgl@mmmatng t[kwplraf@ﬂarrtga tehleg ot @rendesar foed t him the
RIS EENs e Thator T evarit 12 Phe possy bl e that
exadriiest oth& poes5HBIE, velelesunberK okredBOférn erthe avonlder of
LR P L 0 20, 50T gy 88l so7s
e santypadqyiefe gt lertwdibmtt 200.

. As a result of this, a presently preferred embodiment
of the arrangement shown herein provides for the wmemory
comprising the look-up table considered in the foregoing
being split in two different memories or memory areas,
namely:

- a first memory area 20 essentially including
storage locations for pointers addressed by the K value;

- a second memory area 22 including (second) records
for respective, different interleaving parameter sets,
each addressed by a pointer.

The number of such (second) records will be smaller
than 5075, and in fact limited to about 200 (that is the
number of possible different data sets resulting from the
implementation of the algorithm defined in the
Specification).

The arrangement will thus permit to identify, for
each given value of K (5075 possible values), a

corresponding pointer to a  respective record (i.e. a
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of the arrangenent shown herein provides for the
menory conprising the | ook-up table considered in the
wo eooe@sionyy being split in two different menor PEFEPR2002/014320

menory areas, 20 nanely: - a first menory area 20
essentially including storage |ocations for pointers
addressed by the K value; - a second nenory area 22

i ncluding (second) records ®or respective, different
interl eaving parameter sets, 25 each addressed by a
poi nter. The nunbper, of uch second) records.w |

b
rSPRSEL Ve 1BRE 58 51115&& CAVERS RITRISFLY aBButtlhfoggecond

ety is-ddhe  nunber of possible different data sets
resultln fromthe |nplenentat|on of the algorith

def i néd FWEthRr SPeBped ARG . Eifie PH éﬁgﬂPrements

e Ihd RUS R thdt dfatdd ohd Poireashs gflli/BD &red uq: Oio be
K (5075 possi bl e values) a correspondi ng po

ntesheknt | ¥ eg¥eebrd erd @T ANWDRZOOEMSIEo9 R rkus OrderlY

é;g 24 P02{ 01432 rQ§Peﬁah¥@eﬁ€tﬁHlﬂﬂHﬁH'E&Vhﬂ@ the same
para ters |n t e second” nenory area. A further step

mqu%ﬁﬂanﬁ}qanirhﬁﬁﬁy“ﬁ%ﬁulrenents can be taken by
noting, fhat. 1 déjoé%el%ﬁe%!a!i end ARt e p 15 tS AL tnemory

in a’‘growng or menory, and thus order]
areaan@ed intgrdups etbagipdéent cgmpméfe@ habi mg: t HeB (Most

Sf]l&l’alft{@?s 9@ fé?lﬂﬁﬁ%%&lén(wgbulghb%af %é‘ld’lr£ 1G] bﬁeast

er’ spli e nenory area 20 into two
sngnmctmtccﬁrm seut feramavBRY M¥e. 10 Significant

2 ) APTRUBL 20 CLEC 2R A b (b2t muper of
MIE ﬁmraﬂgenpnﬂntarglWénrnumb$ﬁnmé UhaaiixﬂttWWQ bits in
QOIntSéfn ég{ cnStggcgeEg%mghE%tH§M%é%§§%1ﬂb the value of
K with a number of thresholds in a group of comparators
201~ 202, 203 and combining the outcome of these
comparisons in a logic unit 204. The remaining, least
significant bits (LSBs) can thus be retrieved from the LSB
memory 20b, whose size will be correspondingly reduced.
For instance, in the case considered of 5075 different
values for K, the size of the memory 20b can be reduced
from 5075x8 bits to 5075x6 bits since the two MSBs are
already determined by the circuit 20a.

By way of example, the thresholds of comparators 201,
202, 203 may be set at values T1l, T2 and T3, respectively,
with Tl lower than T2 and T2 in turn lower than T3.

The range of possible wvalues for K will thus be
partitioned in four portions or bands. T1 will be the
upper bound for the first band, while also providing the
lower bound for the second band, such second band lying
between Tl and T2. The third band will lie between T2 and
T3, while T3 will also represent the lower bound for the

fourth portion or band.
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each pointer) can be determ ned by conparing the val ue
of 15 Kwith a nunber of thresholds in a group of

weoeopasavors 201, 202, 203 and conbi ni ng t he POUL/EPIMB2/014320

of these conparisons in a logic unit 204. The

remai ning, least significant bits (LSBs) can thus be
retrieved fromthe LSB nenory 20b, whose size will be
correspondi ngly reduced. 20 ®Bor instance, in the case
consi dered of 5075 different values for K, t he size

of the memory 20h can, be reduced. from x8 blts t.o
507556™BPEE TS ndd'§ helPb*VeBs VArd'e al? ad HErfiSed the

Ry 1Gd et 80a.aBy way iof exaprletotbe Z(Ihll’ egsbolkd® and
of conparators 201, . 25 202, 203 may be, set at val,ues

Prioceps g the resydssi vof y Cheyi ¥$PRaCt bfer COMRGFFons in

Az 104 lehO\&%f‘exfe'meTﬁeJ@etbamaﬁn@sm bhe one of
values for Kwll thus be Eartltloned in four

t,bmaa dimiprbandRisand 19eRerapengh¥alysse? boia ot F#é 11-
srlp%tchea}sgg Whid g aligp prQyd dipgisd hes 80 ¢euer cderdsbonding

ond band, such second band |ying between
phiirdgey . T2. The thi rd band will |ie between T2 and T3,

whi | 3 S nt b t
0| S Pl SRR e bRUaeat s e

deQpER2AD 2114320 Conparing the instant value of K
agai nst _th

501 to do0FiE ﬁtesﬁegdsséﬁs%g%vé”dc thgf #)ﬁp@ﬁatn%%er of

Snd br6cessThg the Tesul ts
irtesyect (Ke dnnpabe sonstemlea:\ra:@uﬁe Pogew ¢dveder eporderive

SR (oA G e S04 Jeneespincers,
ot the t wo I\/BBs of the correspondl ng poi nter. The

D AR S S5 L0280, Lot iSpperein che
QiM@n:ﬂMﬁbﬁmlﬁﬁ, least significant bits of the pointers.

. Of course a lower or a higher number of MSBs can be
determined by the circuit 20a, the main aim being reaching
the best trade off between memory occupation and
combinational logic complexity. |

In order to reduce the computational effort required
by the subsequent modules included in the interleaver,
other information can be stored in the memory locations of
the memory 20.

For example a binary flag that is set to "“1” when C
is equal to p+l.and K is equal to R*C can be useful to
generate the output interleaving addresses without any
extra complexity. Incidentally, such a Dbinary flag
essentially corresponds to the bit designated Type D in
EP-A-1 195 910.

Adding such a flag to the records in the wmemory 22
will generally lead to an increase in the number of such
records, in that otherwise identical records may have

different values for the flag.
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items (K) to be interleaved/ de-interleaved to derive
therefromthe (two) nost significant bits of the

w@eioansiws2 and - a further nenory unit 20b havP@LEP2002/014320

stored therein the 15 (six) remaining, |east
significant bits of the pointers. - O course a |ower
or a higher nunber of MSBs can be deternm ned by the
circuit 20a, the main ai mbefthg reaching the best
trade off between nmenory occupation and conbi nationa
Ioglc co IeX|t 20 In order _to,red

et .
conpUtsRs f OTRTF R r 8T bVt hgﬁ"seubgfe%lejﬁ?ants show

Hegules thst vdedehnihhentigt alsegveathe rafiisr of records in
i nformati on can be storedlnth menor [

t‘t% FEFOLY 282 Pl lexBfpl &L 4B har y1¥ | éélcg‘é%:' 3 S&Z{O and

idalWpene&ua s té egual t@np+oonpd-ieds egpalthe 5075
C can be useful generate the output interleaving
GifefFesaes VEtERutt %yK) extra conpl exity. Incidentally,

such @ binaf 19y #1338 t18SSeht & a&f sPsmesepsdsehertbedbby the
desi gnat ed e Din EP-A1 % 910. 30 Addi ng,such a
IT@@lgl@F ol@del H’cl@%%ﬁ oBTre nlltlhﬁaﬁ’én%*??r?@ AR FFSBEHEFXFI ?ecords

%ﬁaghéo Bhok gC§§§SetM% g, undery é%mé%&%hoﬁ 8t €d8rnkNmust

af otherwise i déntical records ma have different
val gepfivedt he flag. WO 2004/ 055992 14

PCT/ 0 2Q Expe ts edy out; e
Appl %%%t?g#gt\?v %ﬁlo%evé?mgﬁatvggéé{ﬁ in thﬁ{yggge l?ﬁga o

pembetaoionepacdsrin  Adveonding yto2 thie | sthandard hpwcedure
e e e R T T
Statdrngsf genet-heedsers of paraietesigenseguedcpythhe uses
Todyte 108 ({hesg. 850k TGS O BT A LBSREF ENE carlier
stages of processing (that is, in the embodiment shown
herein, the first module 10a).

In the arrangement shown herein, the pseudo random
sequence (a*b mod c) is generated in module 10b by using a
linear algorithm involving no multiplications or
divisions. Such an algorithm is known in the area of
cryptography as witnessed by the article “A Modulo
Multiplication Hardware Design”, by Adnan Gutub - Oregon
State University - Electrical & Computer Engineering
Department - ECE 575 Project Report - Winter 2000.

Moreover, in the standard procedure defined in the
specification 3GPP TS 25.212 V3.5.0, in order to have a
different permutation for each row, the s vector 1is
addressed by a pseudo random sequence and the seeds of the
sequence are different for each row.

Specifically, the algorithm described in the
specification includes the generation of a sequence (r
sequence) of seeds starting from another sequence (g

sequence) of prime numbers.
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in the nmenory 22), two kinds of pernutation patterns
must be conputed. 10 The first one, naned vector s,

WO 3004l08599Nt ra-row pernutation pattern. Accor dPOEPIN2/014320

t he standard procedure defined in specification 3GPP
TS 25.212 V3.5.0, this vector is generated as a
pseudo random sequence that uses as the initial seed
the value v provided by the &arlier 15 stages of
processing (that is, in the enbodi nrent shown here-in,
the first nodule 10a). In the arrangenent sho

her ei®s PPROFRBUBBCF§RBomM s ddiferier TH P T %IEOY"Q herein,
geneyal eguiicdooyl 81408 by Usbadydcnblibeaheabagblitalion of

I nvol'ving no nultiplications or di vi si ons. Such an
hgori sRAIEBCRAORAMPA Vt Ifxcheewisglo Sy edraphy hbe intra-
| tnesse t ' "ﬁiggd Q gMuliiplication
%g%dﬁgée P%?gﬁsvaééfﬁgﬁ%% tugg- Oregon State
Uni veTlsis y optEmdsiatiical &l CowputwaadrgicheEhengsame results
Depar t ment, - Pr qj t 5 MLNt 20Q0. ;
TEFERUET i (RE'SfSnaaba hPbaohare ASirmed rn the coovion
specificat2oens BGPPoIS 25h212 \B:BR 0, TH ordeér2i@d have.5.0.
%@ di fergntnpernutation for each row, the s vector is
A7 5383 by a pseudo random sequence and the seeds of

the Beguanameddkeedi fébeeatcéorthdachisowhe3operation that

Specifically, the algorithmdescribed in the .

§%%EFF?%atFéﬁi|ﬁﬂQHﬁ%FQhe4@@@enanioﬁ9ﬁ Be seGUBAGECER  to

sequence) of seeds starting from anot her se u%p%%_&q

BeHUBR_EIOBT LPr MAES nERBePEIURBFS00UIp55892 SUC a

PCT/ EP2002/ 014320:15_ As opﬁoseg thereto, in'the

ar F sy Eméat shown®hetein: Ft fe g sequence is directly

used without the conputation of the r sequence.

Siﬂnéyeeﬂqﬁﬁnﬁ%pg#thfsonﬂﬁg ohttherbnt rpermovaahon pattern
r

i nter-row pef ions can do this. 5 This

QpFi AkgakkoRhal lpws gfeatd Nfpdiheksade oesphtserns shown in
table 3 of 3GPP TS 25.212 V3.5.0. as a function of the
number of input bits K.

This approach ieads to avoiding an unnecessary
reading procedure from a memory (not shown) in which the T
values are stored.

The sequence g can be generated by reading a prime
numbers table, and a little 1look up table for the
management of the greatest common divisor operation
described in section 4.2.3.2.3.2-(3) of the 3GPP TS 25.212
V3.5.0.

Again, for immediate reference, the operation in
guestion assigns g = 1 to be the first prime integer in

the sequence (g;) and determines the prime integer g;

iefo,l -, R-1}
in the sequence (qkaL"m& to be a least prime integer such
that g.c.d(qgi;, p - 1) =1, gi > 6, and gi > qu - 1) for each

i =1, 2, ., R - 1. Here g.c.d. 1is greatest common

divisor.
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wi thout the inverse pernmutation described in section
4.2.3.2.3.2-(4) of the 3GPP TS 25.212 V3.5.0.

wep@aiofioent i on. For i medi ate reference this iBCT/ER2002/014320

operation that 10 requires the sequence (q;)iEo,i;

,R-1} to be subjected to pernutation to nmake the
sequence (ri);E{0,1, ,R 1} such that rT(i) =qi, I =

0, 1, ..., R- 1, where (T(i¥®hE{o,t;,x-i} is the
inter-row pernutation pattern defined as the one of

the four kinds _of patterns shown in_15 table of..3GPP

TS 25Perifisad 1y, adta ket EEHC& L o%lgure 4

ﬂéﬁ&ﬁeﬂ&ésnﬁmefags AP PIrRAG! ﬂéﬁ%& 50 Evsukli RBa&) starting
unnecessary reading _procedure froma ry. (.not
gy e nPdRrBRCe e FerddrdedTare %r@@‘zol%e generates
JHRAUENSE: G- £ang be ggnepat edrhyer eadidid s prdf® stored in
nunbers table, and a little | ook up table_ for the

TRERRENSR WNate Rediesdesmmaliedi 3 sthdoperati on

descryied 10 Sepdt O 4nd- 318c3. debd3hn@lekhe BGH IS that
25.212 "V3.’5.0.” 25 Again, for inmediate reference, the

opetrenswis i he dinktowinaseebusieesEia: to be the first
pri igt@ger in the sequence (q;~ E{o,i; ,x-~} and
det er'tfi ne %ﬁe prinme integer qi in the sequence (q;

) E{ qul 5 sprqiimbb@®) @ | east prine integer such that
g.c.d(gi,ﬁﬁﬂ? 1 QE/&, g >6, and gi > q(i - 1) for
eachB0=f{Us 1, 2, ..., R- 1. Here g.c.d. is greatest
conmmo di vi sor 04/ 055992 16 PCT/ EP2002/ 014320
SpecV%#%%?+V?"Tﬁ*$€%%glock di agram of figure 4,
reference nuneral 30 designates a block that, starting

fromthe paraneters derived fromthe bl ock |oh, . o
genereéiteise s, d, and p are the entities already identified

in the foregoing, X, and X, are row and column indexes of
the matrix before the permutation operations, i and j are

the permuted matrix indexes, U, is the intra-row

permutation parameter defined as «Go»ﬁbbnﬁﬂ in the

Specification, and f is a function of U, which implements
algorithm steps as described into section 4.2.3.2.3.2 -5
of 3GPP TS25.212 technical specifications.

The output of the block 10c.is represented by the
interleaving/de-interleaving addresses to be used by the
turbo codec 14 (see figure 1).

It will be appreciated that the technique described
herein for obtaining the interleaving parameters such as
R, C, p, v, flag (TypeD) directly from the wvalue K 1is
adapted to be used in conjunction with other arrangements
for effecting inter-row and intra-row permutations already
know in the art.

Of course, without prejudice to the underlying
principle of the invention, the details and embodiments

may vary, even significantly, with respect to what has



the vectors s and . These vectors are stored in 5
respective nenory bl ocks designated 31 and 32.

wo-20valob3992 r ef erence 10c designates a bl ock thaPCT/EP2002/014320
i npl enents the followng relationship: Xr = T(i) UU =
s(j *q(i)nmod(p-1) 10 X = f(Ud Address out = C Xr +XX
where s, q, and p are the entities already identified
in the foregoing, Xrand X, af® row and col umm i ndexes
of 15 the matrix before the pernutation operations, i
and | are the pernuted matrix indexes, UU s the .
bernt adeedriBefmbirati®h Bhr SFEIRL SIS Red WEERRET) fepaTEing
£h6n dEEOslope GrllcmpechitptibANasamfiried b UBBéi @Naims
of UU which inplenments algorithmsteps as descri bed
ihate Bektewn 4.2.3.2.3.2 -5 20 of 3GPP TS25. 212
techni cal specifications. The output of the block 10c
is represented by the interleaving/de-interleaving
addresses to be used by the turbo codec 14 (see
figure 1). It will be appreciated that the techni que
described 25 herein for obtaining the interleaving
paranmeters such as R C, p, v, flag (TypeD) directly
fromthe value Kis adapted to be used in conjunction
with other arrangenents for effecting inter-row and
intra-row pernutations already knowin the art. 30 O
course, without prejudice to the underlying principle
of the invention, the details and enbodi nents nay
vary, even significantly, with respect to what has WO
2004/ 055992 PCT/ EP2002/ 014320 17 been descri bed by way
of exanple only, without departing fromthe scope of
the invention as defined by the clains
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that foll ow. WO 2004/055992 18 CLAI M PCT/ EP2002/ 014320
1. An arrangenent for generating addresses for

WO paoe/0b®ari ng/ de- interl eaving sequences (X, PCI/EKRBN2/014320
---, XK) 5 including a given nunber (K) of itens,
characterized in that it conprises at |east one
menory unit (22) having stored therein a plurality of
records, each record being ndicative of a respective
set of interleaving/de- interleaving paraneters (R C,
p, v) corresponding to at 10 |east one val ue of said
gi ven nunber (K) of itens generated by said at
| east one value. 2. The arrangenent of claim1,
characterized in that each value for said gjven
numbér (I@)ﬂ ofali’lft@“r%ef‘i‘%retnt|$%n99§§e5a1561719e36%96‘| §e§‘et

?;E?x %ﬁ%% /%le( I%nt%rll%av\i)n OfeqGORAEEUCH:ENgxE MBALT LY  xk)
rranglng sai d uences and affectin
1mtlmallrﬂeaw @nglwﬁnermmiwrpe t &L oH-Yps saFB‘arﬁ‘ﬁttf%chzleé in

tglglgerfé © %n@gﬂg’étsedat?uﬁ@yst”%ﬁé XpbRbrgenaiat i ng2) Saia(irlng

resses, respective Sets of said paraneters (R
sk@xpe,d vljh@r@uaval pébtrela§Yr sforescorisai gagh Iréaé‘é)trdor%emg

LNt i bl e valyes gfrS@idhving/de-
l& el mumber® of ()LrGES%(eIf)tﬂ%Sés e arrangenent of 9/
1®itmrmehmmg:lmmrﬁeteﬁ$ ¢Rar 8¢t ari 76d CATEREPONgREY to at

e of osal Ve r eht &R &NBE items and
@3\% QB4 |ndlé“tqeg| vgnné’r%gd;e SVal'ues, saltzd at | east
RiermEl owsdid 228) hesta mbﬁ‘rb@fllm‘ said records
stored therein that is substantially smaller than said
gi ven range of values. 30 4. The arrangement of claim
3, char agteerdmethdemdritatof edchirsal d elerondténized dimtthat,
ééﬁﬁtvégﬁg g?r ag I%igzz)number (K) of items identifying
a corresponding set of parameters (R, C, p, Vv) for
constructing a matrix (RxC) for arranging said sequences
and affecting intra-row and inter-row permutation of said
matrix to generate a permuted output matrix for generating
said addresses, respective sets of said parameters (R, C,
p, v) are available as records in said at least one memory
unit (22) for all possible values of said given number of

items (K).

3. The arrangement of c¢laim 1 or claim 2,
characterized in that, the value of said given number of
items (K) being comprised in a given range of values, said
at least one memory unit (22) has a number of said records
stored therein that is substantially smaller than said

given range of wvalues.

4. The arrangement of claim 3, characterized in that
each said record in said at least one memory unit (22) 1is
identified by a respective pointer and associated with

said at least one memory unit (22) is a pointer retrieval
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identified by a respective pointer and associated wth
said at |east one nenory unit (22) is a pointer

WO edoiosssat WO 2004/ 055992 19 PCT/ EP2002/ 014320PCT/ER2002/014320
(20) configured for generating for each value of said
gi ven nunber of itens (K) in said given range a
correspondi ng pointer pointing to a respective record
in said at |east one nenmory'®unit (22). 5 5. The
arrangenment of claim 4, characterlzed |n that said

ointer re eval_.circuit_ (20
4%Hﬁbl%eﬁ%é{:9énﬁégé5Fg 4%r$?1 er 0 foFe ‘%ﬁé%%fue of
Sierd veivber efebea st Qf:efmest (%) griirf | santl dlvéat saglge a

said pointers, and - a respective nempry unjt (20b
Q%; G PPRBEET nPPR %ﬁgﬁaﬁﬁ?na ggétldé gcord in

S iNifd casdsbi dise Ghers@d upid N{ETs. 15 6. The
arrangenent of claimb5, characterized in that said

circuit (20a) conprises: - a plurality of conparators

(201,5 202se 203)ah§emERAPBEE c3alich G Veshanudesr Died t EnMBthat
(Ky.with a nunber of _given thr sholds and 20 - a

Jeoigt PuUrEeY 230%‘§r¥%‘fajeo<ﬁao‘r”<ﬁlilh"g PR) oTPEBRESSE: t he

conpari $0Rpg ekl e RYt ddhSal & oppaatiar g, n@@Ber of
203) and derive therefromsaid set of nmost significa

L
IﬁQ@SoﬂKéaHHDp@@ﬁ%@@st95r¢fr?WeEhr?ﬁﬁgéﬁ%ﬁFD% EF&P lcant
ggtghgéq§g ﬁ% §fnidrthafrgsaid at | east one nennry

uni t rises, for each said record, at |east
one f*agaS|§©%Pe¢©kV©g BeBOBY aunitrst20P) ahavang stored

Seclgglgn(]t)hé 0giGal; M3 I)e \}\%ng flagnbeifgntsedidd H dsaid

| ogi cal val ue en said given 30 number of
poemeef&K) for the corresponding record is equal

6. The arrangement of claim 5, characterized in that
sald circuit (20a) comprises:

- a plurality of comparators (201, 202, 203) to
compare said given number of items (K) with a number of
given thresholds, and

- a logic unit (204) for combining the outcome of
the comparisons carried out in said comparators (201, 202,
203) and derive therefrom said set of most significant

bits of said pointers

7. The arrangement of claim 2, characterized in that
said at least one memory unit (22) comprises, for each
said record, at least one flag signal taking one of a
first (0) and a second (1) logical value, said flag being
set at said second logical wvalue (1) when said given
number of items (K) for the corresponding record is equal
to the product of the number of rows (R) and the number of
columns (C) in said matrix and said number of columns (C)
in said matrix equals the value of the parameter (P) used

for said intra-row permutation plus 1.



10

15

20

25

30

to the product of the nunber of rows (R) and the

nunmber of columms (C) in said matri x and sai d nunber
wobkongobisons (C) in said matrix equal s t he val peT/@P200bye14320

parameter (P) used for said intra-row pernutation

plus 1. WO 2004/ 055992 20 PCT/ EP2002/ 014320 8. The

arrangenent of any of the previous clains,

characterized in that it co®rises arithnetic

circuitry exenpt fromnultipliers and dividers for

generating a 5 pseudo-random sequence of the type (a*b

nmode c¢) for producing a permutation pattern for use

in S@' d Plrﬂér%xrx%\ﬁ geRRFUtaf | @y 9of TltelearpaaaQEth cdfalms,
any of e previous clainms, 10 character]

chiar liged f instthatd sBcGIRFEaAR ai"‘r”bﬁhﬁlﬁ EJFesCJf]?ﬁultry
egc%rm ol %ngs%gltﬂéiﬁefgwaﬁ{m $ahd ddrid eFol-OVWgenerating a
ta

ions, and hat said nodule for _performn £
pasraauda:tmandﬂm peremeadeon ofs BRPang¥BSupstfBantoof saf d “°F

O%Lljlc%. %geﬁ@é%ﬂu{'&@?oﬁ LRe PN PBrMUkatl iieNn.salil htra-row

P A 9, characterized in that it
peamprbisgeioran i ntra-row nodul e for produci ng a sequence
(q) for performng said intra-row pernutation, sai d
intra- row nodul e being configured for assigning q
1 toche The 20rfangemert mefi mmsgepti ki @r§éf(}@é1ﬁcedalms'

and determ nin e ari Of 1 +8c t hgng d
15 De &’ Ig%%%{]prﬂne@?lﬁ eﬁ%ésuch that the .
ﬁﬁl'@ﬁil@omMuMSllﬁ@r Léeqrfqrrplng 1yaid intyp-s06, apAgsaid

%qé%‘ﬁge?%]fﬂ‘utb?gg&g?‘lm E%Hdchar ac%%?lgez e%&ldzsm%&?le Forx
St £ i fig- éﬁwlme:cﬁfonperm@tsatloa pei rerrandgRd supstream
cheierd gioaha £05 PeBEoTh tan et Tor E b ber i o™
ar eat est conmon

- 10. The arrangement of claim 9, characterized in that
it comprises an intra-row module for producing a sequence
(q) for performing said intra-row permutation, said intra-
row module being configured for assigning go = 1 to be the
first prime integer in said sequence (g) and determining
the prime integer q; in the sequence to be a least prime
integer such that the greatest common divisor (qi, p - 1)

=1, g > 6, and q; > g -1 for each i =1, 2, .., R - 1.

11. The arrangement of claim 10, characterized in
that said intra-row module comprises:

- a prime numbers table for reading at least the
prime integer therefrom, and

- a look up table for managing the greatest common

divisor operation.

12. A method of generating addresses for

interleaving/de-interleaving sequences (X1, Xz, X3, Xk)
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30 divisor operation. 12. A nmethod of generating
addresses for interleaving/de-interleaving sequences
W@ x4/05992 X3, ..., XK) WO 2004/ 055992 21 PCT/EP2002/014320
PCT/ EP2002/ 014320 i ncluding a gi ven nunber (K) of
items, characterized in that it conprises the step of
- generating, on the basis gf at |east one value of
said given nunber (K) of it@ﬁs, records indicative of
a 5 respective set of interleaving/de-interleaving

.par aneters R _C, - Stori ' . .
1ﬁggggggﬁée%9%%y§gLnlnt%%idﬁggtoﬁﬁfgéﬁg,(ggkrb@téklzed in
tTgti%ke&ﬁm@gﬁ@esiMherbea@iwé paraneters (R, C, p, V).

. The t.hod of_cl.ai . C ef{ LRt Raty,
each ™ vEAUEFor 6hi :%i%gén%ég &r ?i?ﬁ%fié%gﬁsbﬁe RRllue of
shdantd fydmgnuabesr r@pontli hgeset ofeqrardaeirdscgRive, of a

p, v) for constructing-.a_matri I '

B osdqe it ChndnirrbeE AGo HE AT SR e e ters
(R@{ﬁﬂ{@LIQﬂJOE?ﬁBid 15 matrix to generate a pernuted

out put matrjix r.generati ai d addresses, i .
conpri SELTHY SF%%) o?‘nnﬁ&i ﬁ%arszcsp%%? i Ve st gn&?: S set
oar aRh A fiRg MBe Anter lavatilap e renatacos dR, i®, sai dv) .

at least one mermory unit (22) for all possible values
of said given nunber of itens (K). 20 14. The net hod

of chaji m3Re OpeshatimdiB, cthamacier i gedratterhatd tihe that,
val ue of said given nunber of itensg (ﬁkibei

eoopriakee | For gRvendt¥RBe HFIDRA UY cho% i idgrfikying

St x%frs,}t&{d'%i%e%ai drat pheask ib, (2

a e il ; p tehe MERQrycyni b,(22) for
a g% nunber of "said records that is substantia##y
cemstmrctinm asapgrgry eR¥AngEoBf 2FEPHEINI FaheSeduences
éﬁgr§¥ké%tf% I 4, _chRr agkerinded- by Rrinitation of said
conprises t steps of identifying each said record in |,
matrix to generate a permuted output matrix for generating
said addresses, it comprises the step of making respective
sets of said parameters (R, C, p, V) available as records
in said at least one memory unit (22) for all possible

values of said given number of items (K).

14 . The method of claim 12 or claim 13, characterized
in that, the value of said given number of items (K) being
comprised in a given range of values, it comprises the
step of storing in said at least one memory unit (22) a
number of said records that is substantially smaller than

said given range of values.

15. The method of claim 14, characterized in that it
comprises the steps of identifying each said record in
said at least one memory unit (22) by means a respective
pointer and generating for each value of said given number
of items (K) in said given range a corresponding pointer
pointing to a respective record in said at least one

memory unit (22).
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30 said at |east one menory unit (22) by nmeans a
respective pointer and generating for each val ue of

wa@ a00d/0s599EN nunber of itens (K) in said gi venPCBHEB®OA014320

correspondi ng pointer pointing to a respective record

in said at |east one nenory unit (22). W 2004/ 055992

22 PCT/ EP2002/ 014320 16. The, met hod of clai m 15,
characterized in that conprises the step of

retrieving said pointers by: - deriving from said

gi ven nunber of items (K) a set 5 of nost significant
bits of said pointers, and - storing the remajning,,

| eastlési giihei geatthast t of ofclasia d1§®| rﬁ@%aqi‘helélzed in that

éﬁ?ﬂ¥%§é§%¥gfﬁggﬁ>ln 55 é¥¥8v1ﬂg ﬂEE&éﬁb laim

charac 10 conprlses the steps of :
- comoaiengvz(r@lfrczmzsamwlgendngmbew efnbdemst (K) a set

i ntlg r%l%%rﬂ::rgr@esu % f&]aﬁg%{%@%ﬂ songOI i201

202 208} otrdnderthee rdareaemnm s@aﬁ@etswwﬁs@amsblts of
ific nt blts ofs d of
RS QDA Rl oyl (000

Hardeteri? cOnpri ses the step
of storing, for each said record, at |east one flag

si gnal_tak} ng of a_fir 0), ;aand_ga.

| ogi cal - &:hﬁ n@?%;ffjgg IZ?Jhré )sle6t’ %%fg%légggggd(]l)n that
?&@)ﬁﬁ%eyatm@ éﬂé%g\/rtem sai ddgl ven nurrber of items (K)

or the correspondin reco [ ual the ro t

of the SHESTIGE r {9k1(R)? ?ﬁgqnuﬁ%eg 6o uqrrlglg“ber ot
:(é‘én&s n(zfﬁawﬂtztgvé rmmlwétd SR ?ﬁembefhrﬁéhobdimmswﬁq in

said matrix equal s t al ue of_ the parang

used for GRRERIRT al2 9‘6{7\/ ﬁéemﬁ%t?‘rﬂo’ﬁs pPEs S_Lalélgcosf‘ﬁérlsons
eshod ofs angosh the RIS teleRicFaol? 5Qidl8&set of most

characterized in that jt conpri ses the step of
significant bits of said pointers

18. The method of claim 13, characterized in that it
comprises the step of storing, for each said record, at
least one flag signal taking one of a first (0) and a
second (1) logical value, said flag being set at said
second logical value (1) when said given number of items
(K) for the corresponding record is equal to the product
of the number of rows (R) and the number of columns (C) in
said matrix and said number of columns (C) in said matrix
equals the value of the parameter (P) used for said intra-

row permutation plus 1.

19. The method of any of the previous claims 12 'to
18, characterized in that it comprises the step of
generating a pseudo-random sequence of the type (a*b mode
c) for producing a permutation pattern for use in said
intra-row permutation, said generating step being carried
out by means of a 1linear algorithm exempt from

multiplications and divisions.
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(a*b node <c¢) for producing a pernutation pattern for

WaQs@4i06599ai d i ntra-row permnutation, said geneP@l/ERZP02/014320

step being carried out by nmeans of a linear algorithm
exenpt from multiplications and divisions. WO
2004/ 055992 PCT/ EP2002/ 01432Q,,23 20. The nethod of any
of the previous clains 12 to ™19, characterized in
that said inter-row pernutation is perfornmed before
said intra-row pernmutation. 5 21. The nethod of claim
20, characterized in that it conprises the st ef of
pr odu@iong Thsepeepe@ ©f) dr Oﬁ)egg@r MARY Y claims 12 to
iLRtras [ , id i.ntra-r 1 I ' ; :
e R e T e
penfernedepefone saild sedquencew @erand adatadyni ni ng
the prime integer gj in the sequence to be a | east
prime integer such that the greatest conmon divisor
(gj, pl. Dhe methay of 6¢laimd 3P, >chbiracteyrifzed dachhat it
=1, 2, ...,..R- 1 15 . A turhao _encoder_ | in
SOPEASEEHne ho asrj?epl ntogfrzl ggvogjucgr{l@e a ade-glen#%%ée%ve ) for
medficasmise d satid edsit reneowrothdmenitredd iwdi ng said intra-row
arrangenent_for nerati.ng_addresses . according to a
G nReing o %&l@blr% oY uPFS 148 er 9y ncl 3di?1% g%é the
lFaasi opeimd anteqdtefiheavalrd agdqaeies i Nger ledl edetermining
nodul e, said at | east gne _nodul e including an )
dPCarRjetht 1RbRIGENEE at PnGPEdRFSEERCe dkoPli Ay 1S3 Shyprime
Qfn te R Bl Otﬁét.@ﬁezﬁreétégﬁp%b%o@f QURAMJY OUHGt p - 1)
directly |oadable in the nmenory of a digital conputer
and /i riel adPngaBef twer edicode Tt t9asth flor= per for ming® — 1-
the nmethod of any of clainms 12 to 21 when the product
is run on a conputer.

22. A turbo encoder including at least one of an

interleaver and a de-interleaver module, said at least one
module including an arrangement for generating addresses

according to any of claims 1 to 11.

23. A turbo decoder including at least one of an
interleaver and a de-interleaver module, said at least one
module including an arrangement for generating addresses

according to any of claims 1 to 11.

24. A computer program product directly loadable in
the memory of a digital computer and including software
code portion for performing the method of any of claims 12

to 21 when the product is run on a computer.



