WO 2004/ 055992 PCT/ EP20021014320 ADDRESS GENERATI ON FOR | NTERLEAVERS | N
TURBO ENCODERS AND DECODERS + +t 5 Field of the invention The present
invention relates to techniques for generating addresses and was devel oped
by paying s@@Chddiseeat tention to the possible applicati ogcdEpaogain1432
interl eaving/de- interleaving nodules. 10 A preferred application of the
present inventionis in third generation nobile comunication systens, and
nore to the point in the inplenentation of the turbo decoder nother
interl eaver described in the technical Specification 3GPP TS 25.212 V3.5.0.
(2000-12) Rel L?% SCr iR 4 frpt rg t afd beEdIRRENCOdEr S
a conponent @ggﬁsn&g&h‘e ecgm%n%ﬂéatﬁ%%ﬁegis?jn}%B\%%N%b?%(ras pur pose of
re-arranging the information to be transmtted, with the possible 20
addition of control codes, in such a way that the effect of inpairnent
sources adversely affecting transm ssion can be conpensated by nmeans of
conpl enentary decoding at the decoder. Exenplary of teleconmunication
systens adapted for 25 enploying turhbp gncodi ng/ decodi ng schenes are
systens adopting the so-called Universal Mobile Tel ecomunications System
(UMTS) standard. KRegleéleherites iinvengdibo encoders /decoders (as defined e.g.
in the 3GPP TS 2 2 i.f.J catl .ar e - 30 ¢ :
i nterl eaver/ de-i ﬁ?%%l v%%l{ﬁ ngtnlsv% lgj%lat %gﬁag Ssu\‘(g Zé%%grgkque%ssenfﬁral |y
provi des forgeheratieg afldtéeses|ambnas \Wevalnped bnfranmg espddifis)
{ ncl uded in a.0bYEDnPLECKR pheRTbTe Kb PECIANIET AREOFHLAR ) -
predet er m ne aw.

interleaving modules.

10 A preferred application of the present invention is
in third generation mobile communication sy%tems, and more

to the point in the implementation of the turbo decoder

mother interleaver described in the technical
Specification 3GPP TS 25.212 V3.5.0. (2000-12) Release
15 1999.

Description of the prior art

y:\ turbo encoder is a component used in
telecommunication systems with the purpose of re-arranging
the information to be transmitted, with the possible

20 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

25 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-

30 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 X to be changed according to a

predetermined law.



WO 2004/ 055992 PCT/ EP2002/014320 2 In EP-A-1 195 910 an interleaver is
di sclosed for use in a turbo encoder for UMIS apparatus. The interleaver in
guestion includes a register for updating and registering a plurality of

par amet er s Woroaaissidong an operating 5 condition of the |pﬁ1e,§ﬂ2@@)(,e;320a
controller for generating a control signal for controlling an operation of
the system by receiving the operating condition fromthe register; an
address cal culator for generating a finally interleaved address usi ng an
inter row pernutation 10 pattern, an intZa row permutation pattern increnent
arrangenent value and an intra row pernutation basic sequence provi ded by
the regi ster accordi ng to the control signal generated by the controller;

T

and a data storat@ Aghgteht9d 1ap dnGPrhGaUarals n%h?c%%sef%efcmr"tﬁ? 15

encoder and gyt pUtuBe dakadee F8EPORES NgppLrdfies AdtH&Stnt &enaraired Py t he
address cal cul ator. Such_an arrangepent is thus_based on an interl eaver

t hat incl udeguﬁsFé@Psf‘BFlFG?squé ghgtendt e girdaling and pFediftuing

interl eavi ngapamu@b@ﬁey(l o€ bBQaﬂét@ﬁé KeF 28ettinyg data dpermsimnd those
par amet ers desi gna ted R, and TypeD) for settl nlg?an oper at i ng

condi ti ondof PR 1tiLﬂ]E1ePfe§%?§r 1n“FﬁF§e%Y‘?’6'r Ar PO LT s Sk ed on
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outside the device. 25 Therefaore, such prior art docunment fails to _teach how

to i npl ement SYALEMt PY efRTSIHE%] RhEhePRHA NSy CRFIIFAPANEEEPR P be

dynanmi cal |y aedikaeidl ﬁnamze@,s &l cullatotakker Heheataamdt Posmdills
variations in the_nunber dﬁ | nput . data itens, which may in fact, vary even
with each 367pSEkERVEEi nGArSASm LELRT | A™ LAWtEEst T bi BERE S i WvIS

turbo degodepattby¥n, an intra row permutation pattern increment
arrangement value and an intra row permutation basic
sequence, provided by the register according to the
control signal generated by the controller; and a data
storage for sequentially storing data input to the turbo

15 encoder and outputting data corresponding to the address
generated by the address calculator.

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

20 input data items, and those parameters designated R, C, p,
g4 and TypeD) for setting an operating condition of the
interleaver. This prior art device is therefore based on
the assumption that these parameters are generated and
obtained from outside the device.

25 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

30 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



Masera, Mazza, Piccinini, Viglione, Zanboni - Proceedings of ESSCI RC 2001,
Villach, Septenber 2001 an arrangenent is disclosed for inplenenting in
hardware form sone of the WD 2004/ 055992 PCT/ EP2002/ 014320 3 el enents
conpri si ng wo 200af08%9beaver. Al so this prior art docunmentpdrir2602iof43pd OVi de
directions useful in inplementing an interl eaver whose paraneters can be
dynam cally and rapidly adapted and, nore generally, an 5 arrangenent where
the interleaving paraneters can be directly and dynam cally extracted from
the information to be transmitted (esséntially the value of k). Objects and
summary of the present invention The object of the present invention is thus
to 10 provide an address_generation _arrangenent for use.in__,

i nterl eaversf‘(ﬁ%@?ﬁ’%r F8§95?§1Wﬁe|a§i rf‘ri%r?éﬁfe%?’gﬂ' e &Sy t§kbja‘? aREL8F s 3hn be
directly andddguasmtcal |8aEdd r adiced bromidé he dihfertddn®dn tusdfll radsn tted,
thus permtting,those. paraneters to be dynam cally and rapidly adapted e.qg.
to 15 possi bFEEYEPPRTIHhe Th ( HEETAREEETK 8F CPRpuP RIS R8s FF  BE

i nterl eaved/ dgnamiesil pavadd Aepdddiyngdaptele gudseandre nyenkradlysuah an

obj ect is. achieved by neans of an addres enerating system havin t he
features SpebtFRRAPTSHical THRFS o it PRESEFETTEY hat > 29 Gt iSw. oFhe Fnvent i on
al so rel at esdiipeattyrams pyntimigra gt badradtepef adm orthasi mBdtmaasicro ta t ur bo
encoder/ decoder,_ _incl udin he address neratin rrangenment of the

Cvent| on aso8 FErESHHEba, [ alaeaT R AN R A T ok, Final 'y the

i nventions rel at e@bjecte conbutuemazy pfoghamprszhictimdrergcidry | oadabl e in the
I nternal nenory a di.gital ¢o ter_(s a .a_proges , JLhe
product i ncl udi ngﬁfé%f to\%é’%ecttcogg ggi#?i opnrges;églr pgfl?(?gﬁqlﬁa ?%e rr(e{{%o&oof t he

i nvent i od0 whpmothée praoduetddressungenewation arrangement for use in

interleavers/de-interleavers wherein the interleaving
parameters can be directly and dynamically extracted from
the information to be transmitted, thus permitting those
parameters to be dynamically and rapidly adapted e.g. to

15 possible variations in the number K of input data items to
be interleaved/de-interleaved.

According to the present invention, such an object is
achieved by means of an address generating system having
the features specifically called for in the claims that

20 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

25 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.

30 A preferred embodiment of the invention is 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



digital conputer. 30 A preferred enbodi nent of the invention is an
arrangenent for generating addresses for interleaving/de- interleaving
sequences including a given nunber (K) of itenms (e.g. in turbo

encoder s/ dewodens®}s991 he arrangenent including at | east porgEpasII4g20uNit W th
a plurality of WO 2004/ 055992 PCT/ EP2002/ 014320 4 records stored therein.
Each record includes information signals indicative of a respective set of
interleaving paraneters corresponding to at |east one value for the given
nunber of data itenms (K). 5 Still preferdably, each value for the given
nunber of data itens (K) identifies a corresponding set of paraneters (R

C, p, v) for constructing.a _matrix ( for _grr.angi sai d. the i,nput
sequence andr%??lé%sﬂiﬂ@o{%ErEggf‘%WanE)éF t &FSPH dé’l‘zﬁﬁg i ot "\aﬁéoﬁﬁtri X to
generate a 19igedlsit eddirebtixel @f genefedpengitbe smtt pof aditteadzesingets of
said paraneters (R _C v) are.thus_praonpt avai labl e for_all _possible
val ues of th%aﬁ?‘{}eemeﬁﬁmggrr%‘?po’a%{%gi Fgrré"rg?idyé./a%eoggl U ot tﬁ%rgitgl'én nunber
of items (K)givedhenunter riferdagaveadeads- (Rl erl eaved is usually conprised in a
given range of values, and the nenory unit preferably.includes a nunber of
records f:ﬂat is sﬂﬁgﬁarﬁﬁe}%ﬁ?bgﬁ%l Ie&‘%’t P(glr]luga'r'cﬁr 5?‘\% Vg GGanes_ Each
record in th@atenoiyemai t (K3 |iditiffiied bya a cespespov@ipdi nset. Afsoci at ed
with the 20 mam)r% unit&%heke IS a)po' nt er ret'grieé/al circuit . co(%fé(lbgured for
generating fBFERNCH VAl (R oF 't B gfvehC™ nERBRFSFU T a2 fE5E 10 &4 gi ven
range a corréspomdrargyimppigdiey tyhe ihpng beqgaemnes pewd | efefedcioryd intreke nmenory

unit. 25 An epbodigent, of Ihe JOMENIQLPY MR 3a2i%k Y Jlrate a
10 permuted matrix for generating the output addresses. Sets
of said parameters (R, C, p, V) are thus promptly
available for all possible values of the given number of
data items (K).
The value of the given number of items (K) to be

15 interleaved/de-interleaved is usually comprised in a given
range of values, and the memory unit preferably includes a
number of records that is substantially smaller than said
given range of values. Each record in the memory unit is
identified by a respective pointer. Associated with the

20 memory unit there is a pointer retrieval «circuit
configured for generating for each wvalue of the given
number of data items in said given range a corresponding
pointer pointing to a respective record in the memory
uqit.

25 - 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

30 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




generation of the interleaving addresses to be inplenented both as a
software solution with a | ow conputati ona

effort (using a comrerci al DSP

or Mcro Controller), and - preferably - as an ASIC solution. This inportant

feature 30 yw@agha/ksea St and-al one solution in the design, ‘;Epgon}dm
processor t

used in the UMIS receivers. Brief description o
drawi ngs WO 20041055992 PCT/ EP2002/ 014320 5 The invention wll
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e encl osed
now be

descri bed, by way of exanple only, by referring to the encl osed draw ngs,

wherein: - Figure 1 is a general block diagram showing an 5 interleaver
i npl enentation, - Figure 2 is a block diagramshowing a first step of
paraneter generation in an enbodi nent of the invention, - Figure 3
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tailed dbscription of a preferred enbodi nent of the

Wﬁﬁyeéﬂ=introduction to the description of an 15 exenplary

enbodi ment of the_i nvepkeom the PagbierRli MicdRkesd Digaer ahb@ingf o4 t urbo
code internal interleaver as provided in the specification 3GPP TS
V3.5.0. (2002nteylravensHRcFREAti®ew be briefly recalled. 20

Essentially, the tupbguf@de idtLMAcK AiaHaAYBhoweRGSh SEsrof Hids-dmput to
a rectangular matrix with addi ng, intra-row and nter-romnfefnutatl

- Figure 3 illustrates in greater detail the block
diagram of Figure 3, and

- Figure 4 is a general block diagram of an address
generator according to the invention.

Detailed description of a preferred embodiment of the

invention

By way of introduction to the description of an
exemplary embodiment of the invention, the Dbasic
primrciples 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%;,...,x,, where K is the integer number
of the bits (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 bits input to the
channel coding is defined by x,=0,, and K = Kj.

Specifically, the following notations are used:

25.212

ons of

SR x with



25 The bits input to the turbo code internal interleaver are denoted by
X' X2, X3,...,Xr , where Kis the integer nunber of the bits (data itens) to
be interleaved and takes one value of 40 S K5 5114. The rel ationship

bet ween t hewBiboaobddpiit to the turbo 30 code internal indgigpaa@¥RissaNd the
= Kt.

bits input to the channel coding is defined by Xk =o0i,k and K =
Specifically, the followi ng notations are used: WO 2004/ 055992

PCT/ EP2002/ 014320 6 K Nunber of bits input to turbo code internal

i nterl eaver R Nunber of rows of rectang® ar matri x C Nunber of col ums of
rectangular matrix 5 p Prinme nunber v Primtive root (s(j))j.JOL...p-2}
Base sequence for intra-row_ pernmutation 91 Mninum prinme integers 10 ri
Pernut ed pri meXint eé@r“g’ezﬂoiigiﬁ?uf??‘?%j? HURRS < FE-REPELi on pattern (U
I ntra-row pernut at i gmyeatileakarof i-th row i index of row nunber of
rectangular matrix j Index of colum nunber of rectangular matrix 15 k

I ndex of bit sgquengg .2k L8k ségpre%% s Seayence X1, X2, X3, ..., XK
eave

input to the turbo code internal Inter ris witten into the

rectangul ar mafrix ssigning,to R the values .5 10 and 20 dependi ng on
the val ue of Ké Thetﬁ(ﬁ%?ro I%r 8@9’3%&%? r?g:ar?a%ur]iaf P& denbered 0, 1,, R- 1
fromtop to bottom A second step involves determning the prine nunber to

be used ih thePintr RaePUgbesn, p, and the nunber of col ums of
rectangular matrix, C. This is done as a

v Primitive root
@O»kmerﬁ Base sequence for intra-row
permutation
qi Minimum prime integers
10 ry Permuted prime integers
(Tﬁ»k&hwk” Inter-row permutation pattern
@QO»F@hwoﬁ Intra-row permutation pattern of i-th row
i Index of row number of rectangular matrix
7 Index of column number of rectangular matrix
15 k Index of bit sequence

As a first step, the bit sequence x,x,,x;,...,x, input
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 wvalue of K. The rows of rectangular

20 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 is done as a

function of K and R



function of K and R WO 2004/ 055992 PCT/ EP2002/ 014320 7 The col umms of the
rectangular matrix are nunbered 0O, 1, C- 1 fromleft to right. Athird
step involves witing the input bit sequence x"x2,x3,....XKinto the Rx C
rect angul ar woee4/065990w by row 5 starting with bit yl inpcokrweedszaé row 0
where yk = xk for k =1, 2, Kand if RKCK, the dummy bits are padded such
that yk=OCorl for k = K+ 1, K+ 2, ..., RxC. These dumy bits are pruned away
fromthe output of the rectangular matrix after intra-row and inter-row 10
pernutations. After the bits-input to thHe RXC rectangular matrix, the
intra-row and inter-row perrrutations for the RKC rectangular matrix are

performed stgpw o] u5| Si X st ep,alg thm det aile t he
Speci ficati oﬁg 501"%? ?‘F ﬁl?ﬁt {é?{-:r o Fnuntug'?)erﬁg tat’ hé’bits of
t he pernut ed..| ect angufza:ﬁm rMﬁu xoamﬁgdenot ed by y' k. The output of the turbo

code internal interleaver is the bit sequence read out columm by colum

fromthe intra-row elged | 8t &P - IV BRI IRX thad eﬁ{;ﬁj’tglﬂlad d®fuentest arting
with 20 bit y"1 inrow O of colum 0 and ending with bit y'cRin rowR- 1

of colum C X%, %FheXputpuo i sher el bycuenaelayg danmixbitaw t hat TRer e

padded to_the_i nput of, the rectangul mat ri x before intra-row a i nter
row per mn at ?Bﬁ’églﬁlg eVith it e ¢ aFag ot s st i Sy %&dﬁrk > K

are renoved kraemthe, outgpudt 1fT|’RS< A .S tnd plifundy’ WRdIrhee gRiRdd kgl
interl eaver are denoted by Xx ' 2, x' K, where x'1 corresponds to

the bit y' k #Peh @mpqrbs¥°¥r|’8€xff<+aflt'elK 6ran| mg, R%¥C2 to 30 the bit Y k with
second smal | est 'f%ggékd9&$§rb9£§n599 pruned away from the output of

the rectangular matrix after intra-row and inter-row

10 permutations.

After the bits-input to the Rx( rectangular matrix,
the intra-row and inter-row permutations £for the RxC
rectangular matrix are performed stepwise by using a sgix-
step algorithm detailed in the Specification.

15 . After intra-row and inter-row permutations, the bits
of the permuted rectangular matrix are denoted by y'x. 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

20 bit y'; in row 0 of column 0 and ending with bit y'e in
row R - l.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

25 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'x with smallest index k after pruning, x'; to

30 the bit y'x with second smallest index k after pruning,

and so on.



and so on. WD 2004/ 055992 PCT/ EP2002/ 014320 B The nunber of bits out put
bo code internal interleaver is K and the total nunber of

is Rx C- K Al of the foregoing corresponds to processing 5
criteria thabp2a04mss982|1 known to those of skill in the argcr/@nshzoaagh such do
to be further detailed herein. Essentially, the interleaving
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%Fre- arranging themin an output file one after another
FoMt't he i nput file.

Essentially, the interleaving solution described in
the technical Specification 3GPP TS 25.212 V3.5.0.(2000-
12) is comprised of three basic steps, namely:

- constructing a matrix and inputting the incoming
data to the matrix;

- intra-row and inter-row permutations;

- reading of the permutated data from the matrix
obtained via intra-row and inter-row permutations.

- The interleaver can be implemented using a data
memory in which the incoming data are written seguentially
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.

as they



Also, it will be appreciated that carrying out both operations indicated in
the foregoing one after the other (in any order), corresponds to a ful
i nterl eaving/de- interleaving process. WO 2004/ 055992 PCT/ EP2002/ 014320 9

Her ei naf t erwoh@lsps®sLe to an interleaving process Wl poggpBegniQiy t he sake
of sinplicity, being otherwi se understood that what is being stated in

connection with interleaving applies directly also to de-interleaving. 5 An
interl eaver nodule as well as a de-interleaver nodule can be easily

i npl enented by resorting to the processing architecture corresponding to
either solution. This has been schematically depicted in Figure 1, where
reference nuneral 10 denotes an address generator 10 having an associ at ed
data nenory 12 irﬁQﬁﬁiaﬁfﬁéreo-éﬁéﬁﬁfﬁpe\&aph ant M BRBEET dEEeEEFS( codec)

14. The codegilft h& hihendsd tBePRKRSSF(IAMPIKBOWY, MRAMEG othlealyidaes not
require to be described in detail . herein) data arranged in bl ocks, each

I € ¢ >
bl ock bei ng YBIREHRAGS R} WhrEeds (RIDY iFHAIEbaARIFABNPRELPRWEER. The

information igtatrhdigid f&@p\mle@edq_&elstgwapéb 5 dd-Nditeatiedvimgy change with
each different data packef transmtted/received) is sent fromthe codec 14

to the address d8hetBEBFLadvenompRdlgatas nfbly 22 s 448 FELIe3¥PENeNt for

perform ng theghld eilagavba9/d&tesi 1R} €R BB he &Pt | @BscFBingNSiANERet hi s may
occur by causing the codec 14 to wite the data into the nenory 12 in a
sequenti al OPHRFESHY PSR LLELF UERe CARFBSRIRMAIh TeitdhiFTL BCdEEdPRi ng to an

25 address sequengag dehhpedhdan t Benarst f5sS19engepi @ ed 0.in AFigirat kvel y, the
codec 14 may be caused to wite the data into the ng réyslz %gg%rdgng to an
addr ess sequ@h%%? reference numeral 10 denotes an a 88 ge to
10 having an associated data memory 12 intended to co-operate
with a turbo encoder/decoder (codec) 14.

The codec 14 is intended to process (in a known
manner, that does not require to be described in detail
herein) data arranged in blocks, each Dblock being

15 comprised of K items to be interleaved/de-interleaved.

« The information related to the value of K (which, as
indicated, may change with each different data packet
transmitted/received) is sent frqpl the codec 14 to the
address generator 10. ;

20 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

25 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.

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

- a parameter generator 10a,

- a permutation pattern generator 10b, and

- an address generator 10c.



defined by the address generator 10 and then read the data fromthe nenory
12 in a sequential order. 30 The address generator 10 described herein is
essentially conprised of three units, nanely: - a paraneter generator 10a, -

a per nut at ivp® 20930459920 generator | ob, and - an address gepgpafo9hiadfdc. WO
2004/ 055992 PCT/ EP2002/ 014320 10 A possi bl e general |ayout of a paraneter

generator 10a for use in the arrangenent disclosed herein is shown in
figure 2. The layout shown is based on the recognition that the 5

conput ational effort required for the gemeration of the paranmeters (R C
p, Vv) needed for the construction of the interleaving matrix and the

pernutation patterns could be reduced if a | ook-up table (LUT) approach can
be used. Stated dthBPffLelei geresaloflayssft idfely Hernemstrig ISHGTetos.

conputing) sueh paraiBéers ‘Wheneweandemenwtvalibelebed hege@ACceENi@oed (€. 9.
because the |ength - g%ven by K- of the data blocks to be interleaved is

changed), onélcot¥Ye contenpl ate the possibility of cal cul ating those

parameters - onceriédratdut- shewnalik Bassibbe tiad uescarnitcickb thiagh tpar amet ers
could then be definileu%hstored in a  nmepory to be sel ectively retgieved
whenever A nEAMRAFHe Ty REFLE oTBEURERAGERT Sheh RUTMITh AF | FhENt aj

the significpatanevard age ©f pher) hibkRgdt her agigk essnOenaitaildl Jdfo the

i npl emented 20 essentially in hﬁggﬁg{e form w.thout the neegwgf Eroviding
any speci f i clRbFHIRF S Ifdtielre & & RETBILatdoPn PRERSFRFUSE MO RE This
will i.a. reddgecdd oreSSildpK-upe tabdet MUST) repsasait carbigniddedant advant age

as the InterleaV|§§Lted otherwise, instead of positively generating

10 (i.e. computing) such parameters whenever a new value of K
is encountered (e.g. because the length - given by K - of
the data blocks to be interleaved is changed), one could
contemplate the possibility  of calculating those
parameters - once for all - for all possible values of K.

15 Such parameters could then be definitely stored in a
memary to be 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

20 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

25 process 1is 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.

30 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 values. The concatenation of mappings



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 nade avail able before the
i nterleaving process proper is started since the last input data to the

process CcOoWyg Jbfoséd9s first output data therefrom 30 Ir}d%mﬁghp&§b%getable

arrangenent considered, the input to the | ook-up table wou en t he
size of the data block incomng in the turbo encoder (K). This nmay change
in the range [40, 5114], that is assum ng 5075 possible different val ues.
The concatenati on of nmappi ngs WD 2004/ 05992 PCTI EP2002/ 014320 11 of
different paraneters (C, R p, v) could conprise the output of the |ook-up
table. The inplenentation of this |ook-up table could be a nenory of 5075
records, ea fEEkrrEnthcParRTRESr s ebPecRi ve sat) ookt aperRrLs¢ okheach 5

possi bl e valyg g Kor HOMEVEHoRIUBNEABERUS THRH Clingt Ml QR vos denoL be
quite efficient in view of the nenory size required, and would inevitably

penal i ze chilpadFe® otdibrat FeHlBarkeredememogiatofir 5075 t5PTE g. g6 nobi | e

appl i cati ons,suehy afhc i HMTS bl digfdn 0al Sor | BRERBI EH0sbReheher ence
al gorithm described in the™ technical Specification 3GPP TS 25.212 V3.5.0.

shows that, passiblier vieRaepessKbl e-val ues of K are 5075, the nunber of
different recordgdavihe JRARAGESEYCHR! 4 €50l 18RoA0 WRu1dl hdtdpk N
practice equal to about 200. -AS a result of this, a presently preferred
embodi ment B tehefhiciegéndm Elryvrhebls nMpRRNY desz¢ oF cHHET AR noRYRd
conpri sing thg,1Poksdin adhhe fePR3iider edhibn atBe fecegaknsn ReirBfesBEEt 1N two
different nenories or nenofy_ areas, 20 hanely: - a first nenory area 20
essentially thay ud¥rfg critical e.g. for mobile applications such as

10 UMTS mobile terminals.

Implementing the reference algorithm described in the
technical Specification 3GPP TS 25.212 V3.5.0. shows that,
even i1f the possible values of K are 5075, the number of
different records in the memory is much smaller than 5075,

15 and in practice equal to about 200.

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

20 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,

25 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

30 Specification).

The arrangement will thus permit to identify, for

each given wvalue of K (5075 posgsible values), a

corresponding pointer to a  respective record (i.e. a



storage |l ocations for pointers addressed by the K value; - a second

area 22 incl

udi ng (second) records for respective, different interl

paranmeter sets, 25 each addressed by a pointer. The nunmber of such
records w ?gaj ber than 5075, and in fact limted t 200
is the n%’ ossible different data sets resulti nq‘g(%/"g%%’zf?é‘mo
on of the algorithmdefined in the 30 Specification). The
will thus permit to identify, for each given value of K (5075

i npl errent ati
arr angement
possi bl e val
2004/ 055992

ues), a corresponding poinger to a respective record (i.e

PCT/ EP2002/ 014320 12 respective set of interleaving par

in the second nenory area. A further step in reducing the nenory
requirenentsreﬁﬁﬁﬂ¢ﬁ¥QeQO oy hotenbeaving tbrryutirrs)s Wkl thendegpndo be 5

sorted in a gt
of adj acent
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30

whose size w | correspondlng reduce
area 20 into two sub-units comprlsed of an MSB (Most

Significant Bit) computation circuit 20a and a LSB (Least
Significant Bit) pointer memory 20b.

By resorting to that arrangement, a given number of
MSBs for the pointers (for instance the first two bits in
each pointer) can be determined by comparing 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 Tl1l, 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. Tl will be the
upper bound for the first band, while also providing the
lower bound for the second band, such second band 1lying
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.



20 For instance, in the case considered of 5075 different values for K, the
size of the nenory 20b can be reduced from 5075x8 bits to 5075x6 bits since
the two MSBs are already determned by the circuit 20a. By way of exanple,

t he t hreshovdsocabssesnparators 201, 25 202, 203 may be Setympbooydigns T1, T2
and T3, respectively, wth Ti lower than T2 and T2 in turn | ower than T3.
The range of possible values for Kw il thus be partitioned in four
portions or bands. Ti will be the upper bound for the first band, while

al so providing the 30 | ower bound for t®e second band, such second band

|l ying between T1 and T2. The third band will lie between T2 and T3, while
T3 will also represent . the wer ,bound_ for &he fQurth portion or_band. WO
2004/ 055992 PCTI EPBBB5/894358° 13785Bhri NG FRe Chst dht I UL D ®Rgai nst
the threshahieshbldE2 Tand T8 &ndcaspairt esmpafdtdrs 2081 and Ju3ocasdi ng t he

results of the respectiyve CO"%)LQJ{]:LSW iﬁ circuit ,204 éNI | 1_t.herefore lead to
| ocati ng K BF°5FE6F95 Tiiose® S pRhdS PEnd GRSV VHFESHRE P, 10 and
11, respectdivelnyt famra twicl it whdfeBoref 1dwd cosr @epatndnggK [dm rdres .offhe

polnter et ihexal et eaeented el gredils hbeq (0PI 220 Bland i, @
i nt erl eavede@apeatarvedgyedfdp dete veewd hars®sr oft hehet waprresposdpmy f i cant
bits of the painters, and - a further menory unit 20b having stored therein
the 15 (sifgg’lflé:ﬁéfi'ni ng, least significant bits of the pointers. - O course
a lower or a higtee meoin¢erofrddBBevadn drerandeimenti nEddip=elde i rehusg 20a,
the main ai@d%%rqgeﬁe%%bing
10 - a circuit 20a sensitive to the given number of
items (K) to be interleaved/de-interleaved to derive
therefrom the (two) most significant bits of the pointers,
and
- a further memory unit 20b having stored therein the
15 (six) remaining, 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. .
20 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
25 1is 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 binary f£flag
essentially corresponds to the bit designated Type D in
EP-A-1 185 910.
30 Adding such a flag to the records in the memory 22
will generally lead to an increase in the number of such
records, in that otherwise identical records wmay have

different values for the flag.



the best trade off between nmenory occupation and conbinational |ogic
conplexity. 20 In order to reduce the conputational effort required by the
subsequent nodul es included in the interleaver, other information can be
stored in tWe200#085092 | ocati ons of the nenory 20. For exammesooaofasmary flag
that is set to "1" when C 25 is equal to p+l. and Kis equal to R*C can be
useful to generate the output interleaving addresses without any extra
conplexity. Incidentally, such a binary flag essentially corresponds to the
bit designated Type Din EP-A-1 195 91% 30 Adding such a flag to the
records in the menory 22 wll generally lead to an increase in the nunber

of such recordsExgg %[?htgthgég%ggdlg§§£lc regardapry-Dave  dhbferent

values for the fla 2004/ EP2002/ 014320" " 14 Experi nents
carri ed out HBWQﬂﬂ?;@@@thC@WE@ dmowhigoweeer that nusbern Ph Fﬁﬁgr@asén t he

nunmber of r Y122 WM skig ' fC of 0, and
typically equa gﬁ ?%nnﬁgf)rr:][oarbl%so%\i%%h’?ﬁ/e EB?gg_’ldSééﬁ]f er%i(fo 'va %‘25 for
K) . StartlrmfﬁnkﬂﬁhMWE sgualof tpar @%6t erl¢ngepempatdsey the hbeul B01Da (t hese

are in fact égfféygﬂ%sv%qﬁggckb¥eKyecords in the nenory 22), two kinds of
pernutatlon patterns nust be conputed. 10 The first one, naned vector s, is

the intra-row p@ﬁ@aﬁangoﬁrpattb¢nse¢$xﬂﬁ(paR§MQ§e¢ﬁe9§P§ﬁé§ﬁd brotkeur e
defined in %RﬁﬁiEJQ%%!QQhéggtaI§ 2R £dét \Grordd a%h&%sp%%%ﬁgé kéc@f@§rated as

a pseudo random sequence t uses as the initial seéd the value v provided
by the earliir B grenpy ¢F2)pr dows Kimgs( CfaPergutphipRePabeunfeusEhown

be computed.

10 The first one, named vector s, 1is the intra-row
permutation pattern. According to the 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 earlier

15 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

20 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.

25 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 g wvector is
addressed by a pseudo random sequence and the seeds of the
sequence are different for each row.

30 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,



here-in, the first nodule 10a). In the arrangenent shown herein, the pseudo
random sequence (a*b nod c) is generated in nodule 10b by using a |inear

al gorithminvolving no nultiplications or 20 divisions. Such an algorithmis
known i n t o 200@esse2  crypt ography as witnessed by the actiketodzoisiybdul o
Mul tiplication Hardware Design", by Adnan Gutub - Oregon State University -
El ectrical & Conputer Engineering Departnent - ECE 575 Project Report -

W nter 2000. 25 Moreover, in the standard procedure defined in the
specification 3GPP TS 25.212 V3.5.0, in'rder to have a different
pernmutation for each row, the s vector is addressed by a pseudo random
sequence and the _seeds of t@ sequence are different. fo eacﬁ row. 30
Speci fically, th@saH@&%SF€n1§§§€$|beaniE%thrrSBgSPFPEaFFSWni EFtdRs the
generati on afhed ¢eagiirietieeCis deguenle)usdd seiadowtt atd rRYniputatanat 8er
sequence (q , .sequence) of prinme _nunbers. WO 2004/ 055992 PCT[ EP2002/ 014320
15 As opposed*q herf ,699?1|§&Wﬂ%ﬁaﬁa€ﬁeﬁﬁlgﬁo ©heFEFR, °Ft fBSqiBEYdence i s
dLreCtgy usgﬁbﬁ?éﬂﬂﬂﬂhtbher@@npgkﬁﬁt@ﬂiéﬁs ddie do séruence. SanIK exchanﬁing
the order_ of the _jintra-_ row and intef-row pernutatiqons can do this, 5 This
opti M sati on al | GV St R AHE™S afoL PHR L FESCRRY e { RETF nFEPBLLS

per mut ati on wiadthitbedhen 3aokired BePmitatibr?- (Wsaafidede 3GPPséSt26n212

10'equi r e {1 seudencdsia; } Ao, | -] COBe oAb eciga e 8&5&8? tion 1o

nmake the se@mncieficatlioR{o, ~; ., e- } such that rr(t) =gqi, i = 1, ..., R
- 1, where is th%‘olrnt:i.errqrﬁerc?ivg.tpeer{“Tglgg'%elr?cne pgﬁ}gl’ r:]Ls the operation that

10 requires the sequence @Okbh%4} to be subjected to

permutation to make the sequence (r) such that

iefo,1,+-R-1}

rey = gi, i =0, 1, ., R -1,

where <TG» is the inter-row permutation pattern

iefo,1,-R-1}
defined as the one of the four kinds of patterns shown in

15 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.

20 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.

25 Again, for immediate reference, the operation in
question assigns gy = 1 to be the first prime integer in
the sequence <40mwbnmﬂ' and determines the prime integer g

in the sequence (%) to be a least prime integer such

ie{0,1,-R-1}
that g.c.d(qi, p - 1) =1, gi > 6, and gi > qui - 1y for each
30 i =1, 2, .., R - 1. Here g.c.d. is greatest common

divisor.



defined as the one of the four kinds of patterns shown in 15 table 3 of
3GPP TS 25.212 V3.5.0. as a function of the nunber of input bits K This
approach | eads to avoi di ng an unnecessary reading procedure froma nenory
(not shownWwa mospasetr the T values are stored. 20 The sequermezopss@mn be
generated by reading a prinme nunbers table, and a little | ook up table for
the nmanagenent 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. 25 Again, for

i medi ate reference, the operation in %uestion assigns go = 1 to be the
first prine integer in the sequence (Qq;}re{o,i;.,a-t} , and determ nes the

prime integer Péglﬂ‘%?ffﬂ“e"i%e thet ei:?é‘ck ac%la}grta b%fa k‘(‘EgﬁEeprd e

i nt eger such tha 1) " for each

30 i =1, 2referenRe- rumedele 30c d¢81gsageeataesbl@0mmhatd| vs’sm‘tlrw)
2004/ 055992 0 / i £i.cal i
figure 4, éD reﬁﬁc%e%%uggnéﬁf%gﬁoéggg?gﬁg%téﬁak%? oiéﬁoéﬁg%%ofg l?l ng om t he

par aneters d:éra ve@ctp@m t e bhdckqlObThgeaerueetors heayect otered anih q. These

Final 1y, 3 orerRes Bt e S "t 1ol | ow

Finally, enents the foll ow ng
rel ationship: X, Fin?ﬂ-ly Ucrefefg¢nee(i ;Md(céea:)gnqt@s(x af rpbodddrigeat Qut = C*

X, +X, Wher(;mijle&enegdtﬂeafgli&gn?ﬁ'tféla%si slj.lggdy identified in the

f or egoi ng, XX are row an | um 1 ndexe
X, = T(i)
U, = s(j*q(i)mod(p-1)
10 X =fU)

Address_out = C* X, +X,

where s, q, and p are the entities already identified
in the foregoing, X, and X, are row and column indexes of
15 the matrix before the permutation operations, i and j are

the permuted matrix indexes, U, 1is the intra-row

permutation parameter defined as (U (1)>j - in the
€

Specification, and f is a function of U; wh_ich implements
algorithm steps as described into section 4.2.3.2.3.2 -5
20 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

25 Therein for obtaining the interleaving parameters such as
R, C, p, v, flag (TypeD) directly from the value K is
adapted to be used in conjunction with other arrangements
for effecting inter-row and intra-row permutations already
know in the art.

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

may vary, even 8ignificantly, with respect to what has



15 the matrix before the pernutation operations, i and j are the' pernuted
matrix indexes, U, is the intra-row pernutation paraneter defined as in the
| je{OQlc..,c-1} Specification, and f is a function of U which inplenents
al gori t hm i escribed into section 4.2.3.2.3.2 - P

TS25. 212 techn??gﬁwgpecifications. The out put of the bl%%ﬂﬁ%%@hpgﬁf
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 wnterl eaving parameters 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
per nut at i ondeghr eg¢rikadwbivn waYe @ff texawly @bl sevivhewoudepreint ce to

t he underlyi LN t PR QR i nbpdi nents  may
vary, even g:}grr?l P:il('?a%ltclg;&/)% \%{ft hé}feeslpect tl%%mﬁtas?edrﬁtr% %3(}84%&55992 e

PCT/ EP2002/ Ghag260ligwheen descri bed by way of exanple only, without
departing fromthe scope of the invention as.defined by the clains that
follow. 18 CLAIM 1. An arrangenent for generating addresses for

i nterl eaving/de-interleaving sequences (x1, x2, x3, ..., xK) 5 including a
gi ven nunber (K) of itens, the value of said given nunber of itens (K)
bei ng conprised in a given range of possible values, characterized in that
it conprises a first menory unit (22) having stored therein a plurality of
records, each record being indicative of a respective



10 set of interleaving/de-interleaving paraneters for constructing a matrix
for arrangi ng said sequences and for affecting intra-row and inter-row
pernmutation of said matrix to generate a pernmuted output matrix for
generating said addresses, wherein saidlfenmory unit (22) has a nunber 15 of
said records stored therein that is smaller than said gi ven range of
possi bl e values, and in that each said record in said nenory unit (22) is
identified by a respective pointer and associated with said nmenory unit
(22) is a pointer retrieval circuit (égéﬁﬁinfigured for 20 generating for
each val ue of said given nunber of it K) in said given range a
correspondi ng pointer pointing to a respective record in said nenory unit
(22). 2. The arrangenent of claiml, characterized in that 25 said pointer
retrieval circuitl-(28p coangarent 5 0¥ cuPENEPdR} NEpe AL FSaF defifdence

on said gi vRRcAYERGH Bl el aiE kol der buguihees! ram axsetypf g

significant bits of sai'd pointers, and’- a second nenofy unit "( 20b) %aving
stored tﬁerénnlug@nGh@IQﬂN#mlngmbEEaéﬁ siogni fiegent bhesveflusaiaf poii ers.

3 The ar raggguRnG.abes! Aldmid e hagctaried i ety sSaldl SISA A0

conpri ses: - aplurality o ors 0 conpate said
gi ven nunbepfofpdssansl  Kralméed, acham‘aertemﬁzegi ven thateshol domparides a | ogi C

unit (204) for combining the o 5 the ¢ risons caryied out in
SR U oy E8esE TR b T S48ET e AN ErE PR REE & RS

si gni fi cant ofbitexcfdssai €aPRi reebsds beligy airrlcﬁlngﬁﬂfsfé et ¢l ateBdective
characterized in that 10 said first nenory unit, (22) nprises, for each

said réfordctat Pdast ioFeiesy i ndE G 3o Df z?qqqmﬁtifﬁ for

constructing a matrix for arranging said sequences and for
affecting intra-row and inter-row permutation of said
matrix to generate a permuted output matrix for generating
salid addresses, wherein said memory unit (22) has a number
15 of said records stored therein that is smaller than said
given range of possible values, and in that each said
record in said memory unit (22) 1is identified by a
respective pointer and associated with said memory unit
(22) 1s a pointer retrieval circuit (20) configured for
20 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 memory unit (22).

2. The arrangement of claim 1, characterized in that
25 said pointer retrieval circuit (20) comprises:

- a circuit (20a) operating in dependence on said
given number of items (K) to derive therefrom a set of
most significant bits of said pointers, and

- a second memory unit (20b) having stored therein

30 the remaining, least significant bits of said pointers.

3. The arrangement of claim 2, characterized in that

said circuit (20a) comprises:



and a second (1) logical value, said flag being set at said second | ogical
val ue (1) when said given nunber of itens (K) for the corresponding record
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colums (C) in said matrix and said nunbd? of colums (C) in said matrix
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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
15 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.

20 5. The arrangement of any of the previous claims,
characterized in that it comprises arithmetic circuitry
exempt from multipliers and dividers for generating a
pseudo-random sequence of the type (a*b mod <c¢) for
producing a permutation pattern for use in said intra-row

25 permutation.

6. The arrangement of any of the previous claims,
characterized in that it comprises first and second
permutation modules for performing said intra-row and said

30 inter-row permutations, and in that said module for
performing an inter-row permutation is arranged upstrean

of said module for performing intra-row permutation.



15 divisor operation. 9. A nethod of generating addresses for

i nterl eaving/ de-interl eaving sequences (x1, x2, x3, ..., XK) including a

gi ven nunber (K) of itens, the value of said 20 given nunber of itens (K)
being conprised in a given range of pos3?ble values, characterized in that
it conprises the step of - generating, on the basis of at |east one val ue
of said given nunber (K) of itens, records indicative of a 25 respective
set of interleaving/de-interleaving paraneters for constructing a matrix for
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10 8. The arrangement of claim 7, 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

15 divisor operation.

9. A method of generating addresses for

interleaving/de-interleaving sequences (xXi, Xz, X3, .., Xg)

including a given number (K) of items, the value of said

20 given number of items (K) being comprised in a given range
of possible values, characterized in that it comprises the
step of

- generating, on the basis of at least one value of
said given number (K) of items, records indicative of a

25 respective set of interleaving/de-interleaving
parameters for constructing a matrix 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,

30 - storing (22) in a first memory unit a number of
said records that is smaller than said given range of
possible values, and

- identifying each said record in said memory unit

(22) by means a respective pointer and generating for each



items (K) with a nunmber of given thresholds, and - conbining (204) the
results of said conparisons (201, 202, 203) to derive therefromsaid set of
nost significant bits of said pointers. 20 12. The method of claim9,
characterized in that it conprises the2dtep of storing, for each said
record, at |east one flag signal taking one of a first (0) and a second
(1) logical value, said flag being set at said 25 second | ogical value (1)
when said given nunber of items (K) for the corresponding record is equal

to the prOdngéeonﬂ hgapUMery & RawBeERoANdtERe nuaper nofs £o4uS ) in

said matrix and said nunber” of colums (C) in said matrix equals the value
of the paranentee () cosedsbondsaigd pointer 3@aiow iper nitatd oresipgstivel3. The
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conprises t p of “genera a ps random sequence of the type (a*b
nod c¢) for 22 producing a pernutation pattern for use in said intra-row
per mut atd on, said generating step being carried out by neans of a |inear
al gorithm exenpt frommultiplications and divisions. 5 14. The method of
any of the previodos cited nte®hicd 13f «chaimaceri zedrhdtebhatedal thi ndheit-r ow
permutation is erfored beforg said,intra-rOM/pernutatiogy_lo 15. The
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said pointers in a second memory unit (20b).

11. The method of claim 10, characterized in that
comprises the steps of:
15 - comparing (201, 202, 203) said given number of
items (K) with a number of given thresholds, and
- combining (204) the results of said comparisons
(201, 202, 203) to derive :therefrom said set of most
significant bits of said pointers.
20
12. The method of claim 9, 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
25 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-

30 row permutation plus 1.

13. The method of any of the previous claims 9 to 12,
characterized in that it comprises the step of generating

a pseudo-random sequence of the type (a*b mod c¢) for



I nt eger such that the greatest common divisor (g, p- 1) 1, g > 6, and ¢l

q)i - 1) for eachi =1, 2, ..., R- 1. 16. A turbo encoder including at

| east one of an 20 interleaver and a de-interl eaver nodul e, said at | east

one nodul e including an arrangenent foﬁngenerating addr esses

any of cl ai
i nterl eaver

an arrangenent for generating addresses
18. A conmpute
digital conp
met hod of apgrahtatdaons 9sat® Hendrertime ptegdudieisgr waranedl conputley .

10

15

20

25

30

m 1 to 8. 17. A turbo decoder including at |east one of an

according to

25

>

and a de-interleaver nodule, said at | east one nodule including

code portron for pe

g orm ng

means of a linear algorithm exempt from multiplications

and divisions.

14. The method of any of the previous claims 9 to 12,
characterized in that said inter-row permutation is

performed before said intra-row permutation.

15. The method of claim 14, characterized in that it
comprises the step of producing a sequence (q) for
performing said intra-row permutation, said intra-row
module being configured for assigning gy = 1 to be the
first prime integer in said sequence (g) and determining
the prime integer g; in the sequence to be a least prime
integer such that the greatest common divisor (gij, p - 1)

=1, g > 6, and q; > g4 - 1) for each i =1, 2, .., R - 1.

16. A turbo encoder including at 1least 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 8.

17. 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 8.

18. 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 9

to 15 when the product is run on a computer.

according to any of clains 1 to 8.
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