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THE J NVENTION - . 1. Field of the Invention = - e

present invention generally relates to the- turbo encodi ng techni que
that effectively copes with a burst error. Mre particularly rgr'_etemn
present invention is 10 concerned with an interleaving nethod, !
interleaving  gymp oF THE TNVENTTON |

| " INTERLEAVING METHOD, - INTERLEAVING APPARATUS,

TURBO ENCODING METHOD, AND TURBO ENCODER

5 BACKGROUND OF THE INVENTION
1. Fileld of the Invention
The piesent invention generally relates to the
turbo encoding technique that effectively copes with a
burst error. More particularly, the present invention is

10 concerned with an interleaving method, an interleaving
apparatus, a turbo encoding method, and a turbo encoder in
which pruning is not performed at all or only a smalkl
number of bits is pruned away, so that computational
complexity can be reduced.

15 The present invention can be applied to fields
required to improve reliability of communications using
error correction codes, such as digital transmissions and
digital recording. The present invention is particularly
effective in flelds which require flexibility of

20 communications such as multimedia.

2. Description of the Related Art

Recently, a tu;ho'encoder has been proposed
which utilizes a code having high capability in error
correction. Such a turbo encoder is made up of a

25 plurality of encoders, which are coupled together via an
interleaver (which is means for performing interleaving
processing) in order to reduce the correlation between
redundant sequences associated with the respective
encoders. The interleaver is a key element which

30 Qetermines the performance of turbe encoding.

Figs. 1A and 1B show an example of the turbo:
encoder. As shown in Fig. 1A, the turbo encoder includes

recursive systematic convolutional encoders 12 (RSCl) and
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apparatus, a turbo encoding nethod, and & turbo encoder in whi ch

pruning is not perfornmed at all or only a snall nunber of bits is
pruned away, so that conputational conpl exity can be reduced. 15

The present invention can be applied to fields required to inprove
reliability of communications using error correction codes, such as
digital transm ssions and digital recording. The present invention is
particularly effective in fields which require flexibility of _20

communi cati ons suth RSOt anddam. interleaver 11. As s R ifh¥ ofBrhe
Rel ated Art Rec :
which utilizes a e@@%‘ﬁ%&?ﬁgeﬁgéﬁ¥§%§§%i 01@?&9%&&@Pﬁ§ HPQﬂmﬂéﬂpgiednd

hi _ e N 'ty in error correction. Such
a "t”Ulr' bg' encodﬁr | $5NB6E dHLlay edeméntpl (M)allist sndflEmooiected s hae

coupl ed together via an i nter] eaver (which i ng .| orm ng

i nterl eavi ng pheeekyi ndie FIHPAT T eﬁﬁgﬁl‘???g%g‘oﬁ'ﬁéﬁ%t‘?%# bet ween
redundant SeqL?nCEEM'd&t(RdbMEP A diapRest éncoded detaoseqsenciz X1

interleaver is a key elenent which 30 deternmnes the eEf rmance of turbo
encodi ng. - X3. TIrjqgder] koapeduge dhewcart STQ""?‘H% ﬁtﬁ bo
redundant bits X1 and X2, the interleaver 11 is provided
at the input side of the encoder (RSC2) 13." As shown in

Fig. 1C, a turbo decoder is made up to two decoders 1 and
. 10 2, two interleavers 3 and 4, and a deinterleaver 5.

In digital systems, permutation in interleaving
1s performed on a given unit basis of bit or symbolfi The
permutatioh is implemented by using a buffer or_a pattern
for permutation. When the buffer is used, data is written

15 therein and is then read therefrom in-a different sequence.
When the pattern for permutation is used, data is permuted
by referring to the patternfﬁwhidh-describes information
concerning a permutation'hased_on-inxefieaéing. The
pattern described will be reﬁer:ed:toias an interleave

20 pattern. o ' |

A description will now be given of bit-based
permutation processing using the interleave pattern.

Fig. 2 shows interleaving of a 16-bit sequence.
In Fig. 2, a 16-bit sequence 67 1s interleaved on the bit

25 unit basis by referring to an interleave pattern table 68,
which defines a sequence of interleaving. 'More
particularly, the zeroth to 15th bits of the sequence 67
'is written into a two-dimensional buffer by the interleave
pattern table 68, and is then read therefrom in the order

30 of 0; 8, 4, 12, ..., as indicated by an arrow in Fig. 2.

. Thus, a bit sequence after interleaving is obtained as
shown in Fig. 2. | '

The interleaver involved in interleaving is

- .
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encoder. As shown in Fig. A the turbg ericoder includes recursive
systemati c convol utional encoders 12 (RSCl) and 13 (RSC2),
and an interleaver 11. As shown in Fig. 1B, each of the encoders 12 and
13 is made up of adders 14 and 15 and del ay el enents (D) 16 and 17
connected as shown therein. The turbo encoder receives an input data 5
sequence d (K bits) and outputs encoded data sequences Xl - X3. In

;)Lder to reduce t qﬁﬁé‘gl&; ].%ergﬁg\w&ﬁng thiéél usebamt Lhties Xdfand X2,
e interl eaver provi de
(1) handling a variety of frame lengths (foxr
example, thousands to ten thousands);. .
(2) producing the interleaved sequence with a
5 small numwber of parameters; and

(3) reduding computational complexity in
creating the interleave pattern.

As to the first capability, if the parameters
are merely prepared for all of the different frame lenglhs,

10 a huge number of parameters will be prepared, ané a huge
memory capacity will be required to store the parameters.
Thus, the above is impractical. There 1s another -~
disadvantage that it takes a long time to compute

. respective optimal parametérs for each of the different

15 frame lengths. -

The above problems may be solved by de51gning
interleavers with a small number of parameters. This 1is
related to the second capability. Interleavers equal in
number to a power of 2 are prepared and pruning of data is

20 performed. However, pruning of data requires an increased
number of parameters for optimization, and the
interleavers may not have good performance with respect to
all of the frame lengths. That is, the interleavers have
good performance for some frame lengths but do not operate

25 well for ofher frame lengths.

Reduction in the amount of data to be pruned
away is also related to the third capability. In this
regard, the present inventorslhave proposed an improvement
in pruning and performance (International Application No.

30 PCT/JP98/05027). However, even the proposed improvement

has high computational complexity in producing the
interleave patterms.
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at the input side of the encoder (RSC2) 13. As shown in

Fig. 1C, a

turbo decoder is nade up to two decoders 1 and 10 2, two interleavers 3

and 4, and a deinterl eaver 5. In digital
in interleaving is performed on a given unit basis
The pernutation is inplenmented by using a buffer or

systens, pernutation
of bit or synbol.
a pattern for

permutati on. When the buffer is used, data is witten 15 therein and is

than read therefromin di.f nce. When t
permutation i s usegé = by referring to the pattern,

whi ch describes informationtt isC@nppietalgobjéet Bf gheoprdsedd iorention
I nterl eaving. The pattern described wll_be referred to as

- ) an
“interleave 20 patteprovide an improvedpipterlezring, taFPPigHs, NFYLGS, ERe of
bi t - based per &ié-%nﬁ?.@ﬁé&sét&&é%hﬁgbiiﬂiéﬁ.e” eave pattern.

Fig. 2 shows interleaving o

he pattern for

a 16-bit sequence In Fig. 2, a 16-bit

sequence 67 is5interl eaved dnmehé specific ghjechfi Shgyrresent iimyepdign |
i nterl eave patter . ' I ugRc | ddAnhlheavi ng
Mor 6 D 8 Brdiage on "HSHIERVIRG e BTG daA RG]

parti cul € Zero
witten into a twoamspawstsisonal tocthd emndodingeméethaed |andy 8

the sequence 67 IS

turbo encoder

capable of efficlently achieving randomization of input

sequences of a variety of frame lengths with reduced

10 computational complexitf.

The above objects of the present invention are

achieved by 1. An interleaving method comprising the

steps of: receiving a data sequence having a plurality of

blocks each- having a length based on a prime number P;

15 generating sequence permutation data by performing a given

operation on elements of a Galois field of a

characteristic P and permuting results of the giwven

operation, so that sequence permutation data are

generated; and permuting a sequence of data of the data

. 20 sequence in accordance with the sequenée

permutation data.

The above objects of the present invention are

also achieved by an interleaving method comprising the

steps of: (a) generating or recording a prime number P;

(b) dividing an input sequence into N blocks B,, B,, ...,

25 B, each having a length equal to P where

N is an integer

equal to or greater than 2; (c¢) generating or recording

first sequence permutation data in which elements of a.

Galois field of ‘a characteristic P are arranged in an

order of values of exponent parts of a power notation of

30 the elements: (d) generating or recording (N - 1)

integers p,, P;, ..., Py, Which are'mutually prime with

respect to (P - 1): (e) generating or recording second

through Nth sequence permutation data by repeating, ith
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pattern table 68, and is then read therefromin the order 30 of 0, 8, 4,

12, ..., as indicated by an arrow in Fig. 2. Thus, a bit sequence after
interleaving is obtained as shown in Fig. 2. The
interleaver involved in interleaving is

2

times (i =1 - (N - 1)), a process for generating ith
sequencé permutation data by cyclically reading data in
the first sequence pefmutation_data at intervals of p;:
(£) permuting data in the blocks B, - B, in accordance
5 with the first through Nth sequence permutation data; and
(g) reading permuted data from the blocks B, - By, in a
given order.
The above-mentioned objects of the present
invention are also achieved by an interleaving method
10 comprising the steps of: (a) generating or recording a
prime number P; (b) dividing an input sequence into N
blocks B;, B,, .-., B, each having a length equal to P
where N is an integer equal to or greater than 2: (c)
generating or recording zeroth sequence permutation data
15 in which elements of a Galois field of a characteristic P
are arranged in an order of values of exponent parts of a
power notation of the elements: (d) generating or
.recording N integers p,, P,. --., Py Which are mutually
prime with respect to a primitive root used in the power
20 notation; (e) generating or recording first through Nth
sequence permutation data by repeating, ith times (i =1 -
N), a process for generating ith sequence permutation data
which is a sequence of values of exponent parts in power
notation of elements obtained by adding g, to data 6f the
25 zeroth sequence permutation data; (f) permuting data in
the blocks B, - B, in accordance with the first through Nth
sequence permutation data:; and (g) reading permuted data
from the blocks B, -~ By, in a given order.
In the above step (b), each of the blocks may
30 have a length equal to (P - 1) or (P + 1).
_ The above-mentioned objects of the present
invention are also achieved by an interleaving apparatus
which implements the above method.
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required to have the followng three capabilities of: (1)

handling a variety of frame |lengths (for exanpl e, thousands to ten

t housands) ; (2) producing the interleaved sequence with a 5
smal | nunber of paranmeters; and R (3) reducing computationa
conplexity in creating the interl eave pattern. As to the
first capability, if the parameters . are merely prepared for all of the
different frame lengths, 10 _ a huge nunber of paranmeters wll be prepared,
and a huge menory capacte§ agdve-penticned 1@6t§t6£éij§rﬁ§F3 ters.

Thus, the above i s jyapkachi 8¢ a19¥ERhESvéd WY turbo hidiaat AGthddatl it

takes a long tinme-to conpute ~ respective optinmal paraneters for each of
the different 15 domprdsieggtas. an interleaving mefBod gRlo¥eshieng FaTPdhe

sol ved by desi gni coderhnkﬂélfﬁﬂﬁﬁféaW%hP fetHBd lasNHEbSF1vdd BRLIET! ers.
|

This is related to the second capa ity. Interleavers equal in
nunber to a poger of 2 are Fhepsbaxe-medtponed mplectsact the TFesgatf or med.

However, pruning (Hnéggfioﬁeggér§f§5”§ch&%5333§§1a turbo encoder comprising:
a plurality of encoders; and the interleaving apparatus_as

described above.

10
Other objects, features and advaﬂtgges of the
present invention will more'apparent‘from the following
detailed description when read in conjunction with the
) accompanying drawings in which:
) 15 , Figs. 1A and 1B are block diagrams of a -

conventional turbo encoder;
Fig. 1C is a block diagram of a turbo decoder;
Fig. 2 is a diagram of a conventional
interleaving method of interleaving a 16-bit input data
20 - sequence;
Fig. 3 is a block diagram of a turbo encoder
according to a first embodiment of the present invention;
Fig. 4 shows prime numbers up to 200;
Fig. 5 is a diagrém illustrating a first
25 possible configuration of an interleaver shown in Fig. 3:
| Fig. 6 shows prime numbers less than 150 and
associated primitive :oots:'
Figé. 7A and 7B respectively show examples of
sequence permutation tables;
30 Fig. 8 is a diagram "illustrating a second
possible configuration of the interleaver shown in Fig. 3;
Fig. 9 is a diagram illustrating a third

possible configuration of the interleaver shown in Fig. 3:
-
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nunber of paraneters for optimzation, ‘and the interleaveré may not

have good performance with respect to all of the frane | engths. That

is, the interleavers have good performance for sone frame | engt hs but
do not operate 25 well for other franme |engths. Reducti on
in the anmount of data to be pruned away is also related to the third

capability. In this regard, the present inventors have proposed an

i mpr ovenent i n pruning I on No.

307 PeTT 398 05027) " TougvERS- CiLY, R RESua e kb bl Rceab On,

conput ati onal conpdcdrdingnter titk gregenbeinventianer | eave patterns.

3 ‘Fig. 11 is a graph for explaiming an erxor floor
in turbo codes;

5 Fig. 12 is a block diagram of a turbo encoder
according to a second embodiment of the present invention:

Fig. 13 is a diagram illustrating a fourth

possible configuration of the interleaver shown 1in Fig. 3;°
and

10 Figs. 14A, 14B and 14C respectively show
examples of sequence permutation tables used in the fourth

embodiment of the present invention. -

DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 . A description will be given, with reference to
the accompanying drawings, of embodiments of the present
invention. ' )
First Embodiment
Fig. 3 is a block diagram of a turbo encoder
20 according to the.first embodiment of the present invention.
In Fig. 3, parts that are the same as those shown in the
previously described figures are given the same reference
numbers. |
The turbo encoder shown in Fig. 3 differs from
25 that shown in Fig. 1A in the following:
‘ (a) a bit addition process part 21 is newly
added;
(b) an interleaver of a new configuration is
used; and '
- 30 (c) a puncture processing part 23 is newly added.
-~ A detailed description will be given of the
turbo encoder shown in Fig. 3 by further referring to a
flowchart of Fig. 10. '
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SUMVARY OF THE | NVENTI ON It is a general object of the
present invention to provide an inproved interleaving techni que havi ng
t he above-nentioned three capabilities. 5 A nore specific
obj ect of the present invention . is to provide an interleaving nethod,
an interl eaving apparatus, a turbo encodi ng nethod and a turbo encoder
capabl e of efficiently achieving random zati on .of i nput sequences of a

variety of frame Iengtgg wi.t h Eeduced 10 conputational conplexity.
The above objects n ' ntion are

As preprocessing of interleaving, the bit
addition process part 21 adjusts the input sequence so
that it has a suitable number of bits for interleaving

5 (steps 10l - 103 shown in Fig. 10).

The bit addition process can be implemented by
various types of conventional error correction coding. In
this case, the bit addition process part 21 is a CRC
encoder. Of the various types of conventional error

10 correction coding, it 15 preferable to use a type of bit
repetition in which bits are periodically repeated because
it is flexible and is easily implemented. B =

‘A detailed description will be given of the bit
repetition in a case where the nuﬁ%er of bits input to the

15 turbo encoder is N (which correéponds to K in Fig. 3).
The bit xepetition includes the following four steps (1) -
(4).
At step (1), Ny is divided by 8, and the
resultant value n is obtained. The reason why Np, is
20° divided by 8 will be described later. At step (2), the
prime number P that is greater than n and closest to n is
obtained. At step (3), the difference between 8 times of
P and N, is calculated, and the resultant value is denoted
as a. At step (4), a bits (dummy bits) are added to Ng
25 bits of the input sequence.

An example for N, = 650 will be described below.
At step (1), n = 650/8 = 81.25. At step (2). the prime
number that is greater than 81.25 (= n) and closest
thereto is 83 from a table shown in Fig. 4. That is. P =

30 83. At step (3), 83+8 = 664, and thus a = 14. That is,
the number of dummy bits to be added to N, is 14. At step
(4). 14 dummy bits are added to the input sequence of 650
(=Np,) bits. For example, the 14 dummy bits are added to
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achieved by 1. An interleaving nmethod conprising the steps of:

recei ving a data sequence having a plurality of bl ocks each having a

| engt h based on a prinme nunber P; 15 generating sequence pernutation data
by perform ng a given operation on elenments of a Galois field of a
characteristic P and pernuting results of the given operation, so that
sequence pernutation data are . generated; and pernuting a sequence of

data of the data Z&e %ﬁg‘uggcehé r\ﬁbaqug_rtdgﬂﬁ@tvgédﬁehag,s_equence per nmut ati on
€.a 0 '

dat a. ove objects of the present invention are

al so achi eved by an !hterleﬁhéngmmnﬂhddhc¢npii@ﬁrh}ﬂ$h§?u$ °§ﬁﬁ§5§dofth?5)
deauence Into N bl spppSEfRATE) bF big W pas USRI B
equal to P where Nyithout iextepeion, andnihb guotiendr dat alwaymrth@ prdye
o ements of & 5 REFGRE {TBPGORSO O BotB TeH Ao are e simihiBe
order of values of GxPYreR ta-isméisidravarraptisndledoat 39 fids: sitegent s;
e g o e g N padecrmea WL EHE i pbben PP e
generating or recopdi®g 266279 be described in detail later. It is

possible to employ an arbitrary numbgr such as 10 or 20

10 when the two-dimensional array used in the interleaver 22
has 10 or 20 rows. In such a case, 10 or 20 1s used at
the aforementioned steps (1) - (3). ’ -

"It can be seen from the above description that
the process.pe:formed by the bit addition process part 21

15 obtains the number of rows of the two-dimensional array at
step 101 shown in Fig. 10, and determines the number of
columns thereof which is the prime number, and adds, to
the input sequence, the number of dummy bits equal to the .
difference between the product of the numbers of rows and

20 columns and the number of bits of the input sequencef

Besides the bit repetition, it is possible to
use block codes or convolutional codes in order to
implement the bit addition process. It is also possible
to employ a simple method of adding known bits to a known

25 ©position. | | |
Interieaver 22

The interleaver 22 has, for example, one of
three different configurations described below.
(Fixrst configuration)

30 Fig. 5 shows the first configuration of the
interleaver 22. The interleaver 22 having the first
configuration includes the first, second and fhird stages
41, 42 and 43. The first stage 41 corresponds to step 104
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t hrough Nt h sequence pernutation data by repeating, ith

4 o times (i =1 - (N 1)), a process for generating ith
sequence pernutation data by cyclically reading data in the first
sequence pernutation data at intervals of p[err];

shown in Fig. 10. The second stage 42 corresponds to
steps 105 - 108 shown in Fig. 10. The third stage 43
corresponds to step 109 shown in Fig. 10.
(1) First stage 41:
5 An input sequencé 40 (that is the output of the
bit addition process part 21 and consists of, for example
664 bits) 1s divided into N. In Fig. 5, the 664-bit input
sequence 40 is divided into eight blocks B, - By, which are
then written into a two-dimensional array (buffer), which
10 consists of 8 rows and 53 colurns. It will be noted that
the 664-bit input sequence 40 includes 650 ipformation
bits and 14 dummy.bits. The input sequence 40 of 664 bits
can be divided by 8 and the quotient thereof is the prime
number 83. Thus, the number of rows of the two-
15 dimensional buffer is B and the number of columms thereof
is the prime number 83.
{2) Second stage 42:
" an intra-permutation is performed, as will be
described later. In the intra-permutation, the sequence
20 of the bits arranged in each row is permuted.
{3) Third stage 43:
An inter-permutation is performed in which the
order of the rows arranged in the two-dimensional buffer
is permuted. The inter-permutation uses, for example, a
25 inter permutation pattern oﬁtained by learning (directed
to lengthening the free distance). One row 1s the unit of
the inter-permutation.
| After the first through third stages are
performed, data is read from the two-dimensional buffer in
30 the longitudinal direction (column direction) at step 110
shown in Fig. 10, whereby an interleaved coded sequence 44
can be obtained.
o _ A further description will now be given of the
_— _
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(f) pernuting data in the blocks B[err] - B[err] in accordance 5 with the
first through Nt h sequence pernutation data; and (g) reading permuted
data fromthe blocks Blerr] - Blerr] ina gi ven order.

The above-nentioned objects of the present i nvention are al so achi eved
by an interleaving nmethod 10 conprising the steps of: (a) generating or
recordi.ng a prime nunber P; (b) dividing an input sequence into N

bl ocks B[err], Bferr], ., Blerr] each having a |l ength equal to P

where N is an int &REondq§5RIB0%dr greater than 2; (c) generating or
recording zeroth sequence pehgLiflddipetirfaiion idt WhieCheSbRITRageok2?
Galois field of a characteristic are arranged in an order.of val ues
of ‘exponent parts ufesaa tabfbgmeteaﬂﬁdafOWoﬁhefolﬂ@@Qnﬁﬁ‘?Bs 34)- (§€né$aﬂl ng
or recording N iJ e er [ r yaLly
prime with respectagl‘ 0 E’:;%%pr?"F’nﬁz{arvéé‘ldr g?).%)%eééﬁs in;?.{]tedal:a"@fg‘%‘t not at i onLt (e)
generati ng. or sBecorwh-dimensionahriviftfierNbiy refexnﬁpgemoetperaddzassomauaea by

repeating, ith tines (i 1 - N), a process for generating ith sequence
permut ati on data gaﬁgMﬁkﬂ]ls a sequence of values of exponent parts in
power notation of el emegtepobl aifapd bytaddi tige gramikive rodta f of he

the Galoils field of the characteristic P (which
corresponds to the number of columns and is equal to 83 in

10 the case shown in Fig.'ﬁ) at step 105 shown in Fig. 10,
and to create a table t0 described in the order of
exponential (power) notation of the primitivé root in
which the ‘elements of the Galois field are expressed by
anEi-logarithms, which are arranged in the order of

15 exponential notation. The primitive root g, of the Galodis
field of the characteristic P can be chosen from the table
shown in Fig. 6. In bther words, step Sl is to compute =z
mapping sequence c(1) for intra-row permutation defined
below:

20

c(i) = (g,") (modP)

where 1 =0, 1, 2, ..., (P-2), and c(P-1) =
In the case of P = 83, the primitive root g,
25 (which corresponds to q in Fig. 6) of 83 is 2, and the
elements of the assoclated Galois field are 0, 1, 2, ...,
82. Thus, c(0), c(l), c(2), ..., c(82) are as follows:

c(0), c(1), <(2), ..., c(82)

© 30 = 2°(mod83), 2'(mods3), 2*(mod83), ..., 2%*(mods3)
=1, 2, 4, 8, 16, 32, 64, 45, 7, 14, ..., 42, 0
The tablé t0 can be formed from the above one-
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25 zeroth sequence pernutation data; (f) permuting data in t he bl ocks
Blerr] - B[err] in accordance with the first through Nth sequence
pernmutation data; and (g) reading permuted data fromthe bl ocks B[err]
- Blerr] in a given order. In the above step (b), each of
the bl ocks may 30 have a length equal to (P - 1) or (P + 1).

The above-nenti oned objects of the present I nvention are al so achi eved

by an interleaving; QpRAnatus sequaiftesak"BhGHE S Filie FBOV WA the
combinafion of the numerals arranged in the transverse-
axis and longitudinal-axis directions of the table t0
describes the exponent. For example, the combination of

5 numerals of 1 and 6 respectively in the transverse- and
longitddinal-axis directions indicates an exponent of 16.
It can be seen from the table t0 that the results of, for
example, 2?(mods3) and 2¥(mods3) are respectively 4 and 49.
The result of 2%(mod83) is set equal to 0,
10 Step S2: ‘

The table t0 is defined as a sequence
permutation table for the first row of the two-dimensional
buffer, Step S2 corresponds to a case when a parameter I.
indicative of the row humber is set equal to 1 at step 106

15 shown.in Fig. 10. That is, the numbers defined in the
sequence permutation table t0 indicate the bit allocations
after permutation. As shown in Fig. 7B, the sequence:
pexmutation table t0 includes the one-dimensional sequence
(pattern) starting from the left uppermost position

20 thereof:

Table t0: 1, 2, 4, 8, 16, ..., 42, 0 -..(1)

- For example, let us assume that the input data
25 mapped into the first row of the two-dimensional buffer is
as follows:

AO, Al, A2, A3, ..., A82 : <. (2)

30 The bits in the first row of the two-dimensional buffer
are permuted by referring to the sequence permutation
table t0. 'For example, bits A0 and Al which correspond to
"1l" and "2" in the sequence permutation table t0 are
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The above-nentioned objects of the present I nvention are al so achi eved
by a turbo encodi ng net hod conprising, as an interleaving nethod

enpl oyed in a turbo encoder, the interleaving nmethod as descri bed
above. 5 The above-nenti oned objects of the present

i nvention are al so achi eved by a turbo encoder conprising: a plurality
of encoders; and the interleaving apparatus as descri bed above. 10
BRI EF DESCRI PTI ON OF THE DRAW NGS obj ects, features
and advant ages of RIreed in 6P@s€ﬁ%9¥ﬁ#eﬂpﬁéﬁl9ﬁ?Iem%ﬁéfﬁﬁtéP%ﬁFﬂ?Fﬁﬁpthe

fol I owi ng detgy{ &b Qﬁﬁ%‘ Ebkfébﬂ&ﬂ% rteadu nm G@iy wABLeOF0 Wid h the

acconpanyi ng drawi ngs 1 n which %1 A and 1B are bl ock
di agrams of a - pe:mu&gdusgnas tgrhﬁ)kﬂﬂgﬁéérin the fourth posmtiqy afters a

bl ock di agram of ode i B mgef a
conventi onal n er é%V?hg %e l%f%% b%?e%?é%vf%b %%sgo |nput data
20 sequence; 5 in the table t0 is permuted so as to be located in the

eighth position after permutation. Bilt A82 which
corresponds to the last number "0" in the table t0 is
placed in the original position. - The above permutation is
pexrformed at step 107 shown in Fig. 10.

10 The data obtained after permutation of sequence
(2) has the following sequence:

“A0, Al, A72, A2. A27, A76, A8, ..., AB2 ...(3)

15 Step S3: ' -
Step S3 is to obtain (N - 1) numbers (integers)
which have the mutually prime relationship with respect to
(P - 1) where N is an integer greater than 2 and denotes
the number of rowé. In the example being considered, P =
20 83 and N = 8. Thus, 7 (= 8 - 1) integers which are
numbers pl, p2, p3, p4. p5, p6 and p7 that have the
mutually prime relationship with respect to B2 (= P - 1 =
83 - 1) are obtained. The 7 integers pl, p2., p3, p4., p5.
p6 and p7 are respectively 3, 5, 7, 11, 13, 17 and 19 (1
25 and 2 are excluded); '
Step 54: )
At step 108 of Fig. 10, it is determined whether
I is smaller than N (the number of rows). If the answer
of step 108 is YES, the process returans to step 107. In
30 the'example being considered, I is incremented by 1 and is
then equal to 2. Then, a sequence permutation table for
permutation of data in the second row is created as

follows. Data is cyclically read from the sequence
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Fig. 3 is a block diagramof a turbo encoder according to a first

enbodi nent of the present invention; Fig. 4 shows prine
nunbers up to 200; Fig. 5is a diagramillustrating a first
25 possible configuration of an interleaver shown in Fig. 3;

" Fig. 6 shows prine nunbers |ess than 150 and associated primtive
roots; Figs. 7A and 7B respectively show exanpl es of
sequence pernutation tables; 30 Fig. 8 is a diagramillustrating
a second posspehmmifdngdtahleotﬂ afne by pnecat datervahe e ipl .Fiegd 3;

|nterleaver shown

Fig. 9is a di agra%nﬁ&‘%rgst%itl ngb@a:.ﬁ]éd’(%.s denogg&saé)lﬁ_cog&gégﬂd]%rj of the

when- data is circularly read from the sequence permutation
table t0 at intervals of 3, the sequence tl is obtained:

5
tl: 1, 16, 7, 29, 49, ... ' «2a(4)
The 'sequence tl1 thus obtained is forﬁed,into sequence
permutation table tl.
10 The above process is also performed by computing

the following (mathematically equivalent thq;eto):

_ “e(4) = (g.') (mod83)
15 where él i1s the primitive root obtained from gl = : )
(g,') (mod83).
Step S5:
The table tl1 obtained at step S4 is defined as a
sequence permutation table which is referred to when the
20 order of data arranged in the second row of the two-
dimensional buffer is permuted.
Step S6: _
Steps 4 and 5 are repeated by using p2, p3, p4,
p5. p6 and p7, so that sequences t2 ~ t7 can be obtained.
25 The sequences t2 - t7 are-formed into tables f2 - t7,
which ars defined as sequence permutation tables referred
to at the time of permutation of the third to eighth rows
of the two-dimensional buffer. That is, steps 106 - 108
shown. in Fig. 10 can be described as follows.
30 First, prime numbers 1; which satisfy the
following are obtained where 1 = 2 - r, and r is the

numbexr of rows of the two-dimensional array:
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Fig. 10 is a flowhart of the turbo encoder according to the present

i nventi on; : Fig. 11 is a graph for explaining an error fl oor
in turbo codes; 5 Fig. 12 is a block diagram of a turbo encoder
according to a second enbodi nent of the present invention;

Fig. 13 is a diagramillustrating a fourth possi bl e configuration of
the interleaver shown in Fig. 3; and 10 : Figs. 14A, 14B and

14C respectively show exa seqye t s used in
the fourth enbodi ment ) ¢t ,a.r.ege)m &neéﬁt%&%rﬂ élt-'é %{ﬁﬁ_ﬁ%

prime); and
(i1) 1, > 6.

5 . For r = 8, the prime numbers 1, - 1, are those to
be obtained, and are respectively 7, 11, 13, 17, 19, 23
- and 19 from the table shown in Fig. 6. Then, the pieces
of data in the table t0 are cyclically read one by one at
‘intervals of 1,, so that the sequence permutation tables
10 t2 - t7 éan'be created. 1In this case, the number "0"
located at the end of the table t0 is excluded in the read
operation. . } -
Step 7z |
The data arranged in the first through eighth
15 rows of the two-dimensional buffer iﬁ which the blocks-B1
- B, are written are permuted in éccordance with the
sequence permutation tables t0 - t7. More particularly,
the sequence of the data of the block B, is permuted in
accordance with the sequence permutation table tO0.
20 Similarly, the sequence of the data of the block B, is
permuted in accordance with the sequence permutation table
‘tl. The same process is carried out for each of the
blocks B, - B,. Finally, the sequence of the data of the
block B, is permuted in accordance with the sequence
25 permutation table t8.

' As described above, the sequence permutation
tables t0 ~ t7 are created, and then the permutatioﬂ
process for the blocks B, - B, is performed. Alternatively,
as shown in Fig. 10, the creation of the sequence

;0 permutation table and the permutation process are
successively carried out for every block.
The process of the second stage can be designed

so that the sequence permutation tables are prepared and
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DESCRTPTI ON OF THE PREFERRED EMODI MENTS 15 A description will be

given, with reference to t he acconpanyi ng draw ngs, of enbodi nents of
t he present i nventi on. Fi rst Enbodi nment Fig. 3is a
bl ock diagram of a turbo encoder 20 according to the first enbodi nent of
the present invention. In Fig. 3, parts that are the same as those
shown in the previously described figures are given the sane reference
nunber s. The turbo encoder shown in FI% dlffers from 25
that shown in Fi gre¢erded theforshandi apfl the permutatioh prggess g fers4itli on

process part 21 ig,ne ehand. (b) an interl eaver of a
new confi gurati on%}lg ié\leeussé: %%98 d3!6efor (c) a _puncture processing

part 23 is newy gddednd conflguration o€ dieailnberbieavad @2lon will be given
]9{ o;[/\::]ﬁart O]'Eulr::ogl eggf)der > ng]eslcr:rl:lgjtgon wﬁ)ﬁ_furtggrg{&é oﬁ:‘I Rfle! Sedbnd
5 configuration of the interleaver 22, which is the same as
that above except for the second stage. The permutation
process of the second stage is implemented by referring to
tables created by steps S11 - S15 described below.
10 Step S11 is the same as the aforementioned step
S1. That is, step S11 is to obtain the primitive root g,
of the Galois fleld of the characteristic P and to create
a table TO described in the order of exponential notatiom
of the prlmitive root in whlch the elements of the Galois
15 field are expressed by anti logarithms, which are arranged
in the order of exponential notation. It will be noted
that table TO is the same as table t0 shown in Fig. 7B.
Step S512: | '
' Step S12 is to obtain eight integers which have
20 the mitually prime relationship with respect to the
primitive root g, and are equal in number'to the rows of
the two-dimensional buffer. Let the eight numbers be
- denoted as ql, g2, g3, g4, g5, g6, g7 and g8. When the
prime number P is equal to 83, for example, the primitive
25 root is equal to 2 and the eight integers which are prime
numbers are obtained as follows: |
3, 5, 7, 11, 13, 17, 19 and 21
(except for 1 and 2).
Step 13:
30 The prime number ql is added (modP) to each of
the items of data of the table TO obtained at step Sl2.
When the table TO defines the following seguence:
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7 Bit Addition Process As  preprocessi ng of

I nterleaving, the bit addition process part 21 adjusts the input
sequence so

To: 1, 2, 4, 8, 16, ..., 42, O, ...(5)
the resultant sequence for gl = 3 1s as follows:
5 4, 5, 7, 11, 19, ..., 3 , -..{(6).

Then, the anti-logarithm values thus obtained
are converted into values in exponential notation. The
following ére obtained by a table of Fig. 7A that is the

10 reverse operation of Fig. 7B: '

= 2, 27' B, 24, »en g 7, 72 ) i -I--(?)-

Sequence (7) thus obtained is formed in a table,
15 which is used as a sequence permutation table Tl for the
first row of the two-dimensional buffer. '
Similarly, step S13 is repeated using g2. g3, q4,
g5, g6, g7 and g8, so that sequence permutation tables T2
- = T8 respectively used for'permutation of the second
20 through eight rows of the two-dimensional buffer can be
obtained.
Step S15:
| The 1ntra-pérmutation of the blocks By - By 1s
performed in accordance with the sequence permutation
25 tables Tl - T8. |
It is possible to prepare and record the
sequence permutation tables Tl - T8 beforehand in a memory.
(Third configuration)
A description will be given, with reference to
30 Fig. 9, of the third configuration of the interleaver 22.
Referring to Fig. 9, an input sequence 80
consisting of 1140 bits is written into an interleaver 600

having a two-dimensional buffer of a 72 x 16 array. Then,
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that it has a suitable nunber of bits for interleaving 5 (steps 101 - 103
shown in Fig. 10). The bit addition process can be.

i npl emrent ed by vari-ous types of conventional error correction coding.
In this case, the bit addition process part 21 is a CRC encoder. O
the various types of conventional error 10 correction coding, it is
preferable to use a type of bit repetition in which bits are
periodically repeated because it is flexible and is easily inplenmented.
A detail ed descri peagih wow lofbehgi ¥2x df6 theebleaver 608pidsi reamh fioy avernge

where the nunber of bits input to the- 15 rbp .encoder i [r whi ch
corresponds to K i h6PpHES Q) I?me Linse 1A% °|fe%€?i:l"ﬁﬁﬁieﬁgfaﬁd€%6\|[%e %ol(l owi ng

four steps (1) - téfleaved by using a Nk 4! eRrdrleaviiresld, iandlittieded- by
8, and the resultant value™n is obtained. The reason why Nerr] is 20

divided by 8 will Becordcrovhdhergerls intexlegved)by sdng a' Xk nunber P
that is greatersth‘ai@t?rﬁgg{mg_&lT SBSt & ' Y. thgbelﬁ'lr@q.ow%fsé@ (3), the
IS o P ang N

di fference between érr] iIs calculated, and the
resul tant value isidtecteaver 608sig. imtexkesyedsby an 1 & 2( dukegleaver) 63Pe

added to Nerr] That is, the respective rows are interleaved by the

different interleavers. Alternatively, an identical
interleaver may be used to interleave each of the rows of

10 the two-dimensional array; It is also possible to use an
identical 1ﬂter1eaver for some rows of the_two—dimensional
array- )

JThen, the data thus interleaved are read in the
longitudinal direction (0, 16, 32, 48, ...), so that an
15 output data sequence 90 can be obtained.

Since the last row of the buffer consists of
only four bits, a 4 x 1 interleaver is applied thereto.
However, the 4 x 4 or 2 x 2 interleaver may be used for
the last row. The data of the last row can be read

20 therefrom in the order of 1136, 1137, 1138 and 1139.
However, in Fig. 9, the data of the last row are read in
the reverse order, namely, 1139, 1138, 1137 and 1136.

It is also possible to read data from the 72 x

16 interleaver except for the last row and to thereafter
25 read the data of the last row and place them at given
intervals.

The interleaver 22 can be formed of any of the
first through third configurations. After the interleaved
data is produced by the interleaver 22, step 110 of Fig.

30 10, that is, the third state 43 shown in Figs. 5 and 8 is
carried out.

In the first and second configurations of the
interleaver 22, the process at step 110 shown in Fig. 10
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25 bits of the input sequence. An exanple for N err] = 650

w Il be described bel ow. At step (1), n = 650/8 = 81.25. At step (2),
the prine nunber that is greater than 81.25 (= n) and cl osest

thereto is 83 froma table shown in Fig. 4. That is, P =30 83. At step
(3), 83*8 = 664, and thus a = 14. That is, t he nunber of dummy bits
to be added to Nerr] is 14. At step (4), 14 dummy bits are added to
t he i nput sequence of 650 (=N err]) bits. For exanple, the 14 dumy

bits are added tO0 can be modified so as to prevent occurremgce of a pattern
which causes an error floor of the turbo codes.

Fig. 11 is a graph showing an error floor. The

_ error floor deﬁotes a phenomenon in which the bit error

5 rate (BER) is not improved as much as the S/N ratio is
improved. In the graph of Fig. 11, the error floor starts
to occur when the bit error rate is equal to 107 to 107,
and i3 not much improved even when the bit error rate 1s
further improved. o

10 With the above phenomenon in mind, it is
preferable to read the data from the two-dimensional array
(buffer) in a fixed order but any of a plutality of |
predetermiped orders. That is, it is preferable to

" determine the order of reading the data from the two-

15 —dimensioﬁal buffer after the intra—permutétion on the
basis of the value of the error floor. Thus, it is
possible to suppress the occurrence of the error floor in
the turbo codes. If the input sequence is divided into 10
blocks B, - B, the data is read from the blocks B, B,, Bs.

20 B, B,, By, B,, B,, B, and B, in this order. If the imput
sequence is divided into 20 blocks B, - By, the data is
read from the blocks B,,, B,, B, B.. By, B,. B, B,, By, By,
By, By, By, B, By, By, B, By, By and B, in this order.

It is also poséible'to read the data from B,,, B,, By,, B,

25 B,, B,, B,, By, By, Bu. By, Ba, By, By, By, By, By. B, By
and B,,. _ ' ' _

One of the predetermined orders of reading the
data is selected so that the occurrence of the error floor
can be suppressed. As described above, when the input

30 sequence is divided into 10 blocks, data written into the
two-dimensional buffer is read therefrom in the reverse

direction. This is simple and is implemented easily.
(Puncture process)

-
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the end of the 650-bit input sequence. The nunber (Nerr] +
a) of bits thus obtained, that I's, the nunber (K + a) of bits in Fig. 3
is divided by 8 wi t hout exception, and the quotient is always the prine
5 nunber. The reason why 8 is used is that the nunber of rows of a

t wo- di nensi onal array handl ed at a first stage of interleaving
performed in the interl eaver 22 is equal to 8 as will be described in

detail later. It is possible to enpl oy an arbitrary nunber such as 10
or 20 10 when the two-di mTenThenedneentipnalecturbo engofier esha@y dn Pig. 1A has
10 or 20 rows. In such a c

steps (1) - (3). ¥Tecelves SKT 1%2?’5’%@ égﬁq}roﬁ%ntdhgua%&v% egggf%{_f)gﬁd
"t hat t he procegs pafjopiedehyoddde dwtpuachhéra)rrlpn.sc‘ebs menber2 ¢f 16ail
Shown 11 Fi o, 10, ks et AEOR R ruDer TorLc e RURAS ¥haeldr Sht on 1 s
the prime nunbey, &ﬂ?p\ﬂfj‘i&omt fsc2.
In contrast, in the turbo encoder shown in Fig.
3, the bit addition process part 21 adds the a dummy bits
to the N bits of the input sequence, so that the (N + a)
bits are applied to the interleaver 22, RSC1l and RSC2.
10 That is, 3a bits are auxiliary bits in total. In order to
delete the 3a auxiliary bits, the puncturing process part
23 performs a puncturing process for the 35 auxiliaff bits.
A method éf periodically deleting the redundant bits is
generally used for the puncturing process -suitable for the
15 turbo codes. The above method can be applied to ‘the
puncturing process part 23. Thus, the oﬁtput of the
puncturing process part 23 receives (3K + 3a + Tl + T2)
bits and outputs (3K + T1 and T2) to the next stage.
Second Embodiment
20 o Fig. 12 is.a block diagram of a turbo encoder
according to a second embodiment of the present invention.
In Fig. 12, parts that are the same as those shown in Fig.
3 are given the same reference numbers. The turbo encoder
shown in Fig. 12 has the bit additlon process part 21 that
25 is placed at the input side of only the interleaver 22.
That 1s. the encoded sequence X1 is the same as the input
data sequence from an information source. Further, the
RSCl processes the input data sequence from the
information source as per se. In order to delete the
30 dummy bits added to the input data sequence by the bit
addition prodess part 21, a pruning process part 123 is
provided between the interleaver 22 and the RSC 2. The

interleaver 22 has one of the aforementioned first through

-
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‘t he i nput sequence,ethe nunber of dummy bits equal to the di fference
bet ween the product of the nunbers of rows and 20 col ums and the nunber of

bits of the input sequence. Besides the bit repetition, it is
possible to use bl ock codes or convolutional codes in order to

I npl ement the bit addition process. It is also possible to enploy a
sinpl e nmethod of adding known bits to a known 25 position. I nterl eaver
22 The interl eaver 22 has, for exanple, one of three

di f f erent conf|guﬁ&ﬂmﬂnsouﬁsgmraﬁipnﬁeloNDW a ﬂqﬂtﬁbtceﬂﬁﬁgQﬁﬁtéPPoﬁi
Fig. 5 shows the flthg%gg q;lapbgf |nterleaver 22. The
of P44 Unil'pd abolrined,

i nterl eaver 22 ha con n includes the first,
second and third stages TH4, fdlﬁ'tancboﬁﬁlgﬁtaat:lqu o shagsltkrlwveespbnds

to step 104 can be obtained by slightly modif%ing the f£irst or second
5 configuration. Such a modification is an improvement in
obtaining the prime number. namely, the number of columns
of the two-dimensional array. This will be described in
detail below. )
_ The bit addition process part 21 operates as

10 follows. At step (1), ﬁm is divided by 8, and the
resultant value n is obtained. At step (2), the prime
number P that is greater than n and closest to n is’
obtained. Further, (P - 1) and (P-+ 1) are prepared.
Then, one of the numbers P, (P - 1) and (P + 1) that is

15 egual to or greater than n and is closest to n is chosen.
At step (3), the difference between 8 times of P and Ny is
calculated, and the resultant value is denoted as a. At
_step (4), 4 bits (dummy bits) are added to N, bits of the
input  sequence.

20 ' An example for N;y = 660 will be described below.
At step (1), n = 660/8 = 82.25 (the quotient is 82, and
the remainder is 4). At step (2). the prime number P that
is greater than 82.25 (= n) and closest thereto is 83 from
the table shown in Fig. 4. Further, (P - 1) = 82, and (P

25 + 1) = 84. Since the number 83 is greater than 82.25 and
is closed thereto, the number 83 is chosen. At step (3),
83#8 = 664, and thus a = 4, That is, the number of dummy
bits to be added to Ny is 4. At step (4), 4 dummy bits
are added to the input sequence of 660 (=N, ) bits. For

30 example, the 4 dummy bits are added to the end of the 660-
bit input segquence.

The numbex (N, + a) of bits thus obtained, that
is, the number of (K + a) bits in Fig. 3 is divided by 8
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shown in Fig. 10. The second stage 42 corresponds to steps 105 - 108
shown in Fig. 10. The third stage 43 corresponds to step 109 shown in
Fig. 10. (1) First stage 41: 5 An i nput sequence 40 (that
is the output of the bit addition process part 21 and consists of, for
exanpl e 664 bits) is divided into N In Fig. 5 the 664-bit input
sequence 40 is divided into eight blocks B[err] - B[err], which are

then witten into a two-dinensional array (buffer), which

without .exception, and the quotient is always any of the
prime number P, (P - 1) and (P +1).
| If the prime number P is chosen at step (2), the
sequence permutation tables can be created by the manner
5 that has been described with reference to Fig. 5. However,
if (P -~ 1) or (P + 1) is chosen, for example, if 82 or 84
is chosen, the two-dimensional array has 82 or 84 columns,
and'thus thée sequence permutation tables associated with P
= 83 are not used. The sequence permutation tables
10 suitable for 82 or 84 columns can be created by modifying
the aforementioned sequence permutation table t0 for 83
columns, as described below. )
-Fig. 14a shows tha sequence permutation table tO
_for the first row of the two-dimensional array having 83
15 columﬁs, which.is the same as that shown in Fig, 7B. The
sequence permutation table for the first row of the array
having 82 columns (let t0_, be that table) is obtained by
deleting "0" located at the end of the sequence of the
table t0 for 83 columns. That is, the one-dimensiocnal
20 sequence t0_, for 82 columns is as follows:

to,: 1, 2, 4, 8, 16, ..., 42.

The table t0_; ranges from element 1 to element -
25 82, and 1 is subtracted from each of all the elements.
The resultant table ranges from element 0 to element 81,
and is used as the sequence permutation table t0., for the
first row for 82 columns.
The sequence permutation table for the first row
30 of the array bhaving 84 columns (let t0,, be that table) is
obtained by adding the prime number P to the posifion next
"0" located at the end of tﬁe sequence for 83 columns,

‘That is, the one-dimensional sequence t0, for 84 columns
R —
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10 consists of 8 rows and 83 colums. It will be noted that t he
664-bit input sequence 40 includes 650 information bits and 14 dummy
bits. The input sequence 40 of 664 bits can be divided by 8 and the
guotient thereof is the prine nunber 83. Thus, the nunber of rows of
the two- 15 dinensional buffer is 8, and the nunber of colums thereof
I's the prinme nunber 83. (2) Second stage 42: An
intra-pernutation is perforned, as will be described later. In the
intra-pernmutationisths fetilewse 20 of the bits arranged in each rowis

per mut ed. (3) Third stage 43: . An inter-pernutation is
performed in which the order of the rows arranged in the

t wo- di nensi onal buffer ts,,per mat.ed, Bheld nter--,pdRoud atd8bn uses, for
exanple, a 25 inter pernutation pattern obtained by |earning (directed
to |l engthening the free distance). One rowis the unit of t he

i nt er - per mut at kon. | By exediitfifig khep$ixcd -t Losusitowhiind Fdgagee, are
performed, data is read fromthe two-di pensional guf%fr int;O tQF

| ongi t udi nal di r ecESBIERCEOPEFRL RO i’céh}eﬁttgt‘eﬁ 11642 = T4, and tl, -

t7,, for the second through eight rows of the arrays having
83, 82 and 84 columns can be created, respectively. It is
possible to create and record the above tébles beforehand.

1o The use -of (P\- 1) and (P + 1) makes it possible
to decrease the difference between the number of the input
data sequence and.the number of bits (equal to the number
of columns) processed by the interleaver 22 and to reduce
the number of bits to be deleted by the pruning process.

15 ° The process of the fourth configurafion of the
interleaver 22 shown in Fig. 12 can be applied to the
interleaver 22 shown in Fig. 3.

Another modification can be made. In the first

and second embodiments of the present invention, the input

20 data sequence is divided into the fixed number of blocks.
This can be modified so that k different numbers of blocks
for division can be used where k is an integer equal to or
greater than 2. Thus, k interleavers are created, and one
of them which brings the best performance is chosen and

25 used.

Let us consider a case where k = 10 and 20 and

the input data sequence applied to the interleaver 22
consists of 640 bits. For k = 10, the 640-bit input data
sequence is divided into 10 blocks, and the sequence

30 permutation tables for the 10 blocks are labeled #1.. For
k = 20, the 640-bit input data sequence is divided into 20
32-bit blocks, and the sequence permutation tables for the
20 blocks are labeled #2. Then, one of the sets #1 and #2
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shown in Fig. 10, whereby an interl eaved coded sequence 44 can be

obt ai ned.
10

10

A further description wll now be given of the
second stage 42.

of interleavers which provides the better bit error rate

and/or the frame error rate is selected. The input data

" sequences consisting of different numbers of bits should

be divided into different numbers of blocks in terms of
the bit/frame error rate. That is, the number of blocks
is adaptively changed taking into consideration the number
of bits forming the input data sequence. Thus, it is
possible to improve the performance of the turbo encoder.

The present invention is not limited to the
specifically described émbodiments, variations and
modifications, and other variations and.mod;ﬁications may
be made without departing from the scope of the present
invention. '

-
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The intra-pernmutation at the second stage 42 uses a table created by

the following steps S1 - S7 as an address table, and processes input
data written into the 5 two-dinensional buffer by referring to the address
t abl e. Step S1: Step S1 is to obtain the primtive root
glerr] of the Galois field of the characteristic P (which

corresponds to the nunber of colunns and is equal to 83 in 10 the case
shown in Fig. 5) at_step 10 in Fig. 10,7 —and-te-create a table tO0
described in the ntial (powe is SIQL, ion of the primtive
root in whi ch the el ements of the Galois fie dl by
anti-logarithns, which are arranged in the orderlﬂ”i tia
notation. The primtive root g[err] of the Gal oi t he
characteristic P can be chosen fromthe table shomn |n Fig. 6. In other
words, step S1 is to conpute a mappi ng sequence c(i) for intra-row
permut ati on desi ned bel ow. 20 c(i) = (g[err]) (nodP)

1. An interleaving method comprising the steps
of: _ _

receiving a data sequence having a plurality of
blocks each having a length based on a prime number P;

10 generating seéuence permutation data by
performing a given operation on elements of a Galols field
of a characteristic P and permuting results bf the given
operation, so that sequence permutation data are
generated: and

15 | permuting a sequence of data of the data

sequence in accordance with the sequence permutation data.

20
2. An interleaving method comprising the steps

(a) generating or recording a prime number P;
(b) dividing an input sequence into_N blocks B,
25 B,, .... B, each having a length equal to P where N is an
integer equal to or greater than 2;
(c) generating or recording first sequence
permutation data in which elements of a Galois field of a
characteristic P are arranged in an order of values of
30 exponent parts of a power notation of the elements;
| (d) generating or recording (N - 1) integers p,,
P;. ---, Pu; which are mutually prime with respect to (P -

MmN




where i =0, 1, 2, ..., (P-2), and c(P-1) = 0. | ' In the case
of P =83, the primtive root g[err] 25 (which corresponds to q in Fig.

6) of 83 is 2, and the el enents of the associated Galois field are O,

1, 2,..., 82. Thus, c¢(0), c(1), c(2), ..., c(82) are as follows:

c(0), c(1), c(2), - c(82) 30 = 2[err](nod83), 2[err](nod83),

iger;](22d83), ., 2[err](nod83) =1, 2, 4, 8, 16, 32, 64,
e , ..., 42, 0

above one- (e) generat:.:-xrg eort ?:@cor&m& aéb&%df Wqﬁ PR he

sequencé permutation data by repeating, ith times (L =1 -

(N - 1)), a process for gemerating ith sequence

permutation data by cyclically reading data in the first
5 sequence permutation data at intervals of p,;

(£) permuting data in the blocks B, - By in
accordance with the first through Nth sequence permutation
data; and

(g) reading ﬁexmpted data from the blocks B, -

10 B, in a given order. '

—_—
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15 " 3. The interleaving method as claimed in claim
2, wherein the given order of the step (g) is based on a

value of an error floor in turbo codes.

20

4. The interleaving method as claimed in claim
2, wherein;
there are provided k numbers of N where k is an
25 integer equal to or greater than 2;
the steps (c) through (e) generate K sets of
first through Nth sequence permutation data; and
the step (£) selects one of the K sets.of first
through Nth sequence permutation gata, a selected set of
30 first through Nth sequence permutation data being related
to one of the k numbers of N which provides best
performance.

,___—————————-“'““‘:_ : | | |
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di nrensi onal sequence, as shown in Fig. 7B, in which the conbi nati on of

the nunerals arranged in the transverse- axi s and | ongi tudi nal -axi s
directions of the table t0 descri bes the exponent. For exanple, the
conmbination of 5 nunerals of 1 and 6 respectively in the transverse- and

| ongi tudi nal -axi s directions indicates an exponent of 16. It can be
seen fromthe table tO that the results of, for exanple 22(nmod83) and
2[ err] (nod83) are respectively 4 and 49. The result of ﬁg;( d83) |s
set equal to 0. 10 Step S2:5. An interleavimgemethfd CORPFLS 'ﬂ%d
sequence permutation table for the first row of the two- dlnen5|onal
buffer. Step S2 c9 responds to a case when a paraneter | I ndi cative of

the row nunber is set equal (ta) lgehexsatingl®® r&coxdinga pring. number Piat
's, the nunbers defined in tégi dividing an input sequence into N blocks B,.
5 B, ..., B, each having a length equal to P where N is an
integer equal to or greater than 2;
(c) generating or recording zeroth sequence
permutation data in which elements of a Galois fleld of a
characteristic P are arranged in an.order of values of

10 exponent parts of a power notation of the elements,. 

(d) generating or recording N integers p,.
P»s ---, Py which are mutually prime with respect to a
primitive'root used in the power notation;

(e) gen;rating_or recording first through Nth

15 sequence permutation data by repeating, ith times (i =1 -
N), a process for generating ith sequence permutation data
which is a sequence of values of exponent parts in power
notation of elements obtained by adding q, to data of the
zeroth sequence permutation data; _

20 (f) permuting data in the blocks B, - B, in
accordance with the first through Nth sequence permutation
data; and _ )

(g9) readiﬁg permuted data from the blocks B, -
By in a given order.
25

6. The interleaving method as claimed in claim
30 5, wherein the given order of the step (g) is based on a

value of an error floor in turbo codes.

— | ) O A A
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sequence pernutation table to indicate the bit al | ocati ons after

permutation. As shown in Fig. 7B, the sequence permutation table to

i ncl udes the one-di mensi onal sequence (pattern) starting fromthe left

upper nost position 20 thereof: Table to: 1, 2, 4, 8, 16,
, 42, 0 .. (1) For exanple, let us assunme that the

I nput data 25 mapped into the first row of the two-dinensional buffer is

as foll ows: 234 (2)
?ﬁ% ﬁﬁér laimed 1n laim:

30 The bits in the first rgm/o He léglﬁ% g?%nal ¥ ? e c

per nut ed by referrsjuyﬁsrdhhe sequence pernutation table to. For

exanple bits AQ and A Whl%g corres%gggd%gd k numbers of N where k is an
integer equal to or greater than 2:
5 the steps (c) through (e) generate K sets of
first through Nth sequence permutation data; and;
the step (£) selects one of-the K sets of first
through Nth sequence permutation data, a selected set of
- first through Nth sequence permutation data being relatéd
10 to one of the k numbers of N which provides best

performance.

* c L M s *

15 }
8. An interleéving method comprising the steps
of: . -
(a) generating or recording a prime number P;
(b) dividing an input sequence into N blocks B,.
20 B,, ..., By each having a lengfh equal to (P - 1) where N
is an integer equal to or greater than 2;
(c) generating or recording first sequence
permutation data in which elements of a Galois field of a
characteristic P are arranged in an order of values of
25 exponent parts of a power notation of the elements;
(d) generating or recording'(N - 1) integers p,.
P;. ---» Dy Which are mutually prime with respect to (P -
1):
(e) generating or recording second through Nth
30 sequence permutation data by repeating, ith times (i = 1 -
" (N - 1)), a‘process for generating ith sequence
permutation data by cyclically reading data in the first
sequence permutation data at intervals of p,;

e
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"1" and "2" in the sequence pernutation table to are

12 : pl aced in the original positions even after pernutation.
Bit A2 which corresponds to "4" in the table t0 is pernmuted so as to be
| ocated in the fourth position after pernmutation. Simlarly, bit A3

whi ch corresponds to "8"

(£) permuting dafa in the blodks B, - B, in
accordaﬁce with the first through Nth sequence permutayion
data; and

(g) reading permuted data from the blocks B, -

5 BN in a given order.

10 9. The 1nterieaving method as claimed in claim
8, wherein the given order of the step (g) is based on a

value of an error,floor in turbo codes. -

10. The interleaving method as claimed in claim’
8, wherein:
there are provided k numbers of N where k is an
20 integer equal to or greater than 2;
the steps (c) through (e) generate K sets of
first through Nth sequence permutation data; and
the step (f) selects one of the K sets of first
through Nth seguence permutation data, a selected set of
25 first through Nth sequence permutation data being related
to one of the k numbers of N which provides best
performance. ' o

This Sheet Has Been R

_— TR

'11. An interleaving method comprising thé'steps
of: '
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5 inthe table tO is pernuted so as to be |ocated in the ei ghth

position after permutation. Bit A82 which corresponds to the | ast

nunber "0" in the table t0 is pl aced in the original position. The
above pernutation is performed at step 107 shown in Fig. 10. 10

The data obtained after pernutation of sequence (2) has the follow ng .
sequence: A0, Al, A72, A2, A27, A76, A8, ..., AB2 ... (3
15 Step S3: Step S3is to obt ai n (N - 1) nupbers (integers)
whi ch have the nut uaIIy pri k@) r egeneRRiImg, oF; FECORking. ¢ pPELme n ‘F‘ég §

where N is an integer great grb)t ha{%‘lﬁ% aﬂegﬂkﬁ@ sequetnEE ﬂﬂf@qr Blfockg"\B,,

t he exanpl e bei ng conS|dere
i ntegers which ares,, . nunﬂ,emcblhapﬂ;g;ﬁslepgthp&wqiﬁ t@n&lef %he‘dh% t he

mutual ly prinme rel ?t [ onzﬂb,‘% VgEch ort %rggtér {han 3 83 - 1) are

obt ai ned. The 7 in
(c) generatn.ng or recording first sequence

permutation data in which elements of a Galois field of a
characteristic P are arranged in an order of values of
exponent parts of a power notation of the elements;
| (d) gene'ratipg or recording (N - 1) integers p,,
10 p,, ---, Ps. Which are mutually prime with respect to (P -
1); o

(e) generating or recording second through -Nth
sequence permytation data by repeating, ith times (i = 1 -
(N - 1)), a process for generating ith seguence

15 permuta.tion data by cyélically reading data in the first
sequence permutation data at intervals of p,;

(f) permuting data in the blocks B, - B, in "’
accordance with the first through Nth sequence permutatilion
data; and _

20 (g) reading permuted data from the blocks B, -

B, in a given order.

25
12. The interleaving method as claimed in claim
11, wherein the given orxder of the step (g) is based on a
value of an error floor in turbo codes.

” | RN R D L
* [ L M s *

13. The interleaving method as claimed in claim
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p6 and p7 are fespectiVer 3, 5, 7, 11, 13, 17 and 19 (1 25 and 2 are

excl uded) . Step 44 At step 108 of Fig. 10, it is
det er m ned whet her | is smaller than N (the nunber of rows). If the
answer of step 108 is YES, the process returns to step 107. In 30 the
exanpl e being considered, | is increnented by 1 and is t hen equal to 2.
Then, a sequence pernutation table for permutation of data in the
second row is created as follows. Data is cyclically read fromthe
sequence 11, wherein: ‘ 13

there are provided k numbers of N where k is an
integer equal to or greater than 2;
the steps (c) through (e) generate K sets of
5 first through Nth sequence permutation data:; and
the step (f) selects one of the K sets of first
through Nth sequence permutation data, a selected set of
first through Nth sequence permutation data being related
to one of the k numbers qf N which provides best
10 performance. ‘

15 14. 2An interleaving apparatus comprising=.
means for receiving a data sequence having a
plurality of blocks each having a length based on a prime
number P;
means for generating sequence permutation data
20 by performing a given operation on elements of a Galois
field of a characteristic P and permuting results of the
given operation, so that sequence permutation data are
generated; and
means for permuting a sequence of data of the

25 data sequence in accordance with the sequence permutation

data.
)
s 30
15. An interleaving apparatus comprising:
first means for generating or recording a prime
number P;
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pernutation table t0O one by one at intervals of pl, and a sequence t hus

obtained is denoted as t1. For exanple, when data is circularly read
fromthe sequence pernutation table t0O at intervals of 3, the sequence
tl is obtained: 5 tl: 1, 16, 7, 29, 49,

... (4) The sequence t1 thus obtained is forned into sequence
permutation table t1. 10 The above process is also perforned by
conmput i ng the follow ng (nmathematically equival ent thereto):

c(i) = (g[err])(rmod83) second means. for dividing an input sedquence into

N blocks B,, B,, .... B, each having a length equal to P
where N is an integer equal to or greater;than 2;
third means for generating or recording first
5 sequence permutation data in which elements of a Galoils
field of a characteristic P are arranged in an order of
values of exponent parts of a power notation of the
elements;
| fourth means for generating or recording (N - 1)
10  integers ih- Pss «--» :m; which are mutually prime with
respect to (P - 1); )
fifth means for generating or recording second
through Nth sequence permutation data by repeating, ith
times (i =1 - (N - 1)), a process for generating ith
15 sequence permutation data by cyclically réading'aata in
the first sequence permutation data at intervals of Dy:
sixth means for permuting data in the blocks B,
- By in accordance with the first through Nth segquence
permutation data: and |
20 : seventh means for reading permuted data from the
blocks B, - By, in a given order.

This Sheet Has Been Replaced
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25
16. The interleaving apparatus as claimed in
claim 15, wherein the given order of the seventh means is
based on a value of an error floor in turbo codes.
30
17. The interleaving apparatus as claimed in
[
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15 where gl is the primtive root obtained fromgl = (glerr]) (nod83).

The table t1 obtained at step S4 is defined as a sequence pernutation
table which is referred to when the 20 order of data arranged in the
second row of the two- di mensi onal buffer is pernuted.

Steps 4 and 5 are repeated by using p2, p3, p4, p5, p6 and p7, so that
sequences t2 - t7 can be obtained. 25 The sequences t2 - t7 are forned
into tables t2 - t7, whi ch are defined as sequence pernutation tables
referred to atcldm tigjewhergeinutation of the third to eighth rows

of the two-dinmensional buffer. That is, steps 106 - 108 shown i.n Ei

10 can be, described as fol | Fheresgre providel kpepynhers) of N YREAR & 18] ?]

which satisfy the jpreddt lR{al0t8! 6r Wiciteedembgr®e; i = 2 - r, and r is the
the third through fifth means generate K sets of
5 first through Nth seqﬁence permutation data; and
the sixth means selects one of the K sets of
first through Nth sequence permutation data, a selected .
set of First through Nth sequence permutation data being
related to one of the k numbers of N which provides best

. * € L M s o«

10 performance.

15 18. An interleaving apparatus comprising:
first means for generating or recording a prime
number P; )
second means for dividing an input sequence into
N blocks B,, B,, ..., By each having a length equal to P
20 where N is an integer equal to or greater than 2:
third means for generating or recording zeroth
sequence permutation data in which elements of a Galoils
field of a characteristic P are arranged in an order of
values of exponent parts of a power notation of the
25 elements; ‘
fourth means for generating or recording N
integers p,, P,, ---, Py Which are mutually prime with
respect to a primitive root used in the power notation;
fifth means for generating or recording first
30 through Nth sequence permutation data by repeating, ith
times (i = 1 - N), a process for generating ith sequence
permutation data which is a sequence of values of exponent
parts in power notation of elementé obtained by adding q,

e
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nunber of rows of the two-di nmensional array:

14
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(1) (83-1, 1[err]) =1 (82 and 1[err] are nutually

10

15

20

25

3

o

to data of the zeroth sequence permutatlon data;

sixth means for permuting data in the blocks B,
- B, in accordance with the first through Nth sequence
permutation data; and

seventh means for reading permuted data from the

blocks B, - B, in a given order.

19. The interleaving apparatus as claimed in
claim 18, wherein.the given order of the seventh means is

based on é.value of an error floor in turbo codes.

20. The interleéwing apparatus as claimed in
claim 18, wherein: o

there are provided k numbers of N where k 1s an
integer equal to or greater than 2;

the third through fifth means generate K sets of
first through Nth sequence permutation data; and

the sixth means selects one of the K sets of
first through Nth sequence permutation data, a seiected
set of first through Nth sequence permutation data being
related to one of the k numbers of N which provides best
performance.
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21. An interleaving apparatus comprising:
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prinme); and (i) 1ferr]- > 6. 5 For r = 8,

the prime nunbers 1[err][ - 1l[err] are those to be obtai ned, and are
respectively 7, 11, 13, 17, 19, 23 and 19 fromthe table shown in Fig.
6. Then, the pieces of data in the table t0O are cyclically read one by
one at intervals of 1l[err], so that the sequence pernutation tables 10
t2 - t7 can be created. In this case, the number "O0O" | ocated at the
end of the table t0 is excluded in the read oper ati on. Step 7:
The data arranged in the fiEérst imesanghfer genetatingofE FRcqyddng a prime

t wo- di mensi onal buffer i which the blocks B[err] - Blerr] are witten
are permuted in a §AnEé with the sequence pernutation tables t0 -
t7. Mre particularly, . stbend ampansc opf divialicgt anoinpik seEqueRcs] &RE9 i s

S ar Ty, the sedbaNoERS! By nddat = ofs(FED PEVRAG &1 Pds Sl fo By |,
accordance wi t§ thg saEeNReipea i@l £G84E to or greater than 2;
third means for generating or recording first
seﬁuence permutation data in which elements of a Galois
field of a characteristic P are arranged in an order of
values of exponent parts of a power notation of the
10 elements:;
fourth means for generating or recording (N - 1)
integers p;. Pz, -:.. Dy, Which are mutually prime with
respect to (P - 1); ’
fifth means for ;ene:ating or recording second
15 through Nth sequence permutation data by repeating, ith
times (L = 1 - (N - 1)), a process for generating ith
sequence permutation data by cyclically reading data in -
the first sequence pérmutation data at intervals of p,;
sixth means for permuting data in the blocks B,
20 - B, in accordance with the first through Nth sequence
permutation data; and
seventh means for reading permuted data from the

blocks B, - By in a given order.

This Sheet Has Been Replaced

22. The interleaving apparatus as claimed in

claim 21, wherein the given order of the seventh means is

a0 based on a value of an error floor in turbo codes.
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t1l. The sane process is carried out for each of the bl ocks B[err] -
Blerr]. Finally, the sequence of the data of the block B[err] is
pernmuted in accordance with the sequence 25 permnutation table t8.

As descri bed above, the sequence pernutation tables t0 - t7 are
created, and then the pernutation process for the blocks Blerr] -
Blerr] is perfornmed. Alternatively, as shown in Fig. 10, the creation

of the sequence 30 .pernutation table and the pernutationqgr ess ar.e
successively carried out for3deveFhe pinkgrleaving apparatus ég§F@E§€ of the

second stage can b i.gne .. s0 that the sequence pernutation tables
are prepared and . Sléiﬁ? ¥ therem. 15

there are provided k numbers of N where k is an -
integer equal to or greater than 2;
5 the third through fifth means generate K sets of
first through Nth sequence permutation data; and
the sikth means selects one of the K sets of
first through Nth sequehce permutation data, a selected
set of first through Nth sequence permutation data being
10 related to one of the k‘numbers of N which provides best

performance.

-

15
24. A turbo encoding method comprising, as an
interleaving method employed'in a turbo encoder, the
interleaving method comprising the steps of:
.~ receiving a data sequence having a plurality of
20 blocks each having.a length based on a prime number P;
generating sequence permutation data by
performing a given operation on elements of a Galois field
of a characteristic P and permuting results of the given
operation, so that sequence permutation data are
25 generated; and
permuting a sequence of data Qf the data

sequence in accordance with the sequence permutation data.

This Sheet Has Been Replaced

25. The turbo encoding method as claimed in

claim 24, further comprising the steps of:

Y
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recorded beforehand and the pernutation process refers to the tabl es
recorded bef or ehand. (Second configuration of the interl eaver 22)

A description will now be given of the second 5 configuration of the

i nterl eaver 22, which is the sane as that above except for the second
stage. The pernutation process of the second stage is inplenented by
referring to tabl es created by steps S11 - Si15 described bel ow.

Step S11 : 10 Step S11 is the sane as the aforenmentioned step

S1. That is, step Si1is t 0 addiagnbite v ian tlnput rs:er;ueg[:er applied dfo the

Galois field of the characteristic P a c

d
in the order of expBReAt§Rgodss: 4f; 3nnum erg]%ftﬁg r?#nthevénPB

el ements of the Cah@ks than a given number of bits; and

a.tabl e TO de crlbed
tts?Q?%ﬂ9|cﬁsthe

deleting bits from an encoded sequence so that

5 an output sequence of the turbo encoder

number of bits as the input sequence.

10

has thelsame

26. The turbo encoding method as. claimed in

claim 25, wherein the step of addlng bits employs a blt

repetition method

This Sheet Has Been Rep,
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27. A turbo encoding method comprising, as an

interleaving method employed in a turbo

encoder, the

20 interleaving ﬁethod'comprising the steps of:

(a) generating or recording a prime number P;
(b) dividing an input sequence into N blocks B,,
B,, ..., B, each having a length equal to P where N is an

integer equal to or greater than 2;

25 (c) generating or recdrding first sequence

permutation data in which elements of a Galois fileld of a

characteristic P are arranged in an order of values of

exponent parts of a poWer notation of the elements;

(d) generating or recording (N - 1) integers p,.

30 p;, ---, By, vhich are mutually prime with respect to (P -

1):

{e) génerating or recording second through Nth

sequence permutation data by repeating,

mwunmm - .
%* [ L M S *

ith times (1 =1 -
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15 field are expressed by anti-logarithns, which are arranged in the
order of exponential notation. It will be noted that table TO is the
sane as table t0 shown in Fig. 7B. Step Sl12: Step S12 is
to obtain eight integers which have 20 the nutually prinme relationship

Wi th respect to the primtive root g[err] and are equal in nunber to
the rows of t he two-di nensional buffer. Let the eight nunbers be
denoted as ql, g2, g3, g4, g5, g6, g7 and g8. Wen the ri me nunber P
is equal to 83, fofNexdipl.ea puecess ifog Qéngﬁatiﬂ’tﬂoﬂ-thss%‘lﬁﬁé{)ceco 2 and the

el gt 1 nt eger s whi Ch S Lk Bata b WRI1Ba21F AUAREGaeR Ptk Byrst

3, 5 7, 11, 13, 7, except
for 1 and 2). Séqyeny pdfmutation dataTht jmiemyadsnb€rpgl is added

(nmodP) to each of the itens of data of {he.tgble,TO obtaine step
S12. When the table TO d%f)i n@?@‘ﬁ@‘%@%ﬁd Hba%eeqﬁlﬁgg.s g 2%, %
5 accordance with the first through Nth sequence permutation
data; and
(g) reading permuted data from the blocks B, -

B, in a given order.

10

28. The turbo encodiag method as claimed in
15 claim 27. further comprising the steps of:
adding bits to an input sequence applied to the
turbo encoder if a number of bits of the input sequence is
less than a glven number of bits; and
deleting bits from an encoded sequence so that
20 an output sequencé of the turbo encoder has the same

number of bits as the input sequence.

25
29. The turbo encoding method as claimed in
claim 28, wherein the step of adding bits employs a bit

repetition method.

0 MR S
* [ L M H %*

30. A turbo encoding method comprising, as an

Th st Has Been Replaced [ THIS SHEET HAS BEEN
LT e o | e




16

REPLACEMENT SHEET

TO: 1, 2, 4, 8, 16, ..., 42, 0, ... (5) the resultant

sequence for gl =

10

15

20

25

30

3 is as foll ows:

interleaving method employed in a turbo encoder, the
interleaving method comprising the steps of:
(a) generating or recording a prime number P;
(b) dividing an 1n§ut sequence into N blocks B,,
B,, ..., B, each having a length equal to P where N is an
integer equal to or greater than 2;

(c) generating or recording zeroth sequence

permutation data in which elements of a Galois field of a

characteristic P are arranged in an order of values of
exponent parts of a powér notation.of the elements;

(d) generating or recording N integers p,,

P;c --«, Dy which are mutually prime with respect to a
primitiveJ;oot used in the power notation;

(e) generating or recording first through Nth
sequence permutation data by repeating, ith times (i = 1 -
N), a process for generating ith sequence permuitation data
which is a sequence of values of exponent parts in power
notation of eléments obtained by adding q; to data of the
zeroth sequence permutation data; ,

(f) permuting data in the blocks B; - By in’
accordance with the first through Nth sequence permutation
data; and

(g) reading permuted data from the blocks B, -

By in a given order.

This Sheet Has Been 'Rgp}ééeil K
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31. The turbo encoding method as claimed in

claim 30, further comprising the steps of:

adding bits to an input sequence applied to the
turbo encoder if a number of bits of the input sequence is

less than a given number of bits; and

R A O ;o | TS SHEET A ok |
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5 4, 5, 7, 11, 19, ..., 3 ... (86)

Then, the antl-logarlthnlvalues thus obt ai ned are converted into

val ues i n exponential notation. The foll owi ng are obtained by a table
of Fig. 7Athat is the 10 reverse operatlon of Fig. 7B =
2, 27, 8, 24, ..., 7, 72 (7). Sequence
(7) thus obtained is fornmed in a table, 15 which is used as a sequence
pernmutation table T1 for the first row of the t dlnen5|onal ﬁga
Sinmilarly, step S13 is repededating hitgofrem agpncoded seqyppce,so é

that sequence perfgﬁagdt%gl 2% &&%}Jg of tha TErbSERRGULY Chas URd shak

permutati on of the seco ough eight rows of the two- dlnen5|ona
buffer can be whitwmed. bits & dpeSigput sequence.

32. The turbo encoding methoﬁ as claimed in

claim 31, wherein the step of adding birs employs a bit

10 repetition method. %
i
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15 33. A turbo encoding method:comprising, as an

interleaving method employed in a turbo encoder, the
interleaving method comprising the steps of:
(a) generating or recording a prime number P;
(b) diwviding an input se@uence into N blocks B,
20 B,, ..., B, each having a length equal to (P - 1) where N
is an integer equal to or greater than 2;

_ (¢) generating or recording first sequence
permutation data in which elements of a Galois fleld of a
characteristic P are arranged in an order of wvalues of

25 exponent parts of a power notation of the elements:
(d) generating or recording (N - 1) integers p,.
DP2s ++-, Py, which are mutually prime with respect to (P -
1) S
(e) generating or recording second through Nth
30 sequence permutation data by repeating, ith times (i = 1'-

(N - 1)), a process for generating ith sequence
permutation data by cyclically reading data in the first
sequence permutation data at intervals of p,:;

| | | THIS SHEET A5 B
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The intra-pernmutation of the blocks B[err] - Blerr] is perfornmed in
accordance with the sequence pernutation 25 tables T1 - T8.

It is possible to prepare and record the sequence pernutation tables T1
- T8 beforehand in a nenory. (Third configuration) A

description will be given, with reference'to 30 Fig. 9, of the third
configuration of the interleaver 22. : Referring to Fig. 9, an
i nput sequence 80 . consisting of 1140 bits is witten into an .

i nterl eaver 600 ~ havi ng 4fowopermtisigofarapin ridie Hlogks By ~1Bv &dft ay.

Then, accordance with the first {ﬁrough Nth sequence permutation
data: and
(g) reading permuted data from the blocks B, -
5 B, in a given order. |

10 34. The turb6 encoding method as claimed in
claim 33, further comprising the steps of:
adding bits to an input sequence applied to the
turbo encoder if a number of bits of the input sequence is
less than a given number of bits; and
15 déleting bits from an encoded sequence so that
an output sequence of the turbo encoder has the same
number of bits as the input sequence.

20
35. The turbo encoding method as claimed in
claim 34, wherein the step of adding bits employs a bit
repetition method.
25

. * [ L M S *

36. A turbo encoding method comprising, as an
30 interleaving method employed in a turbo encoder, the
interleaving method comprising the steps of:
(a) generating or recording a prime number P:
(b) dividing an input segquence into N blocks B,,

This Sheet Has Been Repk | THIS SHEET HAS BEEN
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each row of the 72 x 16 interleaver 600 is read for every 16 bits. The

first row of the interleaver 600 is interl eaved by using a 4 x 4

i nterleaver 610, and the second row thereof is interleaved by using a
6 x 3 5 interleaver 620. Simlarly, the third row of the i nterl eaver
600 is interleaved by an 8 x 2 interl eaver 630. That is, the
respective rows are interleaved by the different interleavers.

Al ternatively, an identical i nterl eaver may be .used %o inte Ieavg each
of the rows of 10 Bishe twoBdEAERshARHIT & AgpgthigTyal §P36 p‘ésg B‘ﬁ’@rf'zo use
an i dentical pterl f (RS &Hawo2¢i nensi onal

array. 18 %hﬁﬁ}é%%ﬁeeg%fgr%hus |ntgé$%f]eaved age read in the

| ongitudinal direction (0, X&) 3genemnting pr recerdind,first sRAYARCSdat a
sequence 90 can be OBt A NEUn gata in which elements of a Galois field of a
5 characteristic P are arranged in an order of values of
exponent parts of a power notation of the elements;
(d) generating or recording (N - 1) integers p,,
Dz, -+, Dy Which are mutually prime with respect to (P -
1);
10 (e) generatihg or recording ;econd through Nth
sequence permutation data by repeating, 1th_;imes (L=1 -
(N - 1)), a process for generating ith sequence
permutation data by cyclically reading data in the first
. Ssequence permutafion data at. intervals of p,:
15 (f) permuting data in the blocks B, - B, in
accordance with the first through Nth sequence permutation
- data; and B '
(g) reading permuted data from the blocks B, -
B, in a given order.
20

_ 37. The turbo encoding method as claimed in
25 claim 36, further comprising the steps of:
adding bits to an input sequence applied to the
turbo encoder if a number of bits of the input sequence is
less than a given number of bits; and
deleting bits from an encoded sequence so that

30 an output sequence of the turbo encoder has the same

AL

number of bits as the input sequence,
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Since the last row of the buffer consists of only four bits, a 4 x 1
interleaver is applied thereto. However, the 4 x 4 or 2 x 2

i nterl eaver may be used for the last row. The data of the |ast row can
be read 20 therefromin the order of 1136, 1137, 1138 and 1139. '
However, in Fig. 9, the data of the last row are read in t he reverse
order, nanely, 1139, 1138, 1137 and 1136. It is also
possible to read data fromthe 72 x terle exc t he | ast

16 i t f
row and to thereafter 25 réfd tHe d"éEFQ°oF“‘E‘IPf£“}9a§‘F%¥§éV %fﬁ%llﬁ‘egr}“em at

gi ven intervaliSig 37, ",herej__n thel Beep NbLIARBNEG b2Es Ganipllegsf arbetl of
any of the first through third configurations. After the interleaved

data is produced bsendtdtionemethedr 22, step 110 of Fig. 30 10, that is,
the third state 43 shown in Figs. 5 and 8 is carried out.

In the first and second configurations of the I nterl eaver 22, the
process at step 110 shown in Fig. 10

39. A turbo encoder comprising:
a plurality of encoders; and
10 the interleaving apparatus comprising:

- means for receiving a data sequence having a
plurality of blocks each having a léngth based on a“prime
number P;’ '

means for generating sequence permutation data
15 by performing a glven-operation on elements of a Galois
field of a characteristic P and permuting results of the
glven operation, so that sequence permutation data are
generated; and
means for permuting a sequence of data of the
20 data sequence in accordance with the sequence pexmutation
data.

This Sheet Has Been Replaced

(A,

40. The turbo encoder as claimed in claim 39,

25

further comprising:
.means for adding bits to an input sequence
applied to the turbo éncoder if a number of bits of the
30 input sequence is less than a given number of bits; and
means for deieting bits from an encoded sequence
so that an output sequence of the turbo encoder has the
same number of bits as the input sequence.

————
-

| THIS SHEET HAS BEEN

| ) “l}\ Wil \!I\";_ . e




can be nodified so as to prevent occurrence of a pattern whi ch causes

an error floor of the turbo codes. Fig. 11 is a graph
showi ng an error floor. The error floor denotes a phenonenon in which
the bit error 5 rate (BER) is not inproved as nmuch as the S/INratio is
I mproved. In the graph of Fig. 11, the error floor starts to occur
when the bit error rate is equal to 10[err] to 10[err], . and is not
much inproved even when the bit error rate is . further inproved. 10

Wth the above phenonenon i dlmi nThe iturt® encodew aiscicdpiied oin cH@iMdOdat a
fromthe two- dlnen5|on%n.tgea

where %eans for adding bits employs a bit repetition
- method. )
\
5 i
42. A turbo encoder comprising:
a plurality of encoders; and
10 the interleaving apparatus comprising:
first means for generating or recording a prime
number P; -
" second means for dividing an input sequence into
N ﬁiocks B,, B,, ..., By each having a length equal to P

15 where N 1s an integer equal to or greater than 2;
third means for generating or recording first
sequence permutation data in which elements of a Galois
field of a characteristic P are arranged in an order of
values of exponent parts of a power notation of the
20 elements;
fourth means for generating or recording (N - 1)
integers p,, P;+ --.. Py, Which are mutually prime with
respect to (P - 1); |
fifth means for generating or recording second
25 ‘through Nth sequence permutation data by repeating, ith
times (i = 1 - (N ~ 1)), a process for generating ith
sequence permutation data by cyclically reading data in
the first sequence permutation data at intervals of p,:
sixth means for permuting data in the blocks B,
30 - By in accordance with the first through Nth séquence
permutation data; and '
seventh means for reading permuted data frbm the
blocks B, - By in a given order.

(. (™ e o2




(buffer) in a fixed order but any of a plurality of pr edet er m ned
orders. That is, it is preferable to determ ne the order of reading
the data fromthe two- 15 dinensional buffer after the intra-pernutation
on the basis of the value of the error floor. Thus, it is

possi ble to suppress the occurrence of the error floor in the turbo
codes. If the input sequence is-divided into 10 bl ocks B[err] -
Bl[err], the data is read fromthe blocks Blerr], B[err], Blerr], 20
Blerr], Blerr], Blerr], B[er43. Bier thrbd|eidddeandsBieained int blairr4zy .

I f the input sequence is divided into 20 bl ocks B[err] - B[err], the
data is r ead ¢P§ﬁhﬁﬁecﬁﬂﬂg§§ﬂsrerr] Blerr], B[err], Blerr], Blerr],
Blerr], Blerr], Blerr], Blerg ¢ ,

Blerr], Blerr], Blerr], B[er r% Blerr }adeB?%r rfdflr?cl?] %I[IE{' ¥ se%xl géér der.
It is also possibl aptpdiaéaﬁotti@ daxchof engodde i) a2 gpuber ,0ﬂ3[b(;-ft§] ofpther],

25 B[err], Bletr] r% %Ir] %% % . ﬁ, % l, err],
Blerr], B[err] é:’B[e]‘r t g‘r‘r "?é eflr g ael}r GH:Ll;’]Em‘S{nugtE ecrflr?) .?.&E' aﬁé

One of the predetern1ned ordmeansﬁfameﬂélagingmbits frdmt an | enceedc seguance
that the occurrence of the error_ floor be,suppressed. descri bed
‘above, when the inp&t S8t 8B URHRY s?%?ﬂ?ﬁe?f?m}eotfﬁggl%‘f? ,erdﬁ‘?g Ftten
into the t wo- Gainaunbel &Ffdidls ks thedidgit ekgaantd. t he reverse
direction. This is sinple and is inplenented easily.

10
, 44. The turbo encoder as claimed in claim 43,
wherein the means for adding bits employs a bit repetltion
15 method.
NN AT R O e
20 45. A turbo encoder comprising:
a plurality of encoders: and
the interleaving apparatus comprising:
first means for generating or recording a prime
number P:
25 second means for dividing an input sequence into

N blocks B;, B,, .... B, each having a length equal to P
where N is an integer equal to or greater than 2:
third means for generating or recording zeroth
sequence permutation data in which elements of a Galois
30 field of a characteristic P are arranged in an order of
values of exponent parts of a power notation of the

elements;

fourth means for generating or recording N
-
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(Puncture process) 19
The conventional turbo encoder shown in Fig. 1A receives the K-bit

i nput sequence and outputs the (3*K + Tl + T2)-bit encoded out put where
Tl is the nunber of tail

infegers P.: Pzs ---, Dy which are mutually prime with
respect to a primitive root used in the power notation:
fifth means for generating of recording first
.through Nth sequence permutation data by repeating, ith
5 times (i = 1 - N), a process for generating ith sequence
permutation data which is a sequence of values of exponent
parts in power notation of elements obtained by adding q;
to data of the zeroth sequence permutation data;
sixth means fpr permuting data in the blocks B,
10 - By in accordance with the first through Nth sequence
permutation data; and .
seventh: means for reading permuted data from the
blocks B, - B, in a given order.

15
46. Tﬁe turbo encoder as claimed in claim 45,
further comprilsing:
20 means for adding bits to an input sequence

applied to the turbo encoder if'a number of bits of the
input sequence 1z less than a given number of bits; and

means for deleting bits £rom an ehcoded sequence
so that an output sequence of the turbo encoder has the

25 . same number of bits as the input sequence.

R AR RO 1

30 47. The turbo encoder as claimed in claim 46,
wherein the means for adding bits employs a bit repetition
method.
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bits output fromRSCl, and T2 is the nunber of tail bits 5 output from

RSC2. - In contrast, in the turbo encoder shown in Fig.

3, the bit addition process part 21 adds the a dummy bits to the N bits
of the input sequence, so that the (N + a) bits are applied to the

I nterl eaver 22, RSCl and RSC2. 10 That is, 3a bits are auxiliary bits in
total. In order to delete the 3a auxiliary bits, the puncturing process
part 23 performs. a puncturing process for the 3a auxiliary bits. A

met hod of periodically del eéng &hturhe)@n¢ader ampEising: general |y used
for the puncturing process %PbiﬂPéfiég’ E:Qﬁcaéefé”l¥$69°des The above

nmet hod can-be applied to th process part 23. Thus, the

out put " of ‘the punct uri ngher mntaeslqaamingQappaJ:auses:o(r@L‘isz.ﬂg. + Tl + T2)
bits and outputs (3K + T1 a%d T%) Qﬁi €¥h9 8u9 Embodi nment
20 Fig. 12 is a BPSE ‘H‘P%x‘lﬁ oﬁe&e’r’% é"ﬁc688?r S & 851 8Fng
to a second entypodi ARmbefP;t he present |nvent|on In Fig. 12, parts that

are the sane as those shown in Fig. are glven the same reference
nunbers. The turbo encoder Second means for dividing an input sequence into

N blocks B,, B,, ..., By each having a length equal to (P -
1) where N is an integer equal to or greater than 2;
third means for generating or recording first
10 sequence permutation daéa in which eleﬁents of a Galois
field of a characteristic P are arranged 1n.§n order of
values of exponent parts of a power notation of the~
elements; _
fourth:means for generating or recording (N - 1)
15 integers p,. D,, ... Dy, Which are mutually prime with
respect to (P - 1);
fifth means for denerating or recording second
through Nth segquence permutation data by repeating, ith
times (£ =1 - (N - 1)), a'process for generating ith
20 sequence permutation data by cyclically reading data in
the first sequence permutation data at intervals of p,:
sixth means for permuting data in the blocks B,
- f& in accordance with the first through Nth sequence
permutation data: and |
25 seventh means for reading permuted data from the
blocks B, - B, in a given order.

* c L " H *

30

49. The turbo encoder as clalmed in claim 48,
_further comprising:

means for adding bits to an'input sequence

This Sheet Has Been Replaced
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shown in Fig. 12 has the bit addition process part 21 that 25 is placed at
the input side of only the interl eaver 22. That is, the encoded
sequence X1 is the sane as the input dat a sequence froman information
source. Further, the RSC1 processes the input data sequence fromthe

I nformati on source as per se. In order to delete the 30 dummy bits added
to the input data sequence by the bit addition process part 21, a
pruni ng process part. 123 is provi ded between the interl eaver 22 and the
RSC 2. The i nt eppriacdrto22hkatuthe apcoder if ;@ aveberontdits of theough
20

input sequence is less than a given number of bits: and
means for deleting bits from an encoded sequence
so that an output sequence of the turbo encoder has the

5 same number of bits as the input sequence.

10 50. The turbo encoder as claimed in claim 49,
wherein the means for adding bits employs a bit repetition
method. ' R -

—
LT

\'\-—
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third configurations. Now, a fourth configuration of the i nterl eaver
22 w Il be descri bed. . The‘fourth configuration of the

i nterl eaver 22 can be obtained by slightly nodifying the first or
second 5 configuration. Such a nodification is an inprovenent in
obtaining the prinme nunber, nanely, the nunber of col umms of the

t wo- di nensi onal array. This will be described in detail bel ow

The bit addition process part 21 operates as 10 follows. At step (1),

N err] is divided RABSERACK T ClQSUREaNt value n is obtained. At step

(2),; he prime  nuer ! %?ngé?ﬂﬁgeﬁééar nffieds SRpRlvify h dat
nunbers P, (P - 1) saqdeﬁag -ha']s)irid‘lat plardlitye gffablocks reagphe hawing hmrlengtind

[ I n i h n
S closest to Sbgsggebn a prime number P; generating sequence permutation

5 data by performing a given operation on elements of a
Galoils field of a characteristic P and permuting results
of the given operation, so that sequence permutation data
are generated; and permuting a sequence of data of the
data sequence in accordance with the sequence permutation

10 data. 1
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At step (3), IS
cal cul at ed, aBgT#%S Nk 2 z st e_p_s_A)),_ 4
bits (durmy blt% are adde to N err] blts of the |nput sequence. 20
An exanpl e forl N =B8 will be described bel ow. step (1), n
660/ 8 = 82.25 (the quotlent s 82, and t he remai nder |s 4). At step
(2), the prine EiAber P that i's greater than q-?:.”g a..u &h osest ,
thereto is 83from the table shown in Fig. 4. ur%‘g = 82,
and (P 25 + 1) =84. Since the nunber 83 is gr MC Q 25 a1d is
cl osed thereto, the nunmber 64, and
thusTAé Tat |s the nu ¥ Nerr] is
4. At |st ts T aﬁAed to the inp seq 660
(=N er E‘ts For ge'xarrpl e, t‘eheg dum@k 5)| ts argg :’ané
t he 660- bit t=Sequence. ¥ The n er (N[err] + a) of
bits thus obtai ned t is, the nunber of (g |\ts in Fig. 3 1is
di vi ded by 8 do r- >0 X
- 1
/-K‘EVF | T
Kb =
itS
! RSC1 —0X, \r(S_K+T1+T2)L‘.'f“5
11\ J Ly
{go5—y—r 3
L > RSC 2 [—0Xg)
Inder| eaver
g8
g-=2
15
e
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21 wi t hout exception, and the quotient is always any of the
prime nunber P, (P - 1) and (P + 1). If the prinme nunber P
is chosen at step (2), the _ sequence pernutation tables can be created
by the manner -5 that has been describéed with reference to Fig. 5. However,
if (P- 1) or (P + 1) is chosen, for exanple, if 82 or 84 I s chosen,
the two-di nensi onal has 82 or 84 col ums, and tﬂQ{)thEIseanﬁ%e

pernutation tables assoCiated with P _ %3//

Pd ]

~
A
B
X
S
h —
3
3 2
3 E
g :
> 5
q fad
3 3
& :o® 3
3 & ¢ ) \
Jod == 5
N ok [=E
’ : .—mmm :“\
& ~ — g SaE | A
K 2 | O
3 . cuc-:-N V-<
< Lis - |
] - P 2 S
2 ® 3
d =
< : A
-
Rk | 3
[
- o
£ i
o / —
3 - '
3 - This Sheet Has Been Rep
) .
I EW !!IIIIIHIIIHIHHIHIII
X
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= 83 are not used. _ jtation tables 10 suitable fofq,82 or

=

84 col ums cans e*l >
permutation ta

t% for 83 colunns, as descrlbed bel ow.

Fig. 14A shows E&ﬂ equence permutation table t0-~ for the first row
t he two-di nensional array having 83 15 colums, which is the sane as
showmn in Fig. 7B. The sequence pernutatlon table for the first

the array havi ng 82 col ums e ot > obtalned
. _.' put =15 " ﬂ:-l u---' ™ {
deleting "0" located at the end®H ias SRS s 3 e to fo

columms. That is, the one-dinensional 20 sequence t[err] for 82 colums is

as follows: tlerr]: 1, 2, 4,28, b, ..., 42

The table t[err] ranges fromelement 1 to el ne 25 82, and 1 is
subtracted fromeach of all 3ﬁe el enent s. Y resultant tabl e ranges
fromelenment O to el ement 81% and i s useek as the sequence pernutation

table t[err] for the

ok Sequenc

Eneo
\

o Y (3K+T1+T2

b
>\;
v s[0] =[«] &
EE? f; © - o :3=
| > It :
é ii:f? . ;Ei
I
S :g 3,
\\\\\\\\\\\\\\\\\\\\\\\\\ £ :
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first row for 82

82 _C¢ Th e sequence pernutatlon t.AI fo
the first row SEES RB-g : FRg—-84—e able)
i's obt ai ne y ddlng the prlne nunber P to the position next 70"
| ocat ed at thed[e@di Sf t he sequence for 83 c;Equs That is, the L,—
one-di nensi onal sequence t[err] for 84 colu L*
22
(1) 101
2 103
3 107
5 108
7
113
1 127
13 131
_ 17 137
- 19 139
Lo 23
149
29 151
31 151 -
37 163
41 : 167
43 _
173
47 179
53 181
59 191
61 193
67
197
T 199
13
19
. B3
- 89
7
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Is as foll ows; -C tO[err]: 1,82, 4, 8, 16, ..., 42, 0, 83.

5 By executing stgps 106 - 10 hown in Fig. 10, sequence

permutation tables t1 - t7, tlgerr] - t7[erg], and tlferr] t7[err] for

t he second t hrough eight rows ~t he arrays“hgylng 83, 82 and 84

colums can be created, respec 3@ It isSe possible to create and

record the above tabl s beforeﬁﬁﬂd 10 =i <+ The use of (P - 1) agg—
A

t he nunkber=of bits (equal to the nunb
22 and to reduce t he nunber/ of
The process o
AV 12 can be

(P + 1) nmakes it ﬁ Sdecrease Fﬁe‘ i fference between the nu
of the input [ t equenc

‘of colums) processed by the i | eaver
bits to be deleted by the prunlng process
the fourth nf|y B S ,

22 shomn in F g. 3.

applied to- |ntefleaver
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3
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Anot her nodification can be made. In the first and second enbodi nents
of the present invention, the input 20 data sequence is divided into the
fixed nunber of bl ocks. This can be nodified so that k different
nunbers of bl ocks for division can be used where k is an integer equal
to or greater than 2. Thus, k interleavers are creatﬁﬂj gﬂﬂ_g@ﬁg;
them whi ch brings the best perfornance is chosen and 25 Sed.

Let us consider a case where k = 10 and 20 and the i nput data seque
applied to the interl eaver 22 . consists of 640 bits. For k = 10, the
640-bit input data guence is divided into 10 bl ocks, and the sequgnce
30 pernutation tables r the 10 bIocks re Ig;eled #1. For k = 20,

the 640-bit i nput dagggﬁgguence is d|V|d 32-bit bl ocks, and
t he sequence pernut ati abl es for the | ocks are | abel ed #2. Then,
one of the sets #1 and #2 23

p |al p jal p |a
21 1 B3| 2 1271 3
31 2 591 2 131 2
51 2 61| 2 137 3
71 3 67| 2 1391 2
117 2 ST T 149 2
13| 2 731 6
171 3 791 3
19| 2 83) 2
231 & 89| 3
291 2 97| 5
31 3 1011 2
37| 2 103} 5
411 6 107 2
431 3 109] 6
AT 5 113] 3

—_—

Thls Sheet Has Been Repla

e

THIS SHEET HAS BEEN
. REPLACED -




c000F 24168 [8B135 ITOH INTERNATIONAL PATENT OFFICE 179
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of interleavers g eg Lheybptgter bit error rate and/ £§5
franme error rate |gggirﬁtg%g—‘TﬁE‘%npUtUata SEqUENCES TonsTsthg-of ,
di fferent nunberfggpf Jbits should be divided into different nunbers of
blocks in terns of 5 the bit/frane error rate. That is, the nunmber of
bl ocks i's adaptively changed taking into consideration the nunber
~of bits formng the input data sequence. Thus It §s possi bl e to

i mprove the perfornan?-
invention is not limfed t

£\
o OO NNW MM
—‘DQ}DI‘H‘JN\G

Q S
P |=|"85= b ottt

\| ~ PP ———
ome = LL) e OV OV e

TN TS
L | OeT—O— O

i O NI~
12 | ma @B~

B DO LION
— L) e N CD e

e 1B
$H)
4

EOCE) P T 1
™ i iy S

*amh-h [}
-~ e~ MmO

- | cucclnsennwmey
IR DRI T

e
S| T Nmw~eociwN

—

| im0 o

SN P=C\ e D I D
N | Ot e DI~

o« mmoen@maau:
D v g e v LSO

BN DD I
~ RS = i

N B '--

ey .
Bl N—E® oo

~~
k - NC\U“M'GM@—-
L3N

NP et e T
m | R ea

HegTA
(

oy | == L LD e CN OO L) e
BN~

-— i OO rIcd

o

=i

N~ DTS~
oo facl-<]

| oo
© | SRN=BBZEH

L | S-Nmwnerm

[
This Sheet Has Been Rep

LT

[THiS shezr HAS BE |
._REPLACED T]




wm
[ W]
[T o]
~.
o -
o O
cC C
0O .—
.- =
5 ©
S
o Q
=_o0
—u- O
OI.I
©
(@]
<
)
=
T O
(e e]
© g
wn
Cc o
(o e]
—
©
-
©
>

ITOH INTERNATIONAL PATENT OFFICE

specifically described enbodi nents,
and ot her variations and nodifications my

20005 27168 118E14%

10

i nventi on.

fromthe scope of the present

BN

_ C
PP gepaafe] o
Rk B s ' B

MXEEal)A 47y 2i1a)

\ oad

(s1qp99)Bujreapojuy reye erep Indino

]

N

\\wmzmﬁzuﬁgm |

/_gz\mﬁﬁ&m W

EREe N IWHYE

% | erpantn®h | /m
| ot \4//
v a9 | /

I..\gh@«

i

| THIS SHEET HAS BEEN
REPLACED

~

p

P \E@
€8

d i §4|_ME¢L - AT, ._,c— .v

Q.wkcm,m:

8oels puly).

(
ey

ay

opyt PYY SWEPD W weyoeu

7 uauod e c:a.,d. UalgAhuUe)

i _ SRt Sy
D EROVIERES /\\w‘ = ZATATVOAL ~ Vo g
.EM!I#:&LFﬁMﬂ\Q P av nﬁ!ﬂssu.d v Vg
- sgamplb | W oLl w.«m 0 MoK 2 {1y
AZIZITIIT7IZIZ . . ) |
YLOVELLRH G bp
uERetene %Wﬁ# obijs Ecom% .
\ _ \ siqes
o ¢ C == = ] ZZ77772

e ?.u;

- (oyppemard o))

(shigy99)Bulreeys)uy 10f ejep Induj



, 20002 28168 IG#145  TOH INTERNATIONAL PATENT OFFICE Mo 1799 P, 60/65
. mEEE-ND10-0193 (9)

( \gw writTe _ N
- 18 s row iterheave
% 1% 2% ) IS A~ §00: 72x184—r£:——«
isR 7 12 {0 a T Racd teuby Y‘°"3 ""‘;’L b \
o
2l 2 | 30 |5l 0 GacmuL, Mg e oMby Glwny
{; 3 “ : X4 UF =)= {AFRAT
// -----------
12
1 BN 11
”’” : -I . S ————
2
/all iy 113
1138 [ 1137 1138 | 1130
- Crth.\-\Y]
v —_—
(e vexse- o
divee. o] cavey—
1zx|s4a>v—-u—n
' HWEIEA TH Y~ REHL,
/F‘EI:TZ 164 5 =y ~s BT
i y Reoll c.rJ\uumn b-a- CO[\AMV\
- ande fewrite row buy-row
12 :
' s | ..
13 | 1138 1380 WT :
L miygad skip J
50
A8 B4 3 - 1139 E:Z 19 - . 27 o E:gz's m Egm--- n:sl
T VRS S pa—
C 1 frowme. doster often v‘»'f"—l/uleawiv\a_
This Sheet Has Been Repl

!I!Ill' I l!!!

THIS SHEET HAS BEEN
_ REPLACED




€9
=S
i B
mm ® . _ } 11~ \.wl_?ﬁ:_m.w,_a.ﬂlw% =
[ . wl
Mm g Ab...s >§§>\Ju 247y74 \\/\ ﬁ g &
= w —~ .waw” 23
_ o o) P32 g PRAL T L o — 8
m o N\EL..G > * -7 HM - m
& FuoisvwmIP—1 weoy > A Nw / == i &
gvor _[egrer—tmsmanmorag P %
5" b= = E
©Q Smv— :
iz worppond | E 0 F
o = N WD% mm —
mm z AR | K
W.L m 3 sonas I GTHeLLsel
W Arqwni btk 952 T 3 _ :
2 | L, 01 L4 AEA—LEY— ZHN RO A H LI [
m el r .
= 04 ~¥L +° | ) 24R1=1
= . | =T 90l — |
=) | »ﬂ L
H ... : . . 0
m ° W\ J..tﬁ\»nvu.ssdsu .u‘n ﬂ_\aun uyodﬁw - \/E\uw,ﬁmm. Rﬁwmﬂquﬁﬁﬁ
cod TAY yrad 0D — : 1 e
T ol ~—] AR
= .. a — 4
£ worgramap-7 o =op 24 .
lM&qmd Pt | € o~ ZHIHIFACA—SK . \@
223 g AT PP ———" T , o) =l
RS C RRUWEL :
= q m.”. Tyt Ca vrquana \v..lE&.wvf\\.Q N0¢ = : N
SN0 : ' v \ WA ﬁ .
Z_Hm.rlwl. Smad 3@ ATqn 7 w7 () —Q— \t&@ﬁsﬂmmﬁmt . : B
25,



bi ocasﬂogazc EB%M% | ITOR I’{;ERNATICgL\IgIé Pé??’geoﬁﬂ]%er 5 10 No. 1799 P, 62/65

gener ati ng seqfenRes R-atormdat e by e ) on on
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generating or recording a prime nunber P, (b) dividin
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(e) generating or recording segond throu sequence pernutati
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INTERLEAVING METHOD, INTERLEAVING APPARATUS,
TURBO ENCODING METHOD, AND TURBO ENCODER

BACKGROUND OF THE INVENTTON

1. Field of the Invention

The present invention generally relates to the
turbo encoding technigue that effectively'copes with a
burst error. More particularly, the present invention is
concerned with an interleaving method, an interleaving
apparatus, a turbo encoding method, and a turbo encoder in
which pruning is not performed at all or only a small
number of bits is pruned away, sS that computational
complexity can be reduced.

The present invention can be applied to fields
required to improve reliability of communications using
error correction codes, such as digital transmissions'and
digital recording. The present invention is particularly
effective in fields which require flexibility of
communications such as multimedia.

2. Description of the Related Art _

Recently, a turbo encoder has been proposed
which utilizes a code having high capability in error -
correction. Such a turbo encoder is made up of a
plurality of encoders, which are coupled-together via an
interleaver (which is means for performing interleaving
processing) in order to reduce the correlation between
redundant sequences associated with the respective
encoders. The interlenver is a key element which
determines the performance of turbo encoding.

‘Figs. 1A and 1B show an example of the turbo
encoder. As shoWn in Fig. 1A, the turbo encodef includes

recursive systematic convolutional encoders 12 (RSC1) and



5 Blerr],.... Blerr] each having a# ength e i S an

I nteger equal to or greater than 2; LA .{nging or
recordi ng zeroth sequence pernmutation dagal in which ele ts of a
Galois field of a characteristic P are an§etiMAY 2800 or[ddr of val ues
of 10 exponent parts of a power notation offt elenents;
(d) generating or recording Nintegers Plerr pl[err]., ..., p[err]
which are nutually prime with respect to a ve-raat fused in the
power notation; 13 (rsc2), and ahClnOSPRSANE10T ASLEHANNGn! Fig! 1B,

t hrough-Nt h 15 sequence permutation data by repeating, ith tines (I =.1 -
N), a process foraghnef dthenh@ncedesgglemnd d8r htmadeMri@faaddershi&iands a
sequence of valu e t ' = ' nts
obt ai ned by addiﬁ% g%%f? }ggﬁgﬁgﬁ% Vﬂéﬁ' ge%%t sequgﬁbggpg#ﬁﬁfation
data; 20 thereif) Ther reurbagenierder wechaves cuksinBugr data Blerr] in

d i £ h £ . - ' and
(a), readi ng pbr mitdehaEae 1K RITR) B SHERET pRES Udshl ol faCOC

order. 25 - X3. In order to reduce the correlation between the

-

redundant bits X1 and X2, the interleaver 11 is provided

at the input side of the encoder (RSC2) 13. As shown in

Fig. 1C, a turbo decoder is made up to two decoders 1 and
10 2, two inferleavers 3 and 4, and a deinterleaver 5.

In digital systems, permutation in interleaving
is performed on a given unit basis of bit or symbol. The
permutation is implemented by using a buffer or a patterm
for permutatioﬁ. When the buffer is used, data is written

15 therein and is then read therefrom in a different sequence.
When the pattern for permutation is used, data is permuted
by referring to the pattern, which describes information
concerning a permutation based on interleaving. The
pattern described will be réferred to as an interleave

20 pattern.

' A description will now be given of bit-based:
'permutation processing using the interleave pattein.
'Fig. 2 shows interleaving of a 16-bit sequence.
In Fig. 2, a 16-bit sequénce 67 is interleaved on the bit

25 unit'basis by referring to an interleave pattern table 68,
which defines a sequencelof interleaving. More
particularly, the zeroth to 15th bits of the sequence 67
is written into a two-dimensional buffer by the interleave
pattern table 68, and is then read therefrom in the order

30 of 0, 8, 4, 12, ..., as indicated by an arrow in Fig. 2.
Thus, a bit sequence after interleaving is obtained as
shown in Fig. 2.

The interleaver involved in interleaving is



6. The interleaving nethod as clainmed ire claim Q(REPEAW ISHEBT gi ven

order of the step (g) is based on a val-ue off gn error troor}ing turbo
codes. 471 02MAY 2000

required to have the following three capabilities of:

(1) handling a variety of frame lengths (for
example, thousands to ten thousands);

(2) producing the interleaved sequence with a

5 small number of parameters; and

(3) redhcing computational complexity in |
creating the interleave pattern.

As to the first capability, if the parameters
are merely prepared for all of the different frame lengths,

10 a huge numbe£ of parameters will be prepared, and a huge
memory capacity will be required to store the parameters.
Thus, the above is impractical. There is another
disadvantage thét it takes a long time to compute
respective optimal parameters for each of the different

15 frame lengths.

' ‘The above problems may be solved by designing
interleavers wifh a small number of parameters. This is
related to the second capability. Interleavers equal in
number to a power of 2 are preéared and pruning of data is

20 performed. However, pruning of data requires an increased
number of parameters for 6ptimization, and the
interleavers may not have good performance with respect to
all of the frame lengths. That is, the interleavers have
good performance for some frame lengths but do not operate

25 well for other frame lengths.

Reductlon in the amount of data to be pruned
away is also related to the third capability. In this
regard, the present inventors have proposed an improvement
in pruning and performance (International Application No.

30 PCT/JP98/05027). . However, even the proposed improvement
has high computational complexity in producing the
interleave patterms.



7. The interleaving nethod as clainmed.imclaim

there are provided k nunbers of N where k is an tp or
greater than 2; 5 the steps (c) throfg sets of
first through Nt h sequence pernutation data; and § . step
(f) selects one of the K sets of first t hr oug - rut ati on
data, a selected set of first through Nt h seqggence pernutatlon Hata

being related 10 to one of the k nunbers of N whi
performance. SUMMARY OF THE INVENTION ”

It is a general object of the present invention
to provide an improved interleaving technique having the
above-mentioned three dapabilities.

5 A more specific object of the present invention
is to provide an interleaving method, an interleaving
apparatus, a turbo encoding method and a turbo encoder
capable of efficiently achieving randomization of input
sequences of a variety of frame lengths with'reduced

10 computational complexity. _

The above objects of the present invention are
achieved by 1. An interleaving method comprising the
steps of: receiving a data sequence having a plurality of
blocks each having a length based on a prime number P;

15 generating sequence permutatioﬁ data by performing a given
operation on elements of a Galois field of a
characteristic P and permuting results of the given
operation, so that sequence permutation data are
generated; and permuting a sequence of data of the data

20 sequence in accordance .with the sequence permutation data.

The above dbjects of the present invention are
also achieved by an interleaving method comprising the
steps of: (a) generating or recording a prime number P;
(b) dividing an input sequence into N blocks B,, B,, ...,

25 B, each having a length equal to P where N is an integér
equal to or greater than 2; (c) generating or recording
first sequence permutation data in which elements of a
Galois field of a characteristic P are arranged in an
order of values of exponent parts of a power notation of

30 the elements; (d) generating or recording (N - 1)
integers p,, pP,, .... Dy, Which are mutually prime with
respect to (P - 1); (e) generating or recording second

through Nth sequence permutation data by repeating, ith



X

15 _ 8. An interleaving nethod CREPLECEMENF[‘eSHEEEé ~of:

(a) generating or recording a prime nunber P; di vi di ng
an i nput sequence into N blocks B[err], 20 B]ejr - &% 11 each havi ng
a length equal to (P - 1) where N is an | tegeqzém‘(az 0 pr|greater
than 2; . (c) generating or recofdiing first _sequenfe
permutation data in which elenents of a Galoi$ field of a
characteristic P are arranged in an order of hent parts

of a power notatipf, t;he ts; ( e eratl
recording (N - 1) |nteéers E[e?ﬁf 1. pfe?rTcess fofes%TéE Q nutually
prinme with respectequence permutation data by éﬁ)lzgﬁa&yaremrg d’at@,OIiﬁl ng

second through Nth 3Q..seguence pernutation, dat re tin |th times (i
=1 - (N- 1 e,o%rgﬁoésg‘éeé)%er DEEREFa E?‘ ‘%‘l#?&qgﬁﬁ%@’& OfBxitut ati on
data by CyCIical|Vfreqﬂkmgtdﬁgaknﬁtththérﬁlocks B, - By in accordance

5 with the first through NthVSequence permutation data; and

(g) reading permuted data from the blocks B, - B, in a
given order. |
The above-mentioned objects of the present
invention are also achieved by an interleaving method
10 comprising the stéps of: (a) generating or recording a
prime number P; (b) dividing an input sequence into N
blocks B,, B,, ..., By each having a length equal to P
where N is an integer equal to or greater than 2;f(c)
generatiﬁg or recording ééroth seguence permutation data
15 in which elemerts of a Galois field of a characteristic P
are arranged in an order.of values of exponent parts of a
power notation of the eleﬁéhts: (d) generating or
recording N integers p,, p,, .... py which are mutually
prime with respect to a primitive root used in the power
20 notation; (e) generating. or recording first through Nth
sequence permutation data by repeating, ith times (1 =1 -
. N), a process for generating ith sequence permutation data
which is a sequence of values of exponent parts in power
notation of elements obtained by adding q, to data of the
25 zeroth sequence permutation data; (f) - permuting data in
the blocks B, - B, in accordance with the first through Nth
sequence permutation data; and (g) reading permuted data
from the blocks B, - By in a given order.
In the above step (b), each of the blocks may
30 have a length equal to (P - 1) or (P + 1).
The above-mentioned objects of the present
invention are also achieved by an interleaving apparatus
which implements the above method.



sequence pernutation data at intervals of P[e R]*PLACEWNT SHEE’I _

(f) permuting data in the blocks Blerr] - B[ar dance with
the first through Nth sequence pernutation Qﬁ%rﬁﬂd mm : _ (9)
readi ng pernuted data fromthe bl ocks Blerr] } err ? al given

or der.

The above-mentioned objects of the present
invention are also achieved by a turbo encodihg method
comprising, as an interleaving method employed in a turbo
encoder, the interleaving mefhod as described above.

5 . The above-mentioned objects of the present
invention are also achieved by a turbo encoder comprising:
a plurality of encoders; and the interleaving apparatus as

described above.

10  BRIEF DESCRIPTION OF THE DRAWINGS
Other objects,-feétures and advantages of the
present invention will more apparent from the following
detailed description when read in conjunction with the
accompanying draw1ngs in which:
15 Figs. 1A and 1B are block dlagrams of a
conventional turbo encoder; _
Fig. 1C is a block diagram of a turbo decodér:
Fig. 2 is a diagram of a conventional
interleaving method of interleaving a 16-bit input data
.20 sequence; _
Fig. 3 is a block diagram of a turbo encoder
according to a first embodihent of the present invention;
Fig. 4 shows prime numbers up to 200;
Fig. 5 is a diagram illustrating a first
25 possible configuration of an interleaver shown in Fig. 3;
Fig. 6 shows prime numbers less than 150 and
associated primitive roots:
Figs. 7A and 7B'réspectively show examples of
sequence permutation tables;
30 Fig. 8 is a diagram illustrating a second
pbssible-configuration of the interleaver shown in Fig. 3;
Fig. 9 is a diagram illustrating a third '

possible configuration of the interleaver shown in Fig. 3;
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wherein the given order of the step (g) is b
floor in turbo codes. 15 L0
clainmed in claim
of N where k is an 20 integer equal to or gfepter_than 2.

The interleaving nethod as g?:'
HS e of an error

g method as

ed k nunbers

8, wherein: t 1062 MAY, 0P

the steps (c) through (e) generate K sets. of first through Nt h sequence

pernut ati on data; and the step

the K sets

L(f)—seleets~
of first  through Nth spqyense LMt ahial-ddAtrd SELESIGHRRL Of

10

15

20

25

30

according to the present invention;

Fig. 11 is a graph for explaining an error floor
in turbo codes:;

Fig. 12 is a block diagram of a turbo encoder
according to a second embodiment of the present invention:

Fig. 13 is a diagram illustrating a fourth
possible configuration of the interleaver shown in Fig. 3;
and

Figs. 14A, 14B and 14C respectivély show
examples of sequence permutation tables used in the fourth
embodiment of the present inventlon.

DESCRIPTION OF THE _PREFERRED EMBODIMENTS

A description will be given, with reference to
the accompanying drawings; of embodiments of the present
invention.
First Fmbodiment

Fig. 3 is a block diagram of a turbo encoder
according to the first embodiment of the present invention.
In Fig. 3, parts that are the same as those shown in the
previously described figures are given the same reference
numbers.

The turbo encoder shown in Fig. 3 differs from
that shown in Fig. 1A in the following:

(a) a bit addition process part 21 is’ newly
added; | | |

(b) an interleaver of a new configuration is
used; and

(c) a puncture processing part 23 is newly added.

| A detailed description will be given of the

turbo encoder shown in Fig. 3 by further referring to a
flowchart of Fig. 10. |



25 first through Nt h sequence pernutation dataJGJ T et to one of
the k nunbers of N which provides best per f SEHEET
11. An interleaving nethod conprising the steps of i
29 02 MAY 2000
Bit Addition P

As preprocessing of interleaving, the bit
addition process part 21 adjusts the input sequence so
that it has a suitable number of bits for interleaving

5 (steps 101 - 103 shown in Fig. 10).

The bit addition process can be implemented by
various types of conventional error correction coding. In
this case, the bit addition ptocess part 21 is a CRC
encoder. Of the various types.of conventional error

10 correction cbﬁing, it is preferable to use a type of bit
repetition in which bits are periodically repeated because
it is flexible and is easily implemented.

A detailed description will be given of the bit
repetition in a case where the number of bits input to the-

15 turbo encoder is N, (which corresponds to K in Fig. 3).
The bit repetition includes the following four steps (1) -
(4).

At step (1), Ny is divided-by 8, and the

resultant value n is obtained. The reason why Nj is

20 divided by 8 will be described later. At step (2). the
prime number P that is greéter than n and closest to n is
obtained. At step (3), the difference between 8 times of
P and N, is calculated, and the resultant value is denoted
as a. At step (4), a bits (dummy bits) are added to Ny

25 Dbits of the input sequence.

An example for N, = 650 will be described below.
At step (1), n = 650/8 = 81.25. At step (2), the prime
number that is greater than 81.25 (= n) and closest
thereto is 83 from a table shown in Fig. 4. That is, P =

30 83. At step (3), 83*8 = 664, and thus a = 14. That is,
the number of dummy bits to be added to N is 14. At step
(4), 14 dummy bits are added to the input sequence of 650
(=Np) bits. For example, the 14 dummy bits are added to
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without exception, and the quotient is always the prime
number. The reason why 8 is used is that the numbef of
rows of a two-dimensional array handled at a first stage
of interleaving performed in the interléaver 22 is equal

to 8, as will be described in detail later. It is

- possible to employ an arbitrary number such as 10 or 20

when the two-dimensional array used in the interleaver 22
has 10 or 20 rows. In such a case, 10 or 20 is used at
the aforementioned éteps (1) -~ (3).
It can be seen from the above description that
the process performed by the bit addition process paf% 21
obtains the number of rows of the two-dimersional array at
step 101 shown in Fig. 10, and determines the number of
columns thereof which is the prime number, and adds, to
the input sequence, the nﬁmber'of dummy bits equal to the
difference between the product of the numbers of rows and
columns and the number of bits of the input sequence.
Besides the bit repetition, it is possible to

use block codes or convolutional codes in order to .
implement the bit addition process. It is also possible
to employ a simple method of addlng known bits to a known
position.
Interleaver 22

' The interleaver 22 has, for example, one of
three different configurafions described below.
(First configuration)

' Fig. 5 shows the first configuration of the
interléavér 22. The interleaver 22 having the first
configuration ihcludes the first, -second and third stages

41, 42 and 43. The first stage 41 cotresponds to step 104
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shown in Fig. 10. The second stage 42 corresponds to
steps 105 - 108 shown in Fig. 10. The third stage 43

' corresponds to step 109 shown in Fig. 10.

(1) First stage 41: _

An input sequence 40 (that is the output of the
bit addition process part 21 and consists of, for example
664 bits) is divided into N. 1In Fig. 5, the 664-bit input
sequence 40 is divided into eight blocks B, - B,, which are

then written into a two-dimensional array (buffer), which

consists of 8 rows and 83 columns. It will be noted that

the 664-bit input sequence 40 includes 650 information
bits and 14 qummy bits. The input sequence 40 of 664 bits
can be divided by 8 and t@g quotient thereof is the prime
number 83. Thus, the number of rows of the two-
dimensional buffer is 8, and the number of columns thereof
is the prime number 83.

{2) second stage 42;

An intra-permutation is performed; as will be
described later. In the intra-permutation, the sequence
of the bits arranged in each row is permuted. |
(3) Third stage 43:

An inter-permutation is performed.in which the

order of the rows arranged in the two-dimensional buffer

is permuted._ The inter-permutation uses, for example, a
inter permutation pattern obtained by learning (directed
to lengthening the free distance). One row is the unit of
the iﬁter—permutation.

After the first through third stages are

performed, data is read from the two-dimensional buffer in

‘the longitudinal direction (column direction) at step 110

shown in Fig. 10, whereby an interleaved coded sequence 44
can be obtained.

A further description will now be given of the

10
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second stage 42.

The intra-perhutatioﬁ at the second stage 42
uses a table created by the following steps S1 - S7 as an
address table, and processes input data written into the
two-dimensional buffer by referring to the address table.
Step S1: |

Step S1 is to obtain the primitive root g, of
the Galois field of the characteristic P (which
corresponds to the number'of_coluﬁns and is equal to 83 in
the case shown in Fig. 5) at step 105 shown in Fig. 10,
and to create a table tO described in the order of

exponential (power) notation of the primitive root in

which the elements of the Galois field are‘expresééq by

anti-logarithms, which are arranged in the order of
ekponential notation. The primitive root g, of the Galois
field of the characteristic P can be chosen from the table
shown in Fig. 6. In other words, step Sl is to compute a
mapping sequence c(i) for intra-row permutation defined
below:

c(i) = (g,') (modP)
where 1 =0, 1, 2, ..., (P-2), and c(P-1) = 0.

In the case of P = 83, the primitive root g,

(which corresponds to g in Fig. 6) of 83 is 2, and the

‘elements of the associated Galois field are o, 1, 2, ...,

82. Thus, c(0), c(1), c(2), ..., c(82) are as follows:
c(0), (1), c(2), ..., c(82)
= 2°(mod83), 2'(mod83), 2*(mod83), ..., 2%%(mods3)
=1, 2, 4, 8, 16, 32, 64, 45, 7, 14, ..., 42, 0

The table t0 can be formed from the above one-

11



there are prOV|ded k numbers of N where k i s JREPLACEMENPSHEBETY! to or
greater than 2; the steps (3) t Hr quat te¢ fhsetf of
5 first through Nt h sequence pernutation data; gn e step
(f) selects one of the K sets of first _throaggoﬁtw\‘g@aqpen elpernutation
data, a selected set of first through Nthis tfon data
being rel ated to one of the k nunbers of N which provides bgst 10

per f or mance. 15 An i nt eTTEavITIg—appar-at-us

;IOHP;: ;Sltggof bl oc S eaé‘ﬁnﬁgsger%’eggr‘é;ggﬁsl%l“ggd‘noﬂgtgap 'né_enc hgxr%gg g;
means for gener atcampinatjiemncef hemmimétrals ¢adfranged in the transverse-
axis and longitudinal-axis directions of the table t0
describes the exponent. For example, the combination of
5 numerals of 1 and 6 respectively in the transverse- and
longitudinal-axis directions indicates an exponent of 16.
It can be seen from the table t0 that the results of, for
example, 2?(mod83) and 2'¢(mod83) are respectively 4 and 49.
The result of 2**(mod83) is set equal to O.
10 sStep S2:
 The table t0 is defined as a sequence'
permutation table for the first row of the two-dimensional
buffer. Step S2 corre§b9nds to a case when a parameter I
indicative of the row number is set-equal to 1 at step 106
15 shown in Fig. 10. That is, the numbers defined in the
sequence permutation table t0 indicate the bit allocations
after permutation. As shown in Figl 7B, the sequence
permutation table t0 includes the one-dimensional sequence
(pattern) starting from the left uppermost positiqn
20 thereof: |

Table t0: 1, 2, 4, 8, 16, ..., 42, 0 ...(1)

For example, let us assume that the input data
25 mapped into the first row of the two-dimensional buffer is
as follows:

A0, Al, A2, A3, ..., A82 ...(2)

30 The bits in the first row of the two-dimensional buffer
are permuted by referring to the sequence permutation
table t0. For example, bits A0 and Al which correspond to
"1" and "2" in the sequence permutation table tO are



20 by performing a given operation on eIenentREBLA@ENE%H]SHEET field of a
characteristic P and pernuting results of the I pn, softhat
sequence pernutation data are gener at ed,; reans for
pernmuti ng a sequence of data of the 25 data ?Ee u@}g@““nz@@codance W th

t he sequence pernutation dat a. 30 - 151 An

I nterl eavi ng apparatus conpri sing: first means fpr
generating or recording a prine nunber P; :

31 placed in the original positions even after permutation.

Bit A2 which corresponds to "4" in the table t0 is
permuted so as to be located in the fourth position after
permutation. Similarly, bit A3 which corresponds to "8"

5 in the table t0 is permuted so as to be located in the.
eighth position after permutation. Bit A82 which
corresponds to the last number "0" in the table t0 is
placed in the original position. The above permutation is
performed at step 107 §hown in Fig. 10.

10 The data obtained after permutation of sequence
(2) has the following sequence:

A0, Al, A72, A2, A27, A76, A8, ..., A82 ...(3)

15 Step S3:
Step S3 is to obtain (N - 1) numbers (integers)
which have the mutually prime relationship with respect to
(P - 1) where N is an integer greater than 2 and denotes

the number of rows. In the example being considered, P
20 83 and N = 8. Thus, 7 (=8 - 1) 1ntegers which are

numbers pl, p2, p3, p4., p5, pé6 and p7 that have the

mutually prime relationship with respect to 82 (=P - 1

83 - 1) are obtained. The 7 integers pl, p2. p3. p4. D5,

p6 and p7 are respectively 3, 5, 7. 11, 13, 17 and 19 (1
25 and 2 are excluded).

Step S4:

At step 108 of Fig. 10, it is determined whether

I is smaller than N (the number of rows). If the answer

of step 108 is YES, the process returné to step 107. In
30 the example being considered, I is incremented by 1 and is

then equal to 2. Then, a sequence permutation table for

permutation of data in the second row is created as

follows. Data is cyclically read from the sequence

13
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fourth means for generating or recording (N -
permutation table t0 one by one at intervals of pl, and a
sequence thus obtained is denoted as tl. For example,
when data is circularly read from the sequence permutation

table t0 at intervals of 3, the sequence tl is obtained:
tl: 1, 16, 7, 29, 49, ... e (4)

The sequence tl thus obtained is formed into sequence
permutation table tl. o

The above process is also performed by computing
the following (mathematically equivalent thereto):

c(i) = (g,")(mods3)

where gl is the primitive root obtained from gl =
(g,}) (mods3).
Step S5: _

The table tl1 obtained at step S4 is defined as a
sequence permutation table which is referred to when the
order of_data arranged in the second row of the two-
dimensional buffer is permuted.

| Steps 4 and 5 are repeated by using p2, p3. p4,
P5, p6 and p7, so that sequences t2 - t7 can be obtained.
The sequences t2 - t7 are formed into tables t2 - t7.
which are defined as sequence permutation tables referred
to at the time of permutation of the third to eighth rows
of the two-dimensional buffer. That is, steps 106 - 108
shown in Fig. 10 can be described as follows.

First, prime numbers 1, which satisfy the
following are obtained where i = 2 - r, and r is the

number of rows of the two-dimensional array:

14
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For r = 8, the prime numbers 1, - 1, aie those to
be obtained, and are respectively 7, 11, 13, 17, 19, 23
and 19 from the table shown in Fig. 6. Then, the pieces
of data in the table t0 are cyclically read one by one at
intervals of 1,, so-fhat the sequence permutation tables
t2 - t7 can be created. in this case, the number "0”
located at the end of the table t0 is excluded in the read
operation. '
Step 7:

' The data arranged in the first through eighth

rows of the two-dimensional buffer in which the blocks B,
- B, are written are permuted in accordance with the
sequence permutatlon tables t0 - t7. More particularly,
the sequence of the data of the block B, is permuted in
accordance with the sequence permutation fable t0.
Similariy, the sequence of the data of the block B, is
permuted in accordance with the sequence permutation table
tl. The same process is carried out for each of the
blocks B, - B,. Finally, the sequence of the data of the
block B; is permuted in accordance with the sequence
permutation table t8. |

As described above, the sequence permutation
tables t0 - t7 are created, and then the permutation
process for the blocks B, - By is performed. Alternatively,
as shown in Fig. 10, the'creatioh of the sequence
permutation table and the permutation process are
successively carried out for every block. |

The process of the second stage can be.designed

so that the sequence permutation tables are prepared and

15
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recorded beforehand and the permutation process refers to
the tables recorded beforehand.
(Second configuration of the interleaver 22)

A description will now be given of the second
configuration of the interleaver 22, which is the same as
that above except for the second stage. The permutation
procesé of the second stage is implemented by referring to
tables created by steps S11 - S15 described below.

Step S11:

Step S11 is fhe same as the aforementioned step
S1. That.is, step S11 is to obtain the primitive root g,
of the Galois field of the characteristic P and to create
a table TO described in the order of exponential ﬁotatiqn
of the primitive root in which the elements of the Galois
field are expressed by anti-logarithms, which are arranged
in the order of exponential notation. It will be noted
that table TO is the same as table t0 shown in Fig. 7B.

Step S12 is to obtain eight integers which have
the mutually prime relationship with respect to the
primitive root g, and are eqﬁal in number to the rows of.
the two-dimensional buffer. Let the eight numbers be
denoted as ql., q2, g3, g4, g5, g6, q7 and g8. When the
prime number P is equal to 83, for example, the primitivé
root is equal to 2 and the éight integers which are prime
numbers are obtained as follows:

3, 5, 7, 11, 13, 17, 19 and 21

(except for 1 and 2).

The prime number gl is added (modP) to each of
the items of data of the table TO obtained at step S12.
When the table TO defines the following sequence:

16



clai m 15, wherei n: therEREPEA@ENEQHESHEEﬁ*nbers of N where k
s an I nteger equal to or greater tfhgm2 the third .
through fifth means generate K sets of (iéSt throug Nt h sequence
pernutati on data; and t%e Si sgel gcts one of the K
sets of first through Nt h sequence|p nnfatlon data, a selected set
~of first through Nt h sequence pernutatjon data being related to one of
the k nunbers of N which provi des best “t6—yperfor-rancse-
TO: 1, 2, 4, 8, 16, ..., 42, 0, ...(5)

the resultant sequence for gl = 3 is as follows:
5 4, 5, 7, 11, 19, ..., 3 ... (6).

Then, the anti-logarithm values thus obtained
are converted into values in exponential notation. The
following are obtained by a table of Flg 7A that is the

10 reverse operation of Fig. 7B:

=2, 27, 8, 24, ..., 7, 72 : ... (7).

Sequence (7) thus obtained is formed in a table,
15 which is used as a sequence permutation table T1 for the
first row of the twb-dimensional buffer.
Similarly, step S13 is repeated using g2, g3, g4,
g5, g6, g7 and g8, so that sequence permutation tables T2
- T8 respectively used for permutation of the second
20 through eight rows of the two-dimensional buffer can be
obtained.
Step S15:
The intra-permutation of the blocks B; - Bg is
_ performed in accordance with the sequence permutatlon
25 tables T1 - T8. _
It is possible to prepare and record the
Sequence permutation tables Tl - T8 beforehand in a memory.
(Third conflguratlon)
A descriptlon will be given, with reference to
30 Flg 9, of the third configuration of the interleaver 22.
Referring to Fig. 9, an input sequence 80
consisting of 1140 bits is written into an interleaver 600

having a two-dimensional buffer of a 72 x 16 array. Then,

17
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glerr] interleaver 600 is interleaved by an 8 x 2 interleaver 630.
That is, the respective rows are interleaved by the
different interleavers. Alternatively, an identical
interleaver may be used to interleave each of the rows of
10 the two-dimensional array. It is also possible to use an
identical interleaver for some rows of the two-dimensional
array.
_ Then, the data thus interleaved are read in the
longitudinal direction (0, 16, 32, 48, ...), so that an
15 output'data sequence 90 can be obtained.

| Since the last row of the buffer consists of
only four bitsl a 4 x 1 interleaver is applied thereto.
‘However, the 4 x 4 or 2 x 2 interleaver may be used for
the last row. The data of the last row can be read |

20  therefrom in the order of 1136, 1137, 1138 and 1139.
However, in Fig. 9, the data of the last row are read in
the reverse order, namely, 1139, 1138, 1137 and 1136.
It is also possible to read data from the 72 x
16 interleaver except for the last row and to thereafter
25 read the data of the last row and place them at given
intervals.

. The interleaver 22 can be formed of any of the
first through third configurations. After the interleaved
data is produced by the interleaver 22, step 110 of Fig.

30 10, that is, the third state 43 shown in Figs. 5 and 8.is
carried out. |
In the first and second configurations of the

interleaver 22, the process at step 110 shown in Fig. 10

18
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for pernmuting data in the blocks B[err] - B[ ETT—+h ‘gordance wth
the first through Nt h sequence pernput ait i an

seventh neans for reading pernmuted data frp C{)ﬂgﬂﬂffmg ks Blerr] - Bl[err]
in a given order. :

can be modified so as to prevent occurrence of a pattern -
which causes an error floor of the turbo codes.

Fig. 11 is a graph showing an error floor. The
error floor denotes a phenomenon in which the bit error

5 rate (BER) is not improved as much as the S/N ratio is
improved. In the graph of Fig. 11, the error floor starts
to occur when the bit error rate is equal to 1077 to 107,
and is not much improved even when the bit error rate is
further improved.

10 With the above phenomenon in mind, it is
preferable to read the data from the two-dimensional array
(buffer) in a fixed order but any of a plurality of
predetermined orders. That is, it is preferable to
determine the order of reading the data from the two-

15 dimensional buffer after the intra—permutétion on the
basis_of the value of the error floor. Thus, it is
possible to suppress the occurrence of'the'errof floor in
the turbo codes. If the input sequence is -divided into 10
blocks B, - By, the data is read from the blocks B, By, By, |

20 B;, Bs, B;, B,, B, B, and B, in this order. If the input.
sequence is divided into'20-blocks B, = B,,, the data.is_
read from the blocks B,,, B,, B,, B,, B,, B,, B, B;, By, B,
By, By, By, By, By, B, B¢, By, B, and B, in this order.

It is also possible to read the data from By, By, By, B,,

25 B,, B,, Bs, By, By, By, By, By, By, By, B,, B,, By, B, B
and B,,. . .

One of the predetermined orders of reading the
data is selected sb that the occurrence of the error floor
can be suppressed. As described above, when the input

30 sequence is divided into 10 blocks, data written into the
two-dimensional buffer is read therefrom in the reverse
direction. This is simple and is implemented easily.
(Puncture process) '

19
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18, wherein the given order of the seventfh neans 13 —9bdsed ﬁn a val ue
of an error floor in turbo codes. 15 | 40. The

i nterleaving apparatus as clainmed in c!aigéa%ax@mg¥eln: 20. _
there are provided k nunbers of N where Is—arR =atedel equal to or
greater than 2; the third|through fifth neaps generate K
sets of first t hrough Nth sequence pernutationm data—=

t he sixth neans sel ects ongggfcéﬁg%4§f5?5§ f g$ﬁ§|r§% ﬁgggh hﬁp seqxence

pernutation data, a select
per mut ati on dat a tegeiyes theeKabid inputinsegieride dndnbﬁbpﬁﬁs Otfhé\l (BHKC B
provides best Tl + T2)-bit encoded output where Tl is the number of tail
bits output from RSCl, and T2 is the number of tail bits
5 output from RSC2.
In contrast, in the turbo encoder shown in Fig.
3, the bit addition process part 21 adds the a dummy bits
‘to the N bits of the input sequence, so that the (N + a)
bits are applied to the interleaver 22, RSCl and RSC2.
10 That is, 3a bits are auxiliary bits in total. In order to
delete the 3a auxiliary bits, the puncturing process part
23 performs a puncturing process for the 3a auxiliary bits.
A method of periodically deleting the redundant bits is
generally used for the puncturlng process suitable for the
15 turbo codes. The above method can be applied to the
puncturing process part 23. Thus, the output of the
puncturing procesé part 23 receiveé (3K + 32 + T1 + T2)
bits and outputs (3K + Tl and T2) to the next stage. R
Second Embodiment _
20 Fig. 12 is a block diagram of a turbo encoder
| according to a second embodiment of the present invention.
In Fig. 12, parts that are the same as those shown in Fig.
3 are given the same reference numbers. The turbo encoder
shown in Fig. 12 has the bit addition process part 21 that
25 is placed at the input side of only the interleaver 22.
That is, the encoded séquence X1l is the same as the input
data sequence from an information source. Further, the
RSC1 processes the input data sequence from the
information source as per se; In order to delefe the
30 dummy bits added to the input data sequence by the bit
addition process part 21, a pruning process part 123 is
provided between the interleaver 22 and the RSC 2. The ]

interleaver 22 has one of the aforementioned first through

20



per f or mance.
conpri si ng:

10

15

20

25

30

30 21. AWHH%AigﬁEmnngHégf rat us

02 MAY 2000

third configurations. Now, a fourth configuration of the
interleaver 22 will be described.

The fourth.configuration of the interleaver'zz
can be obtained by slightly modifying the first or second
configuration. Such a modification is an improvement in
obtaining the prime number, namely, the number of columns
of the two-dimensional array. This will be described in
detail below. |

‘The bit addition process part 21 operates as
follows. At step (1),'Nm is divided by 8, and the
resultant value n is obtained. At step (2), the prime
number P that is greater than n and closest to n is
obtained. Further, (P - 1) and (P + 1) are prepared.
Then, one of the numbers P, (P - 1) and (P + 1) that is
equal to or greater than n and is closest to n is chosen.
At step (3), the difference between 8 times of P and N is
calculated, énd the resultant value is denoted as a. At
step (4), 4 bits (dummy bits) are added to N, bits of the
input sequence.

An example for N, = 660 will be described below.
At step (1), n = 660/8 = 82.25 (the quotient is 82, and
the remainder is 4). At step (2), the prime number P that
is greater than 82.25 (= n) and closest thereto is 83 from
the table shown in Fig. 4. Further, (P - 1) = 82, and (P
+ 1) = 84. Sincé the number 83 is greater than 82.25 and
is closed thereto, the number 83 is chosen. At step (3),
83*8 = 664, and thus a = 4. That is, the number of dummy
bits to be added to Ny is 4. At step (4), 4 dummy bits
are added to the input sequence of 660 (=N,) bits. For
example, the 4 dummy bits.are added to the end of the 660-

 bit input sequence.

The number (N, + a) of bits thus obtained, that
is, the number of (K + a) bits in Fig. 3 is divided by 8
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first neans for generating or recording a pr REPLACENEmﬂ%SHEET

second neans for dividing an input sequence ksj Blerr],
Bl[err] .... Blerr] each having a | ength equa ere Nis an
I nteger equal to or greater than 2; s| for
generating or recording first sequence pel N which

el enments of a Galois field of a characteristic P are arrahged in an
order of val ues of exponent parts of a power—Trotatton—of—the 10

et erey, RO Sl S SSOELA TR Sidaeoi o e
respect to (P -1)prime number P, (Pfﬂfnﬂ1anda03 idk)generatlng or recordlng
Feoond 15 {Irough N Seayence, REr ALRREc U812 MLERSRL! Do 1)
sequence permutation tables can be created by the manner
5 that has been described with reference to Fig. 5. However,
if (P - 1) or (P + 1) is chosen, for example, if 82 or 84
is chosen, the two-dimensional array has 82 or 84 columns,
and thus the sequence permutation tables associated with P
= 83 are not used. The sequence permutation tables )
10 suitable for 82 or 84 columns can be created by modifying -
the aforementioned sequence permutation table t0 for 83
columns, aé~described below.
Fig. 14A shows the seauence permutation table tO
for the first row of the two-dimensional array having 83
15 columns, which is the same as that shown in Fig.‘7B. The
sequence permutation table for the first row of the array
having 82 columns (let t0,, be that table) is obtained by
deleting "0" located at the end of the sequence of the
table t0 for 83 colums. That is, the one-dimensional

20 sequence t0,; for 82 columns is as follows:
t0,: 1, 2, 4, 8, 16, ..., 42.

The table tO_, ranges from element 1 to element
25 82, and 1 is subtracted from each of all the elements.
The resultant table ranges from element 0 to element 81,
and is used as the sequence permutation table t0_, for the
first row for 82 columns. _
The sequence_permutation table for the first row
30 of the array having 84 columns (let t0,; be that table) is
obtained by adding the prime number P to the position next
"0" located at the end of the sequence for 83 columns.

That is, the one-dimensional sequence'to,1 for 84 columns
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sequence pernutation data by cyclically readin
sequence pernutation data at intervals of p[er
means for pernuting data in the bl ocks B[err]

with the first through Nt h sequence per mut at kan_dat a: and
seventh neans for
in a given order.

claim 21, mhereln t he gi ven order of the seventh neans is 30

clained in

atre I rst
]; si xth
0] -O3MAY R000h hclor dance

readi ng pernuted data fromtpe bl ocks

25 22.

Bl er f] - Blerr]
L pparatus as

based on a val ue of an e& or floor in turbo codes.

10

15

20

25

30

ows;
t0,: 1, 2, 4, 8, 16, ..., 42, 0, 83.°

By executing steps 106 - 108 shown in Fig. 10,
éequence'permutation tables t1 - t7, t1, - t7_,, and ti,, -
t7,, for the second through eight rows of thé arrays having
83, 82 and 84 columns can be created, respectively. It is
possible to create and record the above tables beforehand.

| The use of (P - 1) and (P + 1) makes it possible
to decrease the difference between the number of the input
data sequence and the number of bits (equal to the number

"bf‘coluﬁns) processed by the interleaver 22 and to reduce

the number of bits to be deleted by the pruning process.

The process of the fourth configuration of the
interleaver 22 shown in Fig. 12 can be applied to the
interleaver 22 shown in Fig. 3. .

Another modification can be made. In the first
and second embodiments of the present invention; the input
data sequence is divided into the fixed number of blocks.
This can be modified so that k different numﬁers of blocks
for division can be used where k is an integer equal to or
greater than 2. Thus, k interleavers are created, and one
of them which brings the best performance is chosen and
used.

Let us consider a case where k = 10 and 20.and
the input data sequence applied to the interleaver 22
consists of 640 bits. For k = 10, the 640- blt input data
sequence is divided_into 10 blocks, and the sequence
pPermutation tables for the 10 blocks are labeled #1. For
k = 20, the 640-bit input data sequence is divided into 20
32-bit blocks, and the sequence permutation tables for the
20 blocks are labeled #2. Then, one of the sets #1 and #2

23



35 23. The interl eay
claim 21, wherein: there are pro
is an

Elai med in
N where k

of interleavers which provides the better bit error rate
and/or the frame error rate is selected. The input data
sequences consisting of different numbers of bits should
be divided into different numbers of blocks in terms of

5 the bit/frame error rate. That is, the number of blocks
is adaptively changed taking into consideration the number
of bits forming the input data sequence. Thus, it is
possible to improve the performanqe of the turbo encoder.

The present invention is not limited to the

10 specifically described embodiments, variations and
modifications, and other variations and modifications may
be made without departing from the scope of the present
invention.
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I nteger equal to or greater than 2; 5 f\ﬁfgﬂth fifth
nmeans generate K sets of first through Nth
and t he si xth neans sel ects one of the K set
t hrough Nt h sequence pernutation data, a sel ect

Nt h sequence pernutation data being 10 rel ated

N whi ch provi des best per f or mance. 15 : \
encodi ng nmet hod conprising, as an i nterl eavi ;
turbo encoder, t | I g method conprising the steps of
receiving a dataqggghéﬁcghﬁéyﬁgdkg'pIurallty of 20 bl ocks each having a
| ength based on a prine nunber P; generating sequence
pernutation data by perform ng a given operation on elenents of a
Galois field

5

1. An interleaving method comprising the steps
of: |

receiving a data sequence having a-plurality of
blocks each having a length based on a prime number P;

10 generating sequence permutation data by
performing a given operation on elements of a Galois field
of a characteristic P and permuting results of the given
operation, so that sequence permutation data are
generated; and y

15 permuting a sequence of data of the data

sequence in accordance with the sequence permutation data.

20
2. 2An interleaving method comprising the steps
of: . _
(a) generating or recording a prime number P:
(b) dividing an input sequence into N blocks B,.
25 B,, ..., By each h.aving a length equal to P where N is an

integer equal to or greater than 2;

(c) generating or recording fi;st sequence
permutation data in which elements of a Galois field of a _
characteristic P are arranged in'an.order of wvalues of

30 . exponent parts of a power notation of the elements;

(d) generating or recording (N - 1) integers p,,
P2, ---. Dy, Which are mutually prime with respect to (P -
1): '

as | AR A



~of a characteristic P and pernuting results'of'gaﬁ, OleRjat i on, so
t hat sequence pernutation data are 25 generate',_lggjﬁWENq‘S}

pernmuti ng a sequence of data of the data sejguence i n accordarnce wth
t he sequence permnutation dat a. 30 02 RAY 2008 t{urfbo
encodi ng nmethod as clained in claim 24, furjther conprising|the steps
of : 36

10

15

20

25

30

(e) generating or recording second through Nth '
sequence permutation data by repeating, ith times (i = 1 -
(N - 1)), a process for generating ith sequence
permutation data by cYclically reading data in the first
sequence permutation dafa at intervals of p,;

(f) permuting data in the blocks B, - B, in
accordance with the first through Nth sequence permutation
data; and |

' (g) reading permuted data from the blocks B, -

By in a giwven order.

3. The interleaving method as claimed in claim
2, wherein the given order of the step (g) is based on a
value of an error floor in turbo codes.

4. The interleaving method as claimed in claim
2, wherein: _

there are provided k numbers of N where k is an
integer equal to or greater than 2; |

the steps (c) through (e) generate K sets of
first through Nth sequence permutation data; and . _

the step (f) selects one of the K sets of first
through Nth sequence permutation data, a selected set of
first through Nth sequence permutation data being related
to one of the k numbers of N which provides'best

performance.

* c L M [ *
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adding bits to an input sequence ap'pl led to the REPLAQE ENIM I f a

nunber of bits of the input sequence is | es

bits; and

an out put sequence of the turbo encoder has the
t he i nput sequence.

10

15

20

25

30

5 [ han a glven er of
deleting bits from an en,OQEy so t hat
sh nunber bits

5. An interleaving method comprising the steps

of:
(a) generating or recording a prime number P:
(b) dividing an input sequence into N blocks B,.
'B,, ..., By each having a length equal to P where N is an

integer equal to or greater than 2;

(c) generating or recording zeroth sequence
permutation data in which elements of a Galois field of a
characteristic P are arranged in an order of values of
exponent parts of a power notation of the elements;

(d) generating or recording N integers jo X
Pz, --.. Py which are mutually prime with respect to a
primitive root used in the power notatlon,

(e) generating or recording first through Nth
sequence permutation data by repeating, ith tlmes (i=1 -
N), a process for generating ith sequence permutation data
which is a sequence of values of exponent parts in power
notation of elements obtained by adding g, to data of the
zeroth sequence permutation data:

(f) permuting data in the blocks B, - B, in
accordance with the first through Nth sequence permutatlon
data; and '

(g) reading permuted data from the blocks B, -
By in a given order. ' |

6. The interleaving method as claimed in claim
5, wherein the given order of the step (g) is based on a

value of an error floor in turbo codes.

5
as

AT
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10 26. The turbo encodi ng net hod
wherein the step of adding bits enploys a bit
27. A turbo encodi ng nethod conprising, as an

enployed in a turbo encoder, the 20 interleavin
steps of: (a) generating or reco
(b) dividing an input sequence into N bl ocks B

B[err] each having a length equal to P where N

] : cl ai m 25,
REP & - nS- BE)d. 15
i nterl eaving hod
) petth2MAYREN0i s| np t he
ding a prine nuprber P,
brr], BlerrT, ..,
an iLaf.eger lequal to

or greater than 2; 25 (c) _generati
sequence permut ati on dat g The¢ Jhterlereknsme

the

or recording first
daaefletiged dndcsaim

characteristic Psargparefpged in an order of values of

there are provided k numbers of N where k is an

integer equal to or greater than

2;

5 the steps (c) throughl(e) generate K sets of

first through Nth sequence permutation data; and

the step (f£f) selects one of the K sets of first

through Nth sequence permutation data, a selected set of

first through Nth sequence permutation data being related

10 to one of the. .k numbers of N which provides best

performance.

15

8. An interleaving method comprising the steps

of:

(a) generating or recording a prime number P;

(b) dividing an input sequence into N blocks B,,

20 B,, .... By each having a length equal to (P - 1) where N

is an integer equal to or greater than 2;

- (c) generating or recording first sequence

permutation data in which elements of a Galois field of a

characteristic P are arranged in an order of values of

25 exponent parts of a power notation of the elements:

(d) generating or recording (N - 1) integers p,,

P2 <., Py, Which afe matually prime with respect to (P -

1):

(e) generating or recording second through Nth

30 sequence permutation data by repeating, ith times (i = 1 -

(N - 1)), a process for generating ith sequence

permutation data by cyclically reading data in the first

sequence permutation data at'intervals of p;:

T



exponent parts of a power

generating or

recording (N -

notati on of the elen ACE) HEET (d)
1) int i, ggcpy_é s Plerr]

I nfegers pl[err

which are mutually prine with respect to (P - e)

generating or

repeating, ith times (i =

37
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recordi ng second. through Nth de@@MAY 2880ufafi on data by

1 -

Y

(£) permuting data in the blocks B, - B, in

accordarice with the first through Nth sequence permutation

data;.

and

(g) reading permuted data from the blocks B, -

By in a given order.

9. The interleaving method as claimed in claim

8, wherein the given order of the step (g) is based on a

value of an error floor in turbo codes.

10. The interleaving method as claimed in claim

8, wherein:

there are provided k numbers of N where k is an

integer equal to or- greater than 2;

the steps (c) through (e) generate K sets of

first through Nth sequence permutation data; and

the step (f£f) selects one of the K sets of first

through Nth sequence permutation data, a selected set of

first through Nth sequence permutation data being related

to one of the k numbers of N which provides best

performance.

of:

1l. 2An interleaving method comprising the steps

_—

AR O
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(N - 1)), a process for generating ith sequeRﬁQLACENﬂﬂﬁF fTion data by

cyclically reading data in the first s4qy om data at
interval s of pl[err]; (f) pernutfing data in tielblocks Blerr]
- Blerr] in 5 accordance with the first thrqoyg ﬂﬂﬁxéé@mkn e|pernutation
data; and (g) reading permuteq data fromthe bl pcks Blerr] -
Blerr] in a given order. 10 28. The turb$ encodi ng
method as clained in 15 claim27, further Comprsirg—i-he- s of:

(a) generating or recording a prime number P;
(b) dividing an input sequence into N blocks B,.
B,, ..., By each having a length equal to (P + 1) where N
is an integer equal to or greater than 2;
5 ) (c) generating or recording first sequence
permutation data in which elements of a Galois field of a
characteristic P are arranged in an order of values of
exponent parts of a power notation of the elements:
(d) generating or recording (N - 1) integers p,,
10 p;. -.., Dy, which are mutually prime with respect to (P -
1): '
(e) generating or recording second throﬁgh Nth
sequence permutation data by repeating, ith times (i = 1 -
(N - 1)), a process for generating ith sequence )
15 permutation data by cyclically reading dafa in the first
sequence permutatidn data at interwvals of p,;:

_ (£) permuting data in the blocks B, - By in
accordance with the first through Nth sequence permutation
data; and

20. : (g) reading permuted data from the blocks B, -
B, in a given order.

25
12. The interleaving method as claimed in claim
11, wherein the given order of the step (g) is based on a
value of an error iloor in turbo codes.
30

13. The interleaving method as claimed in claim -



adding bits to an input sequence applied to tl

IEOR T if a
3@&bttnber of

nunber of bits of the input sequence is . | g S\ TLRSMEVEL]Y

bits; and deleting bits from an jefjcoded sequencg 4o that 20
an out put sequence of the turbo encoder has tHhe s MAN’ﬂWWbEr of bits as
t he i nput sequence. 25 29. [THe turbo encodilng net hod as

clained in

10
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25

30

claim 28, wherein the step of {d
repetition nethod. 30

)yq a bit

-11, wherein:

there are provided k numbers of N where k is an
integer equal to or greater than 2;

the steps (c) through (e) generate K sets of
first through Nth sequence permutafion data; and

the step (£) selects one_of the K sets of first
through Nth sequence permutation data, a selected set of
first through Nth sequence permﬁtation data being related

to one of the k numbers of N which provides best
performance.

14. An interleaving apparatus comprising:

means for receiving a data sequence having a
plurality of blocks-each having a length based on a prime
number P;

means for generating sequence permutation data
by performing a given operation on elements of a Galois
field of a characteristic P and permuting results of the
given operation, so that sequence permutation data are
generated; and

means for permuting a sequence of data of the

data sequence in accordance with the sequence permutation
data.

15. An interleaving apparatus comprising:

first means for generating or recording a prime
number P;

WA ) A



30. A turbo encoding nethod conprising, as an REPLACEMENT SH (;[\
38 I nterl eaving net hod enpl oyqd [rma—ttt+beo—~eRg0der, the

i nterl eaving method conprising the steps o 02 MAY 2000

second means for dividing an input sequence into
N blocks B,, B,, ..., By each having a length equal to P
where N is an integer equal to or greater than 2;
third means for generating or'recdrding first
5 sequence permutation data in which elements of a Galois
field of a characteristic P ere arranged in an order of
- values of exponent éarts of a power notation of the
elements; |
fourth means for generating or recordlng (N - 1)
10 integers Plr P2s «+., Py, Which are mutually prime with
respect to (P - 1);
fifth means for generating or recording second
through Nth sequence permutation data by repeating, ith
times (5 =1 - (N - 1)), a process for generating ith
15 sequenee-permutation data by cyclically reading data in
the first sequence permutation data at intervals of p,:
sixth means for permuting data in the blocks B
- BN in accordance with the first through Nth sequence
.pexrmutation data; and
20 seventh means for reading permuted data from the

blocks B, - B, in a given order.

25
16. The interleaving apparatus as claimed in
claim 15, wherein the given order of the seventh means is
based on a value of an error floor in turbo codes.
30

17. The interleaving apparatus as'claimed in

[y MLV



(a) generating or recording a prinme nunber P; REPLA e vi di ng
an i nput sequence into N blocks B[err], 5 Blerr] | = Sﬂ havi ng
a length equal to P where Nis an i nt eger equpl {to or greater]than 2;
(c) generating or recording zeroth sequence Dé'mzwmnz,ﬁgt i which
elements of a Galois field of a characteristigc P are arranged ijn an
order of values of 10 exponent parts of a power |notalTomof~tRe-ellenents;
(d) generating or recording N integers p[err], Plerr], ...p[edr] which
are nmutually pri W th respect to a primtive root used T 2 power
not at i on; claim 15, wheXrRdisr ating or recording first through Nth 15
sequence pernutation data PNef&RGR ip8viléd ¥ id@dels 5 IN where W) is2an

process for generating ith sequence pernutation data which is a
sequence of val uekhtsgesypavahttpan greatesvidian 2: notation of el enents

obtai ned by adding qferr] tRedata-Pfk Bﬁghnfit%‘%[ gﬁgggéggﬁf%%ﬁeo?r %Fttgt%’ginn

data; 20 (f) permuting dataTl err
accordance wi Bh tfigrsti through dNijh skaghenoqpemmmitpdiomt ddtaxn and data; and

(g) reading pernuted data £ﬁ8n§£g§1gkgﬁgssgié%fg one of the K sets of
first through Nth sequence permutation data, a selected .
set of first through Nth sequence permutation data being
related to one of the k numbers of N which provides best

10 performance.

15 .18. An interleaving apparatus comprising:
first means for generating or recording a prime
number P;
second means for dividing an input sequence into
N blocks B,, B;, ..., By each having a length equal to P
20 where N is an integer equal to or greater than 2;
third means for generating or recording zeroth
sequence permutation data in which elements of a Galois
field of a characteristic P are arranged in an order of
values of exponent parts of a power notation of the |
25 elements; |
fourth means for generating or recording N
integers p,, P,, .... Dy Which are mutually prime with
respect to a primitive rcot used in the power notation;:
| fifth means for generating 6r recording first
30 through Nth sequence permutation data by repeating, ith
times (i = 1 - N), a process for generating ith sequence
permutation data which is a sequence of values of exponent

parts in power notation of elements obtained by adding q;

I
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Blerr]

met hod as clained in 30 claim 30, further co
adding bits to an input sequence applied to t
nunber of bits of the input sedquence is | ey

bits;

in a given order. 25 . nﬁREELAEEHEmeEHEET.Oding
ri 5 of :
hg

and
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bf :
lef if a
hufprber of

to data of the zeroth sequence permutation data;

sixth means for permuting data in the blocks B,
- By in accordance with the first through Nth sequence
permutation dat&} and

seventh means for reading permuted data from the

blocks B, - By, in a given order.

19. The interleaving apparatus as claimed in
claim 18, wherein the given order of the seventh means is

-based on a value of an error floor in turbo codes.

_ 20. The interleaving apparatus as claimed in
claim 18, wherein: .
| there are provided k numbers of N where k is an
integer equal to or greater than 2;
the third through fifth means generate K sets of

- first through Nth sequence permutation data; and

the sixth means selects one of the K sets of
first through Nth seduence permutation data, a selected
set of first through Nth sequence permutation data being
related to one of the k numbers of N which provides best

performance.

'~ 21. An interleaving apparatus comprising:

o |Imnmm



deleting bits froman encoded sequence so that REPEACENEEN&SHEEDane of

the turbo encoder has the sane nunber of bi asthe—TTput—peguence.

5

claim 31, wherein the step of adding bits enpl oyf
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32. The turbo encodi ng net 1051 g]szﬂ/@ gﬁﬁ in

first means for generating or recording a prime
number P;

second means for dividing an input sequence into
N blocks B,, B,, ..., By each having a length equal to (P -
1) where N is an integer equal to or greater than 2:

third means for generating or recording first
sequence permutation data in which elements of a Galois
field of a characteristic P are arranged in an order of
values of exponent parts of a power notation of the
elements;

fburth means for generating or recording (N - 1)
integers p,, D;, .-, jmd which ére mutually prime with
respect to (P'- 1);

fifth means for generating or recording second
through Nth sequence permutatlon data by repeatlng, ith
times (1_= 1 - (N - 1)), a process for generating ith
sequence permutation data by cyclically reading data in
the first sequence permutation data at intervals of p;:

sixth means for permuting data in the blocks B,
- By in accordance with the first through Nth sequence
permutation data; and

'seventh means for reading permuted data from the

blocks B, - By, in a givén order.

22. The interleaving apparatus as claimed in
claim 21, wherein the given order of the seventh means is

based on a value of an error floor in turbo codes.

R
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10 repetition nethod. 15 33.RERQAGHMEmﬂh&HE“ met hod
conprising, as an I nterl eaving nethod enpl gygd 1n a tTurno oder, the
i nterl eaving nethod conprising the steps of: % dgenerating

0.2 e, oot~ 45

or recording a prime nunber P; (fb
sequence into N blocks B[err], 20 Blerr], ...,
equal to (P - 1) where N Is an integer equal to or greater t ;
(c) generating or recording first sequence per mut atTont n whi ch

el ements of a Galois field,qf haracteristic P _are arranged in an
order of values of 25 expggen?nﬁéF@%eﬁﬂeﬁvbﬁﬁwﬁpgﬁﬁFﬁPFoﬁsoﬁlﬁ%ﬂﬁqﬂ¥@nents;
(d) generating orciaiwrdi nghébein:l) integers p[err], p[err], ..... :

[ ual | ime with respect to (P -
Plerr] which are mut y %Bere are proviged k numbers of N where k is an

=

integer equal to or greater than 2;
5 _ the third through fifth means generate K sets of
first through Nth sequence permutation data; and
the sixth means selects one of the K sets of
first through Nth sequence permutation data, a selected
set of first through Nth sequence permutation data being
10 felated to one of the k numbers of N which provides best
performance. '

15
24. A turbo encoding method comprising, as an
interleaving method empioyed in a turbo éncoder, the
interleaving method comprising the steps of:
receiving a data sequence having a plurality of
20  blocks each having a length based on a prime number P:
generating sequence permutation data by
performing a given operation on elements of a Galois field
of a characteristic P and permuting results of the given
operation, so that sequence permutation data are
25 generated; and
permuting a sequence of'data of the data

sequence in accordance with the sequence permutation data.

30

25. The turbo encoding method as claimed in

claim 24, further comprising the steps of:

T




(e) generating or recording second through REH_(AMN’]?(S%E mut ati on dat a

by repeating,
ith sequence

sequence pernutation data at intervals of P[pr
(f) pernuting data in the blocks B[err] - BN

10

15
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30

ith tinmes (i =1 - (N - 1)) = process™ generati ng

pernutation data by cyclichl ryorfﬁ%{n%aata n the first

adding bits to an input sequence applied to the
turbo encoder if a number of bits of the input sequence is
less than a given number of bits; and

deleting bits from an encoded sequence so that
an output sequence of the turbo encoder has the same

number of bits as the input sequence.

26. The turbo encoding method as claimed in
claim 25, wherein the step of adding bits employs a bit
repetition method.

27. A turbo encoding method comprising, as an
interieaving method employed in a turbo.encoder,'the
interleaving method comprising the Steps of:

(a) generating or recording a prime number P;

- (b) dividing an input sequence into N blocks B,.
B;, ..., By each having a length equal to P where N is an
integer equal to or greater than 2;

(c)_-generating or recording first sequence
permutation data in which elements of a Galois field of a
characteristic P are arranged in an order of values of
exponent parts of a power notation of the eleménts;

(d) Qenérating or recording (N - 1) integers p,,
P2, .:., Py, wWhich are mutually prime with respect to (P -
1):

(e) generating or recording second through Nth

sequence permutation data by repeating, ith times (i = 1 -

s | INE YA
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accordance with the first through Nth sequen&ﬁﬁ%ﬁ[ﬂﬂﬂﬂ¢r T| data; and
(g) reading permuted data fromthe bl ocks Bfferfr iiIn a given

or der. 10 : 34. The turbo ercqﬂbqﬂxve&&fd ag clainmed in
claim 33, further conprising the steps of: J adidijng bits to an
I nput sequence applied to the turbo encgd of bits of the
| nput sequence i s | ess than a given nunfper of bits; and 1% :
deleting bits froman encoded sequence so that —amottpei—Sequence of

the turbo encoder(

10

15

20

25
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has _the sane nunber of bits as the input sequence.
N - 1)), a process for generating ith sequence

permutation data by cyclically reading data in the flrst
sequence permutation data at intervals of Pi; .

(f) permuting data in the blocks B, - B@.in
accordance with the first through Nth sequence permutation
data; and

(g) reading permuted data from the blocks B, -

By in a given order.

28. The turbo encoding method as clalmed in
claim 27, further comprlsing the steps of:

adding bits to an input sequence applied to the
turbo encoder if a number of bits of the input sequence is
less than a given number of bits; and _

deleting bits from an encoded sequence so that
an output sequence of the turbo encoder has the same

number of bits as the input sequence.

29. The turbo encoding method as claimed in
claim 28, wherein the step of adding bits employs a bit
repetition method.

(m

30. A turbo encoding method comprising, as an

38



20 35. The turbo encoding ne REHLA@ENE@HhSHhET claim

34, wherein the step of adding bits enpl oys albit [ePCL.. nmet hod. 25
36.. A turbo encodi ng net hod conprising, as an}30 dﬁgw 5@5 et hod
enployed in a turbo encoder, the i nterl eayi d iing the
steps of: (a) generating or r c- unber P

(b) dividing an input sequence into N blocks Blerr],

interleaving method employed in a turbo encoder, the
interleaving method comprising the steps of:

(a) generating or recording a prime number P;

(b) dividing an input sequence into N blocks B,,

5 B;, ..., By each having a length equal to P where N is an

integer equal to or greater than 2;

(c) ' generating or recording zeroth sequence
permutation data in which elements of a Galois field of a
characteristic P are arranged in an order of values of

10 exponent parts of a power notation of the elements:

(d) generating or recording N integers p;,
P;, --.. Dy Wwhich are mutually prime with respect to a
primitive root used in the power notation;

(&) generating'or recording first through Nth

15 sequence permutation data by repeating, ith times (i = 1 -
N), a process for generating ith sequence permutation data
which is a sequence of values of exponent parts in power
notation of elements obtained.by adding g, to data of the
zeroth sequence permutation data;

20 (f) permuting data in the blocks B - B in
accordance with the first through Nth sequence permutatlon
data; and _

(g) reading permuted data from the blocks B, -
By in a given order.
25

31. The turbo encodiﬁg method as claimed in
30 claim 30, further comprising the steps of:
adding bits to an input sequence applied to the
turbo encoder if a number of bits of the input sequence is

less than a given number of bits; and

so | INERRRYRNR TRV




41 Blerr], ..., Blerr] each ﬁﬁW[AQIﬁﬂﬂﬁﬁéﬁﬂﬂﬁﬂua| to (P +

1) where N Is an integer equal to or gredtqr 3 . .
(c) generating or recording first sequence _pqggg%g%;&&hd tq in.which
elements of a Galois field of a 5 characteri gtijc nged in an

order of val ues of

deleting bits from an encoded sequence so that
an output sequence of the turbo encoder has the same

number of bits as the input sequence.

32. The turbo encoding method as claimed in
claim 31, wherein the step of adding bits employs a bit
10 repetition method.

15 33. A turbo encoding method comprising, as an
interleaving method employed in a turbo encoder, the
interleaving method comprising the steps of: |

(a) generating or reéording a prime number P;
(b) dividing an input sequence into N blocks B,,

20 B,, ..., By each having a length equal to (P - 1) where N
is an infeger equai to or greater than 2;

(c) generating or recording first seduende
permutation data in which elements of a Galois field of a
characteristic P are arranged.in an order of values of

25 exponent parts of a power notation of the elements:

(d) generating or recording (N - 1) integers p,,
P2, ..., Py, Which are mutually prime with respect to (P - |
1); _ '

(e) generating or recording second through Nth

30 sequence permutation data by repeating, ith times (i = 1 -
(N - 1)), a process for generating ith sequence
permutation data by cyclically reading data in the first
sequence permutation data at intervals of pi}u T

0 | O R AR R
* c L M [ *




exponent parts of a power notation of the el <RBPLACEMENT SHEET (d)
generating or recording (N - 1) integers p[e§r Plerr] Y Plerr]
which are mutually prine with respect to (P ; jd)ZMAYZ()ﬂﬂ (e) '
generating or recording second through Nth sequence perjufation data
by repeating, ith times (i =1 - (N - 1}) —e—ptocess—for penerating

I th sequence pernmutation data by cyclic@lly reading data Jn the first
-sequence pernutation data at intervals of p| errj 15" ()

_pernmuting data in the bloc Blerr B[ cordance with the
first through Nth sequencet(g)e itipg &t 4 dat shea%oi By In ()

readi ng per nut ed sdbeqanedwith kheckerdf arbugh Nth Eﬁé‘?fde]nc'enpérﬁﬁﬂéﬁd}{ der.
20
data; and

(g) reading permuted data from the blocks B, -

5 By in a given order.

10 34. The turbo encoding method as claimed in
claim 33, further comprising the steps of:
adding bits to an input sequence applied to the
turbo encoder if a number of bits of the input sequence is
less than a given number of bits; and
i5 deleting bits from.an encoded segquence so that
an output sequence of the turbo encoder has the same

number of bits as the input sequence.

20
_ 35. The turbo encoding method as claimed in
claim 34, wherein the step of'adding bits employs a bit
repetition method.
25

36. A turbo encoding method comprising, as aﬁ
30 interleeving method employed in a turbo encoder, the
interleaving method comprising the steps of:
(a) generating or recording a prime'number P;

(b) dividing an input sequence into N blocks B,,

S




37. The turbo encoding nethod as clainmed in 25”REPBAGENﬁﬂWFSHHE§
conprising the steps of: addi ng. 0 Pyt | sequence
applied to the turbo encoder if a nunber o i nput sequence
S | ess than a given nunber of. bits; and efing bits
froman encoded sequence so that 30 an outputfs p tur bo
encoder has the sane nunber of bits as thejinput sequence.
42 e —

B,, .... By each having a length equal to (P + 1) where N

is an integer equal to or greater than 2;

(c) generating or recording first sequence
permutation data in which elements of a Galois field of a

5 characteristic P are arranged in an order of values of

exponent ﬁarts of a power notation of the elements;

(d) generating or recording (N - 1) integers p,,
D2 ---. Dy, Which are mutually prime with respect to (P -
1); o :

10 _ (e) generating or recording second through Nth
sequence permutation data by repeating, ith times (i = 1 -
(N - 1)), a process for generating ith sequence '
permutation data_py cyclicélly reading data in the first

_ Sequence permutation data at intervals_of Pi;

15 (£) permuting data in the blocks B, - B, in
accordance with the first through Nth sequence permutation
data; and .

(g) reading permuted data from the blocks B, -

By in a given order.
20

37. The turbo encoding method as claimed in
25 claim 36, further comprising the steps of:
. adding bits to an input sequence applied to the
turbo encoder if a number of bits of the input sequence is
less than a given number of bits: and
. deleting bits from an encoded sequence so that
30 an output sequence of the turbo encoder has the same

number of bits as the input sequence.

ANy

42



of adding bits enploys a bit repetition pre

38. The turbo encoding nethod as clained in RF&’JCAEEMEWTSHEEI'PI n the step
e 1|

39. A turbo encoder conpri sing:

10

15

20

25

30

02 MAY 2000

vemana

38. The turbo encoding method as claimed iﬁ
claim 37, wherein the step of adding bits employs a bit

repetition method.

39. A turbo encoder comprising:

a plurality of encoders: and

the interleaving apparatus comprising:

means for receiving a data sequence having a
plurality of blocks each having a length based on a prime
number P; ' '

means for generating sequence permutation data
by performing a given operation on elements of a Galois
field of a characteristic P and permuting results of the
given operation, so that sequence permutation data are
generated; and _

means for permuting a sequence of data of the
data séquence in accordaﬁce with-the sequence permutation
data.

40. The turbo encoder as claimed in claim 39,
further comprising: '

means for adding bits to an input sequence

_ applied to the turbo encoder if a number of bits of the

input sequence is less than a given number of bits; and
means for deleting bits from an encoded sequence
so that an output sequence of the turbo encoder has the

same number of bits as the input sequence.

/—A——‘————-—_—_——‘\
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a plurality of encoders; and 10
conpri si ng: ' means for receivi
plurality of blocks each having a | ength bage

gaiﬁvggéﬁabrr

means for generating sequence pernutation dgt g a given
operation on elenents of a Galois field |of itijc P and
permuting results of the gi ven operatiorf, so that sequenc¢ permutation
data are generated; and ' a sequence of -
data of the 20 data sequence in accordance with the_sequence pernutation
dat a. 25 41 40 Then&urbe (eReIResdaf aamad ndd Glaie 49 m 39,
further conprisiRferein the means for adding bits employs a bit repetition
method. '
5

42. A turbo encoder comprising:
a plurality of encoders; and
10 the interleaving apparatus comprising:
first means for generating or recording a prime
number P;
' second means for dividing an input sequence into
N blocks B,, B,, ..., By each having a length equal to P
15 where N is an integer equal to or greater than 2;
third means for generating or ;ecording first
sequence permutation data in which elements of a Galois
field of a characteristic P are arranged in an order of
values of exponent parts of a power notation of the
20 elements;
fourth means for generating or recording (N - 1)
integers p;, D;; ..., Py, Which are mutually prime with
respect to (P - 1); '
| fifth means for generating or recording second
25 through Nth éequence.permutation data by repeating, ith
times (i =1 - (N - 1)),_a process for generating ith
sequence permutation data by cyclically reading data in
the first sequence permutation data at intervals of p;:
' sixth means for permuting data in the blocks B, -
30 - By in accordance with the first through Nth sequence
permutation data: and | _
seventh means for reading permuted'data from the

blocks B, - B, in a given order.

o




means for adding bits to an input sequence F}s " turbo encoder
I f a nunber of bits of the 30 Pnput gequenceREgEK éﬂﬁﬁﬂggl*fg ven nunber of
bits; and nmeans for deleting bifs froman encpdpd sequence
so that an output sequence of the turbo encoder haMAaneo00 | shne nunber of
bits as the input sequence. : ] _ 41.| The turbo
encoder as clainmed in claim40, wher ei n{t e means tor_addfng bits

enploys a bit repetition

43. The turbo encoder as claimed in claim 42,
further comprising:
means for adding bits to an input sequence
applied to the turbo-éncoder if a number of bits of the
5 1input sequence is less than a given number of bits; and
means for deleting bits from an encoded sequence
so that an output sequence of the turbo encoder has the

same number of bits as the input sequence.

10
~ 44. The turbo encoder as claimed in claim 43,
‘wherein the means for adding bits employs a bit repetition-
15 method. |
- 20 45. A turbo-encoder coﬁprising:
a plurality of encoders; and _
the interleaving apparatus comprising:
first means for generating or recording a prime
number P; |
25 second'ﬁeans for dividing an input sequence into

N blocks B,, B,, ..., By each having a length equal to P
where N is an integer equal to or greater than 2;:
third means for generating or recording zeroth
sequence permutation data in which elements of a Galois
30 field of a characteristid P are arranged in an order of
values of exponent parts of a power notation of the
elements; '

~ ~ fourth means for generating or recording N

[ ———
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.nefhod. 5 42. A turbo.aRFBhﬁ@Em%mﬂrSHEﬁﬁ

a plurality of encoders; and 10 t he |nter|eaV|

d|ng an gﬂ@

conpri si ng: first neans for pepe
nunmber P; second means for djv
N bl ocks B[err], Blerr] .... B[err] each hayil
where N is an integer equal to or greater than 2;

means for generating or recording first sequence ﬁe

whi ch el enent s of, Gal oi s eld of a characterl ti

an order of *}%31?8550?1 ePpon’e‘nt' B MRd-Chy ane 58

ppar at us

recoyding a prine

ut|{ sequence into

| to P 15
third

{tion data in

are arranged in

tBFfiBﬁ ¥ith he 20

el enent s; _ respect to a primitive root used in the power notation;

fifth means for generating or recording first

through Nth sequence permutation data by repeating, ith

5 times (i =1 - N), a process for generating ith sequence

- permutation data which is a sequence of values of exponent

parts in power notation of elements obtained by adding g

to data of the zeroth sequence permutation data;

sixth means for permuting data in the blocks B,

10 ~- By in accordance with the first through Nth sequence

permutation data; and

seventh means for reading permuted data from the

blocks B, - By in a given order.

15

46. The turbo encoder as claimed in claim 45,
further comprising:
20 ' means for adding blts to an input sequence

applied to the turbo encoder if a number of bits of the

input sequence is less than a given number of bits; and

means for deleting bits from an encoded sequence

so that an output sequence of the turbo encoder has the

25 same number of bits as the input sequence.

30 : 47. The turbo encoder as claimed in clalm 46,

wherein the means for addlng bits employs a blt repetltlon

method.

T
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fourth means for generating or recording (N R! LACEMENISHEEE Plerr],
Plerr], ..., p[err] which are nutually prinme|wjth - respe¢t jto (P - 1);
fifth means for generating or recording second Zﬁgzqmgp?ﬁmNIh sequence
pernmutation data by repeating, ith tirre§, i =1- - 1)}, a process
for generating ith sequence pernutationjdatra by Ttyct+resd |} readi ng
data in the first sequence permutation Hata at intervals pf p[err];
sixth nmeans for permuting data in the blocks Blerr] 30 - B[err] in

accordance with the first kgfoqggag%gtgﬁg&&gg omprisgg%nutation data; and

sevent h neans for reading pefmu rom the locks B[err] -
Bl[err] in a given order. a plurality of encoders:; and

the interleaving apparatus comprising:
first means for generating or recording a prime
5 number P;
' second means for dividing an input sequence into
N blocks B,, B,, ..., By each having a length equal to (P -
1) where N is an integer equal to or greater than 2;
third means for generating or recording first
10 sequence permutation data in which eleﬁents of a Galois
field of a characteristic P are arranged in an order of
values of exponent parts of a power notation of the
elements; | '
' fourth means for generating or recording (N - 1)
15 integers p,, D;, .-.. Dy, Which are mutually prime with
res?ect to (P - 1); _

- fifth means for generating or recording second
through Nth sequence permutation data by repeating, ith
times (1 = 1 - (N - 1)), a process for generating ith

20 sequence permutation data by cyclically reading data in
the first sequence permutation data at intervals of p,:
sixfh means for permuting data in the blocks B,
- B, in accordance with the first through Nth sequence
permutation data; and
25 seventh means for reading permuted data from the

blocks B, - B, in a given order.

30

49. The turbo encoder as claimed in claim 48,
further comprising:

‘means for adding bits to an input sequenée

W \\\\\\\\\\\\\\\\}\\\!\\
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43. The turbo encoder as clainmed in claimA42, REPL&EBME%QBSHEEE ng:

means for adding bits to an input sequence hpplied to the thrpo encoder
if a nunber of bits of the 5 input sequence is {epsgapnezsggvep punmber of
bits; and means for deleting bits]fyoman encoded| sequence

so that an output sequence of the turbo encoder|has—tte hunber of
bits as the i nput sequence. 10 44. The turbo encoder as

claimed in claim43,
applied to the turbo encoder if a number of bits of the

input sequence is less than a given number of bits; and
means for deleting bits from an encoded sequence
so that an output sequence of the turbo encoder has the

5 same number of bits as the input sequence.

10 50. The turbo encoder as claimed in claim 49,
wherein the means for adding bits employs a bit repetition
method. |

oL

48



wherein the means for adding bits enploys a bit repetition 15 nethod.

20 45. A turbo encoder conpri sing: a plurality of
encoders; and the interl eaving apparatus conprising:

first neans for generating or recording a prine nunber P; 25

second neans for di WNFERLEAVING! W(IN'I'E UsLr],
Blerr]..., Bl[err] GM_@@  MEFHOD. AND T heNe FR an integer
equal to or greater tha generating or

recordi ng zeroth wmwmbgﬁgn data in which elenents of a

Galois 30 field of a charactertstic are arranged in an order of

val ues of exponent parts oRnaiptamdeavdngtmethad ingdudes receiving a data
sequence having a plurality of blocks each having a length
based on a prime number P; generating sequence permutation

5 data by performing a given operation on elements of a
Galois field of a characteristic P and permuting results
of t1_'1e given coperation, so that sequence permutation data
are generated; and permuting a sequence of data of the
data séquence in accordance with the sequence permutation
10 data. '

Figure 3
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el ement s; fourth nmeans for generating or recording N

45 integers p[err], p[err] ..., plerr] which are nutually
prime with respect to a-primtive root used in the power notation;
REPLACEMENT SHEET
1/14 | N
0 2 MAY 2000
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fifth neans for generating or recording first t hrough Nt h sequence

permutation data by repeating, ith 5 tines (i = 1- N, a process for
generating ith sequence pernutation data which is a sequence of val ues
of exponent parts in power notation of elenents obtained by adding
gl err] to data of the zeroth sequence pernutation data,;
sixth neans for pernuting data in the BVddks Blerr] 10 _- Blerr] in
accordance with the first through Nt h sequence per nj [ ;Y}E"r
seventh neans for reading pernmuted data fromthe - bl oCk L oWl r]
in agiven order. 15 46. The turbg.gncoder as cl aijngd
in claim45, further conprising: 20 nmegng f 0r2 MAYi 2000 bi{t
to an input sequence
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applied to the turbo encoder if a nunber of bits of the i nput sequence

Is less than a given nunber of bits; and - nmeans for del eting
bits froman encoded sequence so that an output seqEeie

encoder has the 25 same nunber of bits as the input sgo sy

47. The turbo encoder as clained in claim46, - wherfei}

adding bits enploys a bit repetition 3/1l4ethod.
46 '
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a plurality of encoders; and

conpri si ng: - first neans for generating or
nunmber P; second neans for dividing an inp
,Bl[err] each haV|ng a length

1) where Nis an integer equal to or great® than 2;

N bl ocks B[err], Blerr],

nmeans for generating or recording first

48. A turbo encoder conpri sing:

the interl eaving apparatus
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10 sequence pernutation data in which elenents of a Galois field of a

characteristic P are arranged in an order- of val ues of exponent parts
of a power notation of the el enents; f P s.for
generating or recording (N - 1) 15 integers p[err], p[er REELAQER@@WPM'“"
which are nutually prime with respect to (P - 1); '
means for generating or recording second/14 through Nth

pernmutation data by repeating, ith times (i =1 - (N

for generating ith 20 sequence pernutation data by cyclifca

I n the first sequence pernutation data at intervals

sixth neans for pernuting data in the bl ocks B[err] -

accordance with the first through Nt h sequence pernutation data; and 25
seventh neans for reading pernuted data fromthe bl ocks B[err] - B[err]

in a given order.
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30 49. The turbo encoder as clained in clain148,'
dding bits to an input

further conpri sing:
sequence

means for a

REPLACEMENT SHEET
02 MAY 2000
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I nput sequence

nmeans for del eting

of bits of the

i f a nunber

applied to the turbo encoder

and
so that an output sequence of the turbo

0 2 MAY 2000 -

SREPEACENENTLSHET

wher ¢

9,
hod.

i

in cl

repetition

same nunber of bits as the input se
as clai med

has the 5
The turbo encoder

Is less than a given nunber of bits;
adding bits enploys a bit

bits froman encoded sequence

encoder
50.
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1 frame data (1140 bits)
Wy £/ EVRR— ——
In R _ 80
write )
row
16 / =
0 Z ~~ 600 : 72X 16 interleaver
2227 )
169 17 | 18 |18 o3
7
324 33 | 34 |35 47 Read row by row and write column
7 Y ' by column
2 5 N :
7 | A R N N
24 3y E
columnl "‘. ;
w ! 11135
1136 { 1137 1 1138 } 1139

113

1137 Read in
4 reverse
1138 direction

12X 16 interleaver 1139

16

Z 8 .

L Read column by column and
22 |25 _rewrite row by row

3% |35 boomr a7 /

1135
1139 | 1138 | 1137 1136(:"——“]—skip
\_ \%egead ).
/ 90
0116 2 8 6 ) 87 Vi) 25 - P19 - Gasd ;
07 _4 80 -+ 1130 74719 - [8722 - P12 25 = F17 /157 30 - 1135

1 frame data after interleaving
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Determine number of rows 101

v
Determine number of columus ~-102

v

Add dummy bits ~~-103

-

Write data into 2-dimensional array [™~104
¢ .

Choose primitive root of Galois field [™~105

of characteristic P

| =1 ~106

¥

intra-permutation of Ith row ~107
108
YES Is |
loss than the number
of rows ?
NO
Inter-permutation 109

¥

v

Read data from 2-dimensional array [™-100

Delaté dummy-bffs ff~411
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