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INTERLEAVER AND INTERLEAVING METHOD
IN A COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates generally to interleaving in a communication
system, and in particular, to a method of optimizing parameters according to an
interleaver size for partial bit reversal order (P-BRO) interleaving and an interleaver

using the same.

Description of the Related Art:
While a sub-block channel interleaver designed in accordance with the IS-

2000 Release C(1XxEV-DV) F/L specification performs P-BRO operation for row
permutation similarly to an existing channel interleaver designed in accordance with the
IS-2000 Release A/B spec., the sub-block channel interleaver differs from the channel
interleaver in that the former generates read addresses in a different manner and requires
full consideration of the influence of a selected interleaver parameter on Quasi-
Complementary Turbo code (QCTC) symbol selection.

Hence, there 1s a need for analyzing the operating principles of the sub-block
channel interleaver and the channel interleaver and creating criteria on which to generate
optimal parameters for the channel interleavers. The optimal parameters will offer the

best performance in channel interleavers built in accordance with both the IS-2000
Release A/B and IS-2000 Release C.

SUMMARY OF THE INVENTION
An object of the present invention is to substantially solve at least the above
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, 1t is an object of the present invention to provide a method of optimizing
parameters for P-BRO interleaving and an interleaver using the optimizing parameters.

It is another object of the present invention to provide a method of optimizing
parameters m and J according to an interleaver size for P-BRO interleaving and an

interleaver using the same

To achieve the above and other objects, there are provided a P-BRO

interleaver and a method for optimizing parameters according to an interleaver size for
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the P-BRO i1nterleaver. The P-BRO interleaver sequentially, by columns, arranges an
input data stream of size N in a matrix having 2™ rows, (J-1) columns, and R rows in a
Jth column, The P-BRO interleaver interleaves the arranged data, and reads the
interleaved data by rows. Here, N, m, J and R are given as follows:

i llows: i
N J R
408 4 24
792 4 L 24
1560 9 4 24
2328 10 3 280
3096 10 4 24
——— e rem—— _{___...._ —
3864 11 2 1816

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects, features and advantages of the present invention

will become more apparent from the following detailed description of preferred
embodiments thereof when taken in conjunction with the accompanying drawings, in

which:

Fig. 1 illustrates P-BRO interleaving when N=384, m=7 and J=3 according to
an embodiment of the present invention;

Fig. 2 1llustrates distances between read addresses after P-BRO interleaving
when N=384, m=7 and J=3 according to an embodiment of the present invention;

Fig. 3 1llustrates P-BRO interleaving when N=408, m=7, J=3 and R=24
according to an embodiment of the present invention;

Fig. 4 illustrates the minimum intra-row distance after P-BRO interleaving

when N=408, m=7 and J=3 according to an embodiment of the present invention;

Fig. 5 1s a block diagram of an interleaver to which an embodiment of the
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present invention 1s applied;

Fig. 6 1s a flowchart illustrating a first example of the optimal interleaver
parameters determining operation according to an embodiment of the present invention;
and

Fig. 7 1s a flowchart 1llustrating another example of the optimal interleaver
parameters determining operation according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Several preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings. In the drawings, the same or similar
elements are denoted by the same reference numerals, even though they are depicted 1n
different drawings. In the following description, a detailed description of known

functions or configurations incorporated herein have been omitted for conciseness.

Hereinbelow, a description will be made of P-BRO interleaving to which
various embodiments of the present invention are applied, as well as the principle of
determining parameters for optimal P-BRO interleaving 1n accordance with
embodiments of the present invention.

Fig. 5 1s a block diagram of a P-BRO interleaver to which an embodiment of
the present invention 1s applied. Referning to Fig. 5, an address generator 511 receives an
interleaver size N, a first parameter m (i.e., Bit Shift), a second parameter J (i.e.,
Up Limit) and a clock signal Clock, and generates read addresses to read bit symbols
from an interleaver memory 512. The parameters m and J are determined in an higher-

layer controller (not shown) and provided to the address generator 511, or determined

according to the interleaver size N in the address generator 511. The interleaver memory
512 sequentially stores input bit symbols at write addresses corresponding to count
values of a counter 513 in a write mode, and outputs bit symbols from read addresses
received from the address generator 511 1n a read mode. The counter 513 receives the
clock signal Clock, generates a count value, and provides it as a write address Write
ADDR to the interleaver memory 512.

As described above, the P-BRO interleaver writes input data sequentially in
the interleaver memory 512 in the write mode and reads data from the interleaver
memory 512 according to read addresses generated from the address generator 511. For
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details of the P-BRO interleaver, reference 1s made to Korea Patent Application No.
1998-54131, filed on December 10, 1998, the entire contents of which are expressly

incorporated herein.

In operation, the address generator 511 generates a read address A, for

symbol permutation by

A, =2"(imod J)+BRO, (|i/J )

where 1=0, 1, . .., N—1 and N=2"x]J.

In Eq. (1), N denotes the size of an interleaver input sequence and m and J
are interleaver parameters called Up Limit and Bit Shift, respectively.

Fig. 1 1llustrates P-BRO interleaving when N=384, m=7 and J=3. Referring
to Fig. 1, an interleaving matrix has 2™ rows starting from index 0 and J columns starting
from index 0. After step 101, the row Iindex and column index of a symbol in the

resulting matrix are expressed as Li/7] and (i mod J), respectively. Therefore, after 2™(i

mod J)+|i/J, an ith symbol in an input sequence has a number corresponding to an
Li/1 jth row and an (I mod J) column as its read address. J symbols are in each row and
the distance between symbols 1s 2™ 1n the row.

The row index |i/J] is BRO-operated in step 102. If the distance between
the BRO operation of
the row indexes results 1n a row permutation such that two minimum row distances d

are 2" and 2™, as illustrated in Fig. 2. Thus, after 2™(i mod J)+ BROnLi/J |, the ith
symbol in the input sequence has a number corresponding to a BRO, | i/] Jth row and an

symbols in adjacent rows of the same column 1s row distance d

row?

row

(1 mod J)th column as its read address in the third matrix from the left.

In summary, a read address sequence 1s generated by row permutations of a 2"xJ matrix
in the P-BRO interleaver. The row-permuted matrix 1s read first by rows from the top to
the bottom, then subsequently reading each row from the left to the nght.

For clarity of description, the distance between adjacent addresses in the
same row 1s defined as “intra-row distance d. ... If J#1, d. =2" If J=1, there is no

mntra-

intra-row distance.
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The distance between adjacent addresses in different rows, that 1s, the
distance between the last address in a row and the first address in the next row is defined
as “inter-row distance d,,.,”. d,., is one of a plurality of values calculated from a

function of the parameters m and J. When m and J are determined, the resulting
minimum inter-row distance d,,., is defined as d;"”

inter inter °*

Since two minimum rows distances d_ are 2™ and 2™,

I_szl, d‘min =dmin =2m—2,

inter row

Else, d.mi" =(J—-]).2m_2”‘"’=(2.J__3).2m—1

inter

min
int er

The reason for computing d;" by Eq. (2) when J#1 is apparent in F 1g. 2. If

J=1, which implies that the interleaving matrix has only one column, d™" is d”" . that

inter row 3
. m-2
1S, 2" “.

As described above, the interleaver parameters m and J are used as the

~ numbers of rows and columns in a read address sequence matrix and parameters for a

function that determines distances between read addresses. Consequently, the
characteristics of the P-BRO channel interleaver depend on the interleaver parameters m

and J.

Before presenting a description of a method of determining sub-block
channel interleaver parameters that ensure the best interleaving performance according
to an embodiment of the present invention, the purposes of channel interleavers in the
IS-2000 specifications, Releases A/B and C will first be described. Following that, the
interleaver parameter determination will then be described separately in two cases:
N=2"x]J; and N=2"xJ+R.

The purpose of channel interleaving in the IS-2000 specification, Release
A/B, 1s to improve decoding performance, which is degraded when fading adversely
influences successive code symbols, through error scattering resulting from symbol
permutation. To 1mprove decoding performance, interleaving must be performed such

that the distance between adjacent addresses (inter-address distance) is maximized.
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Meanwhile, the purpose of sub-block channel interleaving as described in the
IS-2000 specification, Release C, is to allow a QCTC symbol selector at the rear end of
an interleaver to select appropriate code symbols according to a coding rate and thus
ensure the best performance at the coding rate, as well as to scatter errors through
symbol permutation. To achieve this purpose, interleaving must be performed such that
inter-address distances are maximized and are uniform.

Accordingly, to satisfy the requirements of the channel interleaver of the IS-
2000 specification, Release A/B, and the sub-block channel interleaver of the IS-2000
specification, Release C, an interleaver must be desi gned so that a read address sequence
1s uniformly permuted by interleaving. This is possible by determining the interleaver
parameters m and ) that maximize a minimum inter-address distance and minimize the
difference between inter-address distances.

As stated before, the inter-address distances are categorized into the intra-row
distance d,, and the inter-row distance d. ... The intra-row distance is a function of m

and the inter-row distance is a function of m and J. Since there are a plurality of inter-
row distances, a minimum inter-row distance d”™” is calculated. A minimum inter-

inter

address distance is always 2™ when J is 1, and the smaller of the minimum inter-row
distance d"" and the minimum intra-row distance d”” when J is not 1. The

inter intra

difference between inter-address distances is 2™ when J is 1, since the intra-row

distance d,,, 1s 0, and is equal to the difference between the intra-row distance d.... and
the minimum inter-row distance d”" when Jis not 1.

int er

This can be expressed as follows:

IfJ=1, 0-2"|=2",

Else, |d. -d" =‘2”‘ —(Z.J_3).2”’"‘=|2_J__5|.2m-!

intra inter

Since N=2"x]J, 2" 1s replaced by N/J in Eq. (3), it follows that
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..... (4)
When J=3 in Eq. (4), the difference between inter-address distances is minimized. Thus
d,.. —d"|=0.166667N.

Table 1 below illustrates changes in inter-read address distances as m

’increases when N=384. When J=3, a maximum difference between inter-address

distances is minimized, 64 and a minimum inter-address distance d™ is maximized, 128.

_ Tablel ~
N dintra di’::zr dfntm - d::::r dmin
16 360 344 |16
_.__l___ -
384 12 32 336 304 | 32
64 288 224 64

I 128 | 192 64 | 128

The method of determining optimal interleaver parameters when N=2"xJ has
been described above. Now, a method of determining optimal interleaver parameters
when N=2"xJ+R will be described. Here, R is the remainder of dividing N by 2™. Thus

R 1s a positive integer less than 2™

Fig. 3 illustrates P-BRO interleaving when N=408, m=7, J=3 and R=0.
Referring to Fig. 3, similarly to the case where R=0, numbers in a row-permuted matrix
after step 302 are read as read addresses by rows from the top to the bottom, reading
each row from the left to the right, as described in step 303. Since R#0, the number of
columns 1s J+1, and numbers are filled in only R rows of a (J+1)th column with no
numbers in the other (2"-R) rows.

In summary, when R#0, a read address sequence is generated by a row
permutation of a 2™xJ matrix, each row including J or J+1 elements in the P-BRO
interleaver. The row-permuted matrix is read by rows from the top to the bottom,

reading each row from the left to the right.

Furthermore, when R#0, the interleaver parameters m and J are determined
such that a minimum inter-read address distance is maximized and the difference
between inter-read address distances is minimized.
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An inter-row distance d. ... 1s a function of m, 2™ 1rrespective of whether R=0 or R=0.
However, while the minimum inter-row distance d™" is a function of m and J when

iier

R=0, 1t 1s a function of m, J and R when R=0.

The minimum inter-row distance is determined according to J by Eq. (5) and

Eq. (6).
When]J =1,
ForO<R <3-2™%, 4™ =2""
For3-2™ <R <2", d™ =2""
..... (5)
When J #1,

For 0<R<2™, d™ =(J-1)-2"-2""=(2J-3)-2""

inter

For 2™ <R <3-2™, dM =(J-1)-2" —(-2"?) = (4 -3)- 2"

For 3-2"*<R<2", d}" =J-2"=-2""=(2J-1)-2""
.. (6)
Fig. 4 illustrates how Eq. (6) is derived when m=7 and J=3. Referring to Fig.
4, when 0<R<2™', the inter-row distance between two adjacent rows having a row
distance d_, of 2™, the last column of the upper row being empty, is a minimum inter-

row distance (d7" =(2J -3)-2""). When 2™'<R<3-2™?, the inter-row distance

inter

between two adjacent rows having a row distance d_,, of 2™, the last column of the
upper row being empty, is a minimum inter-row distance (d?" = (4J -3)-2"%).

inter

When 3-2"°<R<2™, the inter-row distance between two adjacent rows having

a row distance d.., of 2™ and elements in the last columns, is a minimum inter-row
distance ( d7” =(2J -1)-2™"). For example, if R=0, the minimum inter-row distance is

inter

192, as indicated by reference numeral 401. If R=64 (2™ "), the minimum inter-row

distance is 288, as indicated by reference numeral 402. If R=96 (3-2™%), the minimum
inter-row distance is 320, as indicated by reference numeral 403. In the same manner, Eq.
(5) can be derived when J=1.

‘Table 2 below illustrates changes in the interleaver parameters J and R, the intra-row

distance d. ., the minimum inter-row distance d_,  , and the minimum inter-read

inter ?
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address distance d_. as m increases, with respect to six encoder packet (EP) sizes as
described in the IS-2000 specification, Release C.
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B Table 2 !

m | 3 | R | du | el | ae—din] [ @ | @

3 | 51 | o 8 | 396 388 | 8 | 400

4 | 25 | 8 | 16 | 388 372 | 16| 39
408 | s | 12 | 24 | 32 | 368 336 32 | 376 |
6 | 6 | 24 288 224 64 | 344

7 | 3 | 24 | 128 | 19 64 | 128 | 280
3 1 | 152 | 256 | 64 192 64 | 40 |
4 a0 | s | 16 172 756 | 16 | 776

5 24 21_!__ 32 752 720 | 32 | 760

792 | 6 12 24 64 672 608 64 | 728
7 6 | 24 | 128 | 576 448 | 128 | 664

8 | 3 | 24 | 256 | 384 | 128 | 256 | 536

1_ 9 1 | 280 | s12 | 128 384 | 128 | 104

s | 48 | 24 1520 | 1488 | 32 | 1528

| 6| 24 | 24 | 64 | 1440 1376 64 | 1496
1560 | 7 | 12 | 24 | 128 | 1344 1216 128 | 1432

3 6 | 24 | 256 896 256 | 1304

o | 3 | 24 | 512 | 768 256 | 512 | 1048

10 | 1 | s36 | 1024 | 256 | 768 | 256 | 232
6 | 36 | 24 | 64 | 2208 2144 | 64| 2064
7 | 18 2112 1984 | 128 | 2200

238 | 8 | 9 - 1664 | 256 | 2072

9 4 1664 sz | s12 | 1816
eI S et

280 2048 512 | 1536 s12 | 512
|6 [ 48 | 24 | 64 | 2076 | 202 | 64 | 3032
_ 7 24 - 2752 128 | 2968
3096 | 8 | 12 | 24 2688 2432 256 | 2840

o | 6 | 24 | 512 | 2304 | 1792 | s12 | 2584

10 | 3 | 24 M- 1024 | 2012

11 1| 1048 | 2048 1536 488

6 | 60 | 24 | 64 | 3744 | 3680 3800

I_ 7 | 30 | 24 | 128 | 3648 3520 128 | 3736
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’ 8 | 15 | 24 | 256 | 3456 3200
9

7 | 280 | 512 | 3200

256 3608

512 3352 l

As described above, similarly to the case where R=0, optimal interleaver
parameters are selected which maximize a minimum inter-address distance and
minimize the difference between inter-address distances.

In Table 2, the minimum inter-read address distance d™" in the eighth column
s the smaller of the intra-row distance d,,,, and the minimum inter-row distance d™

inter °

Hence, parameters that maximize the minimum inter-read address distance d™ can be
obtained by selecting a row having the maximum value in the eighth column. For EP
sizes of 2328 and 3864, three rows and two rows satisfy this condition. In this case, rows
that satisfy another condition of minimizing the difference between inter-read address
d.—d’

intra inter

must be selected. They are shown in bold and underlined in Table 2. The

validity of this condition is apparent by comparing the rows having the maximum d™" in
terms of n(d™") in the last column. Here, n(d™") indicates the number of address pairs
having a minimum inter-address distance d™".

Rows marked 1n bold and underlined in Table 2 satisfy the above two
conditions for selecting optimal interleaver parameters. As noted, once the second

condition 1s satisfied, the first condition is naturally satisfied. For reference, it is made
clear that the intra-row distances d, ., and the minimum inter-row distances d”" listed

inter

in Table 2 are equal to those computed on P-BRO-interleaved read addresses. Table 2
covers both cases of dividing N by 2" or J with no remainder and of dividing N by 2™ or
J with a remainder R (1.e., N=2"xJ+R (0<R<2"™)). Here, interleaver parameters shown in
bold and underlined are optimal for each EP size.

When N=2"x(J-1)+R (0<R<2™), that is, N is divided by 2™or J either with no
remainder or with a remainder R, optimal interleaver parameters for each interleaver size
N are histed 1n Table 3. The description made in the context of J is also applied when J is

replaced by (J-1).

Table 3




10

15

20

25

30

CA 02443453 2003-10-02

WO 03/067766 PCT/KR03/00261
-12 -
_ _

408 7 4 ..T_____. 24
. 792 ] 4 24
i 1560 9 4 B

2328 10 3

3096 10 4

B 3864 1 | 2 1816

The above description has provided a method of selecting interleaver
parameters expected to offer the best performance when, for example, a channel
interleaver built in accordance with the 1S-2000 Release A/B specification, and a sub-
block channel interleaver built in accordance with the IS-2000 Release C specification

are used.

As described above, the optimal interleaver parameters are those that
maximize an inter-address distance and at the same time, minimize the difference
between inter-address distances when generating read addresses in a channel interleaver.
Consequently, interleaver parameters for sub-block channel interleaving in
circumstances wherein a sub-block channel interleaver is built in accordance with the IS-
2000 Release C specification are values in the rows in bold and underlined in Table 2.
While interleaver parameters selection has been described for the sub-block channel
interleaver built 1in accordance with the IS-2000 Release C specification, it is obvious
that the same thing can also be applied to systems of other standards.

Fig. 6 1s a flowchart 1llustrating an optimal interleaver parameters
determining operation according to an embodiment of the present invention. Particularly,

this operation is concerned with the computation of |d,, —d"| . An optimal (m, J)
that minimizes |d,,,, —d .| is selected by computing |d. —d”" |, changing (m, J).

Referring to Fig. 6, when an interleaver size N, and parameters m and J are
given 1n step 601, a parameter R is calculated by subtracting 2™xJ from N in step 603. In
step 6035, 1t 1s determined whether J 1s 1.  This is a determination, therefore, of whether
an interleaving matrix has a single column or not. If J is 1, the procedure goes to step
607 (“Yes” path from decision step 605) and if J is not 1, the procedure goes to step 621
(“No” path from decision step 605) . In step 607, it is determined whether R is 0(i.e.,
whether N 1s an integer multiple of 2™). On the contrary, if R is 0 ((“’Yes” path from
decision step 607) , an intra-row distance d. .. is set to 0 in step 609. If R is not 0 (“No”
path from decision step 607), d. .. is set to 2™ in step 617.
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After d,,, is determined, it is determined whether R is less than 3x2™* in step

611. If R is less than 3x2™* (“Yes” path from decision step 611) a minimum inter-row
distance d" is set to 2™ in step 613. If R is equal to or greater than 3x2™ (“No” path

inter

from decision step 611) d*” is setto 2™ in step 619. After d”" is determined,

inter infer

~d™ | is calculated in step 615.

intra inter

Meanwhile, 1f J 1s not 1 1n step 605, d. .. 1s set to 2™ in step 621 and it 1s

determined whether R is less than 2™ in step 623. If R is less than 2™ (“Yes” path
from decision step 623) d”" is set to (2J-3)x2™" in step 625 and then the procedure

inter
goes to step 615. If R is equal to or greater than 2™ (“No” path from decision step 623),

it is determined whether R is less than 3x2™ in step 627. If R is less than 3x2™ % (“Yes”
path from decision step 627), d is set to (4J-3)x2™ in step 629. If R is equal to or

tnter

greater than 3x2™2 (“No” path from decision step 627), d” is set to (2J-1)x2™" in

inter

step 631 and then the procedure goes to step 6135.

Optimal interleaver parameters m and J are achieved for a given N by computing
d.—d"

intra inter

, changing (m, J). If J1s one of 1, 2 and 3, a logical formula that facilitates

selection of J without the repeated computation can be derived.
With a description of a logical equation deriving procedure omitted, the

logical equation 1s

If log,N —|log, N |<log, 3—1=0.5849625,

For G) VAR SR B LN 5 ]
For 1. 2lieg:V] SN<[§)~2U"g’NJ, J =2,

For @) LM < N < 2. Qe Nl o

ElseiflogzN—Llogz N_]Z log,3—1=0.58496235,

For 1. 21s:M < N < (3) plessNl -y =2
2

For (-j-) 2leesN) < N < (-Z-] Qless Nl g =3,

q
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From an optimal J from Eq. (7), an optimal m is calculated by
m=|lo (ﬂj
&2 T

The selection of optimal interleaver parameters by the simple logical equations is

summarized below and illustrated in Fig. 7.

1. An optimal J 1s obtained by Eq. (7) for a given N; and
2. m is calculated by computing Eq. (8) using N and J.

Fig. 7 1s a flowchart 1llustrating an optimal interleaver parameters

determining operation according to another embodiment of the present invention.

Referring to Fig. 7, when N is given, a variable a is calculated by
log ,N -—i_logz N _| and a variable 3 1s calculated by olioe:N] in step 701. Decision step

703, determines whether o 1s less than a first threshold, 0.5849625. If o is less than the
first threshold (*“Yes” path from decision step 703), another decision i1s made, whether N
1s less than 3 in decision step 705. If N 1s equal to or greater than B (“No” path from

decision step 705) , the procedure goes to step 707. On the contrary, if N is less than B

(““Yes” path from decision step 705) , J 1s determined to be 3 in step 713.

Meanwhile, decision step 707 determines whether N is less than (3/2)x[3. If
N 1s less than (3/2)xp (“Yes” path from decision step 707) , J is determined to be 2 in
step 711. Otherwise, J 1s determined to be 1 1n step 709 (“No’” path from decision step
707) .

If o 1s equal to or greater than the first threshold 1n step 703 (“No” path from
decision step 703) , a decision 1s made whether N 1s less than (3/2)x[3 in decision step
717. If N 1s less than (3/2)x3 (“Yes” path from decision step 717) , J is determined to be

2 1in step 721. Otherwise, decision step 719 determines whether N is less than (7/4)x[3.

If N 1s less than (7/4)xp (“Yes™ path from decision step 719), J is determined to be 3 In

step 723. Otherwise, J 1s determined to be 1 in step 725 (“No” path from decision step
719) .
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As described above, optimal m and J can be calculated simply by the logical
equations using N. The optimal m and J are equal to m and J resulting from repeated

computation using different (m, J) values as illustrated in Table 2. This obviates the need
for storing optimal m and J values according to N values.

When N=2328, for example, optimal m and J values are calculated in the
procedure 1llustrated in Fig. 7 or by Eq. (8) to Eq. (10), as follows.

a=log,N ~|log, N |=log, 2328 -|log, 2328 |=11.1848753 — 11 =0.1848753.

ﬂ — 2|_10g3NJ =2l_10g32328_' =2H — 2048.

@ <0.5849625 and B =2048 <N =2328 < (% )-B=3072. Thus J =2

m:llogz —];—J=[10g2(%8—)J=Llog21164_|=10, R=N-2".J=2328-2"".2=280.

For reference, Eq. (7) 1s derived as follows.

In each case depicted in Fig. 6, Eq. (5) and Eq. (6), |d,,, —d"| is determined by

A. When J=1,

A-1.1f R=0’ dintra o d;:::r = IO ) 2m-2| - 2m-2

A-2. It 0<R<3.2m-2, dimra - dif:::r . ‘Zm i Zmﬁzl =3 2m-2

A-3. If3’2m_2_<"R<2m9 dintra o d::;:?' = ‘2”’ ) 2’”']‘ = 2m-l
B. When J#1,

B-1. I OSR<2™, |d,,,, ~dji|=[2" - (27 -3)- 27| = |27 - 5. 2™

B-2. If2™'<R<3-2"2, |d,,, —dpi|=|2" - (47 -3)- 27| =|4J - 7]- 2
B-3. 1 3:2™'<R<2", |d,,, —dpi|=|2" - (2] -1)- 27| =|27 -3]- 2
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Since N=2"-J+R and 0<R<2", J-2"<N<(J+1)-2™. When this is divided by J and then
subject to a log base 2 operation,

m Slogz[ﬂ) <log2([-‘—]—+—]~)-2’"} =m+log2(1+-—1—) <m+1

J J J
- NY ... N .
d Thus, m =|log, (T]I . Using m =|log, (—J—-)I , J can be expressed as a function of N for
all the cases of A and B.

A’. When J=1, since m=|log,N|, R=N-2"=N-2"&"] Then the

cases A-1, A-2 and A-3 can be expressed as functions of N. It therefore follows that:

10 A’-1:1If N= 2|_log3 v ’ dintra _d:":;:r =2" z[i).zuog: b
4
Aa_2: If 2L1082 N_] S N < (_7_) .2L1083 N_I . dim;-a _'d;;’:::r — (i) : 2[_10g3 N_]
4 4
Al (;) | 2“082 " =N <2 Zl-log? . ? dintra o di’:::r = (éj | 2“082 h
, . N og:( 7
B’. When J#1, since m=|log, =1 R=N-J-2"=N-J.-2t ‘'
-
15 Then the cases B-1, B-2 and B-3 can be expressed as functions of N instead of R.
Therefore,
log , N log 5 N
B-1:1f J.-2b (") SN<(J+§]'2~ ) (J)-,
N
dintra _di’:;:r = J_'ii'z_[og‘?(?)
2
N N
1 log,| — ! 3 log,| —
20 B’-2: If (J+-—J.2- (’)-SN<(J+Z]-2- ("}

d

intra

B’-3: If (J+§-}-2-

4

d

intra

dmin

inter

_ dm:’n

inter

N
log 2(7)

s-2.2"

J— E_I . 2{10&.(_3“’.)_:

7/
4

J<N< (J+1).2[’0g2[

2

J

)
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B”. When J=2, since [logz [—?—]J = Llog2 N — 1J= |_log2 N_I— 1,

. b)
B”..I:If ZLI gZNJ S N < | — 2[_108'2N_| _dmm =;l_.2|_10g3NJ
4 mtra inter 4
B”"2: If (i).ztlogglv_l < N <(£J 2Llog N_j __.dmm —i.ZLIOg.?NJ
4 ; tm‘ra inter 8
B”.3: If [1]) Zf_log.? N <N [—%) 2'-1"8 NJ dmm _ !_.ZLIng N |
8 P, m!m inter 4

B’. When J=3,

since | o (ﬂ)h |log, N |-2, if log,N -|log, N |<log,3~1
52 3 __ | log, N |-1, otherwise

?

if log,N—|log, N |<log,3—1=0.5849625

Bs”_la: If (iJ.zUoggNJ < N<(Z' ,ZU"&?NJ, d _dmm __{.Zl;log_gNJ
4 8 intra inter 8
B’”-Z’ If [ ] ZLlog;,NJ <N<(15] 2|_Iog2N_|, d. __dmm =_5__.2Llog3NJ
8 16 mmira inter ]6
”)_33 If (15) ZLlogzNJ <N <2\_Iog2N_|’ d. dmm zg_,ZI.IOg.?NJ
16 intra inter 8
if log,N-|log,N |>log,3-1=0.5849625,
B”-17 If (i) Dlios:N) < v < (Z) Qleean] g gmin| L lies. ]
2 4 intra inter 4
B’ If (7) I_Iog NJ <N<(15] Zl.log.’NJ’ d _dmm =£_2l_10g3NJ
4 8 infra inter 8
B.3" If []5) . ollog:N] < A1 2,2[’082NJ, d. —dmn _i,zUogzNJ
8 intrq inter 4
If J is 4 or more, this case is neglected because |d,, —d" | cannot be less
that |d. —d!"| inany of the cases where J=1, 2, and 3.
Eq. (7) 1s obtained by selecting a case having a minimum |4, ~d™"

among the cases of A’-1, A’-2, A’-3, B”-1, B”-2, B”-3, B’”-1’, B’”-2’, and B*”-3".
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Similarly, Eq. (8) 1s obtained by selecting a case having a minimum |d,,_—d"

among the cases of A’-1, A’-2, A’-3, B”-1, B”-2, B”-3, B’”’-1”, B’”-2”_ and B’”-3".

In accordance with the embodiments of the present invention as described
above, interleaver parameters m and J are simply optimized according to an interleaver
size N, for P-BRO interleaving.

While the invention has been shown and described with reference to certain
preterred embodiments thereof, 1t will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims.
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What 1s claimed 1s:

1. An interleaver that sequentially arranges by columns an input
data stream of size N 1n a matrix having 2™ rows, (J-1) columns and R rows in a
Jth column, partial-bit reversal order (P-BRO) interleaves the arranged data and
reads the interleaved data by rows wherein example of N, m, J and R are given as

follows:

J R
4 24

792 | 8

1560 9

2328 10

3096 10

-
3864 11
2. A method of determining parameters for an interleaver in a

communication system, comprising:

sequentially arranging by columns an input data stream of size N 1n a
matrix having 2" rows, (J—1) columns and R rows 1n a Jth column (0<R<2");

partial-bit reversal order (P-BRO) interleaving the arranged data and
generating read addresses for reading the interleaved data by rows;

calculating a first minimum distance between addresses indicating
adjacent columns 1n the same row 1n the generated read addresses;

calculating a second minimum distance between addresses indicating a
last column of a row and an address indicating a first column of the next row in
the generated read addresses; and
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repeating the steps of arranging, P-BRO interleaving, calculating the
first minimum distance and calculating the second minimum distance until the m
and J values, that minimize the difference between the first minimum distance
and the second minimum distance, are determined.

3. The method of claim 2, wherein the parameters N, m, J, and R
are determined to be

- _ _
! N | m | J R

4. The method of claim 2, wherein the second minimum distance 1s

determined according to the following Equations.

When J::l’
ForO0<R <3.2“"2, dfnin _ 2,,,._2

inter

For3-2™? <R <2™ {4Mm" =

inter



CA 02443453 2006-11-30

-1 -

When J # 1,
For OSR<2m-,, d.mi” ::(J--.l).zm_.zm“’ m(2J~3).2"’""l

infer

For 2™ <R<3-2"%, dpin =(J-1)-2" —(-2"?) = (4/ -3)- 2™

inter

For 3:-2"*<R<2™, dM =J.2" -2 =(2J -1). 2™
S, A method of determining parameters for an interleaver in a communication
system, comprising:

sequentially arranging by columns an input data stream of size N in a matrix
having 2™ rows, (J-1) columns and R rows in a last column (0<R <2™);

partial-bit reversal order (P-BRO) interleaving the arranged data, and generating
read addresses for reading the interleaved data by rows;

calculating a first minimum distance between addresses indicating adjacent
columns in the same row in the generated read addresses;

calculating a second minimum distance between addresses indicating a last
column of a row and an address indicating a first column of the next row in the generated
read addresses; and repeating the steps of arranging, P-BRO interleaving, calculating the
first minimum distance and calculating the second minimum distance until the mand J

values, that maximize one of the first minimum distance and the second minimum

distance, are determined.



PCT/KR03/00261

CA 02443453 2003-10-02
17

WO 03/067766

[ OId

1HOIY O1 1331 WOUd SMOb 4 30 IN1VA 03SH3A3H-118
JH1 ONIQY3d MOd dOL 3HL WOY4 3HL S31YOIONI (4)*“0H8 3H3HM “(U)“0OH8

'NOLLO8 01 401 WOHJ SNIWN10DO 3HL ONILIHM
ONILBY1S SMOH A8 1N0 STO8WNAS MOH OL G3AON Sl j-we ™ "¢} 0=U 3HIHM

JO AVHaY 3UIIN3 3H1 Qv3d € U MOY 1VHL HONS SMOY 3H1 H3QH03Y ¢

NWNI0O LSON-1431 3HL WOHS ONILBYIS
SNAMI0D A8 NI ST08NAS JHL 3LIHM '

o=t €0l 201 0l

e A Arrr——
088 552 /2 20§86 G52 /gl <———— 88 §52 /2] L2l 088 657 /21
A A 288 152 921 52 288 52 92/

152 621 | . w ss26el | o - I
2g0 vez ozl [ B6WC g Zge pez 9zl - a2 I
o o 157621 1 L 152 621 |

95z 821 0 0 95282l 0 «——— 952821 0 O 952 821 0
-— —

e=(



CA 02443453 2003-10-02

WO 03/067766
/7
dintra
128 128
0 128 256
d row

(“y
4 192 320
32 “rfffjgﬁLff"”'
32 160 288

64 ‘k##,,lggf””ar
5 204 352

80 “f”#jxﬁiff’”"'
16 144 272

3 191 3

6 19
64 192
12 255 383

d inter

F1G.2

PCT/KR03/00261

—&—  1ow distance

—@&— [ntra-row distance
—il— nter-row distance

drow 6{2“-2 ’2m-1 ;}

Aintra = 2m

diner €1(2J-3)2"" (4J-3)2™%, ...



CA 02443453 2003-10-02

PCT/KR03/00261

3/7

WO 03/067766

1HOIB 01 1331 AOd3 SMOd

3H1 ONIQV3H ‘MOY dOL 3HL NOH
ONILEVLS SMOH A8 1NO S108WNAS
JO AVHEY 3HIIN3 JH1 V34 ¢t

e=l €0¢E
N
X €88 GG¢ L2}

G8E [G¢ 641 |

X 288 ySz9z) [ S¢twe

¥8E 9G¢ 8¢l 0
P AN,

c Jld

'NWNI0O HL{I+) 3HL NI MOH 1S¥1 01 MO
H1-4 3H1 WOHJ NI LLIGM 1ON S| ONIHLANY
'NOLLO8 O1 401 WOH4 SNWNI00 3HL ONILIHM
NWNI0D LSON-1431 3H1 WOH4 ONILEYIS
SNANT00 A8 NI ST108WNAS 3HL JLIEM °|

4 40 INIVA J3SH3A3H-1IG

JHL S3LVIIANI (U)“048 m_mm__._>> (u)"“ous8
MOY 01 G3AOW SI-we ™" 2"} '0=Y 3YIHM
‘U MOH LVYHL HONS SMOY 3HL H3QHO03Y ‘¢

208 10€

Af—————
12 X mwm mmm a_ <«<— X €88 GGZ /2| L2l X €88 6G¢ /2!
Co X 288 ¥5¢ 92l 92 votd X 88 ¥52 92l

v9 GBS /G2 621 | L e X o]

89 X 288 62 92! D, U L0V

. mwm BN mm_ | ve G8E /G2 621 |
0 ¥86 952 821 o <«— $88 962 821 0 O 8¢ 962 821 0
e/

e=



WO 03/067766
dlntra
128 128 128
N W N\
0 128 256 >
diow ‘lﬁZ/
o 4= 192 320 S
32
32 160 288 >
64 ‘y
6= 224 352 >
80
16 144 272 ><
96 223 351 D
32
63 191 319 S
64 19
12 255 383 S
dimer
401

In case R=0,

mor =(2J-3) 2™ '=192

CA 02443453 2003-10-02

4/7
128 128 128
TNV TV
0 128 256 384
64
4 12 320 >
32 ‘}8/
32 160 288 416
64
6 224 352 >
80
16 144 272 400
86 2283 3Bl >
32 288
191 319 447
64
127 255 383 S
402

In case R=2"""=64,

mor =(4J-3) -2™*=288

PCT/KR03/00261
128 128 128
NV VN
0 128 256 384
4 192 320 448
32
32 160 288 416
6 224 352 480
80
16 144 272 400
95 223 351 479
32
63 191 319 447
64 320
383 S
403

In case R=3 -2™%=06,
mor =(2J-1) -2™'=320

F1G.4



CA 02443453 2003-10-02
WO 03/067766 PCT/KR03/00261

oI7

INPUT DATA
o11 512

READ
ADDR

AT SHII—DIT ADDRESS INTERLEAVER
UP_LIMIT GENERATOR MEMORY | ouTPUT DATA

WRITE
ADDR

‘COUNTER 513

F1G.O

CLOCK



CA 02443453 2003-10-02

WO 03/067766 PCT/KR03/00261

R=N-2"- J |~ 603 [
| COMPUTE dm= AND Qinter
? 623
5 <G>
i YES 597
i <G
E  =(2J-3) - 2™ S
5 625
i 629
i = (4)-3) - 2"
| dpm = .
n=(2J-1) - 2™

/f

6/
STARAT
GIVEN N.mAND JJ— 601

COMPUTE |duwe— diier| | 619

FIG.6

e e s e e e e s e e S S Rt S A4 e A e e e e e M e e S e e e S e e P e e e e e e e ]



CA 02443453 2003-10-02
WO 03/067766 PCT/KR03/00261

/7

START

a =log,N-|logN
e ST

703

0<0.5849625

NO

705 77
713

)

YES
{0 I
719

m=|logz(N/J
R=N-2"J

F1G.7



603

COMPUTE Owx AND it

629
Y [~

(R W ——————— Ny “Ny "Wy WNNR NN NN A N W A A ANy SN NN W e AN S S Sk vl b —

die=(4J-3) - 2™ I

631

Y

L T ———— WY WY WS NP "PYS WS YW "N WS . =~ Sy G e sy, e s — S S S P T S W W SR AP P WP S S WP NP N S S W S W A . -

COMPUTE Qe — dinar 615

R M ———

die=(2J-1)- 2™

S P B S — " —— — — —




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

