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Introduction

This document contains the ANSI C-language program capable of generating pattern of approved Turbo code
internal interleaver [1] (the description will also be updated to make a few editorial changes[2]). This program
could be used as areference for the accurate interpretation of the Turbo code internal interleaver specification.
Also, this program is provided for use only in standardization working procedure of 3GPP.

Program for interleaving pattern generation

- ANSI C-language program in A.1:

This program is capable of generating any Turbo code internal interleaver from 320-bit to 5120-bit frame-size
with granularity of 1-bit (the version number of this program is 2.0 and this version is corresponding to the
description in TSGR1#6(99)927). The input of this program is frame-size and the output isinterleaving pattern.
Each value of an interleaving pattern with alength of K, which is denoted by A(n), n=0, 1, 2, ..., K-1, showsthe
input position A(n) of the n-th output bit.

- Generated pattern examplein A.2:
Thisis an example of Turbo-code internal interleaving pattern generated by the above C-language program. The
pattern has a frame-size of 320-hit.

References

[1] TS 25.212 “Multiplexing and channel coding (FDD)” and TS 25.222 “Multiplexing and channel coding (TDD)”
[2] NTT DoCoMo, Nortel Networks, SAMSUNG Electronics Co., “Updated text proposal for Turbo code internal
interleaver”, TSGR1#6(99)927



A.1 C-language program for interleaving pattern generation

/********************************************************************************

PROGRAM NAME
Prime_InterLeaver.c

VI RSI ON
2.0

DEVELOPER:

NTT Mobil e Conmmuni cations Network Inc. (NTT DoCoMo)

3-5 Hikari-no-oka, Yokosuka-shi, Kanagawa, 239-8536 Japan
Tel: +81 468 40 3190

Fax: +81 468 40 3840

CONTACT PO NT:

Yuki hi ko OKUMURA

Radi o Networ k Devel opnent Depart nent
E-mai | : okumura@n ab. yrp. nttdocono. co.jp

PURPOSE
This programis provided for use only in standardi zati on working procedure of
3GPP.

DESCRI PTI ON

This programis capabl e of generating any Turbo code internal interleavers
from320-bit to 5120-bit frane-size, with granularity of 1-bit. The input of
this programis frane-size and the output is interleaving pattern. Each val ue
of an interleaving pattern with a length of K, which is denoted by A(n), n=0,
1, 2, ..., K-1, shows the input position A(n) of the n-th output bit.

REVI SI ON HI STORY
Ver. 1.0: 8th, April 1999: Initial version created.
Ver. 2.0: 9th, July 1999: Revised second stage and changed nmaxi num bl ock si ze.

Copyright (c) 1999 NTT Mobile Comuni cations Network Inc., Al rights reserved.

*******************************************************************************/

#i ncl ude <stdi o. h>
#i ncl ude <mat h. h>
#i ncl ude <stdlib. h>

static void Get_pattern_prinenunber ( int *pattern_prinenunber, int ML );
static void Init (void);

static void Read ROM (void);

void malloc_error( char *nessage );

int ML, NI;
i nt plus1=0, m nusl1=0;

i nt root_of prinenunber[259];
int rotate_pattern[20];

int *PlPforNi;

int PIPforN1_1[ 10]

i nt PIPforN1_2[20]

{9 8 7, 6,5, 4 3, 2,1, 0}; /*Pattern C, R{10}*/
{ 19, 9, 14, 4, 0, 2, 5, 7, 12, 18, 16, 13, 17,
15, 3, 1, 6, 11, 8, 10}; [/* Pattern B */
{ 19, 9, 14, 4, 0, 2, 5, 7, 12, 18, 10, 8, 13,
17, 3, 1, 16, 6, 15, 11 }; [* Pattern A */
int total _bit,total bit2;

i nt PIPforN1_3[20]



int min( int argc, char *argv[] ){
int i,j;
int *pattern_m |, *pattern_prinenunber;
int rowj[20];

if (argc == 2 ) {
total _bit = atoi(argv[1]);

} else {
printf ("Usage: % (bit_franme)\n", argv[O0]);
exit(0);

}

if (total _bit < 320 || total _bit > 5120 ) {
printf("(bit_frame) nust be smaller than 5121 or |arger than 319!\ n");
exit(0);

}

Read_ROM) ;

Init();

if (( pattern_ml = (int *)malloc( total _bit * sizeof(int) ) )
== NULL ) malloc_error( "pattern_ml" );

if ( ( pattern_prinmenunber = (int *)malloc( ML * sizeof(int) ) )
== NULL ) nalloc_error( "pattern_primenunber" );

Get _pattern_prinenunber ( pattern_prinmenunber, M );

for (j =0; j <NL; j++) rowj[]j]=0;

for (i =0 ; i <M - mnusl + plusl; i++) {
for (j =0 j <N ; j++) {
if (i = M) {
pattern_m I [j+i*N1] = ML + (ML + 1) * PIPforNl[j];
} elseif (i == - 1) {
pattern_ml[j+i*N1] = 0 + (ML + plusl) * PIPforNL[j];
} else {

pattern_mil[j+i *N1] = pattern_primenunber[row j[j]]
+ (ML - minusl + plusl) * PIPforNi[j];
rowj[j] = (rowj[j] + rotate pattern[j])%M.-1) ;

}

if ( total_bit == total _bit2 & plusl == 1) {
i = pattern_ml[total bit-N1];
pattern_ml[total _bit-Nl] = pattern_m|[0];
pattern_mlI[0] =i;

}
for (i =0 ; i <total_bit ; i++) {
if ( total _bit2 > pattern_mlI[i] )
printf ( "%\n" , pattern_ml[i]+1);
}

free ( pattern_ml );
free ( pattern_prinmenunber );
exit(0);

}

static void Get_pattern_prinenunber ( int *pattern_prinmenunber,

int ML)



int i, j;

for (i=0, j=1; i< M-1; i++){
pattern_prinmenunber[i]=j-m nusl,
j = (j * root_of prinenunber[ M] ) %WL,;

}
}
static void Init( void)
{ S

int i,j;

pl us1=0; ni nus1=0;

if ( (total _bit >= 2281 && total _bit <= 2480 ) ||
(total _bit >= 3161 && total _bit <= 3210 ) ) {
N1 = 20;
Pl PforN1 = PI PforNL_2;
} else if (total _bit >= 481 && total _bit <= 530 ) {

N1 = 10;

Pl PforN1 = PIPforNl_1;
} else {

N1 = 20;

Pl PforN1 = PIPforNl_3;
}
total bit2=total bit;
ML = total _bit / Ni;

if (total bit %NL>0) {

ML+=1;
total _bit = ML * NI,
}
if ( root_of_prinmenunber[M] == 0 )
if ( root_of_primenunber[ML - 1] > 0) {
.= 1,
plusl = 1;
} else {
for (i =1 ; i <20 ; i++) {
if ( root_of_prinmenunber[ML + i] >0 ) {
if (ML + i >=410) {
printf ( "ML nust be |less than 410" );
exit(0);
}
ML = ML + i ;
m nusl = 1;
br eak;
}
}
total _bit = (M-1) * Ni;
}
}

if ( mMmnusl == 1 && total _bit2 >= 481 && total _bit2 <= 530 ) {
m nusl = O;

total bit = ML * NI,
}
rotate_pattern[ 0] =1;
for (i =7,j =1 ; i <100 ; i++) {

if ( root_of _prinmenunber[i] > 0 ) {
4



}

}

it (]

if ( (ML - 1)

% i

>0) {

rotate_pattern[j++] =i;

}
>= N1 ) break;

static void Read ROM void )

{

int i;
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root _of _primenunber[i]=0;
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root _of _pri menunber[233] = 3;
root _of _primenunber[239] = 7;
root _of _prinenunber[241] = 7,
root _of prinmenunber[251] = 6;
root _of _pri menunber[257] = 3;
}
void malloc_error( char *nessage )
{
fprintf( stderr, "malloc % failed\n", nessage );
exit( 1);
}



A.2 Generated pattern example (320-bit interleaving size)

/******************************************************************************

FI LE NAMVE
Prime_InterLeaver_320.txt
DESCRI PTI ON
This text is the exanple of Turbo-code internal interleaving pattern generated
by “Prine_InterLeaver.c”. The pattern has a franme-size of 320-bit.

******************************************************************************/

305 194 260 11 219 308
145 296 100 37 284 157
225 169 253 83 58 237
65 143 180 119 21 68
1 210 309 206 263 4
33 280 154 298 102 45
81 63 235 166 243 93
113 24 67 140 187 116
193 271 5 222 312 205
289 98 38 282 159 292
161 249 90 60 226 164
129 178 115 23 73 141
209 314 199 261 8 221
273 149 302 99 34 276
49 227 172 246 95 61
17 75 139 190 121 20
257 10 215 320 207 269
97 46 286 160 297 109
241 85 59 240 168 244
177 123 19 80 130 189
307 204 262 16 223 316
155 294 106 48 281 151
231 167 252 96 50 230
76 131 183 128 25 78
3 220 319 208 258 12
42 278 152 304 111 43
91 51 233 176 248 87
124 27 66 144 191 126
198 270 15 224 311 202
293 101 41 288 156 291
174 247 88 64 238 165
135 188 114 32 70 134
214 317 200 272 7 218
277 148 290 112 35 275
55 228 175 256 92 54
28 77 137 192 118 30
266 13 216 318 197 267
107 36 274 150 299 103
254 84 57 234 170 245
182 125 18 69 142 186
313 196 265 14 213 306
146 301 104 39 283 153
239 173 255 86 62 232
72 132 184 117 22 79
9 212 315 203 259 2
47 285 147 300 108 40
82 52 236 163 250 89
120 29 71 138 181 127
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