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1. Introduction

It has been decided in RANI1#46 Tallinn and re-affirmed in RAN1#47 Riga to replace the Rel6 turbo coding
internal interleaver with a modern contention-free interleaver for lower hardware implementation costs and
better support of high data rates. This document provides a set of interleaver designs based on quadratic
permutation polynomials (QPP) [1—5]. The advantages and features of these interleavers include the following.

e The QPP interleavers are maximally contention-free in the sense that any factor of the interleaver length
can be used as a parallel processing order. This feature permits maximum flexibility in receiver design
and resource pooling.

e Specification complexity is low for QPP interleavers.

e QPP interleavers can be implemented with efficient low-complexity logics and unified variable buffers
with a small area.

e Turbo coding performance with QPP interleavers is very good. Error floors are significantly lower than
those observed in Rel6 interleavers.

2. Quadratic Permutation Polynomial (QPP) Interleavers

2.1. Interleaver Definition
Given an information block length K, the X-th interleaved output is read from an address given by

(x)= fx+ f,x> mod K (1)

where 0 < x, f;, f,< K. A set of interleaver designs for f| and f, is given in Table 1. These interleavers can be
used for turbo codes with either tail-biting or terminated trellises. The lengths are based on a grid between K=40
and K=6144 with granularities ranging from 8 for very small blocks to 64 for very large blocks. For an
information segment of a length falling between those listed in Table I, a larger QPP interleaver with code
shortening [6,7] can be employed. As shown in [8], any parallel decoding order can be supported by the QPP
interleaver. However, preferred parallelization orders are those that divide the interleaver length.

Table 1 QPP interleaver parameters for LTE turbo coding.

K f, f, Preferred Parallelization Orders Up to 32
40 3 10 1,2,4,5,8,10,20
48 7 12 1,2,3,4,6,8,12,16,24
64 7 16 1,2,4,8,16,32
72 7 18 1,2,3,4,6,8,9,12,18,24
80 11 20 1,2,4,5,8,10,16,20
88 5 22 1,2,4,8,11,22
96 11 24 1,2,3,4,6,8,12,16,24,32
104 7 26 1,2,4,8,13,26
120 7 30 1,2,3,4,5,6,8,10,12,15,20,24,30
128 15 32 1,2,4,8,16,32
136 9 34 1,2,4,8,17




144 7 24 1,2,3,4,6,8,9,12,16,18,24
152 9 38 1,2,4,8,19

160 19 40 1,2,4,5,8,10,16,20,32
176 21 44 1,2,4,8,11,16,22

184 11 46 1,2,4,823

192 23 48 1,2,3,4,6,8,12,16,24,32
200 13 50 1,2,4,5,8,10,20,25

208 25 52 1,2,4,8,13,16,26

216 11 36 1,2,3,4,6,8,9,12,18,24,27
232 15 58 1,2,4,8,29

240 29 60 1,2,3,4,5,6,8,10,12,15,16,20,24,30
248 15 62 1,2,4,8,31

256 15 32 1,2,4,8,16,32

264 17 66 1,2,3,4,6,8,11,12,22,24
272 33 68 1,2,4,8,16,17

288 19 36 1,2,3,4,6,8,9,12,16,18,24,32
296 19 74 1,2,4.8

304 13 76 1,2,4,8,16,19

312 19 78 1,2,3,4,6,8,12,13,24,26
320 19 40 1,2,4,5,8,10,16,20,32
328 21 82 1,2,4.8

344 21 86 1,2,4.8

352 21 44 1,2,4,8,11,16,22,32
360 23 90 1,2,3,4,5,6,8,9,10,12,15,18,20,24,30
368 81 46 1,2,4,8,16,23

376 23 94 1,2,4.8

384 23 48 1,2,3,4,6,8,12,16,24,32
400 17 100 1,2,4,5.8,10,16,20,25
408 25 102 1,2,3,4,6,8,12,17,24
416 25 52 1,2,4,8,13,16,26,32
424 27 106 1,2,4,8

432 47 72 1,2,3,4,6,8,9,12,16,18,24,27
440 27 110 1,2,4,5.8,10,11,20,22
456 29 114 1,2,3,4,6,8,12,19,24
464 15 58 1,2,4,8,16,29

472 29 118 1,2,4,8

480 29 60 1,2,3,4,5,6,8,10,12,15,16,20,24,30,32
488 31 122 1,2,4.8

496 21 124 1,2,4,8,16,31

512 31 64 1,2,4,8,16,32

528 17 66 1,2,3,4,6,8,11,12,16,22,24
544 33 68 1,2,4,8,16,17,32




576 65 96 1,2,3,4,6,8,9,12,16,18,24,32
592 19 74 1,2,4.,8,16

608 37 76 1,2,4,8,16,19,32

624 19 78 1,2,3,4,6,8,12,13,16,24,26
640 39 80 1,2,4,5.8,10,16,20,32
656 21 82 1,2,4.,8,16

688 21 86 1,2,4,8,16

704 43 88 1,2,4,8,11,16,22,32

720 79 120 1,2,3,4,5,6,8.9,10,12,15,16,18,20,24,30
736 45 92 1,2,4,8,16,23,32

752 23 94 1,2,4,8,16

768 23 48 1,2,3,4,6,8,12,16,24,32
800 17 80 1,2,4,5,8,10,16,20,25,32
816 25 102 1,2,3,4,6,8,12,16,17,24
832 25 52 1,2,4,8,13,16,26,32

848 27 106 1,2,4,8,16

864 17 48 1,2,3,4,6,8,9,12,16,18,24,27,32
880 27 110 1,2,4,5,8,10,11,16,20,22
912 29 114 1,2,3,4,6,8,12,16,19,24
928 15 58 1,2,4,8,16,29,32

944 29 118 1,2,4.8,16

960 29 60 1,2,3,4,5,6,8,10,12,15,16,20,24,30,32
976 31 122 1,2,4,8,16

992 15 62 1,2,4,8,16,31,32

1024 31 64 1,2,4,8,16,32

1056 17 66 1,2,3,4,6,8,11,12,16,22,24,32
1088 33 68 1,2,4,8,16,17,32

1152 35 72 1,2,3,4,6,8,9,12,16,18,24,32
1184 19 74 1,2,4,8,16,32

1216 37 76 1,2,4,8,16,19,32

1248 19 78 1,2,3,4,6,8,12,13,16,24,26,32
1280 39 80 1,2,4,5,8,10,16,20,32
1312 21 82 1,2,4,8,16,32

1376 21 86 1,2,4,8,16,32

1408 43 88 1,2,4,8,11,16,22,32
1440 29 60 1,2,3,4,5,6,8,9,10,12,15,16,18,20,24,30,32
1472 45 92 1,2,4,8,16,23,32

1504 23 94 1,2,4,8,16,32

1536 47 96 1,2,3,4,6,8,12,16,24,32
1600 17 80 1,2,4,5,8,10,16,20,25,32
1632 25 102 1,2,3,4,6,8,12,16,17,24,32
1664 25 52 1,2,4,8,13,16,26,32




1696 27 106 1,2,4,8,16,32

1728 35 72 1,2,3,4,6,8,9,12,16,18,24,27,32
1760 27 110 1,2,4,5,8,10,11,16,20,22,32
1824 29 114 1,2,3,4,6,8,12,16,19,24,32
1856 15 58 1,2,4,8,16,29,32

1888 29 118 1,2,4,8,16,32

1920 29 60 1,2,3,4,5,6,8,10,12,15,16,20,24,30,32
1952 31 122 1,2,4,8,16,32

1984 15 62 1,2,4,8,16,31,32

2048 31 64 1,2,4,8,16,32

2112 17 66 1,2,3,4,6,8,11,12,16,22,24,32
2176 33 68 1,2,4,8,16,17,32

2304 35 72 1,2,3,4,6,8,9,12,16,18,24,32
2368 19 74 1,2,4,8,16,32

2432 37 76 1,2,4,8,16,19,32

2496 19 78 1,2,3,4,6,8,12,13,16,24,26,32
2560 39 80 1,2,4,5.8,10,16,20,32
2624 21 82 1,2,4,8,16,32

2752 21 86 1,2,4,8,16,32

2816 43 88 1,2,4,8,11,16,22,32

2880 29 60 1,2,3,4,5,6,8.9,10,12,15,16,18,20,24,30,32
2944 45 92 1,2,4,8,16,23,32

3008 23 94 1,2,4,8,16,32

3072 47 96 1,2,3,4,6,8,12,16,24,32
3200 39 80 1,2,4,5,8,10,16,20,25,32
3264 25 102 1,2,3,4,6,8,12,16,17,24,32
3328 51 104 1,2,4,8,13,16,26,32

3392 27 106 1,2,4,8,16,32

3456 35 144 1,2,3,4,6,8,9,12,16,18,24,27,32
3520 27 110 1,2,4,5,8,10,11,16,20,22,32
3648 29 114 1,2,3,4,6,8,12,16,19,24,32
3712 57 116 1,2,4,8,16,29,32

3776 29 118 1,2,4,8,16,32

3840 29 60 1,2,3,4,5,6,8,10,12,15,16,20,24,30,32
3904 31 122 1,2,4,8,16,32

3968 15 62 1,2,4,8,16,31,32

4096 31 64 1,2,4,8,16,32

4160 33 130 1,2,4,5,8,10,13,16,20,26,32
4224 67 132 1,2,3,4,6,8,11,12,16,22,24,32
4288 33 134 1,2,4,8,16,32

4352 33 68 1,2,4,8,16,17,32

4416 35 138 1,2,3,4,6,8,12,16,23,24,32




4544 35 142 1,2,4,8,16,32

4608 47 96 1,2,3,4,6,8,9,12,16,18,24,32
4672 37 146 1,2,4,8,16,32

4736 19 74 1,2,4,8,16,32

4800 71 120 1,2,3,4,5,6,8,10,12,15,16,20,24,25,30,32
4864 37 76 1,2,4,8,16,19,32

4992 19 78 1,2,3,4,6,8,12,13,16,24,26,32
5056 39 158 1,2,4,8,16,32

5120 39 80 1,2,4,5,8,10,16,20,32
5184 31 96 1,2,3,4,6,8,9,12,16,18,24,27,32
5248 21 82 1,2,4,8,16,32

5312 41 166 1,2,4,8,16,32

5440 43 170 1,2,4,5,8,10,16,17,20,32
5504 21 86 1,2,4,8,16,32

5568 43 174 1,2,3,4,6,8,12,16,24,29,32
5632 43 88 1,2,4,8,11,16,22,32

5696 45 178 1,2,4,8,16,32

5760 29 60 1,2,3,4,5,6,8,9,10,12,15,16,18,20,24,30,32
5888 45 92 1,2,4,8,16,23,32

5952 47 186 1,2,3,4,6,8,12,16,24,31,32
6016 23 94 1,2,4,8,16,32

6080 47 190 1,2,4,5,8,10,16,19,20,32
6144 47 96 1,2,3,4,6,8,12,16,24,32

2.2. Optional Constant Coefficients for Very Small Blocks with Trellis
Termination

When the QPP interleavers are used for turbo codes with trellis termination, a constant term can be introduced to
further optimize the distance properties of very small blocks. For block lengths K<72, optimized QPP designs
are listed in Table 2. The gains in performance are in general less than 0.1 dB.

Table 2 Optional constant coefficients for very small blocks.

K QPP
40 7+3x+10x>
48 14+7x+12x°
64 10+7x+16x*
72 3+7x+18x

3. Turbo Coding Performance

We evaluate the performance of the proposed QPP interleavers with r=1/3 turbo codes based on Rel6-type trellis
termination as illustrated Fig. 4 of 3GPP TS 25.212 [9]. That is, for an input block of K bits, the coded output
contains (3K+12) bits. The performance of the 160 QPP interleavers at their native lengths with 8 iterations of
improved Max-Log-MAP turbo decoding is plotted in Figure 1. In the same figure, the reference performance of
the 42 Rel6 prunable prime interleavers (PIL) from [9] is also plotted. Independent performance verification of
the 160 QPP interleavers with conventional Max-Log-MAP turbo decoding has also been provided in [11]
courtesy of Motorola.
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Figure 1 BLER performance of QPP-based turbo codes with trellis termination.

4.

Conclusion

A set of contention-free QPP interleaver designs with excellent tradeoffs among performance, hardware
complexity and flexibility is provided. It is proposed to adopt these interleavers for LTE turbo coding.
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