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Chapter 16 Turbo Coding

TABLE 16.2: Weight spectra of two (64, 28) cod

(a) Terminated convolutional (b) Paralle] co
Weight | Mualtiplicity | Weight | Multiplicity || Weight | Multiplicity

0 1 33 25431436 0 1 38
1 0 34 23509909 1 0 2
2 0 35 20436392 2 0 38
3 0 36 16674749 3 0 y' 6
4 0 37 12757248 4 0 7
5 0 38 9168248 5 0 5
6 27 39 6179244 6 6
7 28 40 3888210 7 9
8 71 41 2271250 8 15
9 118 42 1226350 9 9

10 253 43 615942 10 80

11 558 44 287487 11 119

12 1372 45 124728 12 484

13 3028 46 50466 13 1027

14 6573 47 19092 14 3007

15 14036 48 6888 15 6852

16 29171 49 2172 16 17408

17 60664 50 642 17 40616

18 122093 51 140 18 90244

19 240636 52 35 19 193196

20 457660 53 6 20 390392

21 838810 54 2 21 4754819

22 1476615 55 0 22 1368864

23 2484952 56 0 23 2367949

24 3991923 57 0 24 3874836

25 6098296 58 0 25 5988326

26 8845265 59 0 26 8778943

27 12167068 60 0 27 12149055

28 15844169 61 0 28 15907872

29 19504724 62 0 29 19684668

30 22702421 63 0 30 22978613

31 24967160 64 0 31 25318411

32 25927128 32 26289667

Spectral thinning has little effect on the minimum free distance, but
reduces the multiplicities of the low-weight codewords.

As the block length and corresponding interleaver size K increase, the
spectrum of parallel concatenated convolutional codes begins to appr

a randomlike distribution, that is, the distribution that would result
bit in every codeword were selected randomly from an independ
identically distributed probability distribution.

There is only a small spectral thinning effect if feedforward cons
encoders are used, as will be seen in the next section.

One can explain the syperiority of feedback encoders in parallel concatenal
as a consequence of #heir being IIR, rather than FIR, filters, that is, their !
ponse to single 1nput 1’s is not localized to the constraint length of the ¢
but extends over the entire block length. This property of feedback enco :
is exploited by a pseudorandom interleaver to produce the spectral
ning effect.
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FIGURE 16.4: An illustration of spectral thinning.

It is also worth noting that parallel concatenated codes are no longer time-
ariant. This can easily be seen by considering the effect when the input sequence
Example 16.2 is delayed by one time unit; that is, consider the input sequence
[0100001000000000]. The first parity sequence vV = {0110011000000000]
Also delayed by one time unit, but the interleaved input sequence is now
= [0000000010010000], which produces the second parity sequence v® =
00000011010011]. This is clearly not a delayed version of the v® in Exam-
16.2. In other words, the interleaver has broken the time-invariant property
he code, resulting in a time-varying code. To summarize, to achieve the spec-
thinning effect of parallel concatenation, it is necessary both to generate a
e-varying code (via interleaving) and to employ feedback, that is, ITR, encoders.
It is clear from the preceding examples that the interleaver plays a key role
urbo coding. As we shall now briefly discuss, it is important that the interleaver
as pseudorandom properties. Traditional block or convolutional interleavers do
t work well in turbo coding, particularly when the block length is large. What is
iportant is that the low-weight parity sequences from the first encoder get matched
h high-weight parity sequences from the second encoder almost all the time.
his requires that the interleaver break the patterns in the input sequences that
roduce low-weight parity sequences. Interleavers with structure, such as block or
onvolutional interleavers, tend to preserve too many of these ‘““bad” input patterns,
sulting in poor matching properties and limited spectral thinning. Pseudorandom
terleavers, on the other hand, break up almost all the bad patterns and thus
hieve the full effect of spectral thinning. In Example 16.2, the 11 input sequences

2(D)=D'(1+D%), 1=0,1,---,10, (16.11)
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