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Simplification of the interleaving algorihm of subclause 9.6.2
It was found and consistently confirmed through computer simulation that the Turbo-Like Interleaving (TLI) algorithm described in sub-clause 9.6.2 is equivalent to a simple regular distribution, based on a constant  stepping increment of a normal increasing integer input sequence (k=0, …, (K-1)) on a circular ring of K elements. Once this is achieved and that all the K elements have found a location for the given increment (not all increments allow the single placement of all the elements contained in the input sequence and those are discarded), then the ring is cut open to result in a linear permutated sequence.
for k = 0 : (K-1)

        L(mod(k*Increment,K))= mod(Offset+k,K);
end
The choice of the increment constitutes the first optimization step, and the first element on the left of the linear permutated sequence, called the offset, is the second optimization step.  Since the number of possible increments is limited to 1 to K-1 and the number of offsets is limited to 0 to K-1, this allows for a finite number of possibilities and an exhaustive and relatively simple searching process resulting in the best interleaving pattern for each value of K elements.

The strength of an interleaving process is based on the fact that the distance between the close-in elements at the input of the interleaver (small Δk) should correspond to as large as possible distance at the output of the interleaver (large ΔL=|L(k+Δk)| - |L(k)|) while the distance between largely separated elements at the input (large Δk) are allowed to correspond to a smaller distance at the output (small ΔL). For example, two adjacent numbers in the input sequence that end up separated by 5 numbers (1+5=6) is equivalent to two numbers separated by 5 numbers in the input sequence and ending up adjacent in the output sequence (5+1=6). Those at medium distance at the input can also be at medium distance at the output, all this to allow for a proper independence between each elements to reduce the effect of correlation from the transmission channel on the signal.
The parameter that encompasses these three constraints is the sum of the input and output separations, called ‘Spreading Depth’ = |ΔL|+|Δk|). The optimization criterion is then the maximization of the minimum Spreading Depth value for all possible k, Δk  and corresponding ΔL. A simple recursive algorithm can be run to find the best pattern for each carrier range for the carrier interleaving and for each block size for bit interleaving.
Carrier interleaving

This Spreading Depth can be further explained and illustrated in the updated Table 200 shown below for the downstream carrier interleaving {K,increment, offset}={1440,1153,606}.
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0 1056 24 504 48 1392

1 193 25 1081 49 529

2 770 26 218 50 1106

3 1347 27 795 51 243

4 484 28 1372 52 820

5 1061 29 509 53 1397

6 198 30 1086 54 534

7 775 31 223 55 1111

8 1352 32 800 56 248

9 489 33 1377 57 825

10 1066 34 514 58 1402

11 203 35 1091 59 539

12 780 36 228 60 1116

13 1357 37 805 61 253

14 494 38 1382 62 830

15 1071 39 519 63 1407

16 208 40 1096 64 544

17 785 41 233 65 1121

18 1362 42 810 66 258

19 499 43 1387 67 835

20 1076 44 524 68 1412

21 213 45 1101 69 549

22 790 46 238 70 1126

23 1367 47 815 71 263

Subchannel 1 Subchannel 2 Subchannel 3


In this case, the minimum Spreading Depth is 10 and this can be confirmed by the fact that the numbers in the ‘Output index’ columns for which the values are distant of 5 (i.e., 5th adjacent in the input pattern, examples 1056 and 1061, 193 and 198, etc.) are located at a distance of 5 in the output sequence: Spreading Depth= 5 +5=10. During the exhaustive search, it was found that this Spreading Depth of 10 occurs 1431 times in the output sequence. This is illustrated in Table 1 below for the K-factor of 1440 for the carrier interleaving using the old algorithm (column 2).
This means that if a frequency selective dip in the spectrum is larger than 10 times the carrier separation (10* 3.32 = 33.2 kHz), the reception of the signal would not be as protected by the forward error correction (FEC) because the errors would no longer be as randomized and the decoding would not longer be able to correct as many errors since burst errors would start to appear. The echo responsible for this 33.2 kHz dip would be delayed by 30µ and produced from a propagation distance of 5 km or less, therefore coming from a reflection occurring at 2.5 km of less. This would represent an area of 2.5 km radius from where signal reflections would affect the performance of the FEC in the receiver.  Such area needs to be reduced as much as possible by making sure that the Spreading Depth in subcarrier interleaving is maximized.

Table 1: Spreading Depth histogram for K= 1440 for carrier and bit interleaving using the old and new algorithms
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 The new permutation algorithm was tried on all interleaving parameters for the downstream and upstream subcarrier mapping allocations given in Table 202 as well as for the bit interleaving pattern of Table 203. Note that in Table 203, there are two patterns for K= 1056 and 2112 that were found to be erroneous entries and corresponding interleaved patterns could not be produced. Proper replacements are proposed below.

It was also found that, due to the exhaustive nature of the optimum search possible with this new algorithm, the performance of the new set of interleaving parameters is much superior as shown in the augmented Table202 below for carrier interleaving. The 6th and 7th columns give the Increment and Offset parameters from the new simpler interleaving algorithm corresponding to the initial TLI parameters whereas the 9th and 10th columns on the right show the optimum parameters found by exhaustive search with the new algorithm for the same sequence length (K).

The 8th column and 11th column indicate the minimum Spreading Depth resulting from each set of parameters. As can be seen, the rather poor Spreading Depth of 10 given by the original interleaving sequence for K= 1440 could be improved to 52 (occurring 1388 times in the output sequence) which gives an advantage of 5.2 shorter RF reflection distance before the received signal gets affected by burst errors (going from 2.5 km to less than 500 m for the radius of the area where such echoes would be more destructive). As can be seen, improvement can be obtained in all 5 cases of carrier interleaving. As a result, this provides a much better de-correlation performance for the received signal from the channel multipath impairments.
Augmented Table 202: Relative performance of the original and the new interleaving algorithm for carrier interleaving
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Bit interleaving
The same process as above was carried out for the 34 coded data bit block sizes included in the Standard. As can be seen from Table 2 below, improvement in minimum Spreading Depth can be obtained for all block sizes by using the Increment and Offset parameters obtained by exhaustive search using the new interleaving algorithm. It is to be noted that two of the proposed sets of Kpqj parameters could not produce output interleaved sequences that would include all input indexes. For these block sizes also, the new algorithm was able to find an optimum interleaved sequence.

Table 2: Relative performance of the original and the new interleaving algorithm for carrier interleaving
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Proposed modifications to the IEEE Std 802.22TM- 2011
Replace the two occurrences of: “{K, increment, offset}={1440,1153,606}” as modified by previous comments from GC  by “{K, increment, offset}={1440,437,150}” in the text of sub-clause 9.6.3.
Replace the new Table 200 as modified by previous comments from GC  to align the values with the new optimum downstream subcarrier interleaving pattern resulting from the new parameters  {K=1440, Increment=437, Offset=150} given in columns 9 and 10 of the augmented Table 202 above:
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Replace the two occurrences of: “{K, increment, offset}={1512,1381,401}” as modified by previous comments from GC  by “{K, increment, offset}={1512,187,54}” in the text of sub-clause 9.6.4.
Replace the new Table 201 as modified by previous comments from GC  to align the values with the new optimum upstream subcarrier interleaving pattern resulting from the new parameters  (K=1512, Increment=1231, Offset=187) given in columns 9 and 10 of the augmented Table 202 above:
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Replace the one occurrences of: “{K, increment, offset}={168,121,30}” as modified by previous comments from GC  by “{K, increment, offset}={168,65,83}” in the text of sub-clause 9.6.4.
Replace the new Table 202 as modified by previous comments from GC  to align the values with the new optimum subcarrier interleaving patterns given in columns 9 and 10 of the augmented Table 202 above and add the last column to include the minimum Spreading Depth as an indication of the performance of each interleaving pattern :

Table 202 —Interleaving parameters for the downstream and upstream subcarrier mapping allocation
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Replace the new Table 203 as modified by previous comments from GC  to align the values with the new optimum subcarrier interleaving patterns given in columns 9 and 10 of Table 2 above and add the last column to include the minimum Spreading Depth as an indication of the performance of each interleaving pattern :

Table 203 — Interleaving pattern description
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Abstract


In our work to create test vectors and testing an implementation for compliance to the base 802.22 standard, it was discovered that there are a number of errors in the parameters for carrier and bit interleaving and that, with the new simplified equivalent algorithm that has been proposed as a replacement for the original one in sub-clause 9.6.2, better sets of interleaving parameters can be found through exhaustive search to allow for better optimization of the processes for interleaving carriers and bits in the 802.22 Standard. It is proposed to modify the relevant sub-clauses (9.6.3, 9.6.4 and 9.6.5) of the IEEE Std. 802.22TM-2011.
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