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Proposed modification to the IEEE Std 802.22TM- 2011
Proposed simplification of the interleaving algorihm in 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 corresponds to a simple regular distribution, based on a constant 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, 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 range, called the offset, is the second optimization step.  Since the number of possible increments is limited to K-1 and the number of offsets is limited to K, this allows for an exhaustive and relatively simple search process for the best interleaving pattern.

Since the convention has been established that after the interleaving, the value at index L(k) in the input sequence is relocated to index k in the output sequence, this interleaving pattern optimization is based on the fact that the distance between the close-in elements at the input of the interleaver (small ΔL=|L(k+Δk)|-|L(k)|) should correspond to as large as possible distance at the output of the interleaver  (large Δk) and that the distance between largely separated elements at the input (large ΔL) are allowed to correspond to a smaller distance at the output (small Δk). 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 end 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 on 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 values for all possible k, Δk  and corresponding ΔL. A simple recursive algorithm can be run to find the best pattern for each block size for the bit interleaving and for each carrier range for the carrier interleaving.
This new permutation algorithm was tried on all interleaving parameters for the downstream and upstream subcarrier mapping allocations given in Table 206 as well as for the bit interleaving pattern of Table 207 and the ‘’Increment’’ and Offset’’ values corresponding to the original Kpqj values have been generated and are shown in Tables 1 and 2 below. Note that in Table 2, there are two patterns for K= 1056 and 2112 that are found to be erroneous entries that would need correction.
It was also found that, due to the exhaustive nature of the optimum search with this new algorithm, the performance of the new set of interleaving parameters can be much superior as shown in Table 3. The last column on the right shown that the smallest compound separation between two adjacent carriers before interleaving for the 1440 subcarrier case (the Spreading Depth) is found to be 52 rather than 10 and 4 respectively for the original carrier and bit interleaving for K=1440.

This means that the smallest separation distance between two adjacent carriers at the input of the interleaver will be 51 at its output, 50 for a second adjacent carrier at the input, etc. This should provide a much better de-correlation  performance for the transmitted signal from the channel impairments.
Table 1: Original TLI parameters and corresponding new parameters for carrier interleaving
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Table 2: Original TLI parameters and corresponding new parameters for bit interleavin
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Table 3: Relative performance of the original and the new interleaving algorithm for K=1440
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It is proposed to replace sub-clause 9.6.2 by what follows:
9.6.2 Interleaving algorithm 

The interleaving algorithm uses two parameters (Increment and Offset) to generate a permutation rule L(k). The values of these two parameters are within the range of the interleaving block size indicated by K. ‘Increment’ denotes the output index jump between two adjacent indices input to the permutation rule and ‘Offset’ denotes the initial index of the output pattern.

For both subcarrier interleaving and bit interleaving, an input sequence is interleaved to generate an output sequence. After the interleaving, the value at index L(k) in the input sequence is relocated to index k in the output sequence. In other words, index L(k) in the input sequence corresponds to index k (k=0, …,(K-1)) in the output sequence.
The permutation rule is defined as follows (for k = 0 to K-1):

L(mod(k*Increment,K))= mod(Offset+k,K)

(7)

The performance of L(k) is characterized by the interleaving spreading depth which corresponds to the compound distances between two output and related input indices: Spreading Depth = |k|L(k)|. For any indices k and k+k in the output sequence, L(k) represents the distance between the corresponding indices L(k) and L(k+k) in the input sequence. The Spreading Depth needs to be calculated for all values of k and k+k.

The best interleaving parameters {Increment, Offset} are the ones that can maximize the minimum Spreading Depth.
Modify sub-clause 9.6.3 to align the values with the new optimum downstream subcarrier interleaving pattern resulting from the new parameters  (Increment=437, Offset=168) given in column 4 of Table 3.

Modify sub-clause 9.6.4 to align the values with the new optimum upstream subcarrier interleaving patterns resulting from the new parameters  (Increment, Offset).  These interleaving patterns are to be provided later.

Update Table 206 to include the new interleaving parameters for each value of K in terms of Increment and Offset. The values for K=1440 are Increment= 437, Offset= 168. Other optimum values are to be provided later.

Update Table 207 to include the new interleaving parameters for each value of K in terms of Increment and Offset. The values for K=288 are Increment= 121, Offset= 35, for 192: Increment= 139, Offset= 66, for 96: Increment= 11, Offset= 15 .Other optimum values will be provided later if needed.
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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 some errors in some of the parameters for bit interleaving and that the algorithm included in sub-clause 9.6.2 can be radically simplified in order 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 (9.6.2, 9.6.3, 9.6.4 and 9.6.5) of the IEEE Std. 802.22TM-2011.
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