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Abstract

This contribution analyzes the impact of dual precoding on FEC performance. Through theoretical analysis and simulation, we find that the moving average filter degrades FEC performance by 0.27-0.47 dB at frame error rates of 1e-2 to 1e-8. This is roughly equivalent to reducing the RS code's error-correcting capability from T=8 to T=6. We propose a simpler method to eliminate scrambler error propagation with no performance penalty. 

Introduction

A method known as dual precoding has been proposed [1,2] as a solution to the scrambler error propagation problem [3].  This method involves convolving the received bit stream with a moving average filter in order to null out all possible scrambler sequences. While this method is elegant, it has the obvious disadvantage of lengthening error bursts, or error smearing. However, the quantitative impact of error smearing is not immediately obvious. In this contribution, we present a theoretical analysis and simulation results to quantify the impact of error smearing on FEC performance.

Section 2 presents a theoretical analysis for the rate-1/2 code.  In section 3, we compare our theoretical analysis with simulation results. In section 4, we present results for full-length frames and discuss the results. In section 5, we present a simpler alternative that doesn't suffer from error smearing.  

1 Theoretical Analysis

For simplicity, we consider only the rate-1/2 code used at 6, 12 and 24 Mbps. Also for simplicity, we consider only environments where the transmitted bits are affected uniformly by AWGN. Although this is strictly true only for 6 and 12 Mbps, we expect similar results for 24 Mbps.  

1.1 Byte Error Rate

The rate-1/2 code has a free distance of 10 and the following nearest-neighbor profile:

distance
10
11
12
13
14
15
16

number of neighbors
11
0
38
0
193
0
1331

Neighbor paths with distance > 16 have negligible impact on the error curves in our range of interest. The above table is sufficient to determine the viterbi decision error probability, but determining byte error rate and RS block error rate requires more specific knowledge of the code properties.  

It is straightforward and computationally feasible to find all possible input bit-error sequences with distance <= 16 by searching through the trellis. Once we've tabulated the bit-error sequences, it's easy to find all possible byte-error sequences. The proposed RS(224,208) code uses a byte size of 8 bits, so for each possible bit-error sequence, there are 8 possible byte error sequences corresponding to the 8 possible starting bit locations per byte. Once we've tabulated all possible byte error sequences, we process the data to extract the number of possible byte error sequences A(d,w) at distance d that produce w byte errors. We'll call this the distance-weight spectra of the code.

When precoding or dual precoding is used, the bit error stream is convolved with g(D) = 1 + D4 + D7.  Thus, all possible bit-error sequences are convolved with g(D). On these bit-error sequences, we perform the same analysis described above to determine the distance weight spectra of the code plus the moving average filter A'(d,w). 

The following table shows the distance-weight spectra with and without the moving average filter. 



w=1
w=2
w=3
w=4
w=5
w=6
w=7

d=10
A(10,w)
45
42
1
0
0
0
0


A'(10,w)
1
53
34
0
0
0
0

d=12
A(12,w)
42
210
51
1
0
0
0


A'(12,w)
0
63
205
36
0
0
0

d=14
A(14,w)
68
870
581
25
0
0
0


A'(14,w)
0
122
945
463
14
0
0

d=16
A(16,w)
71
3425
5964
1170
18
0
0


A'(16,w)
0
179
4231
5424
806
8
0

This is shown graphically in Figure 2‑1. As expected, the moving-average filter typically increases the number of byte errors per error event by one byte.
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Figure 2‑1 - Distance-weight spectra A(d,w) and A'(d,w), with and without the moving average filter, respectively. 

Once we have the distance-weight spectra, estimating the byte-error rate is straight-forward:
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Figure 2‑2 shows the byte error rate with and without the moving average filter. We see that the moving average filter shifts the byte error rate curve by 0.1-0.2 dB.  
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Figure 2‑2
1.2 Block Error Rate for Interleaved RS Codes

The block error rate for an interleaved RS(N,N-2*T) code with sufficiently high interleaving depth is given by:
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This curve is plotted in Figure 2‑3. Again, we see that the curve is shifted by 0.1-0.2 dB.

1.3 Block Error Rate for Non-Interleaved RS Code

The current proposal for FEC uses non-interleaved RS codes. In addition to increasing the byte error rate, the moving average filter also increases the correlation between byte errors. As such, one might expect the moving average filter to have a larger impact for non-interleaved RS codes.

An exact analysis of non-interleaved RS codes is somewhat complicated
, but it's fairly simple to obtain an accurate estimate for the error rates of interest. At moderate to low probability of error, we can approximate the situation as N independent identically distributed random variables Xi, where Xi is the weight of error event (i.e. the number of bytes corrupted), or zero if no error occurred.  Xi has the discrete pdf
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Let Y be the total number of byte errors per block of N bytes.
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The distribution on Y is easily found by convolving f(x) with itself N-1 times.  The block error probability is then given by:
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The results are shown in Figure 2‑3. As expected, the impact of the moving average filter is more significant for non-interleaved RS codes.  

[image: image8.wmf]1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

10

-8

10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

SNR (dB)

Block Error Rate

RS(224,208) block error rates

interleaved

interleaved, w/ moving average

no interleaving

no interleaving, w/ moving average

without FEC


Figure 2‑3
2 Simulations

Figure 3‑1 shows simulation results plotted against the theoretical results.  The simulations results match up well at moderately low error rates, with the match improving as the error rate decreases. The theoretical analysis provides visibility at error rates too low for practical simulations.  
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Figure 3‑1 - Simulation Results

3 Results

Figure 4‑1 shows the theoretical frame error rate for frames with 1456 data bytes, or 7 blocks of RS(224,208).  For the non-interleaved RS code, we see that the moving average filter imposes a performance penalty of 0.27 dB to 0.47 dB at frame error rates from 1e-2 to 1e-8.  To put this in perspective, note that this is roughly equivalent to reducing the RS code's error-correcting capability from T=8 to T=6.  
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Figure 4‑1
4 Proposal

Although the performance penalty for dual precoding is not enormous, there is a simpler alternative without any performance penalty. 

Our proposal is as follows: starting with the original non-interleaved FEC proposal (without precoding), we insert two extra zero bytes as shown in Figure 5‑1.  This is the only change to the specification.
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Figure 5‑1
The receiver can use these two extra bytes as follows: 

1 - 
If the either or both bytes are zero, then process the frame normally.

2 - 
If both bytes are non-zero, then XOR the received bit-stream with the scrambler sequence that makes the first byte equal to zero. The scrambler initialization for this sequence can be found by a simple table look-up on the first received "zero" byte.

This method fails only when at least two of the three scrambler initialization fields (including the original 7 bits in the service field) are corrupted. This can be thought of as a simple binary repetition code on the zero bits in the service field, decoded by simple majority vote. The three fields are separated enough to have uncorrelated error events under AWGN, so the error probability is given by:
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Figure 5‑2 shows the performance of the proposed scrambler recovery mechanism compared to the original scrambler error probability.  The original scrambler error propagation problem limited performance at frame error rates below ~3e-3, for 1456-byte frames. With the proposed scrambler recovery mechanism, scrambler error propagation does not significantly impact performance at frame error rates above ~1e-7.  

Figure 5‑3 shows a comparison of the total packet error rate curves, including scrambler initialization effects, for the three proposals. 
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Figure 5‑2
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Figure 5‑3 - Comparison of the 3 proposals

To conclude, note that the only tradeoffs associated with this proposal are

1) 2 extra bytes of overhead per frame.

2) small additional latency for determining the correct scrambler initialization bits.  

Also note that this proposal preserves the MAC header field.  
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� The exact analysis is not impossible or even impractical, but it's not worth the effort of describing here.
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