
TSG-RAN WG1 #51
R1-07xxxx
Jeju, Korea, November 05—09, 2007
Source:
Ericsson, Samsung
Title:
Further Results on Probabilities of Undetected TB Errors

Agenda Item:
6.3
Document for:
Discussion and Decision
1. Introduction

In order to reduce receiver complexity and power consumption, 24-bit transport block CRC (TB CRC) and 24-bit code block CRC (CB CRC) were agreed in Athens [1] and adopted in TS 36.212 [2].  The scheme was refined in Shanghai by specifying different CRC generator polynomials for the two levels [3].  As illustrated in Figure 1, a TB is first attached by a CRC sequence computed from all bits in the TB with the following generator polynomial:


CRC-24B : g(D)
= D24 + D23 + D18 + D17 + D14 + D11 + D10 + D7 + D6 + D5 + D4 + D3 + D + 1


= (D + 1) × (D23 + D17 + D13 + D12 + D11 + D9 + D8 + D7 + D5 + D3 + 1).
(1.1)

The entire frame is segmented into N CBs.  A CRC sequence of length L=24 is then computed for and attached to each CB independently based on the following generator polynomial:  

CRC-24A : g(D)
= D24 + D23 + D6 + D5 + D + 1


= (D + 1) × (D23 + D5 + 1).
(1.2)
If the total frame length is less than 223 bits, then the (D+1) polynomial ensures all odd numbers of errors are detected and the primitive polynomial ensures all double errors are detected.  The minimum distance of the frame is hence at least 4.  The probability of miss detecting a completely random error sequence approaches p=2−L for large frames [8].  
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Figure 1 Code block segmentation and CRC attachment.

Performance of TB error detection with or without this refinement was analyzed in [4, 5].  In particular, in the case of using an identical generator for both levels, it has been identified that a systematic error sequence undetected by any CB-level CRC checking will remain undetectable to the TB-level CRC checking [4—7].  The analytical results are briefly summarized in the following.

· Case with an Identical Generator for the CB- and TB-Level CRC

An upper bound for the probability of undetected TB errors is given by:


P(TBE ^ Miss)
≤ (1−P(CBE) + P(CBE ^ Miss))N − (1−P(CBE))N,
(1.3)

where N is the number of CBs, P(CBE) is the CB error rate and P(CBE ^ Miss) is the undetected CB error rate.  A conservative approximation to undetected TB error rate is given by:


P(TBE ^ Miss)
≈ (1−P(CBE) + ρ×P(CBE ^ Miss))N − (1−P(CBE))N,
(1.4)

where ρ is the conditional probability of error sequences being systematic.  For small p=2−L, the approximation becomes


P(TBE ^ Miss)
≈ N × P(CBE ^ Miss) × ρ × (1−P(CBE))N−1.
(1.5)

The last approximation provides intuitive understanding of the undetected TB error cases.  A typical TB error miss event consists of (N−1) CB decoding successes and one CB decoding failure with undetectable systematic error pattern.  Hence, TB error misses are most likely at medium SNR range.  On the other hand, even though there could be many CB errors at low SNR range, TB error misses are less likely.  This is because, given the low levels of CB error miss rates as shown in Figure 3 and Figure 5 of [4], it is practically impossible to miss detecting more than one CB errors.  At high SNR range, both ρ and (1−P(CBE))N−1 approach unity and, hence, results from conventional analysis are correct.

· Case with Different Primitive Polynomials for the CB- and TB-Level CRC

If the primitive polynomials of the CB and TB CRCs are different, an error sequence can pass both CRC checking only if it is divisible by both.  Hence, the TB CRC checking can further reduce the probabilities of misses.  Noting that (D+1) is common in both CRC generators, the TB error miss rate is given by

P(TBE ^ Miss)
≤ [(1−P(CBE) + P(CBE ^ Miss))N − (1−P(CBE))N ] × 2−(L−1).
(1.6)

That is, setting different generator polynomials for the two levels reduces the TB error miss rates by a factor of 2−(L−1).  In the case of L = 24, the undetected error rates are lowered by almost seven orders of magnitude.

In this contribution, we provide further simulation results to investigate the accuracy of EQ(1.6).  The results support the conclusion from analytical study that different CRC generator polynomials for the CB and TB levels are needed to ensure TB data integrity.

2. Numerical Results

To verify the accuracy of the approximation/upper bound on TB error miss rate presented in [4, 5] (and repeated in Section 1), two simulations for N=2 cases are performed.  In both test cases, lengths of the two CBs are set to K = 104 bits.  That is, excluding CRC-8 bits from the CB and TB levels, there are 96 and 88 information bits in the two CBs, respectively.  

· In the first test case, both the CB and TB CRC bits are computed with 3GPP standard CRC-8 generator polynomial:


CRC-8-3GPP: g(D)
= D8 + D7 + D4 + D3 + D + 1


= (D + 1) × (D7 + D3 + 1).
(2.1)

· In the second test case, the CB CRC bits are computed with CRC-8-3GPP but the TB CRC bits are computed with the ATM standard header CRC-8 generator polynomial:


CRC-8-ATM: g(D)
= D8 + D2 + D + 1


= (D + 1) × (D7 + D6 + D5 + D4 + D3 + D2 + 1).
(2.1)

To leave no uncertainty about what exactly was simulated, the simulator steps are spelled out as follows:

CRC2 = 1;

Decode CB1 with early stopping based on CRC1 checking;

If CRC1==0

Decode CB2 with early stopping based on CRC2 checking;

End

If CRC1==0 and CRC2==0

TB = [decoded1(1:end-L) ; decoded2(1:end-L)];


Compute CRCt based on TB;

Else


CRCt = 1;

End 

The TB error miss probabilities collected from simulations for Case 1 and Case 2 are plotted with red stars and magenta asterisks, respectively, in Figure 2(a).  As predicted by the analytical bounds, TB error miss rates are significantly lowered by adopting different generator polynomials for the TB- and CB-level CRC bits.

All numerical results are re-plotted in Figure 2(b) in TB error miss rate vs. TB error rate format.  This presentation further clarifies the behavior and relevant ranges of undetected TB error rates.  

· In the case where P(TBE)→1, both CBs are likely to be in error simultaneously.  As a result, the TB error miss rate decreases as it is unlikely to miss detecting both errors on the CB level.

· For all normal TB error rate targets, the undetected TB error rates can be reduced by two orders of magnitude with the adoption of different generator polynomials for the CB and TB levels.

· EQ(1.5) indicates a typical TB error miss event consists of (N−1) CB decoding successes and one CB decoding failure with undetectable systematic error pattern.  A corollary follows that the worst-case undetected TB error rates occurs at around P(TBE)=1/N.  For the present test cases, this can be observed to be around 50% TB error rates in Figure 2(b).
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(a) TB error miss rate vs. SNR
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(b) TB error miss rate vs. TB error rate
Figure 2 Probability of undetected TB errors with K1 = K2 = 104, L = 8, r = 0.4.  Each TB consists of N = 2 CBs and Imin = 1. 
3. Conclusion

The error detection performance of a TB composed of N = 25 CBs, each of which is configured with K = 6144, L = 24, r = 0.8, is investigated in [5, Section 6].  The results are reproduced in Figure 3 as plots of TB error miss rate vs. TB error rate.  Regardless of early stopping settings (Imin), the undetected TB error rates of using an identical CRC generator polynomial for both CB and TB levels are above 10−6 for all normal TB error rate targets.  On the other hand, undetected TB error rates of using different CRC generator polynomials for the two levels are always below 10−12.  The worst-case undetected TB error rates occur when the TB error rates are approximately 4%.

It is concluded different generator polynomials are needed for the TB- and CB-level CRC attachments.
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Figure 3 Probability of undetected TB errors with N = 25, K = 6144, r = 0.8, and L = 24.
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� Matlab syntax.





[image: image1][image: image5.bmp]