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1	Introduction
Since RAN1 #84bis, we have been discussing performances of various coding schemes focusing only on the block error rate (BLER) performance. In practice, all these codes have to rely on an error detection outer code, and the most common scheme is cyclic redundancy check (CRC). In particular to Turbo codes and TBCC, these CRC bits are well known from the LTE standard. For control channels, 16 CRC bits is the general assumption while 24 CRC bits is used for data channels for error detection. For data channels, CRC also helps early termination if an errored decoded block occurs. 
In this contribution, we highlight error detection features of LDPC codes and impact of the CRC bits on the effective code rates and false alarm rate of the detection. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	CRC Requirement for LDPC
Prior studying error detection statistics, it is suitable to find out the impact of the CRC bits on the effective code rate. In general, the resource we have are limited, and the number of info bits and CRC bits decides the code rate that we operate. This is an important aspect to investigate as for smaller blocks as CRC bits makes a huge difference in the effective code rate 
2.1	Effective code rates with CRC bits
First, we identify effective code rates for the simulation assumptions used in URLLC/mMTC simulations [1]. Figure 1 and 2 shows the effective code rate change with various block sizes when the transmitted resources are limited to the rate 1/3 and 1/6, respectively.  Different number of CRC bits are appended to the info blocks and rate matched to use limited resources defined by code rate and info block size. The result is visible as such rate matching increases the effective code rate of the transmission. 
 
Figure 1: Effective code rates for different CRC bits when info block lengths 20 – 1000 bits. Code rate 1/3

Figure 2: Effective code rates for different CRC bits when info block lengths 20 – 1000 bits. Code rate 1/6


Figure 3: Percentage of increase in code rate for different CRC bits with info block lengths 20 – 1000 bits
Figure 3 shows the increase of the code rates as a percentage of the intended code rate (1/3 and 1/6 in Figure 1 and 2). The example shown in the figure is independent of the planned code rate. 
Observation 1:  For lower block sizes, CRC bits used for error detection increases effective code rate of the coding scheme. 
Proposal 1: Error detection performances should be considered together BLER performance analysis. For URLLC, this can be up to 400 info block size for the code rates 1/3 and below. 
For eMBB simulation cases [2], LTE turbo codes use 24 CRC bits, and some coding scheme may require less CRC bits. However, satisfying similar detection statistics can be crucial as in LTE. Therefore, 24 CRC bits is the typical assumption for eMBB data. Following figures show variations of effective code rates with the different CRC bits over code blocks that are in the interest for eMBB simulations. 

Figure 4: Effective code rates for different CRC bits when info block lengths 100 – 8000 bits. Code rate 1/2

Figure 5: Effective code rates for different CRC bits when info block lengths 100 – 8000 bits. Code rate 5/6

Figure 6: Percentage of increase in code rate for different CRC bits with info block lengths 100 – 8000 bits
Observation 2:  For higher code rates, CRC bits used for error detection increases effective code rate of the coding scheme. This is visible especially for lower block sizes. When the code operates at high code rates, this limits the number of parity bits. 
Proposal 2: For eMBB, the impact on the simulation results are mainly for shorter blocks less than 600 info block. For larger blocks, a significant variation may not be there.  
2.2	CRC bits for LDPC codes
According to the observations we had in the previous section, the impact of the CRC bits is high for the shorter block sizes. As different codes have various criteria for error detection, it is fair to analyse the impact of such error detection mechanisms and their effects on the effective coding rate. In this section, we investigate the error detection statistics of LDPC parity check and propose number of CRC bit to be used in the performance evaluations. We consider info block of 100 bits with code rate 1/12, 1/6, 1/3, ½, 2/3, ¾, and 5/6. 
Figure 7 shows BLER and syndrome BLER of LDPC codes for different code rates. Here, BLER is the actual block error rate, and syndrome BLER reflects the error rate detected by the parity check method. Both measures are taken after 50 iterations of off-set min-sum decoding. As we can see, there is no huge difference between two cases.  
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Figure 7: BLER and Syndrome BLER versus SNR for several code rates with info block = 100 bits

Next, as in Figure 8, the false alarm rate (FAR) and miss rates (MR) of the parity check is examined with operating SNR. False alarm and miss rate as defined as below, 
FAR: In some cases, the parity check can pass for the incorrectly decoded blocks and these know as false alarms or false positives. The ratio between numbers of blocks decoded as correct while they are incorrect to the total errored blocks is defined as FAR. 
MR: Parity check can fail for the correctly decoded blocks and known as a miss detection. This is not that critical compared to the false alarms. In general, MR defines as the ratio between missed detection blocks and the number of correctly decoded blocks. 
The FAR increases with SNR, in other terms to achieve given BLER target, and MR decreases with the SNR. Overall, all coding rates have a similar behaviour.  
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Figure 8: LDPC parity check FAR and MR versus SNR for several code rates with info block = 100 bits

Next, we consider 6 bit CRC polynomial used in ITU-T G.704, which is x6 + x +1, attaches it prior to the encoding and use that to improve the error detection. Figure 9 shows FAR for parity check only and FAR for parity check + CRC check in the same figure for different code rates. 
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Figure 9: LDPC parity check plus CRC (6 bits) check FAR and MR versus SNR. Info block = 100 bits

As we can see from Figure 9, CRC bits improves the FAR. In this case, we used 6 CRC bits, and 2-6 (=0.0156) times reduction in FAR can be seen from the Figure 9. This is following the CRC FAR definitions, i.e., roughly 2-L FAR can be achieved with L CRC bits. In summary, we have following observations and proposals. 
Observation 3: When BLER operating point is at 1%, the FAR of the LDPC parity check is in the range of ~10-2. False alarm rate is increasing with the SNR. We expect higher FAR when target BLER is set to 0.01%. 
Proposal 3: For the cases, where 1% BLER is sufficient, CRC bits to guarantee 16 bit CRC FAR is equal to 8-10 CRC bits. To guarantee 0.01% BLER requirements, the required CRC bits for LDPC can be varied 10-12 bits. 
Proposal 4: For the cases, where 1% BLER is sufficient, CRC bits to guarantee 24 bit CRC FAR is equal to 16-18 CRC bits. To guarantee 0.01% BLER requirements, the required CRC bits for LDPC can be varied 18-20 bits. 

3	Conclusion
Observation 1:  For lower block sizes, CRC bits used for error detection increases effective code rate of the coding scheme. 
Proposal 1: Error detection performances should be considered together BLER performance analysis. For URLLC, this can be up to 400 info block size for the code rates 1/3 and below. 
Observation 2:  For higher code rates, CRC bits used for error detection increases effective code rate of the coding scheme. This is visible especially for lower block sizes. When the code operates at high code rates, this limits the number of parity bits. 
Proposal 2: For eMBB, the impact on the simulation results are mainly for shorter blocks less than 600 info block. For larger blocks, a significant variation may not be there.  
Observation 3: When BLER operating point is at 1%, the FAR of the LDPC parity check is in the range of ~10-2. False alarm rate is increasing with the SNR. We expect higher FAR when target BLER is set to 0.01%. 
Proposal 3: For the cases, where 1% BLER is sufficient, CRC bits to guarantee 16 bit CRC FAR is equal to 8-10 CRC bits. To guarantee 0.01% BLER requirements, the required CRC bits for LDPC can be varied 10-12 bits. 
Proposal 4: For the cases, where 1% BLER is sufficient, CRC bits to guarantee 24 bit CRC FAR is equal to 16-18 CRC bits. To guarantee 0.01% BLER requirements, the required CRC bits for LDPC can be varied 18-20 bits. 
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Effective code rate for different CRC bits
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Increase of the code rate with CRC
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Effective code rate for different CRC bits
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Effective code rate for different CRC bits
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Increase of the code rate with CRC 
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