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In RAN1#89bis, it was agreed to have a 24-bit CRC attached to TB whose size is larger than a threshold. It was also agreed to attached a CRC to each CB if the TB is segmented into two or more CBs.
Agreement:
· Number of bits for TB-level CRC is: LTB,CRC =24 bits, at least for TBs larger than a threshold (e.g. around 512 bits)
· FFS the value of LTB,CRC for TBs smaller than the threshold, and the value of the threshold (0 is not precluded)
· If a TB is segmented into 2 or more CBs after code block (CB) segmentation,
· CB-level CRC is applied, i.e., CRC bits are attached to each code block individually (as in LTE)
· Number bits for CB-level CRC is: 0 < LCB,CRC <= 24 bits
· Exact value(s) LCB,CRC are to be agreed after base graph(s) are agreed, taking into account inherent LDPC PC capability
· FFS whether for a code block group (CBG) containing 2 or more CBs but not all CBs of the TB, any additional CRC bits are attached to the CBG
· To be decide after decision on the value(s) of LCB,CRC 

In RAN1 ah #2, it was agreed to only utilize TB and CB level CRCs and to not adopt a CBG-level CRC.
Agreement: 
· CBG-level CRC is not adopted

This contribution studies the inherent error detection capability of the NR-LDPC codes and proposes the length of the CB-level CRC as well as the CRC for the small TB lengths.
TB-level CRC Length
Figure 1 shows the block error rate (BLER) and misdetection rate (probability of undetected errors) of Base-graph 1 when K = 40 information bits. The codes were decoded using 50 iterations of the sum-product algorithm with a flooding schedule. We observe that the parity check in LDPC BG1 codes provides the equivalent of 4 -- 5 bits of CRC error detection capability at for rates 1/2 – 8/9. Decreasing the decoding maximum iteration count from 50 to 20 slightly improves the error detection capability as shown for the R=2/3 case. To ensure probability of undetected error less than 10-6 for small TBs, a CRC of length at least16 bits needs to be used in conjunction with LDPC codes from Base-graph 1. Figure 2 shows the BLER and misdetection rate for BG2 for codes of rate 1/5, 1/2, and 2/3, where it can be observed that BG2 codes offer better error detection capability (equivalent to a 7-bit CRC) than their BG1 counterparts.
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[bookmark: _Ref490730388]Figure 1 BLER and misdetection rate of the NR-LDPC BG1 for information block length of 40 bits
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[bookmark: _Ref490833821]Figure 2 BLER and misdetection rate of the NR-LDPC BG2 for information block length of 40 bits

Observation 1: Base-graph 1 with information blocklength of 40 bits provides error detection comparable to a 4-bit CRC.
Observation 2: Number of decoding iterations affects the error detection capability of LDPC
Observation 3: A CRC of length at least 16 bits is needed to guarantee undetected error probability of less than 10-6 for small TBs.
Proposal 1: A TB CRC of length more than 16 bits should be used should be used for TBs of length less than 512 bits.
For TB lengths of 512 bits and larger, the overhead of a 24-bit CRC is small at less than 5%.
Proposal 2: Use 24-bit CRC for TBs of length equal to or greater than 512 bits.
CB-Level CRC Length
When determining the length of the CB-level CRC, it is important to consider its role in CBG and TB retransmission. Since there is no CBG-level CRC, the CB-level CRC will be the only CRC used to determine whether a CBG was successfully decoded. Undetected CB decoding errors that are only detected by the TB-level CRC could lead to the entire TB being retransmitted instead of only the CBG, potentially negating the benefits of CBG-based retransmission if the CB-level CRC is too short. As a TB can have over a 100 CBs at high MCS, CB-level CRC length calculations need to account for the probability of undetected errors in any of the CBs instead of only the probability of an undetected error in a single CB. If the TB is segmented into C CBs, the probability of an undetected CB decoding error causing retransmission of the entire TB is upper bounded by , which could be two orders of magnitude greater than . 
A CB-level CRC will only be used when the TB is segmented into two or more CBs. Therefore, the minimum CB information block length for which a CB-level CRC will be used is 4114 bits. In this case, the overhead of using a 24-bit CB-level CRC is 0.6%. 
Given the importance of low undetected-error probability for retransmission efficiency and the negligible overhead of a 24-bit CB-level CRC when segmentation is used, we propose the following:
Proposal 3: The length of the CB-level CRC should be 24 bits.
Conclusions
Observation 1: Base-graph 1 with information blocklength of 40 bits provides error detection comparable to a 4-bit CRC.
Observation 2: Number of decoding iterations affects the error detection capability of LDPC
Observation 3: A CRC of length more than 16 bits is needed to guarantee undetected error probability of less than 10-6 for small TBs.
Proposal 1: A TB CRC of length more than 16 bits should be used should be used for TBs of length less than 512 bits.
Proposal 2: Use 24-bit CRC for TBs of length equal to or greater than 512 bits.
Proposal 3: The length of the CB-level CRC should be 24 bits.
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