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1. Introduction
In this contribution, we discuss aspects related to CRC attachment for NR LDPC.
2. CRC attachment
In RAN1#88bis and RAN1 NR#2 meetings, the following agreements were made with respect to CRC attachment. 
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
· CBG-level CRC is not adopted.

For transport block level CRC, it was agreed that the CRC length would be 24 bits for at least block sizes larger than a threshold (e.g. 512 bits). 
The first question is the CRC length for transport block sizes below the threshold of X bits. In our view, there are two reasons to consider smaller CRC attachment to an LDPC transport block: 1) inherent parity-check criterion for LDPC provides error detection capability; and 2) smaller CRC can improve performance due to overhead reduction, especially at smaller block lengths. 
To address this question, we need to look further into the evaluation of inherent parity-check properties of LDPC base graphs adopted for NR. Multiple contributions [1][2][3][4] have shown that for smaller block sizes ( < 512), the transport block false alarm target of 1e-6 can be achieved using smaller number of CRC bits, using 12-18 bits of TB CRC. As can be seen from [4] and from our results for worst case: K = 40 (CRC included), R=2/3 (BG2), 3/4 (BG1) and 0.93 (BG1) on Fig.1, 
for LTB,CRC = 12 CRC false alarm rate is less than 1e-6, therefore LTB,CRC = 12 should be sufficient for small transport blocks. However, if there is a preference to leave some margin and also make the code block sizes byte aligned, then a 16-bit CRC would be more than sufficient.
Proposal 1: Transport block CRC length for TBS <=X is 16.
The second question: what value should be chosen as X?  In our view, the threshold of block size itself should be determined based on tradeoff between false alarm rate (FAR) performance and overhead considerations. As shown on Fig.2, a CRC reduction of 12 bits provide overhead reductions of 15% to ~2.5% for transport block size from 40 to 512. Therefore, we propose the value of threshold is 512 bits. 
Proposal 2: Value of X is 512.
In RAN1 NR#2 meeting, was agreed that CBG-level CRC is not adopted for NR. But there is remaining step – to agree the CRC length if it is applied. Our proposal is to choose already studied number from LTE, i.e. 24 bits. This 24-bit per code block CRC will allow much more margin for supporting possible implementations that wanted to take advantage of CBG-CRC. 
Proposal 3: Code block group CRC length (when code block group CRC is applied) is 24 bits.
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Figure 1. False alarm rate for K=40, R=2/3, 3/4, 0.93 with LTB,CRC = 12
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Figure 2. CRC overhead for K=40~512, CRC=12 and 24
3. Summary
This document presented our views on CRC attachment for NR LDPC. 
Proposal 1: Transport block CRC length for TBS <=X is 16.
Proposal 2: Value of X is 512.
Proposal 3: Code block group CRC length (when Code block group CRC is applied) is 24 bits.
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