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1. Introduction
At the 3GPP TSG RAN #71 meeting, the Study Item description on "Scenarios and Requirements for Next Generation Access Technologies" was approved [1]. This study item consider three types of usage scenarios for NR, which are eMBB(enhanced Mobile Broadband), mMTC(massive Machine Type Communication), and URLLC(Ultra Reliable and Low Latency Communications). For mMTC and URLLC scenarios, it was agreed to evaluate different channel codes, which are TBCC, LDPC, Polar and Turbo code. Especially for TBCC and Polar code, list decoding is available to increase the decoding performance. For the list decoding, CRC can be used to achieve the list gain. In this contribution we discuss multiple CRC design for TBCC list decoding. 

Discussion
In general, CRC is usually used for error detection. UE can assume that decoded signal has some errors if CRC check is failed. However, in list decoding algorithm, CRC is used for achieving list gain. Therefore, error detection capability can be reduced and the probability of undetectable error can be increased which cannot be corrected anymore. If the result of CRC is 0, UE may assume that decoded signal is correct. However, there is a possibility of the remaining error even if CRC succeed, and this error can be defined as an undetectable error. To prevent the increase of the undetectable error, we can separate the objective of CRC to achieve both error correction and error detection capability. There can be two different CRC blocks with different purposes. Figure 1 shows an example of conventional CRC structure and multiple CRC structure.
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To verify the effectiveness of multiple CRC structure, we evaluate the performance of it in TBCC list decoding algorithm. For evaluation, we define undetectable error rate (UER) to measure the undetectable error and multiple CRC structure of Figure 1 is used. In our evaluation, CRC2 is used for list decoding algorithm and it is generated based on Data and CRC1. During the list decoding, receiver check CRC2 to find the most reliable result among the possible candidate signal in the list. On the other hand, CRC1 is used for conventional CRC purpose, to check the reliability of output of the list decoder. CRC1 is generated based on data only in our evaluation. In case of single CRC which has the conventional CRC structure of Figure 1, CRC is used for list decoding only. Simulation results are attached in Appendix.
Figure 2, Figure 3, and Figure 4 shows the FER results of single CRC and multiple CRC structures. According to these results, we can find that there is no performance degradation of FER performance by using multiple CRC structure compare to the single CRC structure. On the other hand, multiple CRC shows better performance than single CRC in terms of UER as shown in Figure 5, Figure 6, and Figure 7. 
Observation 1: Multiple CRC shows better performance than single CRC in terms of UER, while preserving its FER performance.
Proposal 1: Multiple CRC with different purposes can be considered to enhance the error detection capability.

2. Conclusion
In this contribution, we discuss multiple CRC design for list decoder. Also we present performance results to evaluate the multiple CRC with TBCC list decoding results and compare it with conventional CRC structure. The observations of our contributions are as follows:
Observation 1: Multiple CRC shows better performance than single CRC in terms of UER, while preserving its FER performance.
Proposal 1: Multiple CRC with different purposes can be considered to enhance the error detection capability.
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