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1 Introduction
Per code block CRC has been proposed ([1]) to reduce the decoding complexity and minimize decoding latency and buffering. Discussions took place in RAN1 #49bis on the length of the code block CRC and whether transport block CRC is needed. It is also pointed out in [1] that removing the transport block CRC may lead to increase of miss detection of erroneous packets.
In this contribution, we propose a harmonized design of code block CRC that achieves the objective of reducing the decoding complexity, maintains a one CRC per code block structure, and provides equal error detection capability as transport block CRC as in HSPA and UMTS.   
2 Code block CRC design
In order to share the turbo decoding iterations among code blocks, the CRC checking is applied for each turbo decoding iteration. This requires the code block CRC to have very low miss detection probability. As this feature is desired by several companies, we propose to use a 16-bit CRC for each code block. In addition, in order to achieve the same error detection performance as in HSPA and UMTS, we propose to keep the 24-bit transport block CRC.
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Figure 1. Calculating the last code block CRC based on all bits in a transport block

This approach is illustrated in Figure 1. The transport block is segmented into three code blocks. A TB CRC is calculated for each transport block before the code block segmentation. After code block segmentation, a 16-bit Code block CRC is computed for each of the three code blocks. 

Note that a 16-bit code block CRC provides about a miss detection of 1.5(10-5, which is far less than the typical physical layer error rate requirement of 1(10-2. Nevertheless, this margin is not that much of an overkill as the 16-bit code block CRC is intended to be used in each turbo code iteration for CRC checking. Assuming maximum 8 iterations for turbo decoding, the worst case scenario of miss detection of error caused by the 16-bit CRC per code block is 1.2(10-4. Note that this error event contribute to the packet error of physical layer transmission, but does NOT contribute to a miss detection of error of the whole transport block, due to the presence of transport block CRC.  The miss detection of error for a transport block is maintained at 6(10-8. 
Also note that the code block CRC is only necessary when code block segmentation occurs. Thus the additional overhead due to the 16-bit CRC per code block is kept at minimal. On the other hand, the code block CRC enables significant reduction of decoding complexity and power saving.
3 Conclusion
In this contribution, we propose to add a 16-bit CRC for each code block. The 16-bit code block CRC can reduce the UE complexity and power consumption by allowing statistic multiplexing of decoding iterations among multiple code blocks and stop-decoding in the case of code block CRC failure, and enhance the pipelining capability of the decoding chain, especially for SIC receivers. In order to maintain the error detection performance, we propose to use a 24-bit CRC as the transport block CRC. 
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