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In RAN1 #87, the agreement below was achieved for NR coding chain, 
Agreement:
· Before code block segmentation, LTB,CRC bit TB-level CRC are attached to the end of the transport block
· LTB,CRC <=24 bits
· LTB,CRC value is determined to satisfy probability of misdetection of TB error <=10-6
· Inherent error detection of LDPC codes is taken into account in determining the LTB,CRC value
Beside this agreement on TB CRC, the schemes of CRC attachment on CB or CBG were also discussed in the last meeting. This contribution discusses the CRC attachment for TB and CB, given the capability of CBG level feedback. 
 
Requirements on CRC
In LTE, 24-bit CRC is attached for each transport block (TB) to enable MAC layer forward error detection [2]. If TB size is larger than 6120 bits, one transport block is segmented into multiple code blocks (CBs), each attached with a 24-bit CRC. The generator polynomial of CB-level CRC and TB-level CRC is different. With the CB-level CRC, BS or UE can early stop CB decoding before reaching max iterations if the decoded bits pass CRC, and early stop TB decoding if one CB is wrong (not pass CB CRC on max iteration number).  Such two-level early stopping scheme was proved that the total required hardware resources and run-time power are reduced by at least 25% and 20%, respectively [1]. 
In the last RAN1 meeting, CB group (CBG) was discussed as the smallest retransmission unit for large TBS to increase HARQ efficiency. In case the CBG is agreed in RAN1 AI related to HARQ and its enhancements for NR, CBG-level ACK/NACK feedback would be necessary, calling for a reliable CBG-level error detection method. Besides, considering the total number of CBs in one CBG can be up to tens, CB & CBG level early stopping method are required for power-saving. For small and median TB sizes, CB may not be grouped, the same CRC attachment scheme as LTE is enough to enable TB error detection and CB & TB level early stopping. 
Observation 1: Depending on the decision related to HARQ and its enhancements for NR, CRC attachment for NR eMBB data channel may consider 
· TB level error detection with limited false alarm rate
· CB & TB level early stopping for small and median TBS 
· CB-group level error detection with limited false alarm rate for large TBS
· CB & CBG level early stopping for large TBS 

CRC attachment design 
Based on observation 1, we propose to maintain CRC attachment structure in LTE as shown in fig.1 and fig.2, where TB and CB level CRC are 24-bit length using different generator polynomials. 
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Figure 1 CRC attachment for small and median TBS
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Figure 2 CRC attachment for large TBS
First of all, 24-bit TB CRC length can achieve reliable TB level error detection. It is well-known that the maximum transport block length should not exceed 2r-1-r-1 to ensure stable error detection for single, double, triple and any odd number of errors [3], where r is the CRC length. 24-bit CRC supports 8,388,583 bits of maximum TBS while 16-bit CRC only supports 32,751 bits of maximum TBS. Considering the potential maximum TBS in NR is much larger than LTE, 24-bit is a reasonable length for TB CRC.
Proposal 1: 24-bit TB CRC should be applied for NR eMBB data channel. 

If there is no CB group (e.g. CB number is too small to be grouped), 24-bit CB CRC should be attached to enable TB and CB level early stopping. One may argue that due to LDPC’s inherent error detection capability, CB CRC length can be less than 24 bits. However, as long as CB CRC is applied, TB must be larger than 8192. After segmentation, the minimum CBS is at least larger than 4096. No matter CRC length is 16 or 24 bits, it does not impose any obvious impact on BLER performance. Besides, LTE-turbo also has the inherent error detection capability which is considered LTE design [5].  Thus, CB CRC length for NR should be the same as for LTE.
If CBG is applied (e.g. CB number is large), we should consider CB and CBG level early stopping and CBG error detection capability. CBG can feedback ACK only if all CBs within this CBG are passed their own CRC. In this manner, CBG error detection is realized. One concern is the false alarm rate (FAR) of CBG PCBG as expressed below:


where PCB is the FAR of one CB, and M denotes the total CB numbers in one CBG. Let’s assume PCB equals to the FAR of a (24+α)-bit CRC, whereαis the equivalent extra CRC length due to LDPC inherent detection feature. The baseline PCBG is the FAR of a 24-bit CRC. 
Fig.3 shows PCBG with α=4, 6, 8 and M=1:25. In most cases, 24-bit CB CRC is sufficient to support reliable CBG error detection. Learning from [4], LDPC inherent detection capability is equivalent to 8-bit CRC length, thus we can conclude 24-bit CRC is enough for CBG feedback with FAR lower than 2^(-24). 
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Figure 3 False alarm rate of a CBG for large TBS
Proposal 2: 24-bit CB CRC should be applied for NR eMBB data channel. 
Proposal 3: If CBG is agreed, a CB group error should be detected by checking CRC of each CB which is located in that CB group.

Conclusions
This contribution describes a design of CRC attachment for NR eMBB data channel. It shows 24-bit CB and TB level CRC is sufficient to support required NR functions.
In summary, the proposed design has the following characteristics: 
Observation 1: Depending on the decision related to HARQ and its enhancements for NR, CRC attachment for NR eMBB data channel may consider
· TB level error detection with limited false alarm rate
· CB & TB level early stopping for small and median TBS 
· CB-group level error detection with limited false alarm rate for large TBS
· CB & CBG level early stopping for large TBS 
Proposal 1: 24-bit TB CRC should be applied for NR eMBB data channel. 
Proposal 2: 24-bit CB CRC should be applied for NR eMBB data channel. 
Proposal 3: If CBG is agreed, a CB group error should be detected by checking CRC of each CB which is located in that CB group.
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