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1 Introduction

In RAN1 #NR Ad-Hoc meeting [1], discussions on CRC attachment for LDPC formed the following agreements. 

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
In RAN1 #88 meeting [2], some agreements and working assumptions are agreed for LDPC code design and code block group (CBG) based transmission as the following. 

Agreement: 

· Number of base graphs for eMBB is FFS between 1 and 2

· Evaluate the potential gains from 2 base-graphs compared to a single base-graph until RAN1#88bis

Agreement: 

· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs:
· {8192, 256}, {8192, 512}, {FFS near 8192, 320}
Working assumption:

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB
· CBG granularity is configurable
In this contribution, some aspects of CRC attachment for NR LDPC coding chains are discussed.
2 Discussion
2.1 Error detection capability of LDPC codes
In LTE systems, there are 24 CRC bits which are attached to a TB as TB CRC bits for error detection of the TB payload. Because the parity-check equations of LDPC codes can provide built-in error detection capability, therefore, it is possible to achieve smaller overhead for TB CRC as agreed in RAN1 #NR AH [1]. That means, by combining TB CRC with LDPC parity-check equations, the overall performance can be improved without sacrificing the error rate. 
In LTE, code segmentation is for CBs, and CB CRC with 24 bits are appended on each CB and used to achieve early termination of decoding. For eMBB with high throughput requirement in NR, it is necessary to limit the memory overhead and to reduce the latency of the decoding. In such cases, CB CRC structure per each CB can result in additional overhead. LDPC codes have been agreed to adopt in NR eMBB. Since LDPC codes can provide a built-in parity check capability according to the parity-check equations of LDPC codes, such capability can be used to reduce the CB CRC attachment. Therefore, the CB CRC structure may be not required for the purpose of early termination of decoding for NR systems.
Observation 1: The parity check capability of LDPC codes can be used to reduce CB CRC attachment.

2.2 CRC attachment for CBG-based transmission
In LTE systems, the scheduling unit is one subframe with one or two TBs, and there are several CBs per TB. In last RAN1 meeting, CBG-based transmission with single/multi-bit HARQ-ACK feedback was agreed to utilize the HARQ feedback with more than one bit per TB [2]. The CBG-based transmission for eMBB data is based on the CBs in a TB. For NR systems, CBG-based transmission can be more efficient than the retransmissions based on TB CRC, because CBG-based transmission can become a better solution to achieve a trade-off between the throughput performance and the feedback overhead.
For CBG-based transmission, the CRC structure should be re-designed in combination with the LDPC codes. Although the parity-check equations of LDPC codes can provide built-in error detection capability, however the error detection capability of LDPC codes cannot be sufficient as an indicator of the HARQ-ACK feedback. As a result, additional CBG-level CRC bits are required to be added for the CBG level HARQ. 
Figure 1 shows a CRC structure for CBG level CRC attachment for NR eMBB using LDPC coding chains. 
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Figure 1: CBG level CRC attachment for eMBB

The CBs including LDPC codes have built-in error detection capabilities that can be used at the CB level error detection and stop criteria. Therefore CB CRC may be not attached for the purpose of early termination of decoding. As shown in Figure 1, error detection of decoding is at CBG level with CBG CRC attachment for each CBG. The CB number in a CBG is related with the hardware structure, and need to further study. TB level CRC bits also facilitate the error detection.
In summary, we have following aspects for the capability of error detection. At first, LDPC parity-check equations in each CB are used for error detection. Then CBG CRCs check further decoding errors. Finally TB CRC facilitates final error detection check. Such aspects can increase the overall reliability of error detection with less overhead. 
In addition to design CRC attachment for NR, by adopting CBG level HARQ feedback, the code block segmentation may be changed comparing with LTE, therefore, the code block segmentation in NR should be redesigned.
Proposal 1: CBG level CRC attachment should be supported for CBG-based transmission.
Proposal 2: Code block segmentation should be redesigned due to CBG level HARQ feedback.
3 Conclusion

In this contribution, we discuss the CRC attachment for NR LDPC coding chains and give our observations and proposals as follows.
Observation 1: The parity check capability of LDPC codes can be used to reduce CB CRC attachment.

Proposal 1: CBG level CRC attachment should be supported for CBG-based transmission.
Proposal 2: Code block segmentation should be re-designed due to CBG level HARQ feedback.
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