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Introduction
In RAN1 #86, the channel coding candidates have been widely discussed for both data channel and control channel. It is concluded that the eMBB data channel coding scheme will be chosen at RAN1#86bis for 5G. Especially, selection of LDPC codes for eMBB data channel was supported by many vendors to provide performance and implementation advantages at high rate and large block length [1]. 
QC-LDPC has been well studied in many t-docs. Besides good performance, it can also well support IR HARQ, multiple code rates, and scalable block lengths and has efficient and mature implementation [2-6]. In chairman notes of RAN1 #86, it is encouraged to provide remaining details of LDPC, and in this contribution, we will provide our initial view on the LDPC structure when considering CRC. 

Discussion of code block segmentation
Code block segmentation is usually determined by the maximum code block size and transport block (TB) size. For example, in LTE Turbo, when the TB size is larger than the code block size, Z=6144, the code block segmentation will be performed [8]. Whether the code block segmentation is needed depends on the relationship between the maximum code block size, , and the maximum TB size, . If, the code block segmentation should be considered. Otherwise, the code block segmentation does not needed. 
The maximum code block size is usually determined by both the channel coding design and the system requirement. In [2], the maximum code block size can be 26800 while in [7], it is 8400. The maximum code block size is also constrained by the system requirement. For example, it is determined by the latency. Usually, when the code block size is large, the latency is large. The maximum TB size is usually determined by the amount of resource elements in each slots and the maximum MCS order. In NR period, considering that the available bandwidth can range from tens of MHz to several GHz in eMBB and the slot duration can also be configured dynamically based on the service types, the TB size has a large range and it is possible that the maximum TB size is larger than the maximum code block size. It is safer to design the code block segmentation scheme in NR.
Proposal 1: It is necessary to design the code block segmentation method for LDPC code especially in eMBB usage scenario.

Discussion of CRC attachment
To support the HARQ and ARQ, usually the CRC is added to the TB. For LTE turbo codes, the CRC is first attached to the end of the TB. If the TB is segmented into several code blocks, the CRC is also attached to each code block to fasten the NACK feedback. The length of CRC for data transmission is fixed as 24 bits. 


Different from Turbo codes, LDPC is a code with the function of parity check. The encoded LDPC code block, x, consists of K information bits and (N-K) parity check bits and it should satisfy the parity check matrix , which is , where H is an (N-K)*N parity check matrix (PCM). When doing channel decoding at the receiver side, the iterative decoding will terminate when the decoded code block, , satisfies the PCM unless the iteration number achieves the maximum value. If the decoded code block does not satisfy the PCM, it can be judged that the code block is not correctly decoded and a block error occurs. From this observation, we can conclude that LDPC code at least need fewer CRC bits than Turbo code to achieve the same error detection rate.
Observation 1: LDPC has the capability of parity check and can be used for judging whether a block error occurs and compared to Turbo code, fewer CRC bits are needed to keep the same error detection rate.
According to the theory of linear block coding, the total capability including error correction and error detection is limited, which means that if more error is corrected, less remaining error can be detected. Therefore, there may exist the risk for only using LDPC for error detection that the undetected error may be induced once more error is corrected by LDPC decoding. It is necessary to well evaluate the LDPC capability of error correction considering different LDPC parameter configuration. In the following, we will first provide some initial analysis of the impact of LDPC parameter configuration on the undetected error.
For linear block codes, the average undetected error rate can be expressed as [9]

,
where Pe denotes the bit error rate. From this expression, we can see that when either the number of parity check bits, N-K, increases or the number of information bits, K, decreases, the undetected error probability will decrease. When the number of information bits is small and the coding rate is rather low, the LDPC will have a low undetected error. Otherwise, the undetected error will be high. From the initial analysis, we can infer that whether CRC is needed or not depends on the LDPC parameter configuration. When the number of information bits is small and the coding rate is low, fewer or no CRC bits can be configured. When the number of information bits is large or the coding rate is high, more CRC bits may be needed to guarantee the low undetected error rate.
Observation 2: How many CRC bits are needed depends on the LDPC parameter configuration, including the code block size and the coding rate.
Proposal 2: It is necessary to evaluate the undetected error rate of LDPC codes with different numbers of CRC bits considering different LDPC parameter configurations. 
Once the CRC can be configured adaptively with LDPC parameters, fewer overhead will be introduced. For example, when the coding rate is low and thus fewer CRC bits are attached, the fewer number of encoded bits can be transmitted on fewer time and frequency resources. The spectrum efficiency can be correspondingly improved. The possible negative impact is that the procedure of CRC generation and detection becomes a little complex and the combination of the CRC configuration and the LDPC configuration should be known by the receiver in advance. It can be further discussed after evaluating the gain of the adaptive CRC configuration.

Conclusions
In this contribution, we discuss about the code segmentation and CRC issues for LDPC codes and we have the following observations and proposals:
Observation 1: LDPC has the capability of parity check and can be used for judging whether a block error occurs and compared to Turbo code, fewer CRC bits are needed to keep the same error detection rate.
Observation 2: How many CRC bits are needed depends on the LDPC parameter configuration, including the code block size and the coding rate.
Proposal 1: It is necessary to design the code block segmentation method for LDPC code especially in eMBB usage scenario.
Proposal 2: It is necessary to evaluate the undetected error rate of LDPC codes with different number CRC bits considering different LDPC parameter configurations. 
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