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1. Introduction
In RAN1 #88 meeting and the last NR ADHOC meeting, following agreements were made [1]:
	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
Agreement: 
· Built-in puncturing of systematic bits is supported for LDPC coding, that is:
· At least for the initial transmission, the coded bits are taken after skipping the first Nsys,punct  systematic bits 
· Nsys,punct is selected from: 0, Z, and 2*Z
· The rate matching for LDPC code is circular buffer based (same concept as in LTE)
· The circular buffer is filled with an ordered sequence of systematic bits and parity bits
· FFS: Order of the bits in the circular buffer
· For IR-HARQ, each Redundancy Version (RV), RVi,  is assigned a starting bit location Si on the circular buffer
· For IR retransmission of RVi, the coded bits are read out sequentially from the circular buffer, starting with the bit location Si
· Limited buffer rate matching (LBRM) is supported


In this contribution, we discuss about code block segmentation, CRC attachment, and rate matching of coding chain.
2. Code block segmentation and CRC attachment
At the last meeting, the largest information size of LDPC codes Kmax is determined by 8192 or near 8192. If the size of a transport block (TB) is longer than Kmax, it is segmented into several code blocks and encoded separately at the transmitter. At the receiver, each code block is decoded individually but all code blocks segmented from the TB should be successfully decoded to recover the information of the TB. Thus, the maximum code block error rate (BLERCB) of the CBs should be minimized to maximize the successful receiving probability of the TB. Here, the maximum BLERCB is minimized by maximizing the minimum size of the CBs, because the BLERCB decreases as code block size increases, and the minimum size of the CBs is maximized by code block segmentation of equal size. That is, equal size code block segmentation of a TB should be employed to maximize the successful receiving probability of the TB.
At the last meeting, a working assumption about a CBG-based (re)transmission was made. If CBG-based retransmission was employed, all CBs in a CBG should be successfully decoded to avoid retransmission of the CBG. Thus, in the same manner as for code block segmentation of a TB, the retransmission probability of a CBG was minimized when the CBs of the CBG has the same size.
We think that the successful receiving probability of TB should be maintained although CBG-based retransmission is used. To do this, a TB should be segmented into equal size code blocks with/without CBG-based (re)transmission. Then, following options can be considered.
· Option 1: Equal size code blocks and unequal size code block groups
· Option 2: Equal size code blocks and equal size code block groups
Here, equal size CBG segmentation of a TB (Option 2) could induce performance degradation by increasing the number of CBs in a TB. Let the size of a TB be 5Kmax, the number of CBGs be 2. If equal size CBG segmentation is used, the CBG size is 2.5Kmax. Then, the CB size is about 0.83Kmax and the number of CBs in a TB is 6. If unequal size CBG segmentation is used, the sizes of CBG 1 and 2 can be respectively set as 2Kmax and 3Kmax. Then, the CB size is Kmax and the number of CBs in a TB is 5. That is, the CBG retransmission probability of equal size CBG segmentation is higher than unequal size CBG segmentation and equal-size CBG segmentation has a lower successful receiving probability of the TB than unequal size CBG segmentation.
Proposal 1: Equal size code block segmentation of a TB should be supported with/without CBG-based (re)transmission.
Proposal 2: Unequal size code block groups of a TB should be supported.

TB CRC can be used to check the data integrity at the receiver for both cases with/without CBG-based retransmission. Different to Turbo codes, LDPC codes can detect error by syndrome check. However, the reliability is not sufficient when the number of parity bits is short (i.e. code rate is high), because the reliability of syndrome check depends on the Hamming distance of the parity check matrix. Thus, TB CRC can be attached to improve the reliability of error detection and at least the length of TB CRC should be selected to meet the error detection probability at the highest code rate given by the parity check matrix without parity bit puncturing. 
 CB CRC can be used for early termination of decoding and efficient soft combining of HARQ. If a UE fails to decode a single CB in a TB or a CBG, gNB will retransmit the TB or CBG. Then, the UE receiving the retransmitted TB or CBG don’t need to decode the CBs which are successfully decoded at the first transmission if the UE knows what CBs are successfully decoded. It will decrease the energy consumption and decoding latency of the UE.
Proposal 3: At least, the length of TB CRC should be long enough to meet the required error detection probability at high code rate.

3. Rate matching
Circular buffer-based retransmission and employing Redundancy Version (RV) were agreed at the last NR ad-hoc meeting. RV assigns a starting bit location Si on the circular buffer. Here, the starting bit location can be set in unit of permutation matrix size Z for easy addressing RV in QC- LDPC codes.
Shortening of LDPC codes were also agreed at the last NR ad-hoc meeting. When shortening is applied, two options can be considered. The first option is to store shortened bits at the circular buffer as shown in figure 1. The second option is not to store shortened bits at the circular buffer as shown in figure 2.
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Figure 1. Case of storing shortened bits at the circular buffer
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Figure 2. Case of not storing shortened bits at the ciccular buffer
Since the coded bits are read out sequentially from a starting bit location Si on the circular buffer, the operation of circular buffer is changed whether storing shortened bits or not as follows:
· (Opt 1: storing shortened bits) Starting bit location Si of the i-th redundancy version is not changed although shortening is applied. Thus, it is easy to set the starting bit location Si in unit of Z. However, shortened bits should be skipped while read out coded bits from the circular buffer.
· (Opt 2: not storing shortened bits) Starting bit location Si of the i-th redundancy version could be changed according to the size of shortened bits because the starting position of parity bits could be changed according to the number of shortened bits. Thus, it is not easy to set the starting bit position Si in unit of Z.
Proposal 4: Further investigation on whether storing shortened bits at the circular buffer or not.

4. Conclusion
In this contribution, our proposals are as follows:
Proposal 1: Equal size code block segmentation of a TB should be supported with/without CBG-based (re)transmission.
Proposal 2: Unequal size code block groups of a TB should be supported.
Proposal 3: At least, the length of CB CRC should be long enough to meet the required error detection probability at high code rate.
Proposal 4: Further investigation on whether storing shortened bits at the circular buffer or not.
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