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Introduction
In RAN1 #88bis [1], the following agreements were made 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Agreement:
· Number of bits for TB-level CRC is: LTB,CRC =24 bits, at least for TBs larger than a threshold (e.g. around 512 bits)
· FFS the value of LTB,CRC for TBs smaller than the threshold, and the value of the threshold (0 is not precluded)
· If a TB is segmented into 2 or more CBs after code block (CB) segmentation,
· CB-level CRC is applied, i.e., CRC bits are attached to each code block individually (as in LTE)
· Number bits for CB-level CRC is: 0 < LCB,CRC <= 24 bits
· Exact value(s) LCB,CRC are to be agreed after base graph(s) are agreed, taking into account inherent LDPC PC capability
· FFS whether for a code block group (CBG) containing 2 or more CBs but not all CBs of the TB, any additional CRC bits are attached to the CBG
· To be decide after decision on the value(s) of LCB,CRC 
Agreement:
· For TB of size TBS > KCB,max – LTB,CRC, the TB is segmented into multiple CBs
· The CBs may be further grouped into code block groups (CBGs)
It is not precluded that CBGs in a given TB may contain different numbers of CBs
Working Assumption: 
· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined is {8448, 384} => Kbmax = 22
· To be confirmed automatically at RAN1#89 if no significant implementation or performance issues are identified. 
· The base graph supporting Kmax should support the following set of shift sizes Z, where :
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In RAN1 #89 [2], the following agreements were reached
Agreements:
· FFS: how CB sizes are determined within a TB
· One of the following approaches will be selected at June Adhoc for determining the Z values of code blocks within a TB:
· Alt 1. Same value of Z 
· Alt 2. At most two different values of Z for a given TB

In this contribution, we mainly discuss CRC attachment and code block segmentation for eMBB data channel in light of these current agreements.
CRC Attachment
[bookmark: OLE_LINK38][bookmark: OLE_LINK37]Similar to LTE, we propose two-level CRC attachment for eMBB data channel in NR. First of all, a TB-level CRC is calculated for and appended to each transport block (TB). After code block segmentation, a CB-level CRC is appended to each code block (CB). TB-level CRC allows for receiver-side detection of errors in the decoded transport block. The number of bits for TB-level CRC is 24 bits for TB size larger than a threshold (e.g. around 256 or 512 bits), and can be less than 24 bits for TB size smaller than the threshold to reduce CRC overhead. TB-level CRC may reuse CB-level CRC for TB size smaller than a threshold, i.e. TB-level CRC may use the same CRC length and generator polynomial as CB-level CRC in such case.
In order to reduce the implementation complexity and latency, the code block size is limited to a certain number of bits referred to as maximum code block size. If the TB, including the TB-level CRC, exceeds this maximum code block size, code block segmentation is applied before the LDPC encoding. The TB is segmented into code blocks (CBs), and then CBs are further logically grouped into CBG (CB group). It was agreed as working assumption in RAN1#88 that CBG based (re)-transmission for the same TB of a HARQ process is supported in NR to improve retransmission efficiency. One CBG may include tens of CBs; therefore CB-level early termination method is desired for power-saving.
Moreover, during the HARQ procedure, Incremental Redundancy (IR) is used as the soft combining strategy and the receiver buffers the soft bits to be able to perform soft combining between transmission attempts. Meanwhile the receiver-side only needs to store hard decoded bits of successful decoding CBs. To match the undetected error probability of 24-bit CB-level CRC in LTE, the inherent parity check of LDPC code is not always sufficient, especially when the mother code rate is high and the number of parity bits is quite small. Therefore CB-level CRC should be utilized to enhance performance of error detection. On one hand, CB-level CRC can be applied for early termination of LDPC decoding of a CBG, i.e. the receiver-side can terminate the iterative decoding of a CB which passes CRC without reaching the maximum iteration times, or when a former CB is in error, then decoding of all remaining CBs of the same CBG can be skipped. On the other hand, together with inherent parity check of LDPC code, CB-level CRC can enhance decoding performance, reduce the probability of undetected error of CB, improve the HARQ efficiency and to an extent reduce the HARQ buffer size.
CBG-base HARQ-ACK feedback can be realized by CB-level checking. CBG can feedback ACK only if all CBs of the CBG are passed their own CRC. The false alarm rate (FAR) of CBG can be obtained by the following expression:

whereis the FAR of one CB, and  is the number of CBs in the CBG. The baseline is FAR of 24-bit CRC. Considering that, where  is the extra false alarm detection capability due to the inherent parity check feature of LDPC codes, and  is less than for k=1000 bits with different code rates according to the simulation results in [3], 24-bit CB-level CRC () is sufficient for CBG feedback with FAR lower than  since the number of CBs per CBG is not likely to be larger than  and the CB size would not be smaller than 1000 bits for CBG contains more than one CB. Therefore CBG-level CRC is not necessary at all. 
For the case of CB-level CRC, the CRC overhead can be obtained by. Given, with information block ranging from 40 to 8448 bits is shown in the following Figure 1. In order to reduce the CRC overhead, CB-level CRC length can be less than 24 bits for CB size smaller than a threshold (e.g. around 256 or 512).
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[bookmark: _Ref481763907]Figure 1 Overhead due to CB-level CRC attachment 
TB-level and CB-level CRC attachment is illustrated in the following Figure 2：


[bookmark: _Ref480966678]Figure 2 Code block segmentation and CRC attachment
[bookmark: OLE_LINK8]Proposal 1: TB-level and CB-level CRC is supported for NR eMBB data Channel; CBG does not contain any additional CRC attachment.

Code Block Segmentation
Code block segmentation is a generic procedure applied before LDPC encoding whose function is to divide a large TB into multiple smaller code blocks, reducing the decoding latency of LDPC decoder. Code block segmentation is required to reducing the complexity and memory burden of the decoder hardware.
In LTE, the mother code rate of the turbo codes is always the same (i.e. 1/3) for all (information block size) which allows for the simple code block segmentation rule. If the TB, including TB-level CRC, exceeds the maximum code block size  = 6144, the TB is segmented into multiple CBs. According to Table 7.1.7.2.1-1 in [4], different entry may be related to the same TBS, i.e. code block segmentation is independent of transmission code rate but only depends on the TBS. The number of CBs can be obtained by. In order to ensure that a transport block of arbitrary size can be segmented into code blocks that match the set of available code-block sizes, the specification includes the possibility to insert“dummy” filler bits at the head of the first code block. However, the set of transport-block sizes currently defined for LTE has been selected so that filler bits are not needed.
Similarly, different transmission code ratemay be related to the same TBS in NR. If the maximum codes block size for code block segmentation is decided by transmission code rate, there will be different  with different to the same TBS. In such case TB can be segmented into different number of CBs, and the TBS table design for NR will be very complicated to eliminate or reduce the number of filler bits (padding bits). In order to maintain LDPC decoding performance and also simplify the TBS table design, can be fixed to 8448 bits (or around 8000 bits).
LDPC codes proposed for NR will have 1-bit granularity in info block size  and will cover code rates from to, even including lower code rates for smaller. The number of different combinations of info block sizes and code rate to be supported will be very large. Due to limited buffer size, can be calculated based on both the code rate and circular buffer size () for DL transmission to maximize coding gain.
In RAN1#88bis meeting, it was agreed to consider that CBG is approximately aligned with symbol(s). Therefore may be decided by the length of CBG as well. 
Proposal 2: for CB segmentation may take the following options into account:
Option 1: can be fixed to 8448 bits (or around 8000 bits) to reduce the number of padding bits and also simplify the TBS table design.
Option 2: can be calculated by the both the code rate and circular buffer size () for DL transmission.
Option 3: may be decided by the length of CBG to align CBG with symbol(s).

As to LDPC codes, shortening is done to match the TB segments (CB) with the lifted basegraph information blocks. Given a base matrix with  base information columns, a CB of bits, and a determined lift size, () padding bits are attached at the end of CB when necessary. How to determine the CB size and the corresponding Z values is an important issue we should carefully consider here.
Take =8448 for example, the segmented information block size may not be less than 4224 bits. Similar to the early release of LTE, it is generally sufficient to segment the TB into two groups of uniformly sized code blocks in NR. The performance of LDPC BG1 with the exemplary shift coefficients from RAN1 email reflector is shown as the following Figure 3. It can be observed that loss in coding gain is negligible especially for CB size larger than 4000 bits by taking this segmentation approach.
Proposal 3: TB should be segmented into uniformly sized code blocks in NR.
[image: ]

[bookmark: _Ref485464621]Figure 3 Performance of LDPC BG1 with different info. block lengths
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Given the number of CBs (and CB sizes) that result from the previous uniformly segmentation, the construction of the base graph to encode these CBs involves selecting the appropriate lift size. Considering the coarse set of lifts agreed in RAN1#88bis [1], the lift size  should be chosen to be the first element in the set that satisfies, where. Given TB size (with TB CRC) range from 8445 to 97896 with granularity of 128, there are only 17 cases that the number of zero padding bits (shortening bits) is different for applying the same values of Z and the different values of Z for the given TB, which is merely 2.4% of the total 699 cases. Furthermore, from the performance standpoint, loss in performance can be negligible by using the same Z values. Assume that =8448 and =22, given a TB (with CRC) of 8449 bits, the TB can be segmented into two uniformly code blocks with size of 4224 and 4225 bits respectively. For construction of the base graph to encode these CBs, two lift sizes of 192 and 208 (or larger Z value) can be selected respectively to minimize shortening bits, or the same Z value of 208 (or larger Z value) can be chosen to simplify implementation. The performance comparison between CB of 4224 bits with matched Z value of 192 and CB of 4225 bits with Z value of 224 (optimized in LDPC BG1 solution) is illustrated as the following Figure 4. It can be observed that shortening has negligible impact on performance in the case. Therefore it is not necessary to use different values of Z for a given TB.
Proposal 4: Same value of Z should be used for a given TB.

[image: ]
[bookmark: _Ref485464675]Figure 4 Performance comparison

Conclusion
In this contribution, we discuss CRC attachment and code block segmentation for eMBB data channel, and the following summarizes the proposals:
Proposal 1: TB-level and CB-level CRC is supported for NR eMBB data Channel; CBG does not contain any additional CRC attachment.
Proposal 2: for CB segmentation may take the following options into account:
Option 1: can be fixed to 8448 bits (around 8000 bits) to reduce the number of padding bits and also simplify the TBS table design.
Option 2: can be calculated by the both the code rate and circular buffer size () for DL transmission.
Option 3: may be decided by the length of CBG to align CBG with symbol(s).
Proposal 3: TB should be segmented into uniformly sized code blocks in NR.
Proposal 4: Same value of Z should be used for a given TB.
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