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Introduction
In RAN1 #88bis [1] the following agreements for NR coding chain 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
Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.
· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.
· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs
· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.
· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.
· FFS: for the case of re-transmission
· FFS on details of each option
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]FFS: CBG is approximately aligned with symbol(s)
· Other options are not precluded

In this contribution, we discuss the coding chain for eMBB data channel and suggest NR should consider following design.
1) TB-level and CB-level CRC is supported, CBG does not contain any CRC attachment;
2) Flexible code sizes and variable rates including IR HARQ should be supported;
3) Bit rearrangement for high order modulation in HARQ transmission should be used to enhance LDPC decoding performance;
4) “Packet coding” as an outer code should be applied to enhance BLER performance and mitigate degradation caused by burst interference.
Coding Chain for Data Channel
The proposed coding chain for eMBB data channel is illustrated in Figure 1. The modules with dash line box are optional features for NR. All other modules have almost the same functionalities as those of LTE except for some modifications. 


[bookmark: _Ref480901405]Figure 1 Coding Chain for eMBB data channel
The processing steps that we will describe in detail later include adding CRC to the transport block, code block segmentation, code block CRC attachment, LDPC encoding, packet coding, rate matching, code block concatenation, scrambling and modulation.
1. 
2. 
1 
2 
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 with CB-level CRC to 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 terminated method is required for power-saving.
Moreover, during the HARQ procedure, Incremental redundancy 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. 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 [5], 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 including 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 2. 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).
[image: ]
[bookmark: _Ref481763907]Figure 2 Overhead due to CB-level CRC attachment 
TB-level and CB-level CRC attachment is illustrated in the following Figure 3：


[bookmark: _Ref480966678]Figure 3 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 CRC attachment.

Code Block Segmentation
Code block segmentation is a generic procedure applied before LDPC encoding whose function is to fragment a large TB into smaller code blocks, reducing the decoding latency of LDPC decoder. Code block segmentation is required to prevent increasing the complexity and memory burden of the decoder hardware.
In LTE, The mother code rate of the turbo codes is the same (e.g. 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 [2], 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. To such case TB can be segmented into different number of CBs, and the TBS table design for NR will be very complicate 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 (around 8000 bits).
LDPC codes proposed for NR will have 1-bit granularity in info block size  and will cover code rates from to, possibly 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 (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).

Zero-padding and LDPC Encoding
LDPC codes allow an extremely flexible code design that can be tailored to achieve efficient encoding and decoding. The LDPC encoder is systematic, i.e. it encodes an information block of size, into a codeword,, of size , by adding  parity bits obtained so that , where  is an  parity check matrix.
The parity check matrix of structured LDPC codes is partitioned into square subblocks (submatrices) of size. These submatrices are either cyclic-permutations of the identity matrices or zero matrices. The cyclic-permutation matrix  is obtained from the  identity matrix by cyclically shifting the columns to the right by  elements. The uniform base graph  of size  is illustrated as follows:


As to LDPC codes, shortening is done to obtain the desired. Given a base matrix with  base information columns and information block of  bits, the lift size  is decided to be the first element in  set that satisfies, where. Then the non-negative-one elements of the uniform base matrix are modified by a lifting function as follows:

Where  is the -th row, -th column element of the uniform base matrix,  is the -th row, -th column element of the modified base matrix, is the selected life size, is the maximum lift size.
 () padding bits are attached at the end of info block when necessary. The shortened information block is then encoded using the modified base matrix.

Packet Coding
[bookmark: OLE_LINK35]Different from LTE, NR considers scheduling with various TTI lengths. One example is the multiplexing of eMBB and URLLC, where the TTI length of URLLC can be much shorter than that of eMBB. It was agreed in RAN1#87 meeting that dynamics resource sharing between URLLC and eMBB is supported by URLLC scheduled traffic for NR DL, and URLLC transmission may occur in resources scheduled for ongoing eMBB traffic. 
An attractive solution for URLLC/eMBB multiplexing is puncturing, where mini-slots carrying URLLC pre-empt the transmission of scheduled eMBB resources. The pre-emption can be considered as burst interference.
The burst interference may erase a part of eMBB transmission and hence cause decoding failure of the code block even at high SNR. Interference handling and error correction mechanisms used in LTE such as HARQ and interleaving are not designed to handle such burst interference. Therefore, packet code as an outer code is proposed in [4] to improve BLER performance and mitigate degradation due to the burst interference caused by coexistence of different usage scenarios. Here, a parity packet of similar size as a CB is added to the transmission and the multi-bit feedback may trigger a retransmission of just the parity packet.
Packet coding can improve spectrum efficiency and throughput, as well as reduce the latency and complexity of encoder & decoder, while keeps similar performance with a long codeword. Furthermore, packet coding enables on-the-fly decoding which is critical for NR scenarios with tight complexity and latency targets.
Proposal 3: Packet coding should be considered for NR, to improve the error correction and HARQ performance and reduce complexity/ latency.

Rate Matching 
Similar as in LTE standard，an adaptive HARQ and a circular-buffer-based rate-matching scheme is used in NR. As illustrated in Figure 4, the LDPC encoder generates a stream of systematic bits and a stream of parity bits. The output of the LDPC encoder are then put into what can be described as a circular buffer with the systematic bits first, followed by the parity bits. During the HARQ rate-matching procedure, each transmission extracts consecutive bits from the circular buffer to an extent that matches the number of available resource elements in the resource block assigned for the transmission. The exact set of bits to extract depends on the redundancy version (RV) corresponding to different starting points for the extraction of coded bits from the circular buffer. The starting bit location  on the circular buffer can be obtained from the following expression [3]:

Where  is the redundancy version number for the transmission ( = 0, 1, 2 or 3), =0 for first transmission and =1 for first retransmission,  is the size of mother codeword, and  is the expanding factor (or lift size).


[bookmark: _Ref480991213]Figure 4 Circular buffer for rate-matching for IR-HARQ
As described in [3], the demodulated LLRs for high order modulation (modulation order, e.g 16QAM, 64AQM and 256QAM) can be divided into several groups with different amplitude. The value of LLR’s amplitude indicates the confidence degree (or reliability). The larger LLR’s amplitude is, the more reliable the LLR is. Therefore, the amplitude of demodulated LLRs for high order modulation has inherent variation even in AWGN channel. This unequal bit reliability of high order modulation can be exploited to enhance performance in HARQ transmission. 
[bookmark: OLE_LINK21]Typically as during HARQ procedure, there are some redundant bits between the 1st transmission and the 2nd transmission. In the decoder, the overlapping LLRs will be recalculated using chase combination. Since the start bit positions of all  are fixed for a certain length of mother codeword, the smaller the code rate is, the larger the size of overlapping bits will be. An example for 64QAM is depicted in Figure 5. The bits mapped in high (low) reliable bits of 16QAM for 1st transmission are mapped in low (high) reliable bits for 2nd transmission. And simulation result shows about 0.6 – 0.8 dB of performance gain is obtained for bit rearrangement for 2nd transmission compared to directly mapping for HARQ. More detail can be referred to [3]. Therefore a high order modulation bit rearrangement scheme for HARQ should be considered in NR.
Proposal 4: Bit rearrangement for high order modulation in HARQ transmission should be considered in NR.




[bookmark: _Ref480993750]Figure 5 Bit Rearrangement for 1st and 2nd Transmission
Code Block Concatenation
The code block concatenation only needs to be done when the number of code blocks is larger than one (C > 1). After each of the CBs is rate matched, all the CBs from the same TB are concatenated to form a codeword (CW).

Scrambling
For each codeword (CW), we propose to include a bit-level scrambling operation. Scrambling implies that the block of code bits delivered by the HARQ functionality is multiplied (exclusive-or operation) by a bit-level scrambling sequence. Without downlink scrambling, the channel decoder at the terminal could, at least in principle, be equally matched to an interfering signal as to the target signal, thus being unable to properly suppress the interference. By applying different scrambling sequences for neighboring cells, the interfering signal(s) after descrambling is (are) randomized, ensuring full utilization of the processing gain provided by the channel code.

Modulation
The downlink data modulation transforms the block of scrambled bits to a corresponding block of complex modulation symbols. The set of modulation schemes supported for the NR downlink may include QPSK, 16QAM, 64QAM and 256QAM corresponding to two, four, six and eight bits per modulation symbol respectively.

3 Conclusion
In this contribution, we discuss the coding chain design 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 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: Packet coding should be considered for NR, to improve the error correction and HARQ performance and reduce complexity/ latency.
Proposal 4: Bit rearrangement for high order modulation in HARQ transmission should be considered in NR.
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