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1. Introduction
For the segmentation, it was agreed in RAN1#88 as below.
	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



In this contribution, we will focus how to segment and concatenate code block when TBS is larger than KCB,max – LTB,CRC. 
2. Discussions
To support flexible code sizes several issues need to be investigated, e.g., how to segment TB (Transport Block) to CB (Code Block), how to decide number of zero padding bits and how to concatenate the segmented TB. In this contribution, we discuss the above issues.

1 
2 
Code Block Segmentation 
Segmentation is a basic technique to support input bits longer than the maximum information size for channel coding [1]. The information block is segmented into two or more CBs of which length is less than or equal to maximum code block size of LDPC (K_CB,max) codes. 
Segmented TB size 
For the segmentation, one of the issues to be discussed is segmented TB size. The difference of segmented TB size can be at most one bit. As an example, the size of each segmented TB can be further defined as below.
· The number of segmentation: 
·  where  is maximum CB size
· The number of segmentation: 
· First segmentation size:  
· Number of segmentation of :  
· Second segmentation size: 
· Number of segmentation of : 
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[bookmark: _Ref480881886]Figure 1. Example of segmented TB

Proposal 1: The difference of segmented TB size is at most one bit.

CB sizes with Z value
For LDPC encoding, the lifting is applied to a given exponent matrix with  submatrices in parity check matrix as in [3]. Given determined Z value, (ZxKb,max – K) zero bits are attached to segmented TB where  is maximum information column blocks in base matrix. Therefore, size of CB including zero padding bits is ZxKb,max. Hence, the other issue related segmentation is how to determine the Z values. Here, Z can be selected with two approaches as below and depicted in Fig 2.
· Alt 1. Same value of Z 
·   s.t. 
· Alt 2. Different values of Z
·   s.t. 
·   s.t. 
where the sets of lifting factors (S),  is as below [2]:
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Figure 2. Example of CB generation

Proposal 2: Discuss Alt1 and Alt2 on lifting value for each segmentation

Code Block Concatenation 
After each of the CBs is rate matched, all the CBs from the same TB are concatenated to form a codeword (CW) – which is later mapped to a sequence of QAM symbols. In LTE, a simple concatenation scheme where all the CBs are stacked into one sequence is adopted. 
Although the same scheme can be adopted for NR, transmission bandwidth is expected to be significantly larger for NR especially for >6GHz scenario. In this case, when a large TB consisting of many CBs is mapped onto an allocated resource (RBs), it is beneficial to ensure that the QAM symbols (hence the bit sequence) from each CB are mapped across the allocated transmission bandwidth. By doing this, each CB may experience more or less similar frequency-selective channel which reduces the risk of losing a few of CBs due to deep channel fades.
Therefore, an interleaver can be added into the CB concatenation operation after stacking all the CBs from the same TB so that the bits from each CB can be spread across the allocated transmission bandwidth (rather than, e.g. localized within a confined set of RBs in frequency domain). Such interleaving should be designed with the following criteria:
First, as evident, any interleaving operation (be it in time or frequency domain) impacts CB decoding latency. The extent to which the latency is increased can be dependent on gNB or UE implementation. However, it is typically understood that confining a CB within the same number of OFDM symbols which it would occupy without the interleaving operation is desirable. For instance, when the number of CBs (essentially the number of segmentations C) is larger than the number of OFDM symbols per slot (e.g. either 7 or 14), a CB is expected to be confined within a single OFDM symbol. This can be termed as maintaining the time-domain span of each CB.   
Second, this should only be done when C is sufficiently large (since the purpose is to ensure that each CB has sufficient frequency diversity). A reasonable condition would be, for instance,  where is the number of OFDM symbols per slot and  is a large integer. 
Third, to provide maximum frequency diversity without increasing the time-domain span of each CB, it is sufficient to performing interleaving across QL-bit-groups where Q is the number of bits per modulation symbol (2, 4, 6, and 8 for QPSK, 14QAM, 64QAM, and 256QAM, respectively) and L is the number of layers associated with the CW (=1, 2, 3, or 4). This is to ensure that all the modulation symbols within each layer experience more or less the same frequency diversity.
Fourth, a simple row-column interleaver where the stream of bit-groups from a CW is first written across rows then columns, and first read across columns then rows, can be used. The number of rows can be set as  which should provide maximum span in frequency-domain while maintaining the same time-domain span (cf. the first time-domain criterion).

Proposal 3: Support frequency domain interleaving interleaver after CB concatenation with the following design criteria: 
· Each CB is confined within the same number of OFDM symbols which it would occupy without the interleaving operation (i.e. maintaining the same time-domain span of each CB)
· This frequency interleaving is used only when  where is the number of OFDM symbols per slot and  is a large integer (value of  is FFS)
· Interleaving is performed across QL-bit-groups where Q is the number of bits per modulation symbol (2, 4, 6, and 8 for QPSK, 14QAM, 64QAM, and 256QAM, respectively) and L is the number of layers associated with the CW (=1, 2, 3, or 4)
· The interleaver is implemented as a row-column interleaver where the stream of bit-groups from a CW is first written across rows then columns, and first read across columns then rows, can be used. The number of rows is set as .
4. Conclusion
In this contribution, we propose

Proposal 1: The difference of segmented TB size is at most one bit.
Proposal 2: Discuss Alt1 and Alt2 on lifting value for each segmentation
Proposal 3: Support frequency domain interleaving interleaver after CB concatenation with the following design criteria: 
· Each CB is confined within the same number of OFDM symbols which it would occupy without the interleaving operation (i.e. maintaining the same time-domain span of each CB)
· This frequency interleaving is used only when  where is the number of OFDM symbols per slot and  is a large integer (value of  is FFS)
· Interleaving is performed across QL-bit-groups where Q is the number of bits per modulation symbol (2, 4, 6, and 8 for QPSK, 14QAM, 64QAM, and 256QAM, respectively) and L is the number of layers associated with the CW (=1, 2, 3, or 4)
· [bookmark: _GoBack]The interleaver is implemented as a row-column interleaver where the stream of bit-groups from a CW is first written across rows then columns, and first read across columns then rows, can be used. The number of rows is set as .
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