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Introduction
In the RAN1 #84bis meeting, several channel coding schemes were proposed for NR system and those can be classified as: LDPC code, polar code, convolutional code (LTE and/or enhanced convolutional codding) and turbo code (LTE and/or enhanced turbo coding). 
In this contribution, we introduce quasi-cyclic (QC) LDPC codes with layered structure and address that they are suitable for multi-Gbps applications since the layered structure makes it easy to optimize decoding parallelization. 
Quasi-Cyclic LDPC code
1 
2 
A QC LDPC code is characterized by the parity-check matrix which consists of small square blocks which are the zero matrix or circulant permutation (right-shifted identity) matrices. Let  be the  permutation matrix defined by

Note that  is just the circulant permutation matrix which shifts the identity matrix  to the right by  times for any integer , . For simple notation, we denote the  zero matrix  by.
Let  be the  matrix given by 

where  are exponent indices of permutation matrices,  and  are the numbers of column and row blocks, respectively. Then the code with parity-check matrix  is referred to as a quasi-cyclic (QC) LDPC code. Furthermore, let  be the expoment matrix of  given by

One advantage of QC LDPC codes is length compatibility. QC LDPC codes of variable length can be easily obtained by adjusting the size of circulant permutation matrices in . An example of a parity-check matrix for a  QC LDPC code with  and  is given by 

where  is the  zero matrix and  is the  identity matrix. 
Layered architecture for high data throughput
3 
4 
In [1], Samsung proposes QC LDPC code whose parity-check matrix has a conceptual structure depicted in Figure 1. As shown in Figure 1, the proposed code can be regarded as a concatenated QC LDPC code of IEEE 802.11n-like code and many single parity-check codes. 
An important characteristic of the proposed code is the row-orthogonal property (so-called layered structure). The row-orthogonal property means that each column block belonging to two or more row blocks has at most weight-1, i.e., there is no overlapped circulant permutation matrix among the row blocks, as shown in Figure 1 [3], [4]. The row-orthogonal property is first adopted in IEEE 802.11ad [3] to support very high decoder throughput. Since multiple row blocks without overlapped circulants can be regarded as one row block, the row-orthogonal property makes a highly-parallelized implementation possible. In other words, QC LDPC codes with layered structure are suitable for multi-Gbps applications.
[image: ]
Figure 1. Structure of proposed QC LDPC code for high data throughput 
In Figure 1, 802.11n-like code (Part-1 submatrix) has a small number of layers with few  zero matrices, but Part-2 submatrix has more and sparser layers. If the decoder processes a matrix layer by layer, Part-1 submatrix can be processed in fewer sub-iterations with less hardware wasted on  zero matrices compared to Part-2 submatrix. However, Part-2 submatrix has a special structural feature; they have groups of non-overlapping row blocks. Figure 2 shows an example for parity-check matrix with 3 row blocks and 2 layers. The non-overlapping row blocks can be effectively combined together to form a compressed matrix, and each compressed layer can be processed as one. 
[image: ]
Figure 2. Example of compressing matrices with 2 layers 
Figure 3 shows conceptual operations for layered decoding based on min-sum algorithm. Consider a decoder that has the variable nodes fully parallelized and the check nodes fully layer-serialized. To process the first row block (1st layer), the variable nodes send their messages to the corresponding input on the check node. To process the second and third row blocks (2nd layer) simultaneously, the variable nodes connected to the second row block route their inputs to the top of the compare-select (CS) tree, and the variable nodes connected to the third row block route their inputs to the bottom of the tree. Figure 3 shows this process for one of the check nodes with the first row block (1st layer) being processed at the top-right of the figure and the second and third row blocks (2nd layer) being processed at the bottom-right. The variable nodes in the figure represent the one variable node out of the variable node group that connects to the check node. Consequently, Figure 3 shows that layer-structured QC LDPC codes make it possible to implement highly-parallelized, fully-pipelined LDPC decoder by appropriately combining the non-overlapping row blocks.
[image: ]
Figure 3. Example implementation of check node granularity 

Observation: Layer-structured QC LDPC codes are suitable for multi-Gbps applications since the layer-structure makes it possible to implement highly-parallelized, fully-pipelined decoder. 
Conclusion  
Layer-structured QC LDPC codes are suitable for multi-Gbps applications since the layer-structure makes it possible to implement highly-parallelized, fully-pipelined decoder. 
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