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Introduction
In the RAN1 NR Ad-hoc meeting in January 2017, the following working assumption was made [1] that 
· For at least one base graph, 
· the parity check matrix consists of five sub-matrices (A, B, C, D, E)
A

C
D
E
B

· A may contain systematic and parity bits
· B: 
· B is not necessarily square
· One of the columns has weight-three 
· The columns of B after the weight-three column have a dual diagonal structure, e.g.:
[image: ]
· C is a zero matrix
· E is an identity matrix for the above base graph
· Other structures can be considered for other base graph(s), if any
· Can be revisited if another structure is shown to be superior in performance and complexity

Since the base matrix format affects efficient encoding and stable decoding performance, we should be careful to select the format. In other words, the selected format must be efficiently encodable and provide a stable decoding performance, regardless of channel conditions. 
[bookmark: _GoBack]In this contribution, we assert that the structure of a weight-three column and a dual diagonal structure in B should be adopted to support a stable performance. Some performance evaluation results show a potential risk of performance degradation if we select a wrong format. 
Block Dual Diagonal Structure with No Weight-1 Column
1 
2 
In this section, we compare the performance of parity-check matrices with two core matrix formats in the above base graph structure. 
The first core matrix format and its simple example are depicted in Figure 1 and 2, respectively. The core matrix [A B] includes a submatrix [Asub Bsub] such that the weight (or degrees) of all the columns in Asub is larger than or equal to 3 and that in Bsub is larger than or equal to 2, respectively. The second core matrix format and its simple example are depicted in Figures 3 and 4, respectively. The second format means that the base matrices of form [Asub Bsub] always have at least one weight-1 column. Note that Asub and Bsub in both core matrix formats are corresponding to information and parity bits, respectively, and Bsub is a square matrix.
In many cases, weight-1 columns provide a good coding gain for low rate codes at high FER region, however, it may induce an error floor for high rate codes. Therefore, we should analyse the effect of weight-1 columns for high rate codes, considering a potential risk for error floor. 

Figure 1. First format of a core matrix for high code rate

  
Figure 2. Example of the first format in Figure 1

 
Figure 3. Another format of a core matrix for high code rate


Figure 4. Example of the second format in Figure 3

To verify the potential risk, we conduct simulations for an extreme case. First, we use IEEE 802.11ad LDPC code with code rate 13/16 whose parity-check matrix is defined as follows [2]:
[image: ]
Note that the base matrix of 802.11ad code is the same as Figure 4 and it consists of 14 weights-3 columns, one weight-2 column and one weight-1 column. Each column and row is corresponding to 42 bits, respectively.
To compare the performance, we also conduct a simulation based on the base matrix whose format is the same as Figure 2. It consists of 14 weights-3 columns and two weight-2 columns. Each column and row is corresponding to 42 bits, respectively.
Simulation conditions are as follows:
· AWGN + Erasure channel (Erasures can be simply regarded as a deep fading)
· The last 42 bits are erased (punctured). 
· In the case of 802.11ad code, the last 42 bits are corresponding to weight-1 column block. 
· Decoding Iteration = 50

The simulation results are presented in Figure 5. Without any erasures, the performance of 802.11ad and no weight-1 LDPC codes is almost the same. However, if the last parity bits of 802.11ad LDPC code suffer from erasures, it induces a serious loss of coding gain. At FER = 10-4, the performance gap between 802.11ad (labelled as ‘W-1 bits Erased’ in Figure 5) and no weight-1 codes (labelled as ‘W-2 bits Erased’ in Figure 5) is about 1 dB. Of course, the simulation is conducted for an extreme case. However, it seems sufficient to show a potential risk due to weight-1 column block in core matrix for mobile channels with deep fading. 
Note that we have concern about only weight-1 columns in core matrix [A B] or its submatrix [Asub Bsub], NOT all weight-1 approaches, e.g., the identity matrix E in the parity-check matrix defined in working assumption at RAN1 NR Ad-hoc meeting in January 2017.

 [image: ] 
Figure 5. Simulation Result (R=13/16, Weight-1 approach vs. No Weight-1 approach)

Observation 1: The weight-1 columns in core matrix have a potential risk of error floor. The loss of coding gain becomes serious when the parity bits corresponding to weight-1 columns suffer from a deep fading.
Proposal 1: For the core matrix, we should select the following structure for the submatrix corresponding to the parity bits. 
[image: ]
 
Observations and Proposals 
In this contribution, we present the following observation and proposal: 

Observation 1: The weight-1 columns in core matrix have a potential risk of error floor. The loss of coding gain becomes serious when the parity bits corresponding to weight-1 columns suffer from a deep fading.
Proposal 1: For the core matrix, we should select the following structure for the submatrix corresponding to the parity bits. 
[image: ]
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