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Introduction
[bookmark: OLE_LINK10]In RAN1#88 [1], the following simulation assumptions were agreed for the LDPC codes:
Agreement: 
Working Assumptions made in January NR ad hoc was confirmed with modifications as follows 

· A corresponds to systematic bits
· B is square and corresponds to parity bits
· The first or last column may be weight 1
· The non-zero value is in the last row and this row is weight 1 in B
· If there is a weight 1 column, then the remaining columns contain a square matrix such that:
· First column has weight three
· The columns after the weight three column have a dual diagonal structure (i.e., main diagonal and off diagonal)
· If there is no weight 1 column
· B consists of only a square matrix such that:
· First column has weight three
· The columns after the weight three column have a dual diagonal structure (i.e., main diagonal and off diagonal)
E.g.:
[image: ]

In this contribution, we discuss the performance of LDPC codes. 
Description of the evaluate code
The evaluations are mainly performed based on the agreed simulation assumptions in [1]. Following notations are used for convenience:
Simulation description
· LDPC codes:
· Evaluation of decoding algorithm
· AWGN channel,
· QPSK Modulation, 
· Design code rate={1/5,,/3,2/5,1/2, 2/3, 3/4, 5/6, 8/9}, 
· Information block length(bits) ={400,512,1000,1024,2000,2048,8000,8192},
· BP decoding algorithm, max iteration number=50.



Characteristic of LDPC codes

In this section, some key characteristics of LDPC parity-check matrix are discussed.

· Structure of parity check matrix

[bookmark: _GoBack]The considerations of the number of base matrices in the LDPC code design include the performance and implementation complexity.     The design of a routing network, which is directly related to the specific design of a base matrix, is the key aspect in determining the implementation complexity in considerable area overhead and clock delay.  The overlying structure, which several different base graphs share a routing network, increases the implementation complexity of LDPC code even more.  Especially in high code rate cases, the connection between CNUs and VNUs is more intensive than that of lower code rates.  , This will result in high complexity of wire overlying issue. Therefore, a LDPC code family with multiple base graphs will exponentially increase the complexity of the routing network in the decoder. In addition, one base matrix is sufficient to cover all code rates with sufficient performance.   It is not necessary to employ two or more base matrices.

Proposal 1: One base matrix design should be adopted.
· The largest info block size of LDPC code Kmax and the largest shift size Zmax.
 The shift size Zmax determines the number of parallel processing of LDPC codes.  Zmax=512 will double of the number of parallelism r than that of Zmax=256.  A Z-lifted design can be transformed into a row orthogonal Z/2 design and consequently reach a higher peak throughput.  Furthermore,  less rows in base matrix can ease the implementation of routing network. To achieve the same target, the design of LDPC code with Zmax=256 needs double number of core than that with Zmax=512.   It also implies that the scheduling and routing will be more complex in the design with Zmax=256.  Thus, LDPC code design with Zmax=512 should be adopted since the higher throughput and lower complexity it brings than Zmax=256.
Proposal 2:  We propose that the largest info block size of LDPC code Kmax and the largest shift size Zmax is {8192, 512} .
Construction of LDPC codes

LDPC codes with algebraic structure are analyzed. An algebraic-based method is first applied to obtain the preliminary result, which can decrease the construction complexity and search range. Thereafter, we can further optimize from the preliminary result.
Construction process

The following procedures are the steps of constructing the parity check matrix of target code.

Step 1: Get a “good” base graph which is shown in Fig 1. Element 1’s in the base graph is replaced by a circulant permutation matrix, and element 0’s in the base graph is replaced by zero matrix.  We will determine the shift values in the following steps,


Figure1：Example of Base graph 

[bookmark: OLE_LINK7][bookmark: OLE_LINK9]Step 2: We first let the shift values in 1~4 rows and 17~20 columns be: 


Compared with traditional structures, such as:


 and 
 Our proposed special structure can avoid the 6-cycle in traditional structures.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Step 3: Construct the original circulant coefficient matrix by an algebraic method. We construct an original circulant coefficient matrix, and the 1~31 rows and 1~20 columns part of resulting matrix is shown in Fig 2.
[image: ]
Figure2：Example of original circulant coefficient matrix
Step 4: Let the shift size Z=K/16 for given information length K.  We derive the modified circulant coefficient matrix from original circulant coefficient matrix by mod Z operation. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Step 5: For the given information length K, we search the shift values and construct base matrix by choosing different rows from modified circulant coefficient matrix.  
Step 6: Replace non-negative entry in base matrix by a circulant permutation matrix of size ZxZ. 
 This completes the LDPC code construction.
For any Z, the base matrix of proposed LDPC codes is determined by unique base graph and OriM.  We only need to store the row index for different Z.  Therefore, the Storage cost of this scheme acceptable.
Then we give 5 optimized shift sets with


The maximal message size is 8192 which corresponds to Z=512. The corresponding shift values are represented by 5 shift values. For the other shift size, the corresponding shift value can be obtained by same method. 
Storage complexity
Base on above construction process, we only need to store the original coefficient matrix and the row- indexes of codes with different information length.  Since our proposed codes are based on the above code construction process, we only need to store the original coefficient matrix and the row- indexes of codes with different information length.  Our proposed codes achieve low storage complexity.
The resulting base matrices

We construct codes with various code parameters. The resulting base matrices are given in the excel files.

Evaluations on Performance
The performances are shown in the following figures and  included in the excel files.
[image: ]
Figure 3: The performance of proposed LDPC with K=512 Z=32.
(Info length=512, R=1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9, QPSK modulation, Max iteration num=50)

[image: ]
Figure 4：The performance of proposed LDPC with K=1024 Z=64.
(Info length=1024, R=1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9, QPSK modulation, Max iteration num=50)

[image: ]
Figure 5: The performance of proposed LDPC with K=1024 Z=128.
(Info length=2048 R=2/5, 1/2, 2/3, 3/4, 5/6, 8/9, QPSK modulation, Max iteration num=50)
[image: ]
Figure 6：The performance of proposed LDPC with K=4096 Z=256.
(Info length=4096 R=1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9, QPSK modulation, Max iteration num=50)

[image: ]
Figure 7：The performance of proposed LDPC with K=8192 Z=512.
(Info length=8192 R=1/2, 2/3, 3/4, 5/6, 8/9, QPSK modulation, Max iteration num=50)

Observation 1: The proposed LDPC codes have no error floor at BLER=1e-4.
Observation 2: The proposed LDPC codes show good performance in the waterfall region.

Performance Comparison
[image: ]
Figure 8：The performance comparison with R=8/9.
(Info length=400, 512, 1000, 1024, 2000, 2048, 8000, 8192, R=8/9, QPSK modulation, Max iteration num=50)

Observation 3: The proposed LDPC codes show better performance at high rates compared with other codes.


Conclusions
In this contribution, we discuss the LDPC code design for eMBB. The above discussion is summarized with following observations and proposals:

Proposal 1: One base matrix design should be adopted.
Proposal 2:  We propose that the largest info block size of LDPC code Kmax and the largest shift size Zmax is {8192, 512} .
Observation 1: The proposed LDPC codes have no error floor at BLER=1e-4.
Observation 2: The proposed LDPC codes show good performance in the waterfall region.
Observation 3: The proposed LDPC codes show better performance at high rates compared with other codes.
Proposal 3:  The proposed algebraic-aided computer optimization-based LDPC construction method is an efficient way and should be considered in the eMBB data channel.
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