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1 Introduction
The following agreements have been reached in previous meetings [1]-[3].
Agreement: [#84bis]
Simulation assumptions : eMBB
· 	Evaluate the block error rate (BLER) performance versus SNR
	Channel*
	AWGN

	Modulation
	QPSK, 64 QAM

	Coding Scheme
	  Turbo
	B-LDPC
	Polar

	Code rate 
	1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm**
	Max-log-MAP
	min-sum
	List-X

	Info. block length*** (bits w/o CRC)
	100, 400, 1000, 2000, 4000, 6000, 8000 
Optional(12K, 16K, 32K, 64K)

	
	
	
	
	



Agreement: [#85]
· For the purpose of study and comparisons, quasi-cyclic like LDPC codes  are defined as follows: 
· The Parity check matrix of Quasi-cyclic like LDPC Codes is defined at least by a matrix H of size (mb×z)×(nb×z), which consists of sub-block matrices of size z×z,  where each sub-block matrix is composed by circularly shifted matrices or zero matrices. Wherein, mb, nb and z are integers larger than 1.
Agreement: [#86bis]
· The channel coding scheme for eMBB data is LDPC, at least for information block size > X
· FFS until RAN1#87 one of Polar, LDPC, Turbo is supported for information block size of eMBB data <= X
· The selection will focus on all categories of observation, including overall implementation complexity, regardless of the number of coding schemes in the resulting solution (except if other factors are generally roughly equal)
· The value of X is FFS until RAN1#87, 128 <= X <= 1024 bits, taking complexity into account
· The channel coding scheme(s) for URLLC, mMTC and control channels are FFS

In this contribution, we optimize the proposed LDPC codes. The construction details and performance of proposed LDPC codes are shown.

2 Construction of LDPC codes
The following notationsare used for the description of the codes
· K：Information length (bits)；
· R：code rate；
2.1 Code parameters of constructed LDPC codes
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK5]The basic code family flexibly supports different information lengths K and code rates R. More code rates and information lengths can also be supported.  The supported information lengths of basic code family with K ranged  1024bits≤K≤16304bits with the interval of 16 bits. Extended information lengths with 8-bit interval can also be supported through shortening operation.
The supportedcode rates of basic code are R=16/n,where 18≤n≤48. Other code rates in the range 1/3≤n≤8/9 can also be supported.

2.2 Construction process of basic code family
The basic code family with code rate R and information length K. Parameters R and K are in the range of supported code parameters of basic code family. The following is the steps of constructing the parity check matrix of target code.
Step 1:generate the parameters CPM= K/16;
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Step 2: generate circulate coefficient matrixCircMat with 33 rows and 19 columns.;
[bookmark: OLE_LINK11]Step 3: generate base matrixBaseMat based on the circulate coefficient matrixCircMat and the masking matrixMaskMat;
MaskMat is a matrix with 33 rows and 19 columns.  The entries are 1 or 0. BaseMat is a matrix with 33 rows and 19 columns. The (i,j)-thentry in BaseMat(i,j) equals to CircMat(i,j) if MaskMat(i,j)=1, and BaseMat(i,j) equals to -1 if MaskMat(i,j)=0.
Step 4:generate matrix H1 based on base matrix BaseMat;
The size of matrix H1 is 33×CPM rows and 19×CPM columns.  It’s constructed by replacing the (i,j)-th entry in BaseMat with a circulant permutation matrix whose circulate coefficient is BaseMat (i,j), if BaseMat (i,j)≠-1, or with a zero-matrix ifBaseMat (i,j)= -1. 
Step 5: generate matrix H2;
H2 is a matrix with 33×CPM rows and 30×CPM columns. 

,  
Ha is a zero-matrix with 3×CPM rows and  30×CPM columns. 
Hd is an identity matrix with 30×CPM rows and 30×CPM columns.

Step 6: generate main matrix ;
The main matrix Hmain=[H1,H2].

Step 7: generate assistmatrix ;
Given an assist base matrix BaseMatAssi, whose size is 4rows and 19columns.

Replace the (i,j)-th entry in BaseMatAssi with a circulant permutation matrix whose circulate coefficient is BaseMatAssi (i,j)if BaseMatAssi (i,j)≠-1, or with a  zero-matrix ifBaseMatAssi (i,j)= -1. The size of resulting matrix  is 4×CPM rows and 19×CPM columns. 
Step 8: generate thetarget parity check matrix H with code rate R and information length K;


is the first K/R columns and (K/R-K) rows of 


H = +
Step 8:Puncturing operation;
We applied the puncturing operation to improve the performance. The punctured columns are from 16*CPM+1 to  17*CPM.
Based on above steps, LDPC codes with various information lengths K and code rates R can be constructed.

3 Performance evaluations

3.1 k=1024
Simulation Parameters:
	Code Type
	K
	R
	Decoder
	Max Ite
	Channel
	Modulation

	LDPC (CATT)
	1024
	1/3, 2/5, 1/2, 4/7,2/3, 3/4, 5/6, 8/9
	BP/Flooding
	50
	AWGN
	QPSK



[bookmark: _GoBack][image: ]
Figure 1: The BLER of the proposed LDPC codes with BP decoding algorithm



The performance results of the proposed LDPC code rates 1/3, 2/5, ½, 2/3, 16/21, 16/19, and 8/9 with BP decoding algorithm with 50 iterations is shown in Figure 1.  From the results in Figure 1, the proposed LDPC code has consistent performance through different code rate.  

4 Conclusions
In this contribution, we show the construction details of the proposed LDPC code  with the objective of optimizing the  performance.
5 References
Chairman’s notes, 3GPP TSG RAN1 #84bis meeting.
Chairman’s notes, 3GPP TSG RAN1 #85 meeting.
Chairman’s notes, 3GPP TSG RAN1 #86bis meeting.
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Figure 1, K=1024, QAM, AWGN, BP Ite=50
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