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Introduction
In RAN1 #87 meeting, the following assumptions have been agreed for eMBB channel coding [1].
Agreement:
· Code extension of a parity-check matrix is used for IR HARQ/rate-matching support 
· Use lower-triangular extension, which includes diagonal-extension as a special case
· For the QC-LDPC design, the non-zero sub-blocks have circulant weight <=2
· Circulant weight is the number of superimposed circularly shifted ZZ identity matrices
· In parity check matrix design, the highest code rate (Rmax,j) to design j-th H matrix for is 
· Rmax,j<=8/9
· Rmax,j is the code rate of the j-th H matrix before code extension is applied (0 j< J) 
· Rmax,j is the code rate after accounting for the built-in puncturing, if this is applied in H matrix design
· Rate matching to support transmission code rate higher than Rmax,j is not precluded
In this contribution, we discuss the IR-HARQ scheme for LDPC codes.
Discussion
· Scheme 1(previous scheme [2])


Figure1: IR-HARQ scheme of LDPC codes
The proposed HARQ scheme of LDPC code with maximum 4 retransmissions is illustrated in Figure 1.    The details are as follows. 
(1) In the first transmission, the block of length Nis transmitted. The length of the information bits is K and the code rate is R;
(2) In the second transmission, new parity bits of length N are generated and transmitted.  The effective code rate after combining is R/2;
(3) In the third transmission, other new parity bits of length N are generated. The effective code rate after combining is R/3;
(4) In the fourth transmission, the last new parity bits of length N are generated. The effective code rate after combining is R/4
· Scheme 2(improved scheme )


Figure2: IR-HARQ scheme of LDPC codes (retransmission with some information bits)

  The initial code rate is assumed to be R=2/3
The proposed HARQ scheme of LDPC codes with maximum 4 retransmissions is illustrated in Figure 2.   The details are as follows:



(1) In the first transmission, all the information bits (except the punctured bits) and some parity bits are transmitted. The block size is  ().  The length of the information bits is 224.  The length of the parity bits is 160 and the code rate is 2/3;



(2) In the second transmission, the information bits of length I including the punctured bits and some other information bits (the length of some other information bits can be zero) are transmitted.  The length of the parity bits is.  Then the code rate is 1/3 with the block size ;




[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2](3) In the third transmission, retransmission starting point shifts to right by length.  information bits and  new parity bits are retransmitted. Then the code rate is 2/9;




(4) In the fourth transmission, retransmission starting point shifts to right by length.  information bits and  new parity bits are retransmitted. Then the code rate is 1/6.

Note that: At the receiver, the current LLRs are soft-combined with the stored LLRs and then delivered into the decoder as a soft input for iterative decoding.
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Figure 3: Performance comparison between scheme 1 and scheme 2(with K=256, 1stTx code rate R=2/3)
Figure (a) is the performance comparison between scheme 1 and scheme 2 with four retransmissions. Figures (b), (c), and (d) show the performance of the second transmission, the third transmission and the forth transmission, respectively.
 The simulation results show that the LDPC HARQ scheme 2 (retransmission with information bits) outperforms the scheme 1(retransmission parity bits only), especially after second transmission with built-in puncturing bits retransmitted. For the LDPC codes with built-in puncturing columns, retransmitting the punctured information bits in the HARQ scheme should be preferred.

Observation 1: For the LDPC codes with built-in puncturing columns, retransmitting the punctured information bits in the HARQ scheme should be preferred .
Conclusion 
The results show that the improved LDPC HARQ scheme (scheme 2: retransmission with some information bits) performs better than the previous scheme (scheme 1: retransmission parity bits only) in terms of BLER.
Observation 1: For the LDPC codes with built-in puncturing columns, retransmitting the punctured information bits in the HARQ scheme should be preferred.
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