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< Unchanged parts are omitted >
[bookmark: _Toc477424611]8.2.1.5.1	LDPC
Code extension of a parity-check matrix is used for IR HARQ/rate-matching support. Lower-triangular extension, which includes diagonal-extension as a special case, is used. For the QC-LDPC design, the non-zero sub-blocks have circulant weight = 1. 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, where 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 in H matrix design. Base graph for supporting Kmax has minimum code rate Rmin,kmax of approximately 1/3. Base graph for any info block sizes K has Rmin,k >= ~1/5, provided that Nmax is not exceeded. At least 20Gbps decoder information throughput with code rate 8/9 is supported.
For a given shift size Z, a QC-LDPC code can be defined by a parity check matrix which is defined by its base graph and shift values. Element 1s and 0s in the base graph is replaced by a circulant permutation matrix of size ZxZ and zero matrix of size ZxZ, respectively. The shift values of a circulant permutation matrix can be calculated by a function Pi,j = f(Vi,j, Z) where Vi,j is an integer corresponding to the (i,j)-th non-zero element in a base matrix. The shift value Pi,j is circularly shifted value from the identity matrix for the (i,j)-th non-zero element in a base matrix. The  ZxZ circulant permutation matrix which shifts the  ZxZ identity matrix I to the right by Pi,j  times for the (i,j)-th non-zero element in a base matrix.
Shortening is applied before LDPC encoding when necessary. Built-in puncturing of systematic bits is supported for LDPC coding, i.e., at least for the initial transmission, the coded bits are taken after skipping the first Nsys,punct  systematic bits.
For at least one base graph, the parity check matrixbase matrix consists of five sub-matrices (A, B, C, D, E) as shown in Fig. 8.2.1.5.1-1. 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 the 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 the first column has weight three. The columns after the weight three column have a dual diagonal structure (i.e., main diagonal and off diagonal). C is a zero matrix. E is an identity matrix for the above base graph. These examples are shown in Fig. 8.2.1.5.1-2. 
[image: ]
Figure 8.2.1.5.1-1: Parity check matrixBase matrix.
[image: ]
Figure 8.2.1.5.1-2: Examples of dual diagonal structure.
The rate matching for LDPC code is circular buffer based (same concept as in LTE). The circular buffer is filled with an ordered sequence of systematic bits and parity bits. For IR-HARQ, each Redundancy Version (RV), RVi, is assigned a starting bit location Si on the circular buffer. For IR retransmission of RVi, the coded bits are read out sequentially from the circular buffer, starting with the bit location Si. Limited buffer rate matching (LBRM) is supported
Before code block segmentation, LTB,CRC bit TB-level CRC are attached to the end of the transport block, where LTB,CRC <=24 bits, LTB,CRC value is determined to satisfy probability of misdetection of TB error <=10-6 and, inherent error detection of LDPC codes is taken into account in determining the LTB,CRC value.
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