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Structured LDPC coding for IEEE 802.16m 

Jin Xu, Bo Sun
ZTE Corporation 
1 Introduction
As defined in IEEE 802.16m SDD_r6 [1], LDPC is FFS. 
This proposal is to suggest structured LDPC codes, which can not only provide flexible code rate and code size, but also support IR-HARQ. Our scheme includes matrix generation and encoding and rate matching (RM).  

2 Discussion on LDPC Coding
2.1 Matrix definition and description of structured LDPC codes
The Parity check matrix of structured LDPC Codes is defined by a matrix H of size
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, which consists of blocks of circularly shifted identity matrices or zero matrices of size
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, of the form as following:
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If integer
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and P is a 
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standard permutation matrix of the form:
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The size of H is
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For example, a matrix H is shown as following:
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Actually a base matrix Hb and an expand factor z together can be used to represent H.  

              z = 3   and   
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Due to the structured characteristic of parity check matrix, the parity check matrix of LDPC codes can be fully described by small set parameters, which results in very low complexity implementations. Actually we only need base matrix
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, instead of parity check matrix H, to perform encoding and decoding. The encoding and decoding algorithms become the matrix calculation of size
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, the basic structure of encoder and decoder only depends on the positions of the non-negative-one elements in base matrix.
2.2 Mother Code Set of structured LDPC codes to support single code rate and different code sizes
To generate a LDPC code set of a certain code rate and various code sizes, a uniform base matrix 
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is defined. In order to obtain the base matrix of certain code size, the uniform base matrix has to be modified to generate a modified base matrix
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, which will really be used in the encoder/decoder of the LDPC code of certain code size. That is to say, for the LDPC codes of different code sizes and the same code rate, the positions of non-negative-one elements of their base matrices is the same, and the values of non-negative-one elements of their base matrices need to be changed. 
Here is an example of rate 1/2 LDPC codes with different code sizes. A uniform base matrix constructed by us is used to describe the LDPC code set. The code rate of the designed LDPC codes is always 1/2, and the designed information block sizes increase from 192 to 10240, and the increasing step is 16, That is to say, K=192,192+16,192+2*16,192+3*16,…, 10240. The size of base matrix is 16×32，namely, 
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. So expand factors z =12:1:640. One uniform base matrix 
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of rate 1/2 LDPC code set is defined as following:
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To obtain the LDPC code of certain code size, the uniform base matrix above has to be modified and then can be regarded as the base matrix
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, which together with expand factor z can be used to define the parity check matrix H of the LDPC code.
Base Matrix Modification Rule is defined as following:
 For each non-negative-one elements of the uniform base matrix above, the value 
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should be modified. Let 
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represents the i-th row, j-th column element of modified base matrix
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 represents the i-th row, j-th column element of the uniform base matrix
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is the largest expand factor, here equals to 640, and z is the currently used expand factor uniquely corresponding to the currently used code size. 
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 denotes the operation that rounds the elements in it to the nearest integers towards minus infinity.
    The characteristic of our matrix design includes:
1   For all code sizes, the best degree distribution has been selected.
2   For all code sizes, suitable for shortening and puncturing.
3   For all rows of parity check matrix, row weight is always 8, which decides the complexity of decoder.
Here are two examples of modified base matrix created by single uniform base matrix .
Information block size K= 288
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Information block size K=5120
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2.3 Basematrix Generation for 
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 LDPC Encode Process
The maximum number of soft channel bits available in the virtual buffer is
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, which is signaled by higher layers of each HARQ transmission.
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 is the maximum possible codeword size for the encode of K information bits in the scenario of full Incremental Redundancy.
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Here, 
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Let
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. There are three steps to generate the needed base matrix. If 
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- Step 1: Compute
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 columns shall be added to the last row and the last column of 
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 is depicted by Figure 1 and is defined as follows:
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Figure 1 Extended LDPC base matrix
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for k = 1 to k =
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Here, k indicates the row index for the added 
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 rows defined by Figure 1 and 
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respectively. Where, the row and column index begins from 1.
-  Step 2: Compute the expand factor
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- Step 3: 
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can be modified into 
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by Scale-Floor rule in Section II.B. 
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 LDPC code.
2.4 LDPC HARQ subpacket generation
Each HARQ transmission transmits a HARQ subpacket, and then the generation of HARQ subpacket needs to be defined. Proposed scheme selects some specific bits from the codeword produced by encoder to generate a HARQ subpacket. Figure 2 shows a block diagram of subpacket generation. For the first transmission, the subpacket is generated to select the consecutive interleaved bit sequence that starts from the first bit of the systematic part of the codeword from LDPC encoder. The length of the subpacket is chosen according to the needed coding rate reflecting the channel condition. The first subpacket can also be used as a codeword with the needed coding rate for a packet where HARQ is not applied.
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Figure 2 Block diagram of LDPC HARQ subpacket generation
Let the input information block (packet) size is K. Based on rate compatible codes, the generation procedure has been described as following:
Step 1: for any desired packet size K, choose values of kB and l such that kB*2l is greater than k by the smallest possible amount. 
Step 2: pad  d= kB*2l -K known bits into K bits information block, the position for padded bits are chosen from the second information column of the base parity check matrix.
Step 3: encode kB*2l bits information block with padded zero, and N bits codeword is generated, update HARQ buffer to orderly store the generated codeword except
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Base matrix 
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Others,    N=
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 and expand factor l can be applied for encoding. nB is chosen to be the smallest integer such that nB*2l>= 
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 and expand factor l can be applied for encoding, the codeword of size nB*2l can be generated, the last nB*2l -
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 of the codeword will be punctured.
Here, let
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 is the mother code rate, puncturing mother codeword can attain the LDPC codes of any rate larger than 
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, extending mother codeword can attain the LDPC codes of any rate less than 
[image: image96.wmf]m

R

.

[image: image97.wmf]FIR

N

 be the lowest code rate in the scenario of full Incremental Redundancy; for MS, 
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 be the length of the k-th subpacket
     Permute puncturing parity bits of LDPC HARQ mother codeword and keep the order of systematic bits and extending parity. Let the coded bits before the permutation be
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Here, 
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 indicates the i-th element of the puncturing pattern vector
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Step 5: Select 
[image: image106.wmf]k
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 bits from said HARQ buffer to form the k-th subpacket. The selection rule has been defined by the following formula, the right side of the formula denotes some position in N bits codeword, the codeword bit in this position is selected and then located in the i-th positon of the k-th HARQ subpacket. Then, the index of the i-th symbol for the k-th subpacket shall be:
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Let
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k
be the subpacket index when HARQ is enabled k=0 for the first transmission and increases by one for the next subpacket. k=0 when HARQ is not used
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  be the length of the k-th subpacket
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[image: image111.wmf]FIR

N

 can be defined by the capability of MS

[image: image112.wmf],

ki

S

 be the i-th index of the k-th subpacket, here the position index i starts from zero
Downlink/Uplink HARQ buffering capability indicates the maximal number of data bits the BS/MS can store for downlink/uplink HARQ. It needs to be defined by system.
2.5 Vector Encoding of Structured LDPC codes

One encoding method has been shown; the encoding structure is very simple. For certain code rate, LDPC codes of different code sizes will use a uniform hardware structure. Here we have suggested another more effective encode method.

Encoding is the process of determining the parity sequence
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Where each element of u is a column vector as follows
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Using the modified base matrix
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, the parity sequence p is determined in groups of z. Let the grouped parity sequence p be denoted v,
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Where each element of v is a column vector as follows
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Define the temporary block 
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where each element of 
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 is a column vector whose size equals to z.

Encoding proceeds in four steps:

(1) Compute temporary block
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(2) Determines v(0) .

(3) Determines v(i+1) from v(i) ,here 
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(4) Determines v(mb-1) from v(0), and determines v(i) from v(i-1) , here 
[image: image131.wmf]1,2,,1

bb

immx

=---

L

.

First step, compute
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needs to be saved in the LDPC encoder, and the needed memory for saving 
[image: image136.wmf]λ

 is only the maximum code size. 

Second step, compute v(0) , 
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Third step, compute v(i+1), here 
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Four step, compute v(i),  here 
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means the operation that circularly shifts the values in the vector 
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 elements. Thus only the operations of add and shift are needed to perform the encode process of structured LDPC codes. 

In the second step, parallel processing can be adopted. The third step and the fourth step can be performed at the same time to improve the throughput of the encoder.
3 Feature

· Flexible enough to support any code rate from 1/3 to 5/6 and any code size from 192 to 10240.

· Support Full IR -HARQ with the lowest rate 1/3.
· Support Bit Re-arrangement for high order modulation.
4 Simulation
This part evaluates the error rate performance for proposed structured LDPC coding. 
Simulation conditions:

· Gaussian Channel

· QPSK modulation

· code rates: 1/3, 1/2, 2/3, 3/4 , 5/6

· information block lengths: k=384 bits

· Simulation is stopped when 100 information blocks are wrong.
· BP decoding, 50 iterations for structured LDPC
· Max-Log-MAP algorithm with maximum 8 iterations with early stopping for CTC.
Figure 3 gives the error rate performance for proposed LDPC comparing with 16e’s CTC coding. The performance of these two coding scheme is very close. 
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Figure 3 the error rate performance for proposed LDPC comparing with 16e’s CTC coding
5 Conclusion
From the analysis and simulation above, we find that the proposed structured LDPC has a closed performance comparing to 16e’s CTC [2]. However, considering of the feature for LDPC, such as more adequate for longer codeword, easy to processes parallel decoding, and achieve high throughput, and unequal protection for encoding bits, we suggest this proposed structured LDPC be considered by 16m FEC.
6 Reference
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15.3.x   Channel Encoding and HARQ
15.3.x.x  Channel coding
15.3.x.x.x  LDPC coding
15.3.x.x.x.1
Code description of Structured LDPC coding
The Parity check matrix of structured LDPC Codes is defined by a matrix H of size
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15.3.x.x.x.2
Mother Code Set of Structured LDPC codes
The 
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Here, 
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  rounds the elements in it to the nearest integers towards negative infinity.
15.3.x.x.x.3
Base Matrix Generation for 
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LDPC encode process
The maximum number of soft channel bits available in the virtual buffer is 
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which is signaled from higher layers from each HARQ transmission.
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Here, k indicates the row index for the added 
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· Step 2: Compute the expand factor
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Figure 15.3.x.x.3-1. Extended LDPC base matrix
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15.3.x.x.x.4
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LDPC encode process
The LDPC HARQ mother codeword shall be generated and then sent to HARQ buffer. There are two steps for encode process:

Step 1 Pad 
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 zero bits before K bits information block and perform the encode process of 
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 parity bits shall be generated.

Step 2 Delete the padded zero bits in Step 1. If the number of codeword bits after the deletion doesn’t equal to
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 parity bits in the tail shall be deleted.

15.3.x.x.x.5
HARQ mother codeword permutations
Permute puncturing parity bits of LDPC HARQ mother codeword and keep the order of systematic bits and extending parity. Let the coded bits before the permutation be
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Here, 
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 indicates the i-th element of the puncturing pattern vector
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15.3.x.x.x.6
HARQ codeword bits selection
Select 
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 bits from said HARQ buffer to generate the k-th subpacket, which is defined by: 
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Let k be the subpacket index when HARQ is enabled k=0 for the first transmission and increases by one for the next subpacket. k=0 when HARQ is not used. Let 
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 be the length of the k-th subpacket,
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