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1. Introduction

This document aims to specify LDPC Copper codes as proposed by NEC for MBMS FEC download and streaming. It is an update of [4] which was reviewed during the SA4 PSM#06 ad hoc. 

LDPC Copper codes belong to a family of irregular Low Density Parity Check codes (LDPC). Further, they can be defined as a subclass of LDGM codes (see [3]) using an irregular parity check matrix with co-prime period. We are specifying below the parity check matrix construction, the encoding and decoding process.

2. Parity check matrix construction

2.1 Introduction

In this section, we are describing how to construct the parity check matrix of Copper codes. We will first introduce our notations :

· n it is the FEC code length;

· k is the number of source symbols to be used in an FEC block;

· m is the number of parity symbols generated after the encoding process (we have m=n-k);

Let H be the m(n parity check matrix of our code. The parity check matrix of Copper codes is fully described by its “P-list” and “class” :

The P-list is defined as (p1 - p2 - … - pL) where pi is an integer and follows those two rules : 

· GCD(pi,pj)=1 for i(j (where GCD(pi,pj) denotes the greater common divisor of pi and pj);

· the P-list length L is defined such as 
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 conditions are fulfilled.

There is two possible classes for H matrix :

· Class I means that H can be described as [H’ | In-k], where In-k represents the (n-k) identity matrix and H’ is a k(m matrix;

· Class D means that H is a lower triangular matrix.

Note : if the P-list is given partially, undefined pi‘s are set to the smallest value co-prime with any previous elements and larger than pi-1. For example, a “D-4” matrix is equivalent to a class D matrix with P-list = (4-5-7) when m=10 and n=30.

Two examples of H are given on Figure 1 and Figure 2. The same P-list (4-5-7) has been used to generate them, but the first one is a class D matrix and the second belongs to class I.
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Figure 1 : example of a 10(30 parity check matrix – P-list = (4-5-7), Class D
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Figure 2 : example of a 10(30 parity check matrix – P-list = (4-5-7), Class I

2.2 Matrix construction

First step: define the P-list and Class

The matrix is fully defined by its class and P-list. We specify the exact class and P-list as a function of m (=n-k). The following table gives the correspondence:

	n-k (=m)
	Class - P-list

	1 - 2
	I-1

	3 - 9
	I-2

	10 - 32
	I-3

	33 - 36
	I-4

	37 - 40
	I-5

	41 or more
	D-x (x is the minimum value with which a fully qualified P-list has four elements.)


Table  1 p-list and class as a function of m

Second step: construct the matrix

The matrix is constructed from the P-list by the following algorithm (given in pseudo-code).

period = plist.front(); // the period is the distance between ones over rows

 plist.pop_front();
// this removes the first p-list value (stored in period)

 int phase = 0;

// phase is a counter of rows, r= row ; c = column

 for(int r = 0;r < m;r++) { // for each row

  for(int c = 0;c < n;c++) { // for each column

   int e = 0;




   if(Class I) {


    if(c < n-m) {




     e = (c % period == phase); 

    }else{

     e = (c == n-m+r);



    }

   }else{ // Class D case

    if(c <= n-m+r) {

     e = ((n-m+r-c) % period == 0);

    }

   }

   if(e) printf("%d ",c);


  }

  printf("\n");

  if(++phase >= period) {
// go to next p-list value ?

   phase = 0;

   period = plist.front();

   plist.pop_front();

  }

 }

3. Encoding process

A great advantage of Copper codes is that the parity check matrix can directly be used for the encoding process (as it belongs to Low Density Generator Matrix {LDGM} code family). For codes using class I parity check matrix, parity symbols are calculated simply by summing source symbols associated to a ‘1’ in the parity check matrix (thanks to XOR operation). For example, with the example of Figure 2, we have :

P21 = s1 ( s5 ( s9 ( s13 ( s17
…

P25 = s1 ( s6 ( s11 ( s16

…

P30 = s1 ( s8 ( s15 ( s15
For class D matrix (lower triangular), it is the same principle, except that pi can be used to calculate pj (j>i). With the example of Figure 1, we have :

P21 = s1 ( s5 ( s9 ( s13 ( s17
…

P25 = s4 ( s9 ( s14 ( s19

…

P30 = s2 ( s9 ( s16 ( P23
4. Decoding

The decoding process is also very simple. The parity check matrix defines a set of linear equations. Erased packets correspond to the unknowns, thus the decoding process is reduced to the resolution of a system of linear equations. Copper class I and D codes are a specific cases of LDGM staircase and triangle.  Thus, encoding and decoding processes are the same as described in [3].

5. Conclusion

NEC kindly asks 3GPP SA WG4 to consider adopting the above defined FEC code for inclusion in MBMS for both download and streaming delivery methods. I.e. inclusion in TS 26.346.
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