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LDPC- Convolutional Codes for E-MBS FEC
Takaaki KISHIGAMI, Yutaka MURAKAMI, Isamu YOSHII
Panasonic Corporation
1. Introduction

LDPC codes enable not only to achieve as good performance as Turbo codes, but also to achieve high-speed decoding, thanks to parallel processing with message-passing decoding. We have already presented the contributions on LDPC-Convolutional Codes (LDPC-CCs) [1][2] for the 16m FEC .
In current SDD [3], FEC with large block size for E-MBS transmission should be supported. So, we compare the performance between CTC and LDPC-CC in the case of the large FEC block size, and show that LDPC-CC performance in higher coding rate is better than CTC. Hence, we proposed to support LDPC codes for E-MBS FEC with large FEC block.
2. Proposed LDPC-CC for E-MBS FEC
2.1 FEC Encoding based on LDPC-CC
The FEC scheme block diagram is shown in Figure 1.

The FEC encoder is composed of LDPC-CC Encoder, where payload data length is M bits and code bit length is z bits.

Figure 1 FEC encoder.
Payload data is coded by LDPC-CC encoder. LDPC-CC encoder of Figure 1 is shown in Figure 2 REF _Ref196815036 \h  \* MERGEFORMAT 
. 


[image: image1]
Figure 2 Structure of LDPC Convolutional Encoder

An example of LDPC-CC encoder with a coding rate R=1/2 is shown in Figure 3[4]. The LDPC-CC encoder is a time-varying systematic convolutional encoder. The LDPC-CC encoder consists of shift registers for information bit, shift registers for parity bit, a weight controller and an adder and weight multipliers. The complexity of LDPC-CC encoding is proportional to the number of row weights of the parity check matrix H defined in the next subclause.
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Figure 3:  An example structure of LDPC-CC encoder.
2.2 Polynomials for encoding LDPC-CCs
Polynomials of LDPC-CCs with R=(N-1)/N are described in the following. 
LDPC-CC Encoder:
 - Payload input M bits then outputs are “Systematic Bits (M bits)” and “Parity Bits (also M−z bits)”. Note that Coding rate in LDPC-CCs is (N−1)/N.

Encoding process in LDPC-CCs is as follows:

Information bits (M bits) are streamed to two blocks. One is for systematic bits (M bits) and another is for a constituent encoder input.
A constituent encoder performs coding process for “Information Bits (M bits)”, then outputs “Parity Bits (M−z bits)”. The encoder of LDPC-CCs outputs “Code Bits (a pair bits)”, sequentially {d1,0, d2,0, …, dN-1,0, p0}, {d1,1, d2,1,…, dN-1,1, p1}, {d1,2, d2,2,…, dN-1,2, p2}, ….
LDPC-CCs can be defined by an infinite parity check matrix, however their parity check matrix is periodically time-varying. A parity check matrix is expressed as H and we describe LDPC-CCs by using the transposed form HT which is well-known to syndrome former. An infinite parity check matrix of LDPC-CCs with coding rate R=b/c (b<c) is expressed as:
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where HiT (t) (i=0,1,···,ms) are c
[image: image4.wmf]´

(c−b) periodically time-varying sub-matrices and ms is a memory. HiT (t)=HiT (t+ Ts) are satisfied for all i and t when Ts is a period.  

LDPC-CCs with coding rate R=(n−1)/n based on the check polynomial are used. Information bits of X1, X2,···, XN-1 and parity bits P at time j are expressed as X1,j, X2,j,···, XN-1,j and Pj, respectively, and a vector uj is expressed as uj=(X1,j,X2,j,···,XN-1,j, Pj). In addition, polynomials for information bits of X1, X2,···, XN-1 are expressed as X1(D), X2(D),···, XN-1(D), respectively. A parity check polynomial of equation (2) is considered.
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   --- (2)                                                 
where ap,q (p=1,2,···,N−1 ; q=1,2,···,rp) are natural numbers, and ap,1ap,2···ap,rp is satisfied. Three pieces of different parity check polynomial based on equation (2) for LDPC-CCs with R=(n−1)/n are prepared and expressed as:
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where i=0,1,···,m−1. For X1,j,X2,j,···,Xn-1,j and Pj at time j, a parity check polynomial of equation (4) is satisfied.
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Regarding computational complexity, we propose rate compatible LDPC-CCs. Supported code rate in rate compatible LDPC-CCs are shown in Table 1 REF _Ref194740971 \h  \* MERGEFORMAT 
. 

Table 1 Supported code Rates of rate compatible LDPC-CCs.
	Supported Code Rate 
	1/3, 1/2, 2/3, 3/4, 4/5,5/6


Note that Xk(D) (k=1,2,…,N−1) represents ”Systematic Bits” and P(D) represents “Parity Bits”. The encoder of LDPC-CCs is time-varying convolutional encoder with period 3 and the maximum memory length approx. 400, which uses equations (5) and (6) depending on time slot. 

An encoder of LDPC-CCs can be optionally composed, performing equation (5).

 EMBED Equation.3  
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Initial sate of LDPC-CC Encoder is all zero state which means:
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LDPC-CCs support “variable length M information bits coding” by same encoder composition, and it also supports plural memory length.
In the mean time, we described LDPC-CCs with coding rate R=(N-1)/N (i.e. coding rate R=1/2, 2/3, 3/4, 4/5) in the above. However we support LDPC-CCs with coding rate R=1/3. In this proposal, we achieve coding rate R=1/3 by adopting a shortening scheme for LDPC-CCs with coding rate R=1/2 [5].

Encoding Termination:
Termination via Zero-tailing will lead to a stable LDPC-CC Encoder state.

Zero-tailing can be done by LDPC-CC encoder by adding Qz-t bits with value set to “0”. Since Tail-bits are known at receiver, Tail-bits are excluded from Systematic Bits transmission but Parity Bits resulted from Tail-bit coding can be transmitted.
3. Performance Evaluation
An example of performance in the proposed rate compatible LDPC-CCs is shown. Figure 4 shows BLER (Block error rate) performance comparing with CTC [6] under AWGN channels, BPSK modulation. Note that Normalized BP decoding [7] used as the message passing decoding and information bit length is 6144 bits. We can confirm the proposed LDPC-CC performance in lower coding rate is as good as CTC and that in higher coding rate, LDPC-CC performance is better than CTC.
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Fig. 4:  Performance comparison between LDPC-CC and CTC. 
(Parameters in LDPC-CCs evaluation: Iteration number=50 [except for coding rate R=1/3], 
Number of the termination bits Qz-t=400bits)
4. Conclusion
We compared the performance between CTC and LDPC-CC in the case of large FEC block size, and showed that the proposed LDPC-CC performance in higher coding rate is better than CTC. Hence, we proposed to support LDPC codes for E-MBS FEC with large FEC block size.
Text Proposal for SDD
-------------------------------  Text Start  -------------------------------

14.5 E-MBS Transmission on Dedicated Broadcast Carriers
14.5.2 E-MBS Dedicated Carrier
14.5.2.1 Channel coding
Section 14.5.2.1 , page 136, line 6

- Replace the following text

“FEC with large block size should be supported in E-MBS. LDPC code support is FFS.”

with

“FEC with large block size shall be supported in E-MBS. LDPC codes shall be supported.”
-------------------------------  Text End  -------------------------------
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