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Amendment Text Proposal on Rate Compatible
 LDPC-Convolutional Codes
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. However, current 802.16e LDPC [1] does not support IR (incremental redundancy) type HARQ which offers potential for better performance than Chase combining. 
In this contribution, we propose the amendment text on rate compatible LDPC-CC which have ability to support IR type HARQ[2][3] for the 16m FEC.
2. Proposed Rate Compatible LDPC-CC
2.1 FEC Encoding based on LDPC-CC
The FEC Scheme block diagram is shown in Fig.1. The block is composed of LDPC-CC Encoder and a Puncture block, where payload data length is M bits and code bit length after Puncture is n bits.
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Fig. 1:  FEC encoder.
2.2 LDPC-CC Encoding
Payload data is coded by LDPC-CC encoder. LDPC-CC Encoder is shown in Fig. 2.

LDPC-CC Encoder: - Payload input M bits then outputs are “Systematic Bits (M bits)” and “Parity Bits (also M bits)”. LDPC-CC Encoder coding rate is 1/2.
LDPC Convolutional Encoding process is as follows:
1. Information Bits (M bits) are streamed to two blocks. One is for Systematic Bits (M bits) and another is for Constituent Encoder input. 

2. Constituent Encoder performs coding process for “Information Bits (M bits)”, then outputs “Parity Bits (M bits)”.
LDPC-CC Encoder outputs “Code Bits (a pair bits)”, sequentially {d0,p0}, {d1,p1}, {d2,p2}, …,{dM-1,pM-1}.

[image: image2]
Fig. 2:  Structure of LDPC-CC encoder.
LDPC-CC is defined by a parity check matrix H. A general description of parity check matrix H is shown below.
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The parity check matrix H is an M×N binary matrix. Each column corresponds to “Systematic Bits (d-ms,…, d0,…, dM-1)” and “Parity Bits(p-ms,…, p0,…, pM-1)”, where the order is : d-ms, p-ms,…, d0, p0, …, dM-1, pM-1, and ms is LDPC-CC memory length. 

Each row represents a parity-check polynomial. 
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(t=0,…,ms) is the Systematic Bit weight (“1(one)” or “0(zero)”) at i-th order parity-check  polynomial, and 
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(t=0,…, ms) is the Parity Bit weight (“1(one)” or “0(zero)”) at i-th order parity-check polynomial.

In the matrix H, all elements are “0(zero)” other than 
[image: image6.wmf])

(

)

(

t

h

i

d

 and 
[image: image7.wmf])

(

)

(

t

h

i

p

. As shown in equation (1), “1”s are placed around a diagonal line in the LDPC-CC matrix H.
We consider convolutional codes with the coding rate R=1/2 which have generation matrix G=[1 G1(D)/G0(D)]. Note that G0 is a feed back polynomial and G1 is a feed forward polynomial. Information and parity using polynomial are expressed as X(D) and P(D). A parity check polynomial with X(D) and P(D) is expressed as:
Check-equations for proposed FEC scheme are as follows:
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Based on the parity check polynomial of Eq. (2), we consider a parity check polynomial of Eq. (3).
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Note that ap and bq (p=1,2,•••,r ; q=1,2,•••,s) are natural numbers, and a1
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bs are satisfied. The codes which are defined by the check matrix based on the parity check polynomial of Eq. (3), are time-invariant LDPC-CCs.We prepare m pieces of different parity check polynomials based on Eq. (3), where m is a natural number with m
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2. These parity check polynomials are expressed as:
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where i=0,1,•••,m−1. Information and parity bits at time j are expressed as Xj, Pj. For Xj and Pj at time j, a parity check polynomial of Eq. (5) is satisfied.

[image: image18.wmf](

)

(

)

(

)

(

)

0

=

+

D

P

D

B

D

X

D

A

k

k

 (k=j mod m)                                                    (5)
The codes which are defined by a check matrix based on the parity check polynomial of Eq. (5), are time-varying LDPC-CCs with period m.
The proposed LDPC-CC Encoder is time-varying convolutional encoder with period m=3 and memory length 491, which uses Check-equations (6), (7) and (8) depending on time slot.
A1(D)X(D)+B1P(D)=( D373 + D56 + 1)X(D) + ( D406 + D218 + 1)P(D) = 0 --- (6)
A2(D)X(D)+B2P(D)= ( D457 + D197 + 1)X(D) + ( D491 + D22 + 1)P(D) = 0 --- (7)
A3(D)X(D)+B3P(D)= ( D485 + D70 + 1)X(D) + ( D236 + D181 + 1)P(D) = 0 --- (8)
,where  X(D) represents ”Systematic Bits (d-ms,…, d0,…, dM-1)” and  P(D) represents ”Parity Bits (p-ms,…, p0,…, pM-1).
LDPC-CC Encoder can be optionally composed, performing equation (9).
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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.

2.3 Structure of LDPC-CC Encoder

An LDPC-CC encoder can be implemented by any encoder realizing the equation (9). An structure of LDPC-CC encoder is shown in Fig. 3 [4]. The LDPC-CC encoder is a time-varying systematic convolutional encoder with memory ms. The LDPC-CC encoder consists of M1 shift registers for ut, M2 shift registers for pt ,a weight controller and an adder and weight multipliers as shown in Fig. 3. Since LDPC-CC is a convolutional code, the complexity of an LDPC-CC encoding is less than the complexity of a CTC encoding which requires an internal interleaver. The complexity of LDPC-CC encoding is proportional to the number of row weights of the matrix H.
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Fig. 3:  A structure of LDPC-CC encoder.
2.4 Puncturing
Puncturing is a process to discard several systematic bits and/or parity bits from LDPC-CC Encoder outputs, in order to gain higher ( than 1/2) coding rate by a single coding composition. Puncturing patterns by each coding rates are shown in Table 2. Puncturing pattern d and p represent “Systematic Bit” and “Parity Bit” respectively, and when bit value is “0”, that bit will be “punctured”.  LPunc represents “puncturing pattern length”.
In Puncturing stage, “regular rotated puncturing” is used.  “Systematic Bit” and “Parity Bit” are punctured respectively every LPunc bit according to rules of puncturing pattern described in Table 1. In case of coding rate: 2/3，3/4，4/5, 5/6, systematic Bits are also punctured, thus result code will be non-systematic code.
Table 1  Puncturing patterns
	Code Rate
	Puncturing Pattern
	LPUNC

	1/2  
	d: 1 
p: 1
	1

	2/3 
	d: 110100
p: 111111
	6

	3/4 
	d: 110
p: 101
	3

	4/5
	d: 1011
p: 0110
	4

	5/6
	d: 1110001110
p: 0100110111
	10


3. Performance Evaluation
An example of performance in the proposed Rate Compatible LDPC-CC is shown. Fig.4 shows BLER performance comparing with 16e CTC under AWGN channels. Information bit length is 2880 bits. We can confirm the proposed LDPC-CC performance is as good as 16e CTC [1] [5].
[image: image23.emf] [ Informatino bits = 2880bits, Shuffled-BP, 50 Iterations ]

1.E-03

1.E-02

1.E-01

1.E+00

0.00.51.01.52.02.53.03.54.0

Eb/N

0

 [dB]

BLER

LDPC-CC, R=1/2

CTC, R=1/2

LDPC-CC, R=2/3

CTC, R=2/3

LDPC-CC, R=3/4

CTC, R=3/4

LDPC-CC, R=5/6

CTC, R=5/6


Fig. 4:  Performance comparison between LDPC-CC and 16e CTC. 
4. Conclusion
We proposed rate compatible LDPC-CC as one of the candidates of the IEEE802.16m FEC scheme, because LDPC-CC are most likely to achieve the peak data rate required for 16m, with low complexity and low latency.
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15.3.x Channel Coding and HARQ
15.3.x.x LDPC Codes description
15.3.x.x.1 FEC Encoding based on LDPC-CC
The FEC Scheme block diagram is shown in Fig.1. The block is composed of LDPC-CC Encoder and a Puncture block, where payload data length is M bits and code bit length after Puncture is n bits.
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Fig. 1:  FEC encoder.
15.3.x.x.2 LDPC-CC Encoding
Payload data is coded by LDPC-CC encoder. LDPC-CC Encoder is shown in Fig. 2.

LDPC-CC Encoder: - Payload input M bits then outputs are “Systematic Bits (M bits)” and “Parity Bits (also M bits)”. LDPC-CC Encoder coding rate is 1/2.
LDPC Convolutional Encoding process is as follows:
3. Information Bits (M bits) are streamed to two blocks. One is for Systematic Bits (M bits) and another is for Constituent Encoder input. 

4. Constituent Encoder performs coding process for “Information Bits (M bits)”, then outputs “Parity Bits (M bits)”.
LDPC-CC Encoder outputs “Code Bits (a pair bits)”, sequentially {d0,p0}, {d1,p1}, {d2,p2}, …,{dM-1,pM-1}.

[image: image25]
Fig. 2:  Structure of LDPC-CC encoder.
LDPC-CC is defined by a parity check matrix H. A general description of parity check matrix H is shown below.
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The parity check matrix H is an M×N binary matrix. Each column corresponds to “Systematic Bits (d-ms,…, d0,…, dM-1)” and “Parity Bits(p-ms,…, p0,…, pM-1)”, where the order is : d-ms, p-ms,…, d0, p0, …, dM-1, pM-1, and ms is LDPC-CC memory length. 

Each row represents a parity-check polynomial. 
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In the matrix H, all elements are “0(zero)” other than 
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. As shown in equation (1), “1”s are placed around a diagonal line in the LDPC-CC matrix H.
We consider convolutional codes with the coding rate R=1/2 which have generation matrix G=[1 G1(D)/G0(D)]. Note that G0 is a feed back polynomial and G1 is a feed forward polynomial. Information and parity using polynomial are expressed as X(D) and P(D). A parity check polynomial with X(D) and P(D) is expressed as:
Check-equations for proposed FEC scheme are as follows:
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Based on the parity check polynomial of Eq. (2), we consider a parity check polynomial of Eq. (3).
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Note that ap and bq (p=1,2,•••,r ; q=1,2,•••,s) are natural numbers, and a1
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bs are satisfied. The codes which are defined by the check matrix based on the parity check polynomial of Eq. (3), are time-invariant LDPC-CCs.We prepare m pieces of different parity check polynomials based on Eq. (3), where m is a natural number with m
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2. These parity check polynomials are expressed as:
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where i=0,1,•••,m−1. Information and parity bits at time j are expressed as Xj, Pj. For Xj and Pj at time j, a parity check polynomial of Eq. (5) is satisfied.
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The codes which are defined by a check matrix based on the parity check polynomial of Eq. (5), are time-varying LDPC-CCs with period m.
The proposed LDPC-CC Encoder is time-varying convolutional encoder with period m=3 and memory length 491, which uses Check-equations (6), (7) and (8) depending on time slot.
A1(D)X(D)+B1P(D)=( D373 + D56 + 1)X(D) + ( D406 + D218 + 1)P(D) = 0 --- (6)
A2(D)X(D)+B2P(D)= ( D457 + D197 + 1)X(D) + ( D491 + D22 + 1)P(D) = 0 --- (7)
A3(D)X(D)+B3P(D)= ( D485 + D70 + 1)X(D) + ( D236 + D181 + 1)P(D) = 0 --- (8)
,where  X(D) represents ”Systematic Bits (d-ms,…, d0,…, dM-1)” and  P(D) represents ”Parity Bits (p-ms,…, p0,…, pM-1).
LDPC-CC Encoder can be optionally composed, performing equation (9).
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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.

15.3.x.x.3 Structure of LDPC-CC Encoder

An LDPC-CC encoder can be implemented by any encoder realizing the equation (9). An structure of LDPC-CC encoder is shown in Fig. 3. The LDPC-CC encoder is a time-varying systematic convolutional encoder with memory ms. The LDPC-CC encoder consists of M1 shift registers for ut, M2 shift registers for pt ,a weight controller and an adder and weight multipliers as shown in Fig. 3. Since LDPC-CC is a convolutional code, the complexity of an LDPC-CC encoding is less than the complexity of a CTC encoding which requires an internal interleaver. The complexity of LDPC-CC encoding is proportional to the number of row weights of the matrix H.
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Fig. 3:  A structure of LDPC-CC encoder.
15.3.x.x.4 Puncturing
Puncturing is a process to discard several systematic bits and/or parity bits from LDPC-CC Encoder outputs, in order to gain higher ( than 1/2) coding rate by a single coding composition. Puncturing patterns by each coding rates are shown in Table 2. Puncturing pattern d and p represent “Systematic Bit” and “Parity Bit” respectively, and when bit value is “0”, that bit will be “punctured”.  LPunc represents “puncturing pattern length”.
In Puncturing stage, “regular rotated puncturing” is used.  “Systematic Bit” and “Parity Bit” are punctured respectively every LPunc bit according to rules of puncturing pattern described in Table 1. In case of coding rate: 2/3，3/4，4/5, 5/6, systematic Bits are also punctured, thus result code will be non-systematic code.
Table 1  Puncturing patterns
	Code Rate
	Puncturing Pattern
	LPUNC

	1/2  
	d: 1 
p: 1
	1

	2/3 
	d: 110100
p: 111111
	6

	3/4 
	d: 110
p: 101
	3

	4/5
	d: 1011
p: 0110
	4

	5/6
	d: 1110001110
p: 0100110111
	10


-------------------------------  Text End  ---------------------------------------------------























































































































































































































































M





M





� EMBED Visio.Drawing.11  ���





M





ut








dt








pt








M





2M





to modulator





pt








dt








ut








M





M





� EMBED Visio.Drawing.11  ���





M





to modulator





2M





M








PAGE  
1

_1280670549.vsd
�

LDPC-CC
Encoder


k
Information bits


2k
Code bits


n
Code bits


to 
Channel Interleaver


Puncture



_1281336233.unknown

_1281336254.unknown

_1281349139.unknown

_1281336205.unknown

_1259864132.unknown

_1263225891.unknown

_1266783505.unknown

_1259864488.unknown

_1260103832.unknown

_1260103904.unknown

_1260102449.vsd
�

Constituent
Encoder


k
Systematic bits


k
Parity bits


k
Information bits



_1259414713.unknown

_1259557910.unknown

_1259558511.vsd
�

dt


pt


Shift
Register
Sd1


Shift
Register
Sd2


Shift
Register
SdM1


Shift
Register
Sp1


Shift
Register
Sp2


Shift
Register
SpM2


Weight
Controller


ut



_1259414723.unknown

_1247300723.unknown

