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Introduction
At the 3GPP TSG RAN #71 meeting, the Study Item of “Study on New Radio Access Technology " was approved [1]. And, at 3GPP TSG RAN #84 and #85 meetings, the LDPC code scheme was presented by many companies and was agreed as a candidate channel coding for NR system. 
In RAN1#85 meeting, some LDPC code schemes were presented [2 - 6] and some basic consensus on LDPC code was agreed. It is generally observed that LDPC has lower complexity and higher throughput with similar or better performance as turbo code. A uniform base matrix with very low code rate (1/5) was shown in [4] and [5] which can support IR-HARQ scheme. In [2], a code rate of 1/3 for LDPC base matrix was presented. Extended methods were mentioned by [3] and [6] to support IR-HARQ. Row-orthogonal property of LDPC codes was presented by [5] for high data throughput. 
In this contribution, some considerations for LDPC codes design, as well as the LDPC codes with flexibility of code block sizes, code rates and IR-HARQ are presented. 
Low Density Parity Check (LDPC) Codes 
A LDPC code is defined by a sparse parity check matrix, which can be mapped to a bipartite graph composed of check nodes and variable nodes, as shown in Figure 1. 


[bookmark: _Ref446942287]Figure 1 Tanner Graph for LDPC Codes
[bookmark: _Toc170195237][bookmark: _Toc170195507][bookmark: _Toc170195776][bookmark: _Toc170196045][bookmark: _Toc170196315][bookmark: _Toc170196585][bookmark: _Toc170196855][bookmark: _Toc170197125][bookmark: _Toc170197573][bookmark: _Toc170197899][bookmark: _Toc170198452]QC-LDPC Code
















The (Quasi-Cyclic) QC-LDPC code is defined by a base matrix  of size , an expanding factor (lift size) Z and a permutation matrix  of size . The size of information bits is , , the size of codeword is , and the code rate is .  If each element  in the base matrix  is replaced by zero sub-block matrix of size  or the sub-block matrix  , the parity check matrix of QC-LDPC can be obtained. The base matrix ,  parity check matrix  and the permutation matrix  are shown in Figure 2.  


        





Figure 2 Base Matrix (), Parity Check Matrix () and Permutation Matrix () of QC-LDPC Code










Wherein, if  in base matrix,   in  equals a zero matrix of size ; otherwise,  equals a permutation matrix  to  power. The base matrix () can be divided into 2 parts: systematic part and parity part which are illustrated in Figure 3. The systematic part includes  columns (also known as systematic columns) and parity part includes  columns (also known as parity columns). 


Figure 3 Example of Base Matrix of Systematic Part and Parity Part
QC-LDPC code has been used widely in high-throughput systems, such as IEEE802.11n, IEEE802.16e and IEEE802.11ad. It is observed that, LDPC codes are very suitable for high-throughput and low-latency system.
LDPC Code Design Considerations
In previous RAN1 meetings, it has been agreed that channel coding scheme for NR must support flexible code block size and code rate. And, incremental redundancy HARQ also needs to be supported. 
1. Uniform Base Matrix
Uniform base matrix means that code base matrix is derived from a uniform base matrix for any code block size or code rate. A sub-base matrix of corresponding number of rows and columns is extracted from the uniform base matrix to support different code rates. The expanding factor (lift size) can be changed to support different code block sizes. An example for code rates of Ri and Rj is shown in Figure 4. An example of different expanding factor (lift size) (Zs and Zt) is also shown in Figure 4. 


Figure 4 Uniform Base Matrix for different Code Rates (Rj<Ri) and different Code Block Sizes (Zs<Zt)
The advantages of uniform base matrix are described as following. 
· Simplicity. Designing multiple LDPC base matrices for each code block size and/or code rate, will for sure bring certain extra complexity for LDPC code design. 
· Uniform Decoder. Since the uniform base matrix has a fixed number of rows and columns, a codeword for any code rate or retransmission may be decoded with the same decoder. 
· Less Storage. Only a uniform base matrix is stored instead of multiple LDPC base matrices for each code block size and/or code rate. 
· Easy to achieve flexible code rate. Since the uniform base matrix can support very low initial code rate, the extracting operation for sub-base matrix (puncturing bits off initial codeword) can provide any continuous code rates larger than initial rate of uniform base matrix. 
· Easy to achieve IR-HARQ. In IR-HARQ scheme, if the first transmitted data block with high rate is received incorrectly, more coded parity bits will be retransmitted for better performance (coding gain) of lower code rate. Since the initial code for uniform base matrix has many coded parity bits, it is very easy and suitable to support IR-HARQ. 
Proposal 1: Uniform base matrix should be considered for LDPC code design.
2. Base Matrix Size 
The number of total columns in the base matrix is proportional to systematic columns (kb) and inversely proportional to code rate (R), expressed as nb=kb/R.  For example, the number of total columns will be 3 or 5 times as kb and the number of parity columns (or number of rows) will be 2 or 4 times as kb when the code rate (R) equals 1/3 or 1/5. The more columns in a base matrix, the more likely it will have large average row weight (average number of non -1 for all rows). And, the large average row weight will lead to high decoder complexity [7] and high decoding latency in parity node updating [7]. 
If the number of total columns is larger, the number of total rows will be larger for the same code rate. And, large number of total rows will increase the number of layers in layered decoder which will lead to high decoder latency [7], such as row-parallel decoder. Although the number of total rows can be reduced by decreasing the systematic columns (kb) for low code rate, it may destroy the unity of base matrix. 

The LDPC code information size is proportional to the number of systematic columns (kb) and expanding factor (lift size) (Z), shown as: . The granularity of code block sizes will be large when kb is a big value for large size of base matrix. Therefore, the small size of base matrix (or small value of kb) is preferred. 
Proposal 2: LDPC code base matrix should have small size.
3. Different Code Block Size 
As discussed above, flexible LDPC information size can be supported by changing the expanding factor (lift size) (Z). However, the expanding factor (lift size) should not change continuously (the gap equals 1), leading to the granularity of information sizes may be a little large. And, for layered decoder, the expanding factor (lift size) (Z) should equal to an integral multiple of decoder parallelism when the decoder parallelism is less than Z. For example, it equals to a prime integral multiple of 2a, which will have more positive integer factors for parallelism choice, where a is a positive integer. Therefore, both scaling expanding factor (lift size) and shortening encoding (padding operation) are used for flexibility of LDPC code block size. 
Observation 1: Flexible code block size for LDPC can be achieved by combining the scaling expanding factor (lift size) and padding operation.
4. Structure of Parity Part
The parity part in the base matrix can be designed for two structures: low triangular structure and double diagonal structure. The low triangular structure for base matrix was used in IEEE802.11adand the double diagonal structure was used in IEEE802.16e and IEEE802.11n. According to our simulations, it shows that two structures have almost the same performances. The encoder may have lower complexity for low triangular structure. Thus low triangular structure is considered in LDPC uniform base matrix design in this contribution. 
5. Different Code Rates 
According to the LDPC encoding principle, the code rate can be calculated as 

                                                                              


where is the number of  systematic columns of LDPC base matrix,  is the number of parity columns of LDPC base matrix. Therefore, the code rate can be changed with some flexibly with different number of parity columns for base matrix. For a finer granularity, puncturing can be used. 
Observation 2: The LDPC code rates can be very flexible with different number of parity columns of LDPC base matrix and puncturing operation. 
Proposal 2: LDPC code design should support flexibility of code rate and code block size. 

6. Elements in Base Matrix
In the LDPC decoder, each element (non -1) in the base matrix corresponds to a cyclic shift. The value of element equals ‘0’, which means that there is no need for cyclic shift. Therefore, the more of ‘0’ elements in the base matrix, the lower complexity of LDPC decoder. For any column in base matrix, the first non -1 element is equal to ‘0’. The design may have much greater potential to optimize the decoder in future.
LDPC Base Matrix 
According to the design considerations described above, a uniform base matrix for eMBB and URLLC & mMTC is shown in Figure 5 (in Appendix as well) with the max expanding factor of 1280. The parameters of this uniform base matrix are: nb=26, mb=18, kb=8. Note this is mainly an illustration of LDPC for simulation and evaluation, other LDPC uniform base matrix design can also be obtained following the principles and considerations discussed above. Note the value of 8th row and 8th column element ‘a’ in the base matrix is assigned to 69 when the code rate R=K/N== 1/3; and, for code rate R=K/N=1/2, ‘a’ is assigned to 69 when code block sizes are 3584, 4608 and 5632; ‘a’ is -1 for all other cases. 


Figure 5 Uniform Base Matrix with Max Expanding Factor of 1280.
LDPC Encoding Process 
There are three steps to encode K information bits into a codeblock of length N: choosing expanding factor and base matrix; encoding and bit selection as illustrated in Figure 6. Note that, if the size of information bits K is larger than 10240 (1280*8 for our proposed base matrix), segmentation is required to encode into multiple code blocks.


For the base matrix in Figure 5, the set of expanding factors is Zset = [2 4 6 8 10 12 16 20 24 32 40 48 64 80 96 128 160 192 256 320 384 512 640 768 1024 1280]. At first, . Then Z is chosen to be the first element in Zset larger or equal to . Then the elements of base matrix are modified as the following:








padding bits are inserted into the information bits starting from the th bit. padded bits are encoded into codeword of bits. Permutation is performed to reorder the coded bits in the order of importance. This is to ensure puncturing will not puncture bits with high importance. For the base matrix in Figure 5,  a permutation vector PV=[0,1,2,3,4,5,6,7,8,10,11,9,12,13,14,15,16,17,18,19,20,21,22,23,24,25] can be considered to shift columns of Z bits. , k=0, 1, …, nb*Z-1, where A is the original sequence and B is the shifted sequence. Bit selection is performed as the following to obtain codeword C.




wherein null is padded bit. In other words, code block of length N is chosen starting from the  bit where  systematic bit is not transmitted. Note that the mother code rate for the base matrix in Figure 5 is 1/3. For rate lower than 1/3, systematic bits will be transmitted.


Figure 6 the process of LDPC encoding
Accordingly, the number of actually used rows and columns of the base matrix in the decoder can be calculated as 

rows：

columns：. Figure 7 gives an example of LDPC base matrix for LDPC decoding with K=8192 and N=10240, where Z=1024, mb=4, and nb=12.
The performance of proposed LDPC base matrix is simulated and compared with LTE Turbo code. Table 1 lists the simulation parameters and BLER curves are shown in Figure 8. It is observed that the proposed LDPC code supports full flexibility as LTE Turbo code and has better performance than LTE Turbo code for high throughput scenario (with high code rate and large block length).


Figure 7 Example of LDPC Base Matrix for LDPC Decoding with K=8192 and N=10240
Table 1 Evaluate the block error rate (BLER) performance versus SNR for eMBB
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	  Turbo
	LDPC

	Decoding algorithm
	Max-log-MAP
	Layered BP

	Max Iterations
	8
	25
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Figure 8 Performances for LDPC and Turbo Codes
IR HARQ
For energy-efficient data transmission, it is necessary to support incremental redundancy (IR) for retransmission.  For IR HARQ, extra parity bits are retransmitted to get coding gain for lower code rate. In Figure 9, an IR HARQ scheme for LDPC codes is depicted for different retransmissions. In the 1st transmission, the high rate LDPC code is transmitted, and the decoder operates on small size of base matrix. If the decoding fails, the 2nd transmission data is transmitted which allows the decoder to operate on a bigger base matrix with low rate and to achieve successful decoding. If the code rate of retransmission data is less than R0 (mother code rate), some extended bits may be retransmitted. The 1st transmission has the smallest base matrix, whose decoding latency is low and throughput is high. The decoding latency for other retransmissions may increase successively. However, compared with system HARQ latency, the decoding latency of retransmission may be negligible. The normalized throughput performances of HARQ for LDPC and turbo (LTE) are shown in Figure 10. 
Observation 3: LDPC can support IR-HARQ and achieve the same normalized throughput as LTE turbo.
Proposal 3: LDPC code design should support IR HARQ.


Figure 9 Example of IR-HARQ for LDPC
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Figure 10 the Throughput of HARQ for LDPC Code and Turbo Code

Advantages of LDPC codes 
1. Performance. LDPC has almost the same performance as turbo code, or even better than Turbo in some cases [9].
2. Flexibility. LDPC can support flexible code block sizes and code rates by scaling the expanding factor (lift size) and the shorten coding method. Therefore it can fully support all the code block sizes and code rates as LTE turbo code. 
3. Throughput. LDPC can achieve a greater throughput than the turbo codes under the same code block size and code rate due to the inherent parallelism of LDPC code. Especially, LDPC codes can get higher throughput in high code rate and big code block size case. The maximum 5G system throughput (20 Gbps) could generally be obtained in high code rate and long code block sizes case, which is very difficult for turbo coding. 
4. Latency. LDPC decoder has parallel characteristics, so its decoding speed will be relatively fast, that is, the decoding delay will be very low, which will  meet the requirements of URLLC scenario. 
5. Complexity. Turbo code’s complexity will become bigger in a higher rate, while LDPC code is opposite. LDPC code’s complexity will be lower at a high code rate, which means it is more conducive to realize a higher throughput and lower complexity; 
6. Power consumption. BLER needs to be below the 10e-5 for URLLC scenarios. To achieve this object, LDPC code just needs a low number of iterations, e.g. normally 1 to 2 times will be enough. However, turbo codes usually need many times iterations. So the power consumption of the LDPC codes is far lower than that of turbo codes. 
7. Maturity. LDPC code has already been adopted in IEEE802.16e, IEEE802.11n, IEEE802.11ad, IEEE802.11ac, DVB, microwave communication, optical fiber and so on, and the decoder implementation is very mature. 

Conclusion
In this contribution, some considerations of LDPC coding schemes for the new RAT are presented. In summary, we have the following proposals and observations:
Proposal 1: Uniform base matrix should be considered for LDPC code design.
Proposal 2: LDPC code design should support flexibility of code rate and code block size. 
Proposal 3: LDPC code design should support IR HARQ.
Observation 1: Flexible code block size for LDPC can be achieved by combining the scaling expanding factor (lift size) and padding operation.
Observation 2: The LDPC code rates can be very flexible with different number of parity columns of LDPC base matrix and puncturing operation. 
Observation 3: LDPC can support IR-HARQ and achieve the same normalized throughput as LTE turbo.
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Appendix 
Uniformed Base Matrix for Max Expanding Factor of 1280: 
   0    0    0    0    0    0    0    0    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 
 567   -1  731   82  962 1207  342    1  851    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 
 739  147  427  523  871  686 1235    2   -1  383    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 
  -1 1039 1135  594  681  226  508    2   -1   -1  443    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 
1168   -1   -1   -1 1241  383    1   -1   -1   -1   -1  729    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 
  -1 1064   -1   18   -1  762   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 
   2  977  775 1049   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 
 728   -1    1   -1 1081   -1  320   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 
 788 1192   -1  328   -1   -1   -1   -1   a   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1   -1 
 220    2   -1   -1   -1   -1   -1   -1   -1  713   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1 
  -1  183   -1   -1   -1    1   -1   -1   -1   -1  560   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1 
 343   -1 1265   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1 
  80  372   -1   -1  319   -1 1225   -1   -1   -1   -1   -1   86   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1 
  -1  607   -1  378   -1   -1   -1  671   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1 
 965   -1   -1   -1  475   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1 
 353  471   -1   -1   -1   -1   -1 1031   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1 
   2   -1   -1   -1   -1   -1   -1   -1  171   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1 
  -1  619   -1   -1   -1   -1   -1   -1   -1  410   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0 

Notes: the value of 8th row and 8th column element ‘a’ in the base matrix is assigned to 69 when the code rate R=K/N= 1/3; for code rate R=K/N=1/2, the ‘a’ is assigned to 69 when code block sizes are 3584, 4608 and 5632; ‘a’ is -1 for all other cases.
Expanding Factors: 
[ 2 4 6 8 10 12 16 20 24  32  40   48  64  80  96 128 160 192 256 320 384 512 640 768 1024 1280]
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Figure A1 Performance Results (BLER vs SNR): MBB QPSK (Blue = LTE Turbo; Red = Proposed LDPC code)

13
image2.wmf
Hb


image41.wmf
()2()16

18

NKZNKZ

mb

else

ì-+-£

éùéù

ï

êúêú

=

í

ï

î


oleObject53.bin

image42.wmf
nbkbmb

=+


oleObject54.bin

image43.emf
Systematic Columns Parity Columns


oleObject55.bin
�

�

Systematic Columns


Parity Columns



image44.emf
0 1000 2000 3000 4000 5000 6000 7000

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

BLER=0.01, QPSK, Code Rate=1/3

Info Bits

SNRdB(Es/N0)

 

 

LDPC

Turbo


image45.emf
0 1000 2000 3000 4000 5000 6000 7000

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

BLER=0.01, QPSK, Code Rate=2/5

Info Bits

SNRdB(Es/N0)

 

 

LDPC

Turbo


image46.emf
0 1000 2000 3000 4000 5000 6000 7000

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

BLER=0.01, QPSK, Code Rate=1/2

Info Bits

SNRdB(Es/N0)

 

 

LDPC

Turbo


image47.emf
0 1000 2000 3000 4000 5000 6000 7000

3

3.5

4

4.5

5

5.5

6

6.5

7

BLER=0.01, QPSK, Code Rate=2/3

Info Bits

SNRdB(Es/N0)

 

 

LDPC

Turbo


oleObject2.bin

image48.emf
0 1000 2000 3000 4000 5000 6000 7000

4

4.5

5

5.5

6

6.5

7

7.5

8

BLER=0.01, QPSK, Code Rate=3/4

Info Bits

SNRdB(Es/N0)

 

 

LDPC

Turbo


image49.emf
0 1000 2000 3000 4000 5000 6000 7000

5

5.5

6

6.5

7

7.5

8

8.5

9

BLER=0.01, QPSK, Code Rate=5/6

Info Bits

SNRdB(Es/N0)

 

 

LDPC

Turbo


image50.emf
0 1000 2000 3000 4000 5000 6000 7000

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

BLER=0.01, QPSK, Code Rate=8/9

Info Bits

SNRdB(Es/N0)

 

 

LDPC

Turbo


image51.emf
Systematic 

Bits

Parity Bits

2nd

Transmission

1st

Transmission

Mother Code


oleObject56.bin
�

�

Systematic Bits


Parity Bits


2nd Transmission


1st Transmission


Mother Code



image52.emf
-4 -2 0 2 4 6 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

QPSK, K=992, 5/6

SNRdB(Es/N0)

Normalized Throughput

 

 

LDPC

Turbo


image53.emf
-2 0 2 4 6 8 10

10

-3

10

-2

10

-1

10

0

QPSK, K=96

SNRdB(Es/N0)

BLER

 

 

1/3

2/5

1/2

2/3

3/4

5/6

8/9


image3.wmf
mbnb

´


oleObject3.bin

image4.wmf
P


oleObject4.bin

image5.wmf
ZZ

´


oleObject5.bin

image6.wmf
KkbZ

=´


oleObject6.bin

image7.wmf
kbnbmb

=-


oleObject7.bin

image8.wmf
NnbZ

=´


oleObject8.bin

image9.wmf
RKN

=


oleObject9.bin

image10.wmf
ij

hb


oleObject10.bin
�

�

�

0


2


1


3


Variable Nodes


Check Nodes


2


4


3


5


0


1



image11.wmf
Hb


oleObject11.bin
 Base Matrix


Systematic bits 


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


Rate 1/3 Extended  LDPC     Base Matrix


Puncturing parity bits 


Extending parity bits 


-1


0


the matrix part of 
the added          rows



oleObject12.bin

image12.wmf
ij

hb

P


oleObject13.bin

image13.wmf
H


oleObject14.bin

oleObject15.bin

image14.wmf
H


oleObject16.bin

image15.wmf
P


oleObject17.bin

image16.wmf
00010(1)

10111(1)

(1)0(1)1(1)(1)

nb

nb

mbmbmbnb

hbhbhb

hbhbhb

hbhbhb

-

-

----

éù

êú

êú

=

êú

êú

êú

ëû

Hb

L

L

LLLL

L


oleObject18.bin

image17.wmf
0(1)

0001

1(1)

10

11

(1)0(1)1(1)(1)

nb

nb

mbmbmbnb

hb

hbhb

hb

hb

hb

hbhbhb

-

-

----

éù

êú

êú

=

êú

êú

êú

ëû

PPP

PPP

H

PPP

L

L

LLLL

L


oleObject19.bin

image18.wmf
0100

0010

0001

1000

éù

êú

êú

êú

=

êú

êú

êú

ëû

P

L

L

LLLLL

L

L


oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

image19.wmf
1

ij

hb

==-


oleObject24.bin

oleObject25.bin

oleObject26.bin

oleObject27.bin

oleObject28.bin

oleObject29.bin

image20.wmf
ij

hb


oleObject30.bin

oleObject31.bin

image21.wmf
kb


oleObject32.bin

image22.wmf
mb


oleObject33.bin

image23.emf
Systemmatic 

Part

Parity Part

kb mb

nb

mb


oleObject34.bin
�

�

Systemmatic Part


Parity Part


kb


mb


nb


mb



image24.emf
kb mb

nb

mb

0100

0010

0001

1000



























0100

0010

0001

1000



























R

i

R

j

Z

s

Z

t

kb mb

i

mb

i

mb

j

kb mb

j


oleObject35.bin
�

�

kb


mb


nb


mb


Ri


Rj


Zs


Zt


kb


mbi


mbi


mbj


kb


mbj



image25.wmf
KkbZ

=´


oleObject36.bin

image26.wmf
/()

Rkbkbmb

=+


oleObject37.bin

image27.wmf
kb


oleObject38.bin

image28.wmf
mb


oleObject39.bin

image29.emf
Systematic Bits Parity Bits

Transmitted bits 

Padding Bits

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Punctured Bits


oleObject40.bin
�

�

�

Transmitted bits 


Systematic Bits


Parity Bits


Padding Bits


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


Punctured Bits



image30.wmf
'

ZKkb

=

éù

êú


oleObject41.bin

image31.wmf
'

Z


image1.emf
0

2

1

3

Variable Nodes

Check Nodes

2

4

3

5 0 1

1

0

1

0

0

1

0

1

0

1

1

0

1

0

0

1

1

0

1

0

0

1

0

1

H  =


oleObject42.bin

image32.wmf
mod

max

1()1

()

()

b

ijuniform

b

ijified

b

ijuniform

ifh

h

hZZelse

ì

-==-

ï

=

í

êú

´

ï

ëû

î


oleObject43.bin

image33.wmf
ZkbK

´-


oleObject44.bin

image34.wmf
2

Z

´


oleObject45.bin

image35.wmf
Zkb

´


oleObject46.bin

image36.wmf
Znb

´


oleObject1.bin

oleObject47.bin

image37.wmf
((/)mod(,))

k

PVkZZkZ

BA

´+

êú

ëû

=


oleObject48.bin

image38.wmf
mod(,)

mod(,)

0;2;

()

(

1

1;

nnbZ

knnbZ

knZPaddingLen

whilekN

ifBnull

CB

kk

end

nn

end

´

´

==´+

<

¹

=

=+

=+


oleObject49.bin

image39.wmf
2

ZPaddingLen

´+


oleObject50.bin

oleObject51.bin

image40.emf
Information Bits

0

0 Parity Bits

K Bits

Padding

LDPC Encoding

Bits 

Selection

Transmitted Codeword 

K

N

2*Z

0 Parity Bits Permutation 


oleObject52.bin
�

�

Information Bits


0


0


Parity Bits


K Bits


Padding


LDPC Encoding


Bits Selection


Transmitted Codeword 


K


N


2*Z


0


Parity Bits


Permutation 



