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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
Quasi-Cyclic (QC) LDPC codes are well studied class of error-correcting codes. In this contribution we discuss a nested family of irregular QC LDPC codes obtained from one high-rate base matrix and quasi row orthogonal structure to make a tradeoff between performance and complexity. 
General Description for LDPC rate matching
Single parity check (SPC) extension is a common method for LDPC to realize rate matching which is called Raptor-like structure or Nested Base graph structure. This method has been adopted by several companies in the last several meetings [1][2][3]. It usually starts from a high rate LDPC matrix with dual-diagonal or lower triangular structure. To achieve lower rate, the high rate matrix is extended with one single parity check equation and one parity bit at a time.  

Proposed LDPC Description
We use Quasi-Cyclic (QC) LDPC codes with QC parity-check matrices, where each circulant is either a circulant permutation matrix (CPM) or the zero matrix. Usually a quasi-cyclic  parity-check matrix (PCM)  with  circulant row blocks,  circulant column blocks, and the circulant size  is represented in the following form:
,
where the integers  are in the range . Here we denote by   the   CPM corresponding to the right cyclic shift by  positions if  and the  zero matrix if . We call the integers  exponents and the corresponding  integer matrix   the exponent matrix of . In what follows we usually define QC LDPC codes and their PCMs by the corresponding exponent matrices.

0.   Nested QC LDPC Code
We describe a nested family of irregular QC LDPC codes obtained from one high-rate base code as an extension by several single parity-check codes (SPCs). The general structure of the corresponding exponent matrices is shown in Figure 1, where the green part corresponds to the base code and is called the base matrix and the lower white part is called the extension part. In this contribution, we propose to use base matrices with dual-diagonal structure in their parity part [4][5]. It is also easy to see that the full matrix with the extension part also supports a low-complexity encoding. The number of information columns is set to 16 in order to achieve the peak throughput of 20Gbps with more parallelism.
In order to obtain codes with different number of information bits  and parity bits  we use the length and rate adaption scheme more detailed described in the next sections. This is achieved by using puncturing both information and parity bits, and also shortening by zero padding in the information parts of the codeword. In all our codes for all rates we puncture symbols that correspond to the first two circulant column blocks as it is shown in Figure 1. The first of these two punctured circulant columns has the highest column weight among all the circulant columns and we call it the High-Weight (HW) column. The structure of base matrix is similar to the structure utilized in the PCMs for QC LDPC codes described in the IEEE 802.11ad™-2012 [5][6] standard.
In order to obtain a high level of parallelism during the decoding we further restrict the structure of the extension part. A group of rows in the extension part has the feature of quasi row orthogonality (QRO) if for each pair of different rows in this group they are allowed to have more than one common positive entries (not equal to -1) only in the HW circulant column (see Figure 1). It is worth noting that block-parallel decoder could encounter fewer conflicts if multiple cores (blocks) are processed simultaneously, thanks to the QRO structure.  To go a step further, we can also design the rows at the border of two neighboring groups are not overlapped expect for HW columns such that the implementation is more flexible, which we defined as Non-Conflict (NC) property. 
We use exponent matrices with several groups of quasi orthogonal rows in the extension part and say that such matrix has the quasi row orthogonal structure. 
[image: ]
[bookmark: _Ref465691517]Figure 1. QC matrix with QRO property in the extension part.
Below you can find a simple example of an exponent matrix with QRO structure (all empty cells contains -1). In this case we have 7 layers in the extension part of the matrix. 
[image: ]
Figure 2. An example of a QC matrix with QRO property in the extension part
This scheme can be efficiently implemented in hardware by fully utilizing the QRO structure of the non-punctured parts of the PCM rows. As a result, a flexible trade-off between high throughput and good performance can be obtained. Low complexity of the routing network is also achievable by using multiple block processors. This can be done with several blocks of each non-overlapping group/layer of rows in parallel.
Observation 1: Quasi row orthogonal structured LDPC code gives a flexible trade-off between high throughput and good performance for large block size.
Proposal 1: Quasi row orthogonal structure and compact base matrix should be considered for LDPC codes in NR.

0. Lifting method, length and rate adaptation
Shortening, puncturing and lifting method are used for QC LDPC code to implement length and rate adaptation.  Suppose we have an exponent matrix  with the circulant size . Below we describe how we obtain the -code with codeword size  and information block size , where . 
First, we use our lifting method described below and obtain the lifted version of the exponent matrix  with the circulant size , . Then, we propose two lifting methods with offset which can improve the performance with fine granularity:
Method 1: 
Let’s define , where . We set  and ,where  and  is the maximal possible integer such that . 
The additional parameter  we used here is selected based on the performance of the corresponding matrices in the simulations (SNR needed to obtain BLER=) and can be done in offline for each . Thus we need to store no more than  bits for these parameters (two bits for each ). For example, for the nested family (see the Appendix 1) we can use the following example table for :


Table 1. Example of offset value and parameters of method 1
	
	 
(2 bit)
	Automatically calculated parameters

	
	
	
	
	

	7
	1
	8
	3
	97-112

	8
	1
	9
	3
	113-128

	9
	1
	10
	3
	129-144

	10
	1
	11
	3
	145-160

	11
	1
	12
	3
	161-176

	12
	1
	13
	3
	177-192

	13
	3
	16
	4
	193-208

	…
	…
	…
	…
	…

	512
	0
	512
	8
	8177-8192


Full version of this lifting table can be found in Appendix.
Method 2:
Let  be the circulant size for the given information block size , obtained by . In method 2, there is no offset on Z, thus Z = Zorig.  is the offset factor to calculate the exponent matrix  corresponding to . For each value of , an offset  is needed which can be described as a four bit value. The exponent value  corresponding to  can be calculated as:

The values of circulant size , offset factor  and the range of  are shown in table 2:


Table 2. Example of offset value and parameters of method 2
	Z
	w(4bits)
	K

	6
	7
	81-96

	7
	5
	97-112

	8
	0
	113-128

	9
	0
	129-144

	10
	1
	145-160

	11
	9
	175-176

	12
	3
	177-192

	13
	10
	193-208

	14
	14
	209-224

	15
	5
	225-240

	16
	11
	241-256

	…
	…
	…

	512
	0
	8065-8192



Example of offset lifting method 2:
For an LDPC code with following parity check matrix, 



we say a cycle four exists if the permutation value satisfies . With our lifting methods, cycle four can be eliminated with a proper factor and the performance can be then improved. 
Take the lift number 24 and the PCM



as an example. If we use the mod method, there are 24 four cycles since . But if using our lift method and choose the offset factor 3, the matrix turns to 




 and . Then the length of the cycles is expanded to . By choosing a proper offset for every lift factor, the spikes in the performance curves can be easily eliminated and the performance of different code length can be quite smooth.
Puncturing and shortening
Once we obtain the lifted exponent matrix  and the circulant size  by the method described above, we define code with codeword size  and information block size  obtained by puncturing the bits corresponding to the first two circulant columns (see Figure 1). Let us define parameters  and . 
If we have , we further puncture  redundant bits starting from the end of the codeword. 
Once we applied puncturing described above and obtained the punctured codeword we do the following. If we still have   we use further shortening by zero padding for the first  bits in the punctured codeword.
Performance with fine granularity
Figure 3 shows the simulation results for the proposed length adaption scheme using method 1 applied to the described above nested family of QC LDPC codes. BP decoder is used in the evaluation. As it can be seen from the figure, the proposed lifting method results in a very smooth transition from one circulant size to another with no visible catastrophic cases for all rates and all information block sizes.
[bookmark: _Ref470816461][image: ]
Figure 3. Performance of the proposed length adaption scheme, Es/N0(dB) at BLER=, QPSK.
Observation 2: The proposed length adaptation scheme supports fine granularity and avoids catastrophic cases for different lengths and rates. It also allows a simple hardware implementation.
0. IR-HARQ and retransmission
Since the structure of proposed matrix is a combination of 802.11n like matrix and single extension part, the transmitter can firstly encode the codeword for the lowest code rate and stored in a circular buffer. According to the desired code rate, a codeword with a certain length is sent excluding filling bits and the first 2Z information bits. To maintain the good performance of LDPC, each retransmission should start at or near where last transmission ends, as shown in figure 4. In this manner, IR-HARQ and rate-matching can be easily achieved.
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Figure 4. IR-HARQ for proposed matrix

Observation 3: The proposed LDPC code with raptor-like structure can support multiple code rates and IR-HARQ using circular buffer. 


Conclusions
This contribution describes a design of QC LDPC code for eMBB. It is shown that the proposed LDPC code has good performance and supports the fine-granularity rate-matching scheme for all scenarios of eMBB channel. 
In summary, the proposed design has the following characteristics: 

Observation 1: Quasi row orthogonal structured LDPC code gives a flexible trade-off between high throughput and good performance for large block size.
[bookmark: _GoBack]Observation 2: The proposed length adaptation scheme supports fine granularity and avoids catastrophic cases for different lengths and rates. It also allows a simple hardware implementation.
Observation 3: The proposed LDPC code with raptor-like structure can support multiple code rates and IR-HARQ using circular buffer. 
Proposal 1: Quasi row orthogonal structure and compact base matrix should be considered for LDPC codes in NR.
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Appendix 1. NC-QRO PCM
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	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	482
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	103
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	0-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	-1
	18
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	171
	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-10 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	156
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	161
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	253
	-1
	-1
	-1
	289
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	-1
	363
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	134
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	449
	-1
	81
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	279
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	1
	-1
	-1
	-1
	-1
	-1
	105
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	162
	-1
	-1
	-1
	-1
	-1
	-1
	0
	339
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	123
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	186
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	63
	-1
	-1
	-1
	-1
	466
	-1
	-1
	-1
	-1
	150
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	295
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	236
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1

	-1
	-1
	-1
	277
	0
	-1
	-1
	-1
	-1
	-1
	190
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1

	483
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	137
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 -1

	24
	-1
	-1
	-1
	-1
	227
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1

	-1
	-1
	-1
	-1
	38
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	116
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1

	426
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	17
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1

	-1
	-1
	196
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	486
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1

	-1
	379
	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1

	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	489
	-1
	436
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1

	-1
	-1
	-1
	-1
	246
	89
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	0
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0




Appendix 2. Lifting Table of method 1. 
	
	 
(2 bit)
	Automatically calculated parameters

	
	
	
	
	

	7
	1
	8
	3
	97-112

	8
	1
	9
	3
	113-128

	9
	1
	10
	3
	129-144

	10
	1
	11
	3
	145-160

	11
	1
	12
	3
	161-176

	12
	1
	13
	3
	177-192

	13
	3
	16
	4
	193-208

	14
	2
	16
	4
	209-224

	15
	1
	16
	4
	225-240

	16
	1
	17
	4
	241-256

	17
	0
	17
	4
	257-272

	18
	0
	18
	4
	273-288

	19
	2
	21
	4
	289-304

	20
	2
	22
	4
	305-320

	21
	2
	23
	4
	321-336

	22
	1
	23
	4
	337-352

	23
	1
	24
	4
	353-368

	24
	2
	26
	4
	369-384

	25
	2
	27
	4
	385-400

	26
	1
	27
	4
	401-416

	27
	0
	27
	4
	417-432

	28
	0
	28
	4
	433-448

	29
	3
	32
	5
	449-464

	30
	2
	32
	5
	465-480

	31
	1
	32
	5
	481-496

	32
	2
	34
	5
	497-512

	33
	1
	34
	5
	513-528

	34
	3
	37
	5
	529-544

	35
	3
	38
	5
	545-560

	36
	1
	37
	5
	561-576

	37
	2
	39
	5
	577-592

	38
	3
	41
	5
	593-608

	39
	3
	42
	5
	609-624

	40
	3
	43
	5
	625-640

	41
	2
	43
	5
	641-656

	42
	2
	44
	5
	657-672

	43
	3
	46
	5
	673-688

	44
	3
	47
	5
	689-704

	45
	3
	48
	5
	705-720

	46
	3
	49
	5
	721-736

	47
	2
	49
	5
	737-752

	48
	3
	51
	5
	753-768

	49
	3
	52
	5
	769-784

	50
	1
	51
	5
	785-800

	51
	1
	52
	5
	801-816

	52
	3
	55
	5
	817-832

	53
	2
	55
	5
	833-848

	54
	1
	55
	5
	849-864

	55
	3
	58
	5
	865-880

	56
	2
	58
	5
	881-896

	57
	3
	60
	5
	897-912

	58
	2
	60
	5
	913-928

	59
	3
	62
	5
	929-944

	60
	3
	63
	5
	945-960

	61
	3
	64
	6
	961-976

	62
	2
	64
	6
	977-992

	63
	1
	64
	6
	993-1008

	64
	0
	64
	6
	1009-1024

	65
	1
	66
	6
	1025-1040

	66
	3
	69
	6
	1041-1056

	67
	2
	69
	6
	1057-1072

	68
	1
	69
	6
	1073-1088

	69
	0
	69
	6
	1089-1104

	70
	1
	71
	6
	1105-1120

	71
	0
	71
	6
	1121-1136

	72
	1
	73
	6
	1137-1152

	73
	1
	74
	6
	1153-1168

	74
	0
	74
	6
	1169-1184

	75
	1
	76
	6
	1185-1200

	76
	1
	77
	6
	1201-1216

	77
	3
	80
	6
	1217-1232

	78
	2
	80
	6
	1233-1248

	79
	0
	79
	6
	1249-1264

	80
	2
	82
	6
	1265-1280

	81
	1
	82
	6
	1281-1296

	82
	1
	83
	6
	1297-1312

	83
	0
	83
	6
	1313-1328

	84
	1
	85
	6
	1329-1344

	85
	1
	86
	6
	1345-1360

	86
	2
	88
	6
	1361-1376

	87
	0
	87
	6
	1377-1392

	88
	3
	91
	6
	1393-1408

	89
	2
	91
	6
	1409-1424

	90
	1
	91
	6
	1425-1440

	91
	0
	91
	6
	1441-1456

	92
	3
	95
	6
	1457-1472

	93
	3
	96
	6
	1473-1488

	94
	1
	95
	6
	1489-1504

	95
	2
	97
	6
	1505-1520

	96
	0
	96
	6
	1521-1536

	97
	0
	97
	6
	1537-1552

	98
	1
	99
	6
	1553-1568

	99
	0
	99
	6
	1569-1584

	100
	0
	100
	6
	1585-1600

	101
	2
	103
	6
	1601-1616

	102
	1
	103
	6
	1617-1632

	103
	2
	105
	6
	1633-1648

	104
	0
	104
	6
	1649-1664

	105
	1
	106
	6
	1665-1680

	106
	0
	106
	6
	1681-1696

	107
	0
	107
	6
	1697-1712

	108
	3
	111
	6
	1713-1728

	109
	2
	111
	6
	1729-1744

	110
	1
	111
	6
	1745-1760

	111
	0
	111
	6
	1761-1776

	112
	0
	112
	6
	1777-1792

	113
	2
	115
	6
	1793-1808

	114
	1
	115
	6
	1809-1824

	115
	0
	115
	6
	1825-1840

	116
	3
	119
	6
	1841-1856

	117
	2
	119
	6
	1857-1872

	118
	1
	119
	6
	1873-1888

	119
	1
	120
	6
	1889-1904

	120
	1
	121
	6
	1905-1920

	121
	1
	122
	6
	1921-1936

	122
	2
	124
	6
	1937-1952

	123
	1
	124
	6
	1953-1968

	124
	0
	124
	6
	1969-1984

	125
	3
	128
	7
	1985-2000

	126
	3
	129
	7
	2001-2016

	127
	2
	129
	7
	2017-2032

	128
	3
	131
	7
	2033-2048

	129
	0
	129
	7
	2049-2064

	130
	1
	131
	7
	2065-2080

	131
	0
	131
	7
	2081-2096

	132
	3
	135
	7
	2097-2112

	133
	2
	135
	7
	2113-2128

	134
	1
	135
	7
	2129-2144

	135
	0
	135
	7
	2145-2160

	136
	0
	136
	7
	2161-2176

	137
	3
	140
	7
	2177-2192

	138
	2
	140
	7
	2193-2208

	139
	1
	140
	7
	2209-2224

	140
	0
	140
	7
	2225-2240

	141
	3
	144
	7
	2241-2256

	142
	0
	142
	7
	2257-2272

	143
	3
	146
	7
	2273-2288

	144
	1
	145
	7
	2289-2304

	145
	1
	146
	7
	2305-2320

	146
	3
	149
	7
	2321-2336

	147
	0
	147
	7
	2337-2352

	148
	1
	149
	7
	2353-2368

	149
	0
	149
	7
	2369-2384

	150
	0
	150
	7
	2385-2400

	151
	0
	151
	7
	2401-2416

	152
	3
	155
	7
	2417-2432

	153
	0
	153
	7
	2433-2448

	154
	1
	155
	7
	2449-2464

	155
	3
	158
	7
	2465-2480

	156
	2
	158
	7
	2481-2496

	157
	1
	158
	7
	2497-2512

	158
	2
	160
	7
	2513-2528

	159
	0
	159
	7
	2529-2544

	160
	0
	160
	7
	2545-2560

	161
	1
	162
	7
	2561-2576

	162
	0
	162
	7
	2577-2592

	163
	1
	164
	7
	2593-2608

	164
	0
	164
	7
	2609-2624

	165
	3
	168
	7
	2625-2640

	166
	2
	168
	7
	2641-2656

	167
	3
	170
	7
	2657-2672

	168
	1
	169
	7
	2673-2688

	169
	1
	170
	7
	2689-2704

	170
	2
	172
	7
	2705-2720

	171
	1
	172
	7
	2721-2736

	172
	0
	172
	7
	2737-2752

	…
	
	…
	…
	…

	512
	
	512
	8
	8177-8192




Lifting Table of method 2
	Z
	w
	K

	6
	7
	96

	7
	5
	112

	8
	0
	128

	9
	0
	144

	10
	1
	160

	11
	9
	176

	12
	3
	192

	13
	10
	208

	14
	14
	224

	15
	5
	240

	16
	11
	256

	17
	9
	272

	18
	0
	288

	19
	11
	304

	20
	1
	320

	21
	12
	336

	22
	4
	352

	23
	14
	368

	24
	10
	384

	25
	2
	400

	26
	10
	416

	27
	3
	432

	28
	2
	448

	29
	14
	464

	30
	5
	480

	31
	14
	496

	32
	0
	512

	33
	0
	528

	34
	6
	544

	35
	14
	560

	36
	7
	576

	37
	11
	592

	38
	4
	608

	39
	2
	624

	40
	1
	640

	41
	10
	656

	42
	7
	672

	43
	14
	688

	44
	0
	704

	45
	14
	720

	46
	7
	736

	47
	12
	752

	48
	10
	768

	49
	12
	784

	50
	1
	800

	51
	2
	816

	52
	10
	832

	53
	2
	848

	54
	1
	864

	55
	6
	880

	56
	14
	896

	57
	12
	912

	58
	7
	928

	59
	14
	944

	60
	4
	960

	61
	8
	976

	62
	8
	992

	63
	0
	1008

	64
	0
	1024

	66
	3
	1056

	68
	10
	1088

	70
	14
	1120

	72
	3
	1152

	74
	7
	1184

	76
	13
	1216

	78
	3
	1248

	80
	4
	1280

	82
	10
	1312

	84
	1
	1344

	86
	9
	1376

	88
	13
	1408

	90
	5
	1440

	92
	4
	1472

	94
	0
	1504

	96
	0
	1536

	98
	14
	1568

	100
	1
	1600

	102
	2
	1632

	104
	2
	1664

	106
	2
	1696

	108
	4
	1728

	110
	6
	1760

	112
	14
	1792

	114
	13
	1824

	116
	2
	1856

	118
	12
	1888

	120
	4
	1920

	122
	1
	1952

	124
	7
	1984

	126
	10
	2016

	128
	11
	2048

	132
	1
	2112

	136
	6
	2176

	140
	3
	2240

	144
	3
	2304

	148
	6
	2368

	152
	11
	2432

	156
	2
	2496

	160
	4
	2560

	164
	7
	2624

	168
	6
	2688

	172
	11
	2752

	176
	0
	2816

	180
	6
	2880

	184
	6
	2944

	188
	0
	3008

	192
	0
	3072

	196
	14
	3136

	200
	1
	3200

	204
	2
	3264

	208
	10
	3328

	212
	3
	3392

	216
	13
	3456

	220
	4
	3520

	224
	0
	3584

	228
	1
	3648

	232
	10
	3712

	236
	6
	3776

	240
	1
	3840

	244
	2
	3904

	248
	6
	3968

	252
	11
	4032

	256
	1
	4096

	264
	0
	4224

	272
	9
	4352

	280
	12
	4480

	288
	6
	4608

	296
	6
	4736

	304
	6
	4864

	312
	0
	4992

	320
	0
	5120

	328
	1
	5248

	336
	6
	5376

	344
	6
	5504

	352
	4
	5632

	360
	8
	5760

	368
	0
	5888

	376
	0
	6016

	384
	6
	6144

	392
	10
	6272

	400
	6
	6400

	408
	12
	6528

	416
	0
	6656

	424
	1
	6784

	432
	8
	6912

	440
	4
	7040

	448
	2
	7168

	456
	4
	7296

	464
	13
	7424

	472
	4
	7552

	480
	6
	7680

	488
	2
	7808

	496
	6
	7936

	504
	2
	8064

	512
	0
	8192
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