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Introduction
In the RAN1 #88 meeting in February 2017, it was agreed [1] that 
Agreement: 
· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs:
· {8192, 256}, {8192, 512}, {FFS near 8192, 320}

 affects the size of proto-matrix (base matrix) and the size of proto-matrix affects the algebraic properties of quasi-cyclic (QC) LDPC codes, and finally, the algebraic properties affects the performance of the QC LDPC codes. 
In this contribution, we show that too small proto-matrices have a potential risk for error floor problem. Some performance evaluation results show that those codes are more sensitive to decoding algorithms and more vulnerable to error floor problem. 

Minimum Distance of QC LDPC Codes with Small Proto-Matrix
1 
2 
In this section, we present a well-known upper bound on the minimum distance for QC LDPC codes [2]. For convenience of explanation, we derive the upper bound from a simple QC LDPC code proposed in [3]. As depicted in Figure 1, the QC LDPC code proposed in [3] has a  proto-matrix for code rate 8/9. Note that the proto-matrix is aligned for  and some bits corresponding to two column blocks will be punctured to support code rate 8/9. 
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Figure 1. Example of A QC-LDPC Code with R=8/9
[image: ][image: ]  
Figure 2. Selected column blocks with the lowest degrees

First of all, we select four column blocks with the lowest degrees (2 or 3) from the proto-matrix, as depicted in Figure 2. Our goal is to find a codeword corresponding to the parity-check matrix (PCM)  and set the weight of the codeword to an upper limit of minimum distance for the QC LDPC code in Figure 1. 
The last row block of  in Figure 2 is all-zero block, therefore, we redefine the PCM  by 
.
Clearly, a codeword for the PCM  becomes also a codeword for the PCM . Then, we can determine a codeword for the PCM in Figure 1, consisting of some zero bits and the codeword bits for . The following analysis for finding a codeword of QC LDPC codes is originated by MacKay and Davey [2]. 
First, we define the operator   associated with the -th column block to be the determinant (modulo 2) obtained from the 3 matrix given by deleting the -th column block from . Then, we can obtain the followings:





As a next step, we can make a codeword  starting from any weight-1 vector  of length , thus, 

By computing the syndrome in each row block, it is easily checked that  is a codeword for the PCM . In the top row block, for example, the syndrome is 

which is equal to the product of  and the determinant of the matrix: 

which is zero. Consequently, 

and we can confirm that  is a codeword for the PCM . In general, the weight of each   is at most , and therefore, the weight of  is at most .
However, since  in Figures 1 and 2, we can rearrange the operator   as follows:





Therefore, the Hamming weights of , , , and are at most 3, 2, 2, and 3, respectively, and finally, the Hamming weight of  is at most 10, regardless of the value of . In other words, the minimum distance  of the QC LDPC code specified by the PCM in Figure 1 is upper bounded as follows: 

regardless of the value of  and the code length. Note that the above upper bound is determined by the size of proto-matrix. Furthermore, since we can select the vector  as any weight-1 vector, the number of codewords with Hamming weight 10 (or less) is up to . 
Observation 1: The minimum distance of the QC LDPC code specified by the PCM in Figure 1 is upper bounded by 10, regardless of the code length and the value of Z. 

Even if  and , i.e., there is no weigth-2 column block except for parity column block, the minimum distance  is upper bounded by 

since





Furthermore, even if  in Figure 1, it is possible  combinations for selection of 2 column blocks among weight-3 column blocks except for the 0th column block. Therefore, the number of codewords with Hamming weight 14 (or less) is up to , regardless of the value of  and the code length. For , .
For a QC LDPC code, a low minimum distance and many codewords with the low minimum distance indicate that it is very likely to exist a small and harmful trapping set. Consequently, due to the trapping set, the QC LDPC code will be likely to suffer from the high error floor. To make sure that the minimum distance 10 or 14 is very small value for the QC LDPC code with  and code rate 8/9 in Figure 1, we compare the relative minimum distance of the QC LDPC code with Gilbert-Varshamov bound. 
For  and code rate 8/9, the code length and information block length are 9216 and 8192, respectively. Then, the ratio of  to the code length 9216 is approximately 0.0015. Considering asymptotic Gilbert-Varshamov bound for the relative minimum distance, 

where  is the code length and . It is just an asymptotic bound, however, we can guess intuitively that the ratio 0.0015 is very small compared to the asymptotic bound 0.0145. In other words, the size of proto-matrix in Figure 1 is too small to support a good minimum distance property. 
The simplest way to solve this fundamental problem is to increase the size of proto-matrix. For example,  can easily solve the problem since the upper bound is exponentially increased as the number of row blocks increases. 

Observation 2: The combination of (K=8192, Z_max=512) provides a small proto-matrix for a QC LDPC code and the QC LDPC code has a very small relative minimum distance which is likely to induce harmful trapping sets. 
Observation 3: The combination of (K=8192, Z_max=256) is the simplest way to support a stable and good coding performance, especially, in terms of error floor problem. 

Performance Evaluation 
To verify the potential risk of small minimum distance due to a small proto-matrix, we conduct simulations for QC LDPC codes proposed in [3]. The simulation assumptions are summarized in Table 1 and the simulation result is presented in Figure 3. 
As we can see that the QC LDPC codes proposed in [3] have severe error floors for code rate 5/6. These results may be inevitable due to the small proto-matrix. 

Table 1:  Simulation Assumptions
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	QC LDPC proposed in [3]

	Code rate
	5/6

	Decoding algorithm
	Sum-product algorithm with flooding scheduling (iter=50)

	Info. block length (K)
	6144:128:8192

	Maximum shift size (Zmax)
	512




[image: ]
Figure 3. Error Floors of [3] (R=5/6, K=6144:128:8192).

Observation 4: QC LDPC codes with small proto-matrix and high code rate are likely to have severe error floors. 

Proposal 1: (K=8192, Z_max=256) should be selected as the LDPC parameters to support a stable and good coding performance. 


Observations and Proposals 
[bookmark: _GoBack]In this contribution, we present the following observations and proposal: 

Observation 1: The minimum distance of the QC LDPC code specified by the PCM in Figure 1 is upper bounded by 10, regardless of the code length and the value of Z.
Observation 2: The combination of (K=8192, Z_max=512) provides a small proto-matrix for a QC LDPC code and the QC LDPC code has a very small relative minimum distance which is likely to induce harmful trapping sets. 
Observation 3: The combination of (K=8192, Z_max=256) is the simplest way to support a stable and good coding performance, especially, in terms of error floor problem. 
Observation 4: QC LDPC codes with small proto-matrix and high code rate are likely to have severe error floors. 

Proposal 1: (K=8192, Z_max=256) should be selected as the LDPC parameters to support a stable and good coding performance. 

References
[1] "Chairman’s note," 3GPP TSG RAN WG1 #88 meeting, Athens, Greece, Feb. 13th – 17th, 2017.
[2] D. J. C. MacKay and M. C. Davey, "Evaluation of Gallager codes for short block length and high rate applications," in Proc. IMA Workshop Codes, Systems and Graphical Models, 1999.
[3] [bookmark: _Ref430766234]R1-1702733, Compact QC-LDPC design, Mediatek

image3.png
16 17 18





image4.png
CBLER

1.E+00

6144 6272
—6400 —6528
—6656 —6784
—6912 —7040
1.E-01 N\ 7168 7296
N\ 7424 7552
——7680 ——7808
~——7936 ——8064
~-8192
1.E-02
1.E-03
\ DN
1.E-04 i
4.5 5 5.5

SNR [dB]





image1.png
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819
m--mm-m
Iﬂﬂﬂmﬂ





image2.png




