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Introduction
From RAN1#71 previous meeting, a study on New Radio Access Technology was approved. The channel coding is necessary key components for satisfying the various NR requirements [1].
In this contribution, we propose the LDPC Codes possible parallel operations which might be suitable for satisfying high throughput requirements. And we describe the flexibility of LDPC codes necessary for NR such as variable code-length and various code-rates as well as IR-HARQ.

Proposed LDPC Codes
We propose QC-LDPC codes which guarantees the simple but parallel encoding and decoding. A QC-LDPC code is described by the parity check matrix H, which consists of small number of QQ square matrix which might be either Zero matrix or Circulant Permutation Matrix (CPM). The CPM is identified with right or left circular shifting matrix from QQ Identity matrix.
2.1 Structure of Proposed QC-LDPC
We describe the structure of H matrix for LDPC Code we propose. It is serially concatenated with high rate codes (QC-IRA Like) and Single Parity Check (SPC) codes, which is one of the typical forms of Multi-edge LDPC codes [2, 3]. The multi-edge LDPC code we propose have two main characteristics. One is to have multiple degree-1 variable nodes which would be beneficial for lower code-rate. The other is to have always punctured nodes (not transmitted) in information part. (In this example, the first Q column in gray). The matrix form would be like

where A stands for matrix of high rate code, O for all-zero matrix, C and I for matrix of SPC code. Figure 1 shows the conceptual structure of LDPC code we propose.
The part of QC-IRA like makes the LDPC code parallel encoding in which the parity part consists of Q columns having degree 3 variable nodes (in this example, the last Q columns) and degree 2 variable nodes for the other. Because of SPC code having degree 1 variable nodes, the proposed LDPC code can easily support low code-rates as well as incremental redundancy (IR) for HARQ. 
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Figure 1. The conceptual structure of LDPC Code proposing
The detailed descriptions of H matrix will be given as in appendix.
Proposal 1: QC-IRA Like Parity structure should be considered for its Parity structure.
Proposal 2: Multi-edge type LDPC code should be considered as a good candidates.
2.2 Flexible LDPC Codes for variable code-length and various code-rates
As NR requirements, supporting variable code-length and various code-rates are considered.
2.2.1 Supporting variable code-length
The simple way to support variable code-length is to change lifting-size (Q) of QC-LDPC code. For example, we have 25Q code-length where Q is lifting-size of QC-LDPC code. So if we set Q as 320 then code-length would be 8000 or if we set Q as 240, code-length would be 6000.
We come up with new H matrix,  from given H matrix with specific equation.

where Q is new lifting-size,  is i-th row, j-th column index of H matrix which will be given in the appendix.
2.2.2 Supporting various code-rates for Rate Matching
 In practical, the number of bits for transmission is determined based on the available physical resources therefore it should be able to generate arbitrary code-rates called as Rate Matching. In order to adjust arbitrary code-rate, Shortening and/or Puncturing would be necessary. By shortening in information, the code-rate could be lower and also the code-rate could be higher by puncturing. Employing both shortening and puncturing enable to adjust the arbitrary code-rates depending on available physical resources. If LDPC coded bits are smaller than available physical resources the repetition scheme would be used for Rate Matching, which transmit previous transmitted bits again.
In the contribution, we proposed shortening from the end of LDPC information part and puncturing from the end of LDPC parity part.
Proposal 3: LDPC Code should support variable code-length by changing lifting-size and variable code-rates by shortening in information and puncturing in parity.
2.3 IR-HARQ
IR-HARQ supported by channel coding is necessary requirement for reliable transmission. IR-HARQ could lower the code rate as retransmission progresses then it is achieved more robust data transmission than first transmission. For these requirements, single channel codes need to cover wide range of code rates. We propose parity extension technique by SPC Code, in which the first transmission is started from high rate parts and apply parity extension to lower code rate as further transmission. Figure 2 shows the example of IR-HARQ. At first transmission, high code-rate code is transmitted. If decoding with high code-rate parts is failed then punctured parity bits (2nd transmission in figure 2) are transmitted, which make the entire code-rate lower by combining with first transmitted data. If there are no punctured parity bits the previous transmitted bits is transmitted again.
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Figure 2. Example of IR-HARQ scheme
Proposal 4: Single Parity Check Code should be considered as parity exntesion for IR-HARQ
Conclusions
Many company were submitted LDPC codes for enhancement of channel coding scheme to fulfill the NR requirements, especially for high throughput. If Turbo code is improper for satisfying NR requirements, LDPC code could be a good candidates [4].
In this contribution, we proposed multi-edge QC-LDPC code. The proposed LDPC codes would be suitable for high throughput data transmission for NR. And the proposed LDPC codes have sufficient flexibilities to be able to support various channel coding requirement of NR. We have the following proposals:
Proposal 1: QC-IRA Like parity structure should be considered which make the LDPC encoding fast with block-wise.
Proposal 2: Multi-edge QC-LDPC Codes provide good structure suitable for support flexibility and IR-HARQ.
Proposal 3: LDPC Code should support variable code-length by changing lifting-size and variable code-rates by shortening in information and puncturing in parity.
Proposal 4: Single Parity Check Code should be considered as parity exntesion for IR-HARQ.
References
[1]	3GPP TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”
[2] T. Richardson and R. Urbanke, “Multi-Edge type LDPC Codes”, 2004.
[3] Kyung-Jong Kim, Seho Myung, Sung-Ik Park, et al, “Low-Density Parity-Check Codes for ATSC3.0”, IEEE Transactions on Broadcasting, Vol. 62, No. 1, March 2016.
[bookmark: _GoBack][4]	R1-164563 Discussion on channel coding scheme considering NR KPIs, LG Electronics, RAN1 #85
Appendix
The proposed H matrix can be formed like,
   
Inhere, matrix A and C are described in the followings and O and I is all-zero matrix, Identity matrix respectively. The first Q-column of A and C matrix is always punctured (not transmitted).
The lifting-size becomes the following table according to specific code-length to be adjusted.
	Code-length
	8000
	6000
	4000
	2000
	1000

	Lifting-size (Q)
	320
	240
	160
	80
	40



The new HQ matrix supporting new Q lifting-size can be calculated above equation, where  is representing the shifting value of (i,j) QQ CPM of given matrix H. The following is providing the specific matrix of H, which are the A and C.
High rate code: A = 
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Information part of Single Parity Check Code: C =
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