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Introduction
In RAN1#87, LDPC coding was adopted for downlink eMBB data and working assumption that LDPC coding is used for uplink eMBB data [1]. The work assumption was confirmed in RAN1 NR ad-hoc meeting [2]. In addition, following agreements were made in RAN1 NR ad-hoc [2].
Agreement: 
· Built-in puncturing of systematic bits is supported for LDPC coding, that is:
· At least for the initial transmission, the coded bits are taken after skipping the first Nsys,punct  systematic bits 
· Nsys,punct is selected from: 0, Z, and 2*Z
· The rate matching for LDPC code is circular buffer based (same concept as in LTE)
· The circular buffer is filled with an ordered sequence of systematic bits and parity bits
· FFS: Order of the bits in the circular buffer
· For IR-HARQ, each Redundancy Version (RV), RVi,  is assigned a starting bit location Si on the circular buffer
· For IR retransmission of RVi, the coded bits are read out sequentially from the circular buffer, starting with the bit location Si
· Limited buffer rate matching (LBRM) is supported
In this contribution, we discuss further rate matching design of LDPC code.
Discussion
2.1 Multi-edge type LDPC code structure
The structure of H matrix for LDPC code is described in this section. 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 [3][4]. The multi-edge type 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. As we agreed from last meeting [1], the matrix form become like

, where A and B stand for the matrix of high rate code, C for all-zero matrix, D for the matrix of information part of extended code, and E is identity matrix. Figure 1 shows the conceptual structure of the LDPC code.
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Figure 1. The conceptual structure of base code and parity extension for LDPC Codes 
2.2 Systematic bit puncturing
As shown in Figure 1, the first 2Z bits are punctured and not transmitted at least in the initial transmission as an example. It is well known that the systematic bit puncturing will give performance benefit compared with no systematic bit puncturing [5][6]. Regarding the amount of systematic bit puncturing, it is deeply dependent on the LDPC code design. Hence, we should further investigate the aspects of the amount of systematic bit puncturing (e.g., 1Z or 2Z). 
Proposal 1: The amount of systematic bit puncturing should be 1Z or 2Z.
In addition, whether the punctured systematic bits should be transmitted during retransmission instance should also be FFS. 
Proposal 2: Whether the punctured systematic bits should be transmitted in retransmission instance should be also FFS.

2.3 Systematic/parity bit order in circular buffer
As shown in Figure 1, LDPC codeword consists of Kb systematic bits, Mb parity bits, and Mc parity bits. For explanation purpose, we call Mb parity bits as M1 parity and Mc parity bits as M2 parity. Similar to turbo code, systematic bits are more important than parity bits in LDPC codeword. Hence, given coding rate, it is desirable to transmit systematic bits in the first priority except punctured systematic bits (e.g, Pb bits in Figure 1) in the initial transmission. This means that systematic bits should be positioned in the first part of circular buffer. 
Proposal 3: Systematic bits of LDPC code should be positioned in the first part of circular buffer.
It is also well known that M1 parity bit is much more important than M2 parity bit. Therefore, M1 parity bit should have higher priority than M2 parity bit if both parity bits would be transmitted in a transmission instance. With similar reasoning, M1 parity bit should be positioned before M2 parity bit in circular buffer. 
Proposal 4: M1 parity bit of LDPC code should be positioned before M2 parity bit of LDPC code in circular buffer.
If there exists priority among M1 parity bits or among M2 parity bits, it can be considered for rate matching design (e.g., permutation of M1 parity bits or M2 parity bits). 

2.4 Limited buffer rate matching (LBRM)
In order to guarantee the minimum performance of LBRM,  it is desirable to puncture M2 parity bits to support LBRM. Hence, the soft buffer size should be larger than the sum of systematic bits and M1 parity bits. That is, the soft buffer supporting LBRM will contain all systematic bits, all M1 parity bits, and a part of M2 parity bits.
Proposal 5: The soft buffer supporting LBRM will contain all systematic bits, all M1 parity bits, and a part of M2 parity bits.

Conclusions
In this contribution, we considered multi-edge QC-LDPC code for eMBB data channel. The proposed LDPC codes would be suitable for high throughput data transmission for NR. And the proposed LDPC codes have sufficient flexibilities being able to support channel coding requirements of NR.
We have the following observations and proposals.
Proposal 1: The amount of systematic bit puncturing should be 1Z or 2Z.
Proposal 2: Whether the punctured systematic bits should be transmitted in retransmission instance should be also FFS.
Proposal 3: Systematic bits of LDPC code should be positioned in the first part of circular buffer.
Proposal 4: M1 parity bit of LDPC code should be positioned before M2 parity bit of LDPC code in circular buffer.
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