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1. Introduction
In last NR ad-hoc meeting, there were agreements on rate matching as follows [1]: 
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 LTE specification [2], the encoded bits of the turbo encoder are processed through sub-block interleavers: systematic and parity bits are separately processed, respectively. The LDPC codeword may consist of systematic bits, M1 parity bits, and M2 parity bits as shown in Figure 1. M1 parity bits of length Mh are generated by parity encoding using A matrix and M2 parity bits of length Mc are generated by single parity encoding using C matrix, respectively.
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Figure 1 Conceptual structure of LDPC codeword.
In this contribution, we discuss several aspects of interleaving of LDPC codeword.
2. Discussion 
We can consider two options of interleaving operation. For the first scheme, we may perform interleaving before rate matching and after LDPC encoder, which may be similar to that of LTE. We can consider following two alternatives for the first option.
· Alt 1: Interleaving M1 parity bits and M2 parity bits
· Alt 2: Interleaving M2 parity bits only
The second scheme may perform interleaving after rate matching. That is, the output codeword may be selected in the order of systematic bits, M1 parity bits, and M2 parity bits. In Figure 2, we evaluate the performance according to different interleaving schemes. The simulation assumptions are summarized in Table 1. 
Table 1 Simulation assumptions.
	LDPC code
	Based on [3]

	Information block size
	2048

	Code rate
	3/4

	Channel model
	AWGN

	Interleaver type
	Random interleaver



As can be seen in Figure 2, the second scheme shows the better performance than the first scheme. Unlike turbo code, the LDPC codeword may have different priority for transmission. That is, it may be desirable to keep the original order of LDPC codeword rather than to shuffle the order. It means that circular buffer should be filled in the order of systematic bits, M1 parity bits, and M2 parity bits without any permutation.
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Figure 2 Performance comparison among different interleaving options for LDPC codeword.

Proposal 1: Circular buffer should be filled in the order of systematic bits, M1 parity bits, and M2 parity bits without any permutation. Interleaving of LDPC codeword should be done after rate matching if interleaving would be supported for eMBB data.	
If interleaving would be supported for eMBB data, we can consider two possibilities for interleaver design: bit-level interleaver and symbol-level interleaver. Generally speaking, the bit-level interleaver will show better interleaving effect than symbol-level interleaver since bit-level interleaver can support finer interleaving granularity. On the other hand, symbol-level interleaver will require less memory than the bit-level interleaver since symbol-level interleaver will have smaller interleaver size. In case of bit-level interleaver, it can be designed to further optimize the performance for higher order modulation schemes (e.g., 16/64/256QAM). Anyhow, we believe that one of two interleavers may be enough for eMBB data transmission. However, detailed design of interleaver should be FFS.
Proposal 2: Only one of bit-level interleaver and symbol-level interleaver should be supported. The detailed design of interleaver should be FFS.

3. Conclusion
In this contribution, our proposals are as follows:
[bookmark: _GoBack]Proposal 1: Circular buffer should be filled in the order of systematic bits, M1 parity bits, and M2 parity bits without any permutation. Interleaving of LDPC codeword should be done after rate matching if interleaving would be supported for eMBB data.
Proposal 2: Only one of bit-level interleaver and symbol-level interleaver should be supported. The detailed design of interleaver should be FFS.
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