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Introduction
In RAN1 #89, the followings are agreed:
	Agreement: 
· If bit-level interleaving is applied, it should be limited to each code block individually
Next steps: 
· Evaluation of bit-level interleaving and decision on its adoption will take place in the channel coding session. 
· If adopted, decide the location of bit-level interleaving relative to circular buffer. 



In this contribution, we will discuss how to design the bit-level interleaver based on evaluation results.
Discussion on Bit Interleaver
The parity-check matrices of the LDPC codes selected for eMBB data channel consist of a small LDPC code with high code rate and many single parity-check codes (SPC), as depicted in Figure 1. The SPC extension from the higher rate code is adopted to support incremental redundancy efficiently. Furthermore, to support the rate matching, the selected LDPC codes are designed by considering the parity puncturing in a backward manner. In other words, the parity puncturing in a backward manner is desirable to support a good and stable coding performance. 

 [image: ] 
Figure 1. Single Parity-Check Extension (Concatenation of Single Parity-Check Codes)

In order to preserve the parity puncturing in a backward manner, we should consider the order of the bit interleaver and circular buffer operation. Actually, if the bit interleaver is followed by circular buffer, it is not easy to support the parity puncturing in a backward manner since the LDPC encoded bits are rearranged before writing them into circular buffer. Of course, we can solve the problem if we have the bit interleaver for each code rate, however, it is not desirable due to the high complexity. 
If LDPC encoder is followed by circular buffer, the puncturing order will be preserved at least in the first transmission. Therefore, it is desirable that the circular buffer is followed by the bit interleaver, as depicted in Figure 1. 



Figure 2. Proposed Coding Chain Block Diagram

Proposal 1: If we adopt a bit interleaver block, the circular buffer is followed by the interleaver block. 

In this contribution, we propose a bit interleaver composed of a block interleaver and a simple mapper, as shown in Fig. 3. The block interleaver and the mapper are depicted in Figures 4 and 5. In Figure 4, the number of rows in the block interleaver, m is the same to the modulation order. For example, m is 2, 4, 6, 8 for QPSK, 16QAM, 64QAM, 256QAM, respectively. Clearly, the number of columns in the block interleaver is E/m where E is the length of circular buffer output. Figure 5 presents conceptually the mapper having m inputs and outputs.



Figure 3. Proposed Structure of Bit Interleaver



Figure 4. Block Interleaver



Figure 5. Mapper
In order to analyse the effect for the proposed bit interleaver, we conduct simulation for the performance of retransmission (i.e., HARQ performance) with simple example. First, for our convenience, we define the following two mapping rule:
Natural Ordering: (i1, i2, i3, …, im)  (o1, o2, o3, …, om)
Reverse Ordering: (i1, i2, i3, …, im)  (om, om-1, …, o1)

If New Data Indicator (NDI) is false and RV index is 0, we apply the Reverse Ordering for the mapping to constellation. Otherwise, we apply the Natural Ordering for the mapping to constellation, i.e., the Natural Ordering is applied for the first transmission or RV≠0. 
The results of HARQ performance are presented in Appendix. 
When we consider high order modulation and HARQ scheme, in most cases, the proposed interleaver shows a large performance gain compared to no interleaver case.

Observation 1: The proposed bit interleaver provides a significant coding gain when applying the high order modulation and HARQ scheme.

Proposal 2: Adopt the proposed structure for the bit interleaver as the basic structure for NR.

Observations and Proposal
In this contribution, we present the following observation and proposals:

Observation 1: The proposed bit interleaver provides a significant coding gain when applying the high order modulation and HARQ scheme.

Proposal 1: If we adopt a bit interleaver block, the circular buffer is followed by the interleaver block.
Proposal 2: Adopt the proposed structure for the bit interleaver as the basic structure for NR.
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Appendix 
Performance Evaluation with Variable Code Rates of BG#1

Table 1:  Simulation Assumptions
	Channel
	AWGN

	Modulation
	4-QAM, 16-QAM, 64-QAM, 256-QAM

	Coding Scheme
	LDPC BG#1

	Code Rate
	Variable

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

	Info. Block Length (K)
	1000

	Number of Transmission
	1TR, 2TR, 4TR

	RV order
	[0,0,0,0], [0,1,2,3], [0,2,0,2], [0,2,3,1], [0,3,2,1]




BG#1, RV order=[0,0,0,0]
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BG#1, RV order=[0,1,2,3]
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BG#1, RV order=[0,2,0,2]
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BG#1, RV order=[0,2,3,1]
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BG#1, RV order=[0,3,2,1]
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Performance Evaluation with Variable Code Rates of BG#2

Table 1:  Simulation Assumptions
	Channel
	AWGN

	Modulation
	4-QAM, 16-QAM, 64-QAM, 256-QAM

	Coding Scheme
	LDPC BG#2

	Code Rate
	Variable

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

	Info. Block Length (K)
	1000

	Number of Transmission
	1TR, 2TR, 4TR

	RV order
	[0,0,0,0], [0,1,2,3], [0,2,0,2], [0,2,3,1], [0,3,2,1]




BG#2, RV order=[0,0,0,0]
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BG#2, RV order=[0,1,2,3]
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BG#2, RV order=[0,2,0,2]
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BG#2, RV order=[0,2,3,1]
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BG#2, RV order=[0,3,2,1]
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Performance Evaluation with Variable Lengths of BG#1

Table 1:  Simulation Assumptions
	Channel
	AWGN

	Modulation
	16-QAM, 64-QAM, 256-QAM

	Coding Scheme
	LDPC BG#1

	Code Rate
	2/5 for 16-QAM, 1/2 for 64-QAM, 2/3 for 256-QAM

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

	Info. Block Length (K)
	512:16:1024, 1024:32:2048, 2048:64:4096

	Number of Transmission
	1TR, 2TR, 4TR

	RV order
	[0,0,0,0], [0,1,2,3], [0,2,0,2], [0,2,3,1], [0,3,2,1]




BG#1, RV order=[0,0,0,0]
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BG#1, RV order=[0,1,2,3]
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BG#1, RV order=[0,2,0,2]
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BG#1, RV order=[0,2,3,1]
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BG#1, RV order=[0,3,2,1]
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Performance Evaluation with Variable Lengths of BG#2

Table 1:  Simulation Assumptions
	Channel
	AWGN

	Modulation
	16-QAM, 64-QAM, 256-QAM

	Coding Scheme
	LDPC BG#2

	Code Rate
	2/5 for 16-QAM, 1/2 for 64-QAM, 2/3 for 256-QAM

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

	Info. Block Length (K)
	40:8:512, 512:16:1024, 1024:32:2048, 2048:64:2560

	Number of Transmission
	1TR, 2TR, 4TR

	RV order
	[0,0,0,0], [0,1,2,3], [0,2,0,2], [0,2,3,1], [0,3,2,1]




BG#2, RV order=[0,0,0,0]
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BG#2, RV order=[0,1,2,3]
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BG#2, RV order=[0,2,0,2]
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BG#2, RV order=[0,2,3,1]

[image: ]


BG#2, RV order=[0,3,2,1]
[image: ]
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