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1 	Introduction
In RAN1 #89 meeting, the following agreements and conclusions were made on interleaving [1]. 
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 provide design details of bit-level interleaving for NR LDPC coding chain. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2       Bit-level interleaving design
In LTE system, independent sub-block interleaving for information and check bits are used as shown in Fig.1, where three sub-block interleavers used for encoded bits based on 1/3 turbo code. Unlike Turbo encoding, NR LDPC coding is using two base graphs and have two different lowest code rates for encoding. For base graph #1 and #2, minimum code rates are 1/3 and 1/5, respectively. If we follow the same principle as in LTE, two sub-block interleavers can be a candidate for encoded bits, where one is for information bits and another one for check bits. Alternatively, one unified interleaver for both information and check bits can be used after the circular buffer. We see that later approach is simpler compare to having two interleavers.  



Fig.1 Sub-block interleavers in LTE

Proposal 1: For LDPC coding chain, one unified interleaver can be used after the circular buffer. 
Depending on the gNB operation, for example in the case of chase combining, encoding may not always happen with lowest code rate. As such cases are available, parameters of PCM can be considered in the interleaver design. In detail, shift size and block size can be used for interleaver design. One simple scheme would be using Z as column number of the rectangular interleaver. With this scheme, uniform interleaving can be achieved for the bits in each variable node of base graph.
Proposal 2: LDPC base graph parameters, e.g. shift size Z, can be considered for the interleaver design.
As in LTE, row-column interleaver can be used to have a simple implementation, where the input bits are written row by row and read column by column. The input bits for the interleaver are encoded bits after puncturing two columns of system bits. 
· If one unified interleaver is used, the dimension of interleaver matrix can be . 
· If two sub-block interleavers are used, the dimension of interleaving matrix is  for information bits and  for checking bits. 
where N, (N-K) are column number and row number of base graph matrix, respectively; Z is lifting factor; 2 is punctured column number used for LDPC encoding. Here, the number of column number is equal to Z, which is different from a fixed value, i.e. 32, in LTE system. As an example, for the scheme with two interleavers shown in the Fig.2, the dimension are  and  for information bits and check bits, respectively, when information block size is 330 bits with shift network size Z=15 and code rate is 0.88. For this case, the scheme with one unified interleaver shown in the Fig.3, the dimension is  for all the encoded bits.


Fig. 2 Example for two sub-block interleaver design


Fig. 3 Example for one unified interleaver design
Proposal 3: Row-column interleaver can be used for its simple implementation. The dimension of interleaver matrix is related to PCM design parameter, where the column of the matrix can be Z and not a fixed value, e.g. 32.
4 	Conclusions
Based on above discussion. We also make the following observations and proposals:
Proposal 1: For LDPC coding chain, one unified interleaver can be used after the circular buffer. 
Proposal 2: LDPC base graph parameters, e.g. shift size Z, can be considered for the interleaver design.
[bookmark: _GoBack]Proposal 3: Row-column interleaver can be used for its simple implementation. The dimension of interleaver matrix is related to PCM design parameter, where the column of the matrix can be Z and not a fixed value, e.g. 32.
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