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In R1#89 meeting, the following agreements were made [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 would like to discuss the location of bit-level interleaver relative to circular buffer and the interleaver design as well as simulation performance.
Bit-Level Interleaver Location
There are two schemes as shown in Fig. 1 for the location of bit-level interleaver relative to circular buffer; the first scheme A is bit-level interleaver ahead circular buffer and the second scheme B is bit-level interleaver behind circular buffer. 
In scheme A, the data input to circular buffer is interleaved. Therefore, the interleaved data in circular buffer could be with lowest code rate and then performs rate matching to pass through code block concatenation. At the receiver, the LDPC decoder would use the lowest code rate to decode the received codeword. However, the higher complexity is for the decoder with lower code rate. Scheme A would introduce a lot of decoder complexity to the receiver. 
In scheme B, the data is rate matched and then passed through bit-level interleaver. Since the data is rate matched with suitable code rate, the decoder at receiver just uses the corresponding code rate to decode the data. Therefore, the complexity of the decoder of scheme B can be lower than that of the decoder of scheme A. 
Based on the decoder complexity, scheme B is preferred for interleaver.  


Figure 1: Location of bit-level interleaver related to circular buffer.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1:  The bit-level interlever is behind the circular buffer.
Bit-Level Interleaver Design
For each transmission of each code block, we propose to include a bit-level interleaver. The reason is that, most parity VN blocks are constructed by diagonal extension which results in the column-weight of one, i.e., each extended parity block has variable degree of only one. Therefore, the diagonal extended parity blocks and the information blocks have different sensitivities to burst interference. Moreover each parity bit corresponds to a check node with different weight. Therefore, all the diagonal extended parity bits have different effects on the decoding. However, under the burst interference environments, it is not possible to control the position of the burst interference. Another reason to use bit-level interleaver is to prevent the burst interference onto the bits from the same modulated symbol. Since the bits of the same modulated symbol are destroyed by burst interference, the performance would be degraded. A good strategy is to randomize the burst interference such that the interference can be distributed evenly over the entire coded bits. This can be achieved by using an interleaving function to perform bit reordering after the rate-matching of each code block. 
The positioning of this interleaving function after rate-matching is for good reason as it has been found that a good candidate interleaving function should be rate-dependant. A similar such rate-dependent bit-reordering function would be a block interleaver as shown in Fig. 2. This interleaver has row width same as the bit width of modulated symbol and column width as codeword length/bits number of modulated symbol. This interleaver writes the data column by column and reads the data row by row. It is obvious that the interleaver can separate the bits from same modulated symbol as far as possible. Therefore, the impact of burst interference on the bits of the modulated symbol can be distributed.
Column switching of the interleaver can be FFS for improving the performance. 
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Figure 2: Block interleaver
Proposal 2:  A rate dependent bit-reordering for each transmission of a code block should be considered as block interleaver. The row width of interleaver is the same as the bit width of modulated symbol and column width of the interleaver is as codeword length/bit width of modulated symbol.

Simulation Results
In order to evaluate the feasibility of bit-level interleaver for LDPC code, some computer simulations are carried out. The simulation settings are: 
The LDPC code is used as the proposal in [2],[3]. Multipath fading channel model is TDL-B 300 ns. Modulation schemes include QPSK, 16QAM, 64QAM, and 256QAM. Interleaver column width is equal or near 1/bits number * CW length. System bandwidth is 20 MHz and subcarrier spacing is 15 kHz. Ideal channel estimation is assumed. 
[bookmark: _Ref471567185]Figs. 3 and 4show performance comparison with/without interleaver with different modulation schemes and interleaver column widths. One may observe that the bit-level interleaver cannot provide significant gain if the column width of interleaver is not matched to the CW length/modulation bits number.  Therefore, we propose the bit-level interleaver has column width equals to CW/modulation scheme bit number to achieve the gain with low complexity.
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Figure 3: 64QAM performance comparison with/without interleaver and CR 0.62, CW length 9048.
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Figure 4: 256QAM performance comparison with/without interleaver and CR 0.79, CW length 7680.

Conclusion
The following summarizes the observations and proposals in this contribution.
Proposal 1:  The bit-level interlever is behind the circular buffer.
Proposal 2:  A rate dependent bit-reordering for each transmission of a code block should be considered as block interleaver. The row width of interleaver is the same as the bit width of modulated symbol and column width of the interleaver is as codeword length/bit width of modulated symbol.
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