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1. Introduction
In RAN1#90 meeting, the following agreement was made with respect to bit-interleaving for eMBB data channel:
Agreement: 
· A bit-level interleaver within a code block is included at the output of the rate matcher.

In this document, we discuss aspects related to bit-interleaving for LDPC. 
[bookmark: _GoBack]This document is an update of R1-1716328 with additional results using fading channels.
1. Bit Interleaver description
In RAN1#90 meeting, block interleaver with systematic bits priority mapping was proposed by many companies, for example [1][2][3]. As can be seen from these contributions, there are two descriptions of such interleaver, but with the common row and column widths. Definition of such interleaver depends on QAM constellation, but can be presented in general form using different row order during writing (see first column of tables) depending on MSB and LSB positions in modulated symbol. On Figure 1, block interleavers are presented respectively for constellation with the same calculation way of real and imaginary parts of symbol [4] (Figure 2) and for constellations type as from [2] (Figure 2a). 
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Figure 1. LDPC bit-interleavers for different QAM constellation types.
2. Simulation results
For the purpose to check the possible gain of bit-interleaver, following simulations were done. Figure 2 and 3 show the performance of cases with and without interleaver in AWGN and fading channels using the assumptions from Table 1 and 2 respectively. Some additional results (for lower MCS) and discussion on bit-priority mapping are shown in a companion contribution on rate-matching ([5]).



Table 1. Simulation assumptions for AWGN
	Channel
	AWGN

	Modulation
	256QAM

	Info block length (K) 
	4096, 6144, 8448

	Code rate (R)
	3/4, 5/6

	Decoding algorithm
	flooding BP, Max iteration = 50

	Interleaver
	w/o, block HSPA like
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Figure 2. Performance of cases with and without interleaver on coding rates 3/4, 5/6 respectively, in AWGN channel

Table 2. Simulation assumptions for fading channel
	Channel
	TDL-C, scaling factor = 30ns

	Modulation
	256QAM

	Payload parameters
{Info length, coding rate}
	{3520, 2/3}, {4224, 1/2}

	Decoding algorithm
	flooding BP, Max iteration = 50

	Interleaver
	w/o, block HSPA like

	Number of Tx antennas
	1

	Number of Rx antennas
	2

	Demapper
	MMSE

	Subcarrier spacing
	15KHz 

	Bandwidth
	20MHz
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Figure 3. Performance of cases with and without interleaver on coding rates 2/3, 1/2, in TDL-C channel
Observation 1: For AWGN and TDL-C channels, performance gain of ~ 0.2 dB is observed for bit-interleaving of LDPC code block assuming high order modulations. 
3. Conclusions
In this contribution, we discussed aspects related to bit-interleaver for LDPC and showed simulation results for block interleaver with systematic bits priority for AWGN channel and TDL-C fading channel.
Observation 1: For AWGN and TDL-C channels, performance gain of ~ 0.2 dB is observed for bit-interleaving of LDPC code block assuming high order modulations.
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