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Introduction
In RAN1 #90, the followings are agreed:
	Agreement: 
· A bit-level interleaver within a code block is included at the output of the rate matcher

Next steps for interleaver design:
Evaluate the following based on initial transmissions, until NR AH#3, and select one at NR AH#3:
· Block interleaver (e.g. as in LTE)
· Systematic bits priority order interleaver (e.g. as in HSPA)
Evaluation assumptions:
· Fading channel model – TDL-C
· All modulation orders
· Interference modelled 

FFS until NR AH#3 whether to additionally include reversal of bit mapping order in retransmissions. 



In this contribution, we will discuss how to decide a suitable structure for the bit-level interleaver. 
Bit Interleaver with Systematic Bits Priority 
[bookmark: _GoBack]Since a block interleaver (BLI) and a systematic bits priority-order interleaver (SBPI) are defined in different domain, it is possible to generate a combined bit interleaver with the properties of BLI and SBPI. More precisely, BLI and SBPI are defined based on the read-write manner in the memory and the rule of signal constellation mapping, respectively. In this section, we introduce two SBPIs based on BLI structure and compare their performance. 
1.1 Proposed Structure of Bit Interleaver


Figure 1. Proposed structure of bit interleaver
First, we propose a structure for bit interleaver composed of a BLI and a simple constellation mapper, as shown in Fig. 1. Furthermore, the BLIs and mappers are more specifically depicted in Figures 2, 3, and 4, respectively. In Figures 2 and 3, the number of rows in each block interleaver is the same to the modulation order (2m) or its half value (m). Here, the modulation order 2m is 4, 16, 64, 256 for QPSK, 16QAM, 64QAM, 256QAM, respectively. Clearly, the number of columns in each block interleaver is E/2m or E/m where E is the length of circular buffer output. 
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Figure 2. Block interleaver 1 (BLI-1)
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Figure 3. Block interleaver 2 (BLI-2)
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(a)                                         (b)  
Figure 4. Example of constellation mappers (256 QAM): (a) Mapper-1, (b) Mapper-2

In Figures 2 and 3, the BLI-1 and BLI-2 write the systematic bits first and the parity bits later. In order to support priority-order interleaving based on the BLI-1 and BLI-2 in Figures 2 and 3, we provide two simple examples for constellation mapper. For example, it can be easily checked that if we choose the Mapper-1 in Figure 4 for the BLI-1 or Mapper-2 in Figure 4 for BLI-2, a priority-order interleaving is achieved. In other words, if we choose a proper constellation mapper for a given block interleaver, we can easily support the priority-order interleaving. 

Observation 1: The structure of bit interleaver composed of block interleaver and constellation mapper can easily support the priority-order interleaving by adjusting the pattern of the mapper. 

1.2 Performance Evaluation of the Proposed Bit Interleaver
In this subsection, we evaluate the performance for the combinations of “BLI-1 + Mapper-1” and “BLI-2 + Mapper-2”, respectively. Since their performance is the same over AWGN channels, we conduct a simulation on a fading channel, e.g., tapped delayed line (TDL)-C channel model with long root mean square (RMS) delay spread 300 ns defined in the 3GPP standard [2].
As shown in Figure 5, the systematic priority-order interleavers based on the BLIs and mappers perform better than no-interleaver case. Note that in the case of QPSK, the “BLI-2 + Mapper-2” is the same as no-interleaver. Therefore, the “BLI-1 + Mapper-1” seems to be better than the “BLI-2 + Mapper-2”, in terms of the performance. In other words, it is better to fix the number of rows in the block interleaver to the modulation order than to fix it to the half of the modulation order. 

[image: ]
Figure 5. Performance comparison of no-interleaver and exemplary bit interleavers

Observation 2: Bit-Interleaver based on a combination of block interleaver and mapper performs better than No-Interleaver. 

Proposal 1: Adopt a combination of block interleaver and constellation mapper as the basic structure of bit interleaver for NR data channel.
Proposal 2: Fix the number of rows in the block interleaver to the modulation order, i.e., 2, 4, 6, and 8 for QPSK, 16QAM, 64QAM, and 256QAM.

Observation and Proposal
In this contribution, we present the following observations and proposals:

Observation 1: The structure of bit interleaver composed of block interleaver and constellation mapper can easily support the priority-order interleaving by adjusting the pattern of the mapper. 
Observation 2: Bit-Interleaver based on a combination of block interleaver and mapper performs better than No-Interleaver. 

Proposal 1: Adopt a combination of block interleaver and constellation mapper as the basic structure of bit interleaver for NR data channel.
Proposal 2: Fix the number of rows in the block interleaver to the modulation order, i.e., 2, 4, 6, and 8 for QPSK, 16QAM, 64QAM, and 256QAM.
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