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Introduction
In RAN#71, the technology study item for 5G new RAT (NR) has been approved [1]. In RAN1#87, Polar codes were adopted as channel coding for uplink control information and downlink control information (working assumption) for eMBB system except for very small block length [2]. For Polar codes, an block interleaver for coded bits is necessary for high-order modulation such as 16 QAM and 64QAM even in AWGN channel. A preliminary investigation of the impact of interleaver for Polar codes is discussed in [3]. The conclusion is that the detailed design of interleaver for Polar codes need for further study.
In this contribution, we propose an interleaver design for Polar codes. It has the same performance as that of random intereaver.
Performance of Polar codes with random interleaver
In this section, we will investigate the performance of Polar codes with random interleaver for variable modulation schemes. Below is the detailed simulation parameters.
· Modulation :  4QAM  16QAM 64QAM
· Algorithm:  CA-SCL  (CRC19,  L=8)
· Compare metric:  SNR @ BLER=0.01 
· Code Size Set for comparison
· K=[48, 64, 120, 200]  Rate =[1/6, 1/3, 1/2, 2/3]
· Code length is not power of 2
· N=[256,512, 1024], Rate =[1/6, 1/3, 1/2, 2/3]
· Code length is power of 2
The performance of Polar codes with random interleaver using QPSK, 16-QAM, 64-QAM under AWGN channel are depicted in Figure 1, Figure 2 and Figure 3, respectively. It is seen that the performance of random interleaver is the same as that of non-interleaver for QPSK. This implies that the interleaver is not necessary for QPSK. The random interleaver outperforms non-interleaver for 16-QAM and 64-QAM. Therefore, the interleaver is necessary for Polar codes with 16-QAM and 64-QAM. 
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Figure 1. The performance of Polar codes with random interleaver using QPSK
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Figure 2. The performance of Polar codes with random interleaver using 16-QAM
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Figure 3. The performance of Polar codes with random interleaver using 64-QAM
In addition, the performance of Polar codes without random interleaver is degraded under fading channel with QPSK modulation. Therefore, the interleaver is also necessary for QPSK modulation under fading channel. This implies that the interleaver is necessary for DCI.
Observation 1: Interleaver is necessary for Polar codes with 16-QAM & 64-QAM under AWGN channel
Observation 2: Interleaver is necessary for Polar codes with QPSK under fading channel
Proposed interleaver design for Polar codes 
Isosceles right triangle is proposed for interleaver. P is side length, and P is the minimum value such that P*(P+1)/2 is not less than the block length. Fill the triangle row by row, and append “NULL” in the final if necessary. Read out column by column and skip the “NULL” bit.  The output is x(1), x(p+1), x(2p),…x(2), x(p+2),…
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The interleaver has such two properties:
· The gap between two adjacent output index is :  p, p-1, p-2, p-3…., they are not equal.
· Each column has different size,  therefore, the permute pattern is different for each column.
The two properties gaurantee the good performance of the proposed interleaver.
Performance evaluation of the proposed interleaver 
The performance of the proposed interleaver is evaluated by simulation. The performance comparison between the proposed interleaver and random interleaver is depicted in Figure 4 and Figure 5 for 16-QAM and 64-QAM, respectively. It is seen that the performance of the proposed interleaver is identical to that of random interleaver for high-order modulation under AWGN channel. It implies that the proposed interleaver is close to optimum. 
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Figure 4. The performance comparison between the proposed interleaver and random interleaver
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Figure 5. The performance comparison between the proposed interleaver and random interleaver
Observation 3: The performance of the proposed interleaver is identical to that of random interleaver for high-order modulation under AWGN channel.
Conclusions
Observation 1: Interleaver is necessary for Polar codes with 16-QAM & 64-QAM under AWGN channel.
Observation 2: Interleaver is necessary for Polar codes with QPSK under fading channel
Observation 3: The performance of the proposed interleaver is identical to that of random interleaver for high-order modulation under AWGN channel.
[bookmark: _GoBack]Proposal 1:  Adopt proposed triangle based interleaver for control channels.
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