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In the RAN1 #86bis meeting [1], it was agreed that the channel coding scheme for eMBB data is LDPC, at least for information block size larger than  bits. The value of  is to be determined, while its range is between 128 bits and 1024 bits. On the other hand, the channel coding scheme(s) for URLLC, mMTC, control channel, and eMBB data channel with information block size smaller than  bits, are still not agreed. 
Furthermore, it is concluded [1] that RAN1 is still encouraged to strive to draw additional observations and conclusions on the performance of channel coding. 
As a major candidate channel code, polar code shows good BLER performance, especially for small information block size. In this contribution, we provide a preliminary investigation of the impact of interleaver on the BLER performance of polar codes. 
2	Discussion
2.1 	Polar Codes
We consider a polar code, where  is the information block length and  is the coded block length. Here, the value is a set as a power of 2, i.e.,  for some integer. The generator matrix of the polar code can be expressed by, where  is the bit-reversal permutation matrix,  denotes the -th Kronecker power and . 
With the well-defined polar encoder, the main design (or construction) of polar code is the mapping of the  information bits to the  input bits of polar encoder. In principle, the  information bits should be put on the  best (or most reliable) bit channels, and the remaining  input bits not mapped from the information bits are called frozen bits. There are several ways to determine the reliability of bit channels [2], e.g., the Bhattacharyya bounds, the Monte-Carlo estimation, the full transition probability matrices estimation, and the Gaussian approximation, etc. In this contribution, we use the Bhattacharyya bounds to construct the polar code with design-SNR 0 dB. 
Also, we use the puncturing scheme in [3] to match the desired coding rates. When  bits are punctured, the effective coding rate of polar code is . In the remaining of this contribution, we use  to denote a  polar code with  bits punctured. 



2.2 	Performance Evaluations of the Interleaver for Polar Codes
We examine the performance of different types of interleavers, which are applied to polar encoded bits. The interleaved bits are then passed to modulator. The receiver applies the same interleaver before polar decoding. 
In our simulations, the rate 1/3 polar codes with different information block lengths are used on top of AWGN channels. We evaluate the cases of 1). no interleaver; 2). random interleaver; 3). LTE QPP interleaver; 4). LTE sub-block interleaver. 
Figure 1 shows the simulation results of a (512, 170, 2) polar code with QPSK modulation, where the CRC-aided SCL-4 decoding algorithm or the CRC-aided SCL-32 decoding algorithm is used. It is seen from the figure that there is no performance difference among all these interleaving schemes. Specifically, the scheme without interleaver performs as well as other schemes. 
Observation 1: For QPSK modulation, the intereleaver may not be needed for polar codes. 
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[bookmark: _Ref462662894]Figure 1: Interleaving schemes comparison for QPSK modulation

Figure 2 shows the simulation results of a (512, 170, 4) polar code with 16QAM modulation, where the CRC-aided SCL-4 decoding algorithm or the CRC-aided SCL-32 decoding algorithm is used. It is seen from the figure that sub-block interleaver performs worse than the other schemes and the scheme without interleaver performs as well as the random interleaving scheme. 
Observation 2: For16QAM modulation, the intereleaver may not be needed for polar codes.
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[bookmark: _Ref462662912]Figure 2: Interleaving schemes comparison for 16QAM modulation

Figure 3 shows the simulation results of a (4096, 1356, 28) polar code with 64QAM modulation, where the CRC-aided SCL-4 decoding algorithm or the CRC-aided SCL-32 decoding algorithm is used. It is seen from the figure that both QPP interleaver and random interleaver outperform the sub-block interleaver and the scheme without interleaver. The performance difference is about 0.5 dB at the BLER level of 1%, or more than 0.6 dB at the BLER level of 0.1%. 
Observation 3: For 64QAM modulation, the QPP intereleaver achieves the same performance as random interleaver for polar codes. 
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[bookmark: _Ref462668787]Figure 3: Interleaving schemes comparison for 64QAM modulation

We only use AWGN channel in the above simulations. The performance impact of interleaver on polar codes in the case of fading channels needs to be further evaluated. Hence, we have the following proposals.
Proposal 1: Further study whether interleaver is needed for polar codes with low order modulation. 
Proposal 2: Further study whether QPP interleaver is proper for polar codes with high order modulation. 

3	Conclusion
In this contribution, we discussed different interleaving schemes for polar codes, and compared their performance. Our simulation results show that: 
Observation 1: For QPSK modulation, the intereleaver may not be needed for polar codes. 
Observation 2: For16QAM modulation, the intereleaver may not be needed for polar codes.
Observation 3: For 64QAM modulation, the QPP intereleaver achieves the same performance as random interleaver for polar codes. 
We have the following proposals: 
Proposal 1: Further study whether interleaver is needed for polar codes with low order modulation.
Proposal 2: Further study whether QPP interleaver is proper for polar codes with high order modulation. 
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