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1. Introduction
The decoding performance of polar codes is sensitive to statistics of physical channels that codeword bits. In this regard, variation in channel caused by both high-order modulation for UCI on PUSCH and fading channels should be handled. Carefully designed channel interleaver may be a good solution to handle the problem. In this contribution, we discuss the design of channel interleaver for polar codes in perspective of high-order modulation.

2. Design of Channel Interleaver 
As usual in our contributions, we define the following basic notations for polar codes.
[bookmark: _Hlk485716767][bookmark: OLE_LINK10][bookmark: OLE_LINK1]- : number of information bits excluding CRC bits
- : number of assistance CRC bits
- : desired code rates (CRC bits are classified as parity bits)
- : number of codeword bits ()
- : mother polar code size
- : list size of successive-cancellation list (SCL) decoder 
Fig. 1 shows a general BICM chain with polar codes possibly considered for NR control channels. Several procedures in Fig. 1 are explained as follows: 
· Outer code encoding: information bit sequence of length  is encoded by outer codes such as cyclic redundancy check (CRC) codes in order to improve the performance of SC-list decoding 
· Sub-channel allocation:  bits and ) frozen bits are mapped to sub-channels based on the pre-defined polar code sequence 
· Generator matrix multiplication: a polar code generator matrix  is employed to generate a length- coded bit sequence
· Interleaving for rate-matching: a length- coded bit sequence is interleaved based on the pre-defined interleaving pattern for rate-matching
· Buffer: interleaved coded bits are inserted into a virtual circular buffer 
· Modulation: coded bits extracted from the virtual circular buffer are modulated by QAM 
In NR, UCI can be transmitted in the PUSCH after data and control channel multiplexing. Even though data and control information are encoded by different channel coding schemes, it is required to use the same modulation for both of them in perspective of efficient resource allocation and implementation complexity. Therefore, polar coded bits over PUSCH can be modulated by 16QAM, 64QAM, and 256QAM, which are used for data information. When we design BICM with high-order modulation, codeword bits experience unequal error protection caused by different levels in Gray-mapped QAM. Since the performance of polar codes is very sensitive to channel qualities, BICM chain should be carefully designed especially when high-order modulation is applied. In addition, we should consider the performance in fading channels. It was well known that proper interleaving should be carried out before transmission to handle the problem of fading channels. Therefore, a channel interleaver is needed to improve the performance when both high-order modulation and fading channels are considered. 
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Figure 1  General BICM chain for polar codes

Before design of the channel interleaver, we should determine the position of the channel interelaver in the BICM chain. Then, the following options are considered: 
Option I )  	Channel interleaver before buffer
Option II ) 	Channel interleaver after buffer as depicted in Fig. 1. 
If we are able to put the channel interleaver before the buffer without performance loss, then a rate-matching interleaver and the channel interleaver can be combined together for simple implementation. Thus, we first evaluate the performance of polar codes according to the position of the channel interleaver. In this evaluation, a random interleaver is assumed as a reference since it works quite well. We put the random interleaver before rate-matching and after rate-matching as depicted in Fig. 1, respectively, and the performance of 16QAM transmission is evaluated as represented in Fig. 2.
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Figure 2  Performance of channel interleaving (16QAM, AWGN, )
[bookmark: _GoBack]In most cases, the performance of two possible frameworks is almost the same. However, if we put the random interleaver before the buffer, then performance is degraded when codeword bits are repeated. The more the number of repeated bits is, the larger the performance loss is. Because codeword bits are interleaved before the buffer, all bits repeated from a certain bit are mapped onto the same-level in QAM symbols, which is not desirable for polar code decoding. Maybe we can apply a different order when codeword bits are repeated, but it is not appropriate for the operation of the circular buffer.
Observation 1: If we put the random interleaver before the buffer, then performance is degraded when codeword bits are repeated.
Proposal 1: Channel interleaver should be applied after circular buffer

3. Conclusion 
In this contribution, we discuss the design of channel interleaver for polar codes. Observations are summarized as below:
Observation 1: If we put the random interleaver before the buffer, then performance is degraded when codeword bits are repeated.
Based on above observation, we propose following: 
Proposal 1: Channel interleaver should be applied after circular buffer
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