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1. Introduction
In NR, uplink control information encoded by polar codes with maximum mother code size=1024 will be transmitted after being modulated by high order QAM (maximum modulation order 8). In the order of multiples of 4, the performance decline was noticeable [1-3]. 
In this contribution, we propose a simple block interleaver design for polar codes. It has the same performance as that of random interleaver at all times, depending on information size or coded bit size, etc.

2. Interleaver design
The coding chain of polar codes with interleaver in shown in Figure 1. 
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Figure 1. The coding chain of Polar codes with interleaver 
2.1. Write operation
The coded bits of length N shall be written serially into the block interleaver column-wise, where the number of columns is the same as Modn(the modulation order)±1 (or odd number). It append “NULL” in the final if necessary.
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Figure 2. Example of write operation for number of column=3

2.2. Read operation
In the read operation, the bits for one constellation symbol shall be read out sequentially row-wise and fed into the modulation block. These operations shall continue until the end of the row and skip the “NULL” bit. We propose that different start reading points according to the row. For easy implementation, we use the cyclic shift scheme. For example, figure 3 and 4 show the read process with right cyclic shift value=1 and left cyclic shift value=1, respectively.
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Figure 3. Example of read operation with right cyclic shift value=1
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Figure 4. Example of read operation with number of column=5 and left cyclic shift value=1
The proposed interleaver can have good performance by changing the cyclic shift value (e.g 1), shift direction (e.g right or left), number of column (e.g. Modn+1 or Modn-1) without increasing the complexity of implementation. The proposed interleaver can be applied appropriately according to parameters of polar codes by fixing write operation and changing only read operation. That is, the interleaver may be changed at every transmit instance depending on the polar code parameters. (e.g, code rate, information size, and so on).

3. Performance for modulation schemes
To compare interleaver schemes, we use the PW-sequence [4] and the CA-SCL (=8) decoding algorithm. The 16QAM modulation with LTE constellation and AWGN channel are assumed in our simulations. CRC polynomials is given by [5]:
.
We compare random, triangle of QC, four proposed schemes (combination of cyclic shift value (=1 or -1) and shift direction (=right or left)). Figure 5 shows the required SNR (to achieve target BLER=10-2) of mother code sizes in order to avoid the influence of rate matching. For example, the right cyclic shift value = 1 in figure 3 is expressed as Right_minus_1 in figure 5. The yellow cells represent cells with a performance difference of less than 0.1 dB between the triangle interleaver and the proposed interleaver, and the red cells represent cells with better than 0.1 dB of performance among the two interleaver. The best proposed scheme shows similar or slightly better performance than the triangle interleaver.
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Figure 5. Required SNR (to achieve target BLER=10-2) of mother code sizes for various interleavers

Observation 1: When the rate matching is not considered, the best proposed scheme shows similar or slightly better performance than the triangle interleaver.
[bookmark: _GoBack]Figure 6 shows the required SNR according to the interleaver considering the bit-reversal shortening scheme. Performance for other rate matching schemes (natural puncturing, bit-reversal puncturing, natural shortening) is given in appendix-A. Figure 6 and appendix-A show that the best proposed scheme has similar or better performance than the triangle interleaver when considering rate matching.
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Figure 6. Required SNR (to achieve target BLER=10-2) for coding rate 1/6, 1/3, 1/2

Observation 2: When considering rate matching, the best proposed scheme shows similar or slightly better performance than the triangle interleaver.
Observation 3: The performance of the proposed interleaver provides almost same performance as that of a random interleaver in case of 16QAM modulation.
Proposal 1: Adopt proposed simple block interleaver for uplink control in case of 16QAM modulation.

4. Conclusions
In this contribution, our observation and proposals are as follows:
Observation 1: When the rate matching is not considered, the best proposed scheme shows similar or slightly better performance than the triangle interleaver.
Observation 2: When considering rate matching, the best proposed scheme shows similar or slightly better performance than the triangle interleaver.
Observation 3: The performance of the proposed interleaver provides almost same performance as that of a random interleaver in case of 16QAM modulation.
Proposal 1: Adopt proposed simple block interleaver for uplink control in case of 16QAM modulation.
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