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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 is necessary and needs for further study. In [4], an efficient interleaver design based on triangle shape is proposed and evaluated under AWGN channel. The performance of the proposed scheme is almost identical to that of the random interleaver (which is typically considered for benchmark BLER performance lower bound).
In this contribution, we will do further evaluation for the proposed design. We will provide the comprehensive simualtion results under different types of fading channels. In addition, the rate-matching scheme is taken into account in the simulation. 
Proposed interleaver design for Polar codes 

The bits input to the block interleaver are denoted by , where E is the number of bits. The E bits are from rate-matching. The output bit sequence from the block interleaver is derived as follows:
(1) 
Determine the number of rows (columns) of the isosceles right triangle by finding minimum integer P such that . 
(2) 







If , then dummy bits are padded such that  for  and  for . Then, the bit sequence  is written into the isosceles right triangle row by row starting with bit  in column 0 of row 0:



(3) 








 The output of the block interleaver is the bit sequence read out column by column starting with bit  in row 0 of column 0. The bits after block interleaving are denoted by, where  corresponds to, to… and corresponds . by skipping . 

The proposed interleaver has two properties. First, the gaps between two adjacent output index in same column are p, p-1, p-2, p-3, …., 3, and 2, respectively. They are not equal and close to random. Secondly, each column has different size. Therefore, the permutation pattern is different for each other. The two properties guarantee good performance.
On the other hand, the structure of triangular interleaver ensures a low implementation complexity. Note that, only very small number of <NULL> bits need to be inserted (due to rounding) similar to those in the case of LTE row-column interleaver. The implementation of the proposed interleaver is much more hardware friendly to that of a purely random interleaver.
Performance evaluation of the proposed interleaver 
The performance of the proposed interleaver is evaluated together with rate-matching [5] by simulation. The detailed simulation parameters are listed in Table 1. 
Table 1 Simulation parameters for evaluation
	Channel
	AWGN

	Modulation
	QPSK

	Code sequence
	PW

	Code constructin
	CA-Polar with 19-bit CRC

	Rate-matching
	Location adjustment with block puncture/shortening/repetition

	Decoding algorithm
	CA-SCL with L=8

	Nmax
	1024

	Rmin
	1/6

	Rpsthr
	Block puncturing when R<Rpsthr=1/2
Block shorten    when R>=Rpsthr=1/2

	Rrepthr and β
	1/3 and 1+1/16



AWGN channel
The performance of the proposed interleaver under AWGN channel with QPSK, 16-QAM and 64-QAM are depicted in Figure 1-6. It is seen that for power 2 coded block size, the performance gain of proposed interleaver becomes larger with increase of coded block size N, especially for 16-QAM. For non-power 2 coded block size, the gain becomes larger with lower coding rate. Therefore, the interleaver is necessary for Polar codes under AWGN channel with 16-QAM and 64-QAM modulations.
In a word, the performance of the proposed interleaver is very close to that of random interleaver under AWGN with QPSK, 16-QAM and 64 QAM. It implies that the proposed interleaver is close to optimum.
Observation 1: Interleaver is necessary for Polar codes with 16-QAM & 64-QAM under AWGN channel.
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Figure 1. The performance of the interleaver under AWGN channel
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Figure 2. The performance of the interleaver under AWGN channel
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Figure 3. The performance of the interleaver under AWGN channel
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Figure 4. The performance of the interleaver under AWGN channel
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Figure 5. The performance of the interleaver under AWGN channel
[image: ]
Figure 6. The performance of the interleaver under AWGN channel
 Fading channel
1) QPSK
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Figure 7. The performance of the interleaver under fading channel
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Figure 8. The performance of the interleaver under fading channel
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Figure 9. The performance of the interleaver under fading channel
2) 16-QAM
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Figure 10. The performance of the interleaver under fading channel
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Figure 11. The performance of the interleaver under fading channel
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Figure 12. The performance of the interleaver under fading channel
3) 64-QAM
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Figure 13. The performance of the interleaver under fading channel
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Figure 14. The performance of the interleaver under fading channel
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Figure 15. The performance of the interleaver under fading channel

The performance comparison among the proposed interleaver, random interleaver and without interleaver is depicted in Figure 7-15 under fading channel with QPSK, 16-QAM and 64-QAM, respectively. It is clear that the performance of Polar codes without interleaver is worse than that with interleaver under fading channel using QPSK modulation. This implied that interleaver is necessary for Polar codes with QPSK under fading channel. It is also seen that the performance of the proposed interleaver is very close to that of random interleaver under different type of fading channels with QPSK, 16-QAM and 64 QAM. It implies that the proposed interleaver is close to optimum.
Observation 2: Interleaver is necessary for Polar codes with QPSK under fading channel
[bookmark: _GoBack]Observation 3: The performance of the proposed interleaver is very close to that of random interleaver under AWGN and fading channels with QPSK, 16-QAM and 64 QAM.
Proposal 1:  Adopt the proposed triangular interleaver for control channels.
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 close to that of random interleaver under AWGN and fading channel with QPSK, 16-QAM and 64 QAM.
Proposal 1:  Adopt the proposed triangular interleaver for control channels.
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Appendix
It is also interesting to know the performance of interleaver together with the other rate-matching schemes. In this appendix, we will present the simulation results of the proposed interlaever with bit-reversal shortening scheme. 
The performance comparison among the proposed interleaver, random interleaver and without interleaver is depicted in Figure A1-A9 under different type of fading channel with QPSK, 16-QAM and 64-QAM, respectively. It is seen that the performance of the proposed interleaver is very close to that of random interleaver under fading channel with QPSK, 16-QAM and 64 QAM. It implies that the proposed interleaver with bit-reversal shortening scheme is close to optimum.
1. TDL-C 300ns 
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Figure A1. The performance of the interleaver under fading channel
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Figure A2. The performance of the interleaver under fading channel
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Figure A3. The performance of the interleaver under fading channel
2.  ETU
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Figure A4. The performance of the interleaver under fading channel 
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Figure A5. The performance of the interleaver under fading channel
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Figure A6. The performance of the interleaver under fading channel
3. EVA
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Figure A7. The performance of the interleaver under fading channel
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Figure A8. The performance of the interleaver under fading channel
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Figure A9. The performance of the interleaver under fading channel
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