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Introduction
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]For Polar codes, an block interleaver for coded bits is necessary for high-order modulation such as 16 QAM and 64QAM in AWGN channel. As some discussions have appeared in previous meetings on the interleaving design [1], in this contribution, we propose parallel and flexible interleaver for different code lengths.
Interleaver design
The model of proposed interleaver is below:


Figure1: Interleaver model
2.1  Segment
The M-length coded bits after Polar encoding are divided equally into K=31 segments with length m, where m = ceil(M/K).  Simple serial-to-parallel conversion is used for segmentation and NULL-padding may be needed for the last segment.
2.2  Group
These segments are allocated to L groups according to the rule: group number = segment number mod L. The value L can also be flexible for various code length.
2.3  Parallel Interleave
We use row-column sub-interleavers of different depth to randomize bits in different groups. The set of depth may be different. For example, we can select {1,3,5,7,9} for 5 groups. Likely, NULL-padding  may be needed to fill these row-column sub-interleavers.
2.4  Parallel to Serial
The final sequence of the proposed interleaver is the simple combination of  the row-column sub-interleavers's output. The output can be arranged in a natural order or a certain order designed.
For the purpose of illustration, a specific example is shown below where L equals 5 and K equals 31.  
For grouping, the first group has the segments 1, 6, 11, 16, 21, 26, 31, the second groups has the segments 2, 7, 12, 17, 22, 27, the third group has the segments 3, 8, 13, 18, 23, 28, the 4th group has the segments 4, 9, 14, 19, 24, 29 and the last group has the segments 5,10,15,20,25,30.


The final sequence of the proposed interleaver is the simple combination of the five group's result. In this example, the order is 1, 4, 5, 2, 3.


Performance evaluation
The performance of the proposed interleaver is evaluated together with rate-matching. The detailed simulation parameters are listed in Table 1. We compare our result with the triangle interleaver [1].
Table 1: Simulation parameters for evaluation
	Channel
	AWGN

	Modulation
	16QAM, 64QAM

	Code sequence
	PW

	Code constructin
	CA-Polar with 19-bit CRC

	Rate-matching
	QUP puncture

	Decoding algorithm
	CA-SCL with L=8

	Nmax
	1024

	R
	1/6,1/3,1/2,2/3


[image: ]
Figure 1: 16-QAM performance

[image: ]
Figure 2: 64-QAM performance
Conclusion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, an interleave procedure is investigated. The performance is the same and even better than that of random interleaver and triangle interleaver for high-order modulation such as 16-QAM and 64-QAM in AWGN channel. The advantage of the proposed interleaver is that the addressing is terse, which means low hardware cost. And the parallel interleave has a low latency and the structure is flexible as we can adjust the depth of the row-column sub-interleavers.  We have the following observations and proposal:
Observation 1: The performance of the proposed interleaver is close to that of random interleaver and triangle interleaver under AWGN channel with 16-QAM and 64 QAM.

Observation 2: The proposed interleaver has a low lantency and has a flexible structure.

Proposal 1: Adopt the proposed parallel interleaver for control channels.
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