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Introduction
In RAN1 #90 meeting, the following working assumption is reached for polar inerleaver.
Working Assumption: 
· Channel interleaver:
· Uplink: Triangular interleaver (e.g. as in R1-1713474)
· Downlink: Parallel rectangular interleaver (e.g. as in R1-1714691)
· To be confirmed at NR AH#3 unless it is shown that there are no meaningful benefits of including the downlink channel interleaver, using evaluation assumptions in R1-1714983
In this contribution, we further discuss channel interleaver design for polar codes.
Interleaver design
We propose parallel rectangular 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 with different depth to randomize bits in different groups. The set of sub-interleavers 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 of 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  with rate-matching. The detailed simulation parameters are listed in Table 1. We compare our evaluation results with those of the triangle interleaver [1].
Table 1: Simulation parameters for evaluation
	Channel
	AWGN+ fading

	Modulation
	QPSK, 16QAM, 64QAM

	CRC
	24-bit CRC for DL; 19-bit for UL

	Decoding algorithm
	CA-SCL with L=8

	Nmax
	1024

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



As shown in our contribution [2], the proposed parallel rectangle interleaver achieves comparable performance with random interleaver and triangle interleaver [3] under AWGN channel with 16-QAM and 64 QAM. The advantage of the proposed interleaver is that the addressing is terse, which means low hardware cost. And the parallel interleaver has a low latency and the structure is flexible as we can adjust the depth of the row-column sub-interleavers.
Observation 1: The proposed interleaver has a low latency and has a flexible structure.

· High order modulation
 In contribution [4], a similar parallel rectangle interleaver was also introduced, and performance evaluation of two kinds of parallel rectangle interleavers with 8-bit granularity is given as follows.
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Figure 1: 64-QAM performance
As shown in figure 1, we can see the proposed interleaver has better performance than that of parallel rectangular interleaver in [4] for high order modulation.
Obsevation2: The proposed interleaver has better performance than that of parallel rectangular interleaver in [4] for high order modulation.
· QPSK modulation + fading channel
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Figure 2: Performance of Polar K=200 R=1/3 QPSK TDL-C
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Figure 3: Performance of Polar K=200 R=2/3 QPSK TDL-C
Observation 3: the proposed interleaver can provide significant performance gain over that without interleaver in fading channel. 
Conclusion
The above discussion is summarized with following observations and proposals:
Observation 1: The proposed interleaver has a low latency and has a flexible structure.
Obsevation2: The proposed interleaver has better performance than that of parallel rectangular interleaver in [4] for high order modulation.
Observation 3: the proposed interleaver can provide significant performance gain over that without interleaver in fading channel. 
Proposal 1: Adopt the proposed parallel rectangular interleaver for control channels.
Proposal 2: Working assumption should be confirmed.
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