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Introduction
In RAN1 NR Ad-Hoc#2 meeting, it was concluded that the following issues should be considered when designing Polar codes [1].
	Agreement: 
· To support repetition, puncturing, and shortening of Polar code:
· The N=2n coded bits at the output of Polar encoder is written into a length-N circular buffer in an order that is predefined for a given value of N
· To obtain M coded bits for transmission
· Puncturing is realized by selecting bits from position (N-M) to position (N-1) from the circular buffer
· Shortening is realized by selecting bits from position 0 to position M-1 from the circular buffer
· Repetition is realized by selecting all bits from the circular buffer, and additionally repeat (M-N) consecutive bits from the circular buffer
· Exact set of repeated bits FFS till RAN1#90
[image: ]



The structure of Polar codes is shown in Fig. 1. In this contribution, we will propose the rate matching interleaving design.


Fig. 1 The structure of Polar codes for NR
The following notations are used in this contribution.
K:		information block size
M:		codelength

N:		mother codelength, 
K1:		number of input bits of the basic encoder
ui:		input bits of the basic encoder
Si:		the index of ith segment
bi,j:		the index of ith bit in jth segment
Segment based interleaving design
Inter-segment/column interleaving
In [2, 3], several rate matching schemes are proposed. All these schemes can be seen as a kind of segment based interleaving design of Polar codes. In such a design, all the coded bits are divided into serval segments/columns, an order sequence is used to represent the interleaving pattern for inter-segment.
The interleaving procedure is shown in Fig. 2 and Fig. 3. The segments are marked as S0, S1, …. The information bits within segment si are denoted by bi,j, where i = 0, 1, …, and j = 0, 1, …..


Fig. 2 The segmentation of rate matching of Polar codes


Fig. 3 Example of inter-segment interleaving of Polar codes
For puncturing and shortening, the punctured/shortened coded bits can be represented in Fig. 4.


      
Fig. 4 The puncturing and shortening pattern based on CBF.
As the same interleaving will be used for both puncturing and shortening, it is better for the interleaving pattern to satisfy the “column weight 1 requirement” [4].
For example, for 16 segments, the following interleaving pattern can be used
[0, 4, 1, 5, 2, 6, 3, 7, 8, 12, 9, 13, 10, 14, 11, 15]
Proposal 1: The interleaving pattern should satisfy the “column weight 1 requirement”.
Intra-segment/row interleaving
In this section, we will propose an intra-segment interleaving design. Different with inter-segment, the intra-segment interleaving will be performed within only one segment.
The ordered sequence of intra-segment can also be seen as a row interleaving of the coded bits. Fig. 5 shows an example of this method. After the interleaving, the corresponding punctured/shortened coded bits can be used the same pattern as shown in Fig. 4.


Fig. 5 Example of intra-segment interleaving of Polar codes
All the coded bits are divided in to several segments/columns. Within each column, row interleaving is performed. This intra-segment interleaving can be used alone or together other inter-segment interleaving design.
Assume the number of bits within segments is nb, then the number of segments is N/nb. For example, if nb = 16, all the mother coded bits will be divided into N/16 segments/columns, in Fig. 6, we show the segmentation of this scheme.


Fig. 6 Example of segmentation for nb = 16
Similar with the inter-segment interleaving, as Polar codes have high symmetry, the following sequence can be used for nb = 16,
[0, 4, 1, 5, 2, 6, 3, 7, 8, 12, 9, 13, 10, 14, 11, 15]
Assume the bit index within the same segment is 0~15, which are 0000~1111 in binary representation. Let ai denote the binary number of the ith position, i.e., a3 = 1 for index 0001. Then the ordered sequence of the interleaving pattern can be represented as a simple bit permutation natural order [a0a3a1a2].
Bit permutation natural order
Generally, for a segment with 2m bits, the ordered sequence can be obtained by the bit permutation natural order, such as [a0am-1a1a2…am-2].

[bookmark: _GoBack]The generator of Polar codes is obtained from Kronecker product, which make the generator high symmetry. For any two indices a and b, with binary representation [a0a1…am-1] and [b0b1…bm-1], respectively. If there is only one binary bit is different between a and b, assume ai = 0 and bi = 1, then the column weight of a is twice as the column of b. In this case, as long as the ordered sequence can be represented as natural order by bit permutation, for any , there must be another index j > i, such that there is only one binary bit is different between i and j. It means that if index j is already shortened, the column weight of i is at most 1, so, index i can be also shortened. We may have the following conclusion that as long as the ordered sequence can be represented as natural order by bit permutation, the sequence satisfies the “column weight 1 requirement” and can be used for rata matching interleaving, such as, [a0am-1a1a2…am-2], [am-1a0a1a2…am-2] and so on.


Proposal 2: Bit permutation natural order should be used for rate matching interleaving.
Summary
In this contribution, we propose rate matching interleaving design of polar codes. Based on the analysis, we have the following Proposals.
Proposal 1: The interleaving pattern should satisfy the “column weight 1 requirement”.
Proposal 2: Bit permutation natural order should be used for rate matching interleaving.
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