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Introduction
In this contribution paper, we will introduce a channel interleaver for eMBB control channel. The following notations are used: 
K:	information bits length (excluding CRC bits)
L:  CRC bits length
M:	code block length
r:  coding rate (K/M)
N:	mother code block length 
Channel Interleaver
This channel interleaver consists of a bit-collector and a row-column interleaver. 


Figure 1.  Channel interleaver procedure
Bit Collector 
Denote: 
· 
 as a N-sized coded block 
· 
 as an input vector from the rate-matcher. 
· 

 as the set of coded bit indices to indicate those coded bits not to be punctured or shortened from  i.e. 
· 
 as the set of information bit indices to indicate the bit positions for information and CRC bits. 
The bit collector is: 
· for i=0:M-1
· 
if  , 
=; m=m+1; // first buffer, containing M1 bits
· else
=; n=n+1; //second buffer, containing M2 bits
· end if
· end
It outputs a M-sized vector y = [,,,…,, ,,,…,]; 
In an example of K = 4 and r = ½, the mother code length N is 8 and the information bit positions are [u4 u6 u7 u8] as shown in Figure 2.  


Figure 2.  Polar encoding graph
· The first buffer f contains all M1 (=4) coded bits [x4 x6 x7 x8] that are directly connected to the information bits [u4 u6 u7 u8]. 
· The second buffer g contains the remaining M2=M-M1 = 4 coded bits [x1 x2 x3 x5].
Row-Column Interleaver
A row-column structure with 32 rows as shown in Figure 3 is used to interleave the collected bits in the above mentioned two buffers. The number of the rows is fixed as 32. Accordingly, the number (C) of the columns varies with M: C=. (Note that if M<32 there’s only 1 column left.) 
The vector y from the bit collector is written into this 32-by-C architecture row by row as:

If 32C>M, not all entries of the 32-by-C structure are filled by a y value. Then, NULLs are filled into the remaining empty entries (on the bottom row). 
The output order is shown by red dash line in Figure 3. It only outputs the y value and skip NULLs.

 
Figure 3.  Row-column Interleaver
As a result, the row-column interleaver outputs a M-sized vector e = [y0,yC,…y31C, y31C+1,…yC+1,y1, y2,yC+2,…y31C+2, …. ].
Performance Evaluation 
Since the information bits positions are known by encoding and decoding end, the two buffer is easily to generate. In addition, when the number of row in row-column matrix is 32=25, hardware implementation becomes simpler than that for triangle interleaver. In this section, we compare the performances among several interleaver designs for both AWGN and Fading channels. 
The performance measurement is designated for the required SNR value with a modulation of 16-QAM or 64-QAM and a targeted BLER of 1%. More detailed simulation assumptions are listed in Table 1. 
The candidate interleaver designs include the proposed interleaver in this contribution, a random interleaver as a baseline, the interleaver in [2], and the interleaver in [6].
Observation-1: This proposed interleaver has the same performance as the random-based interleaver in both AWGN and Fading channels. 
Table 1. Simulation Assumptions
	Modulation
	16-QAM, 64-QAM

	Construction
	DCA SCL [8] (CRC11 (UL), L8)

	Rate matching
	Puncture/Shorten [9]

	Sequence
	PW sequence

	Compare metric
	SNR @ BLER= 0.01

	Info Length
	[32:8:200]

	Code Rate
	[2/3 1/2 1/3 1/6 1/12]

	Channel
	AWGN, TDL-A, ETU





1) AWGN
[image: ]
Figure 4.  16-QAM performance in AWGN channel
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Figure 5.  64-QAM performance in AWGN channel



2) Fading
[image: ]
Figure 6.  16-QAM performance in TDL-A channel
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Figure 7.  64-QAM performance in TDL-A channel
Conclusions
In this contribution, a row-column-based interleaver is proposed. Its performance is simulated and compared with other proposed interleavers and random-based interleaver. 
Observation-1: This proposed interleaver has the same performance as random-based interleaver in both AWGN and Fading channels. 
Proposal 1: Adopt the proposed row-column based interleaver for control channel.

For polar codes, The bits input to the row-column based interleaver are denoted by ,,…, , the interleave procedure are detailed as follows:
1. Collect the coded bits into two buffers according to their position
· The first buffer contains all M1 coded bits, where  is the set of bit positions on which information bits are mapped. 
· The second buffer , where  denotes the processing of remaining M2=M-M1 coded bits.
· It outputs a M-sized vector y = [,,,…,, ,,,…,]
2. Write in row-column interleaver row by row
· Assign the row number R, the rows of the matrix are numbered 0,1,…,R-1 from top to bottom.
· Determine the column number C=, the columns of the matrix are numbered 0,1,…,C-1 from left to right.
· If ,  NULLs are filled into the remaining empty entries (on the bottom row). 
· he bit sequence , is written into the matrix row by row starting with bit  in column 0 of row 0:

3. Read out column by column 
· The output of the row-column interleaver is denoted by ,
e = [y0,yC,…y(R-1)C, y(R-1)C+1,…yC+1,y1, y2,yC+2,…y(R-1)C+2, …. ]
      The output order is shown by red dash line in the following figure. It only outputs the y value and skips NULLs.
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Appendix
In this appendix, we will present the simulation results of all the compared interleaver schemes in ETU fading channel with 16-QAM and 64-QAM modulation, respectively. It can be found that the designed interleaver is same as the performance of random interleaver under these conditions. 
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Figure A	1.  16-QAM performance in ETU channel
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Figure A2.  64-QAM performance in ETU channel
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