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1 Introduction
In this contribution, we briefly discuss the channel coding chain design for NR eMBB control channel. 

Notations:
K:	information bits length (including CRC bits)
M:	code block length
N:	mother code block length, equal to 
R: 	code rate
I: 	Information bits set
F: 	Frozen bits set
P:	Shortening/Puncturing bits set
A: 	assistant bits set
Q:	ordered nested sequence
W:	weight sequence
PCF: PC frozen bits set
BIV:  bit reversal

2 Channel coding for NR control channel
Summarizing the design described in [1][2][3], Figure 1 illustrates the channel coding chain for NR control channel:


Fig. 1 Channel coding chain for control channel
[bookmark: _GoBack]As shown above, the coding chain mainly includes CRC attachment (unnecessary for very small block length), channel coding and rate matching. 
2.1 CRC attachment
CRC attachment design shall be predefined according to the application scenario, and it is unnecessary for very small block length. 
2.2 Channel coding
Channel coding contains three parts: 1) bits position set selection, 2) encoding vector preparation and  3) kernel encoding.
 
2.2.1 Bits position set selection
The bits position set mainly includes information set I, assistant bits set A, and shortening/puncturing set P. 
1) Bits position set selection for very small block length
The bits position set for very small block length can be determined through offline construction. Corresponding design can be referred to [2].
2) Bits position set selection for normal block length
For normal block length, an ordered nested sequence  of bit positions (index sequence) is generated according to the reliability of each bit position and stored [4]. Nmax is the maximum mother code length of Polar codes [5]. The reliability of each bit position is measured through a weight sequence, calculated as follows


where n = log2 (Nmax),  is decimal expression of the index. Then sorting of  such that  , and saving of the corresponding index sequence as.
For mother code length  [3], an ordered sequence  is generated by picking up all the indices which are smaller than N while sequentially reading .
The main steps used to decide the bits position set I, A and P are listed below:
1) shortening/puncturing set P：
· For very small block length [1]: 
Offline construction with Table A.1, A.2 and/or A.3 in [2], where the red slots indicate the shortening/puncturing positions.
· For normal block length [2]: 
if M<N
The shortening/puncturing set , where


else
       
end if
2) Information bits set I
Select I according to sub-channel reliability and parameters, e.g., wmin  introduced in [1];
3) Assistant bits set A
Select all the bit positions except I and P as the assistant bits set A (e.g. PCF bits).
2.2.2 Encoding vector preparation
Prepare the encoding vector  as follows:
1) For very small block length, prepare the encoding vector by Table A.1, A.2 or/and A.3 in [2].
2) For normal block length, put information bits on bit positions indicated by I and mark the shortening/puncturing bit positions according to P. Calculate the assistant bits and put them on the bit positions according to A. Assistant bits calculation is shown in the appendix of [1].
2.2.3 Kernel encoding
Kernel is constructed by recursively applying a linear polarization transform expressed as 2-by-2 matrix  [6]. Repeating the use of this polarization transform n = log2(N) times, results in an N-by-N matrix , where n denotes the n-fold Kronecker product.
The encoded bits  are obtained by 
=
2.3 Rate matching
The rate matching is defined per encoded block and consists of bit collection and bit selection as shown in Fig. 2 (similar to section 5.1.4 in [7]). 

Fig. 2 Rate matching
2.3.1 Bit collection
Bit collection generates a virtual circular buffer and prepares encoded bits for bit selection operation. 
For example, the encoded bits  are input to the virtual circular buffer in a natural order, i.e., the output of length N is generated as follows:
   for k = 0,1,…,N-1


Fig. 3 Virtual circular buffer
2.3.2 Bit selection and pruning
Denoting by M the rate matching output sequence length, the rate matching output bit sequence is. Bits are selected from the virtual circular buffer to form the final bit sequence to be transmitted. The processing is as follows.
Set k=0 and j=0
while {k<M}
   if jP
       
       k = k +1
    end if
    j = j + 1
end while
3 Conclusion
In this contribution, we discussed the channel coding chain designs for NR control channel and have the following proposals: 
Proposal 1: For very small block length, the channel coding chain shall consist of channel coding and rate matching operations. Offline construction can be used for both channel coding and rate matching.
Proposal 2: For normal block length, the channel coding chain shall consist of CRC attachment, channel coding and rate matching operations.
1. CRC attachment operation needs further study. 
2. Channel coding operation shall include bits position set selection, encoding vector preparation and kernel encoding.
3. Rate matching operation shall include bit collection, bit selection and pruning.
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