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Introduction
In RAN1#89 meeting, it was agreed that when designing Polar codes, the following issues should be considered [1].
	Agreement: 
· For DL: 
· J’ = 3 or 6, to be downselected at June adhoc
· J’’ = 0
· At least some of the J + J’ bits are appended
· FFS until June adhoc:
· how the J + J’ bits are obtained 
· If J’=6, working assumption that at least some of the J + J’ bits are distributed (including to support early termination in the code construction) (Consideration of J’=6 proposals without distributed J+J’ bits are not precluded.)
· If J’=3, FFS until June adhoc whether some of the J + J’ bits are distributed (including to support early termination in the code construction)
· Consideration of distribution of bits shall consider complexity versus benefit and comparison to implementable purely implementation based methods for early termination


The structure of Polar codes is shown in Fig. 1. In [2], we have proposed a method to construct Polar codes, which is called distributed simple parity check Polar (DSPC-Polar) codes. Polar codes constructed by this method have the competitive BLER and FAR performance compared to other methods, and can support early termination with low complexity. In this contribution, we provide some update of DSPC-Polar codes.


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
pi:		simple parity check of Polar codes
J:		number of CRC bits
J’:		number of additional bits
Distributed simple parity check Polar (DSPC-Polar) codes
Encoding
In the proposed scheme, J’ simple parity check bits are used to reduce the FAR caused by the list decoding and for early termination of the decoding. The structure of the scheme is shown in Fig. 2 (The order of the CRC attachment and simple parity check attachment can be exchanged).


Fig. 2 The structure of distributed simple parity check Polar codes
J’ assistant bits (p1, p2, …, pJ’) are distributed among the information bits. The ith assistant bit pi is generated from information bits (u1, u2, …, ubi) and can be located after ubi.
An example of the encoding process is shown in Fig. 3.


Fig. 3 The encoding process of distributed simple parity check Polar codes
As a more specific example of the code structure, the simple parity check bits pi can be encoded as


Then p1 is inserted after uK/J’, and p2 is inserted after u2K/J’ and so on,as shown in Fig. 4.


Fig. 4 The attachment of parity check bits of distributed simple parity check Polar codes
For J’ =3, another DSPC-Polar design is shown below


p1 is located after uK/4; p2 is located after ub2 (b2 is the largest odd number less or equal to K/2); p3 is located after ub3 (b3 is the largest even number less or equal to 3K/4). This process is shown in Fig. 5.


Fig. 5 The process of distributed simple parity check Polar codes with J’ = 3
Generating assistant bits is very simple. Positions of the parity check bits can be decided regularly. There is no additional calculation for finding the positions. It can be easily extended for different information block sizes and the encoding methods and the location of DSPC can be further optimized if necessary.
For J’ = 6, one possible method to construct Polar codes is to put/encode 3 assistant bits as DSPC bits, and put/encode another 3 assistant bits to the reliable positions. When decoding, the DSPC bits are used for early termination and the other 3 assistant bits are used for achieving list gain, although it seems that no evident list gain has been shown until now.
Decoding
The decoding structure of DSPC-Polar codes is shown in Fig. 6. When decoding the codes, at each step, all the survived list paths can be checked by these parity check bits. If all the paths fail the check, the decoding process will be terminated. If the decoding is not terminated, at the last step of the decoding, all the L output list paths will be checked by both CRC bits and the parity check bits.


Fig. 6 The decoding structure of distributed simple parity check Polar codes
[bookmark: _GoBack]Note that although the simple parity check bits have been already used for early termination, the simple parity check bits are not used for list pruning. As long as one path can pass the simple parity check, the decoding will continue with all paths, not only the paths which passes the simple parity check.
FAR performance


It is agreed that AWGN is used as a perturbation input to the decoder for FAR evaluation. If J+J’ bits CRC is attached, the probability of passing the check of each path is . According to the polarization procedure, for AWGN input, the output of the decoder must be a uniform distribution, i.e., .

For each parity check bit pi, the probability of passing the check is 1/2, then for a J bits CRC and J’ bits parity check, the probability of passing the check will be , which is the same as J+J’ bits CRC. It means that from the FAR point of view, the proposed method has the same FAR performance as CA-Polar codes.
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