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Introduction
In RAN1#88 meeting, it was agreed that when designing polar codes, the following issues should be considered [1].
	Conclusion:
· Until RAN1#88bis, work together on a coding scheme that achieves the benefits of both Alts 1&2
· With J’ bits for the purpose of assisting the polar decoding, where  0<=J’<=Jmax , aiming for Jmax , e.g. in the region of 8 (other values are not precluded)
· This does not preclude the use of the J bits for assisting decoding
· Note that any PC-frozen bits would be considered to be among the J’ bits
· The following are examples:
J bits CRC + J’ bits CRC + basic polar;
J bits CRC + J’ bits distributed CRC + basic polar;
J bits CRC + J’ PC bits + basic polar; (i.e. PC-Polar)
J bits CRC + J’ Hash sequence + basic polar;
(J + J’) bits CRC + basic polar


The structure of Polar codes is shown in Fig. 1. In this contribution, we propose a new CRC related Polar codes construction scheme which has the same BLER and FAR performance, compared to CA-Polar codes and can support early termination with low complexity.


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
xi:		coded bits of the basic encoder
J:		number of CRC bits
J’:		number of additional bits for reducing the FAR
Distributed simple parity check Polar codes
It has been discussed in our accompanying contribution [2], a low complexity schemes for early termination should be supported. In this contribution, we propose a new CRC related Polar codes construction scheme which has the same BLER and FAR performance, compared to CA-Polar codes and can support early termination with low complexity.
Encoding
In the proposed scheme, J’ bits simple parity check bits are used to reduce the FAR caused by the list size and for early termination of the decoding. The structure of the scheme is shown in Fig. 2


Fig. 2 The structure of distributed simple parity check Polar codes
For list 8 decoding, J’ is set to 3. The information block can be divided into three parts with (approximately) the same number of bits. Three single parity check bits can be applied, where each of them is used for simple parity checking of the bits of each part. The encoding process can be shown in Fig. 3.


Fig. 3 The encoding process of distributed simple parity check Polar codes
For example, for information block size K = 30. The information bits are represented as u1, u2, …, u30. Then the simple parity check bits can be encoded as


Then put p1 after u10, p2 after u20 and p3 after u30. This process is shown in Fig. 4.
[image: ]
Fig. 4 The attachment of parity check bits of distributed simple parity check Polar codes
This encoding of parity check bits is very simple. The positions of the parity check bits can be decided regularly. There is no additional calculation for the positions. Longer CRC is not required in the proposed scheme. It can be easily extended for different information block sizes.
Observation 1: The complexity of encoding distributed simple parity check Polar codes is significantly low.
Decoding
The decoding structure of distributed simple parity check polar codes is shown in Fig. 5. 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 will be checked by both CRC bits and the parity check bits.


Fig. 5 The decoding structure of distributed simple parity check Polar codes
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 pass the simple parity check. However, during the decoding in a later phase, the path, which has passed an earlier parity check, may be pruned, due to lower reliability. An example is shown in Fig. 6. As a consequence, even if the decoding is not terminated by the first parity check, there is a possibility all the L output list paths will fail the last parity check. So, it is very necessary to check both CRC bits and the parity check bits at the last step of the decoding. The decoder can also be designed to check the previous simple parity check after the check point and before the last step. In that case, a higher probability of early termination can be expected.


Fig. 6 An example of decoding simple parity check Polar codes
This decoding structure is similar with distributed CRC Polar codes. However, as the value of parity checks bits can be calculated by simple shift registers and there is no need to store the permutation pattern, the additional complexity of the proposed method, compared to distributed CRC Polar is very low.
Performance evaluation
In this section, the BLER, FAR and early termination performance of the proposed scheme is shown in Fig. 7 ~ Fig. 9.
BLER performance
The BLER performance is shown in Fig. 7. The proposed scheme with 16 CRC bits and 3 parity check bits is compared with 19 bits CA-Polar codes by list 8 decoding.
[image: ]
Fig. 7 The BLER performance of distributed simple parity check Polar codes and CA-Polar codes
It can be seen that the BLER performance of the proposed scheme is the same as CA-Polar codes.
Observation 2: Distributed simple parity check Polar codes have the same BLER performance as CA-Polar.
0. FAR performance
The FAR performance is shown in Fig. 8. The proposed scheme with 8 CRC bits and 3 parity check bits is compared with 11 bits CA-Polar codes by list 8 decoding.
[image: ]
Fig. 8 The FAR performance of distributed simple parity check Polar codes and CA-Polar codes
It can be seen that the FAR performance of the proposed scheme is the same as CA-Polar codes.
Observation 3: Distributed simple parity check Polar codes have the same FAR performance as CA-Polar.
Early termination
The early termination performance is shown in Fig. 9. The proposed scheme with 16 CRC bits and 3 parity check bits is compared with 19 bits distributed CRC Polar codes. Only the early termination at the check point is counted. For a fair comparison with CA-Polar, early termination is only counted if the decoding is terminated before the last 19 bits.
[image: ]
Fig. 9 The early termination performance of distributed simple parity check Polar codes and distributed CRC Polar codes
It can be seen that although the proposed scheme has less distributed bits than the distributed CRC, the early termination performance is even better than that of distributed CRC.
Observation 4: Distributed simple parity check Polar codes have competitive or better early termination performance than distributed CRC Polar codes.
Comparison
Compared to other CRC related design of polar codes, the proposed Polar codes have the following benefit.
1) Compare to CA-Polar
· The proposed methods can support early termination.
2) Compare to Distributed CRC
· The proposed methods have much more simple encoding/decoding for the distributed bits.
· The positions of the additional distributed bits can be pre-fixed.
· The proposed methods have better early termination performance.
3) Compare to PC-Polar
· The proposed methods have much more simple encoding/decoding for the distributed bits
· The proposed methods can support early termination
The benefit can be summarized in Table 1.
Table 1 Comparison between different Polar codes schemes
	
	CA-Polar
	Distributed CRC
	PC-Polar
	Proposed

	Number of additional bits
	Fixed
(e.g. 19)
	Fixed
(e.g. 19)
	Not fixed (e.g. 16 + J’)
(Online calculation or LUT)
	Fixed
(e.g. 3 + 16 bits CRC)

	Encoding of additional bits
	Together with CRC
	Together with CRC;
Additional permutation is needed
	Every 5bit check
	Simple parity check

	Positions of additional bits
	Fixed
	Not fixed
(Online calculation or LUT)
	Not fixed
(Online calculation or LUT)
	Fixed

	Early termination
	not support
	support
	not support
	support

	BLER/FAR performance
	Similar


Based on the comparison, we have the following Proposal.
Proposal 1: Distributed simple parity check Polar codes should be supported in NR.
Summary
In this contribution, we proposed a new scheme of polar codes, which has the same BLER and FAR performance with CA-Polar codes and can support early termination with low complexity. Based on the analysis, we have the following Observations and Proposal.
Observation 1: The complexity of encoding distributed simple parity check Polar codes is significantly low.
Observation 2: Distributed simple parity check Polar codes have the same BLER performance as CA-Polar.
Observation 3: Distributed simple parity check Polar codes have the same FAR performance as CA-Polar.
Observation 4: Distributed simple parity check Polar codes have competitive or better early termination performance than distributed CRC Polar codes.
Proposal 1: Distributed simple parity check Polar codes should be supported in NR.
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