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Introduction
In RAN1#88 bis, some agreements on Polar code design were reached and some are FFS.
Agreement:
· The J’ (and J” if any) bits may be CRC and/or PC and/or hash bits (downscope if possible)
· Placement of the J, J’ (and J” if any) assistance bits is FFS after the study of early termination techniques
· Appended?
· Distributed?
· evenly?
· unevenly? 
In this contribution, we take J’ assistance bits as PC bits, and the placement and the improved generation schemes of J’ PC bits are discussed. 
Polar code design
Placement of J’ PC bits 
[bookmark: _GoBack]In Parity Check Polar code (PC-Polar)[1], PC bits are selected by bit channel reliability and weight together, and this leads to an uneven distributed PC bit position. On one hand, this distributed placement of PC bits show a good block error rate(BLER)and false alarm rate(FAR) performance, and can play a role on early termination. On the other hand, with the distributed placement of PC bit, improved PC bit generation schemes can be designed to further enhance Polar code BLER and FAR performance.
Proposal 1: The J’ PC bits can be distributed and unevenly placed.
Improved PC bit generation schemes
As PC bit can be used for decoding and path selection respectively, the generation schemes of the two PC bit groups can be different also. Based on the distributed placement of PC bit stated in section 2.1, this section gives two PC bit generation schemes to further improve the BLER and FAR performance.
For description convenience, the main parameters of PC-Polar are listed below. Suppose that the information bits length is K, Polar code length is M and the mother Polar code length is N. On the basis of PC-Polar in [1], a sequence Q is used to contain the bits position arranged in the ascending order of bit channel reliability, including information bits positions, frozen bits positions, PC bits positions and puncture bits positions. The length of PC bits is denoted as q, part of which are used for SCL decoding and others for path selection.
PC bit generation for decoding
Suppose PC bits for SCL decoding form a set , the propose new generation scheme for the  PC bit  in  is depicted below.
Step1: Find the PC bit(s) before the current PC bit  that is involved in the calculation of 
Divide the PC bit sequence whose length is q into s (s>=1) segments. In each segment, the former PC bit always participates in the current PC bit. For example, will participate in the calculation of .The relationship between PC bits can be found in Fig.1.


Fig.1.The relationship between PC bits
Step2: Find the information bits before the current PC bit  that are involved in the calculation of 
a) For the current PC bit , use a set  to include all the information bits before , the size of which can be denoted as .
b) Set an initial value , where  is the position of a candidate information bit in  that can be involved in the calculation of .
c) When 
If the  information bit in  is not marked to have been involved in the calculation of any previously processed PC bit, i.e., ,this information bit is added to the calculation of  and also marked to prevent it from being used in later PC bits. Then update  and go to c) to find other information bits that are to be used for the calculation of .
If the  information bit in   is marked to have been involved in the calculation of a previously processed PC bit, this information bit is skipped. Then update  and go to c), to find other information bits that are to be used for the calculation of .
When  set  and go to a) to process the next PC bit until all PC bits are processed.
Note that, if no other PC bit(s) or information bits are involved in the current PC bit this PC bit  is treated as frozen bit.
After the above two steps, the relationship between PC bits and information bits can be depicted in Fig.2. The blue blocks represent information bits, the white blocks represent frozen bits and the orange blocks represent PC bits.


Fig.2. The relationship between PC bits and information bits.
This scheme provides multi-check for information bits in step 1, and adds the randomness of information bit positions involved in each PC bit with an unequal interval in step 2, to increase the probability of correct decoding, and also improve the BLER error floor performance.
PC bit generation for path selection
For PC bits used for SCL decoding path selection, we propose a new generation scheme depicted below.
Step1: Choose PC bits for SCL decoding to form a set  
Arrange all q PC bits in the order of bit channel reliability, and use x PC bits with the lowest reliability to form a set .
Step2: Find the information bits involved in the calculation of each  in 
For each PC bit  in , the information bits involved can be randomly selected from all K information bits with a probability .
This scheme mainly expands the range of protected information bits, to increase the probability of correct path selection, and thus improve the error floor performance.
Simulation
Proposed PC bit generation scheme for SCL decoding
With the proposed generation scheme for  in section 2.1. Fig.3 gives the simulation results with the simulation assumptions listed in Appendix1. In this scheme, all q PC bits are used for SCL decoding and no PC bit for path selection. The results of PC-Polar in [1] and CRC-Polar in [2] are given for comparison.
[image: C:\Users\emme.fan\Desktop\外协-西电\专利\fig.m\tdoc\fig8-TDOC.emf]
Fig.3.BLER performance of PC-Polar for proposed generation scheme for 
We can see from Fig.3 that, compared to PC-Polar and CRC-Polar, the proposed PC bit generation scheme for  can improve the error floor performance of PC-Polar. 
Observation 1: With the proposed PC bit generation scheme for, the error floor performance of PC-Polar code can be improved.
Proposed PC bit generation scheme for path selection
In this scheme, suppose x PC bits are used for SCL decoding path selection and the other (q-x) PC bits are for SCL decoding. The (q-x) PC bits for SCL decoding are generated with the scheme mentioned in [1], and x PC bits for SCL decoding path selection are generated with the proposed method in section 2.2. Here,  is formed by a selection of x PC bits with the lowest reliability in Q starting from e.g. the  bits. Fig.4 gives the simulation results for this proposed generation scheme with simulation assumption listed in Appendix2. For comparisons, PC-Polar in [1] where all PC bits are used for SCL decoding is given also.
[image: C:\Users\emme.fan\Desktop\外协-西电\专利\fig.m\tdoc\fig9-tdoc.emf]
Fig.4.BLER performance of PC-Polar for proposed generation scheme for 
We can see from Fig.4 that, compared to PC-Polar without , with the proposed PC bit generation scheme for , the error floor performance of PC-Polar code can be improved, the SNR gain can reach 0.6dB at the BLER of .
Observation 2: With the proposed PC bit generation scheme for , the error floor performance of PC-Polar code can be improved.
Combination of two proposed generation schemes for PC bits
Apply the proposed generation scheme for  and   in section 2.1 and section 2.2 together for PC-Polar code. Here,  is formed by a selection of x PC bits with the lowest reliability in Q starting from e.g. the  bits. The FAR performance are shown in Fig.5 with simulation assumption listed in Appendix3. For comparisons, the FAR performance of PC-Polar in [1] and CRC-Polar in [2] are listed also. Note that, all three code schemes contain extra CRC16 which is used for FAR calculation. And in CRC-Polar, CRC4 is used for path selection.
[image: C:\Users\emme.fan\Desktop\外协-西电\专利\fig.m\tdoc\fig11-tdoc.emf]
Fig.5 FAR performance of PC-Polar with the combined two generation schemes
We can see from Fig.5 that, with the proposed two PC bit generation schemes, the false alarm rate of PC-Polar code can be improved largely.
Observation 3: With a combination of the proposed two PC bit generation schemes, the false alarm rate of PC-Polar code can be improved.
Conclusions
In this contribution, we present two PC bit generation schemes for PC bits with distributed placement. Based on the above discussion and simulations, we have the following observations:
Observation 1: With the proposed PC bit generation scheme for, the error floor performance of PC-Polar code can be improved.
Observation 2: With the proposed PC bit generation scheme for , the error floor performance of PC-Polar code can be improved.
Observation 3: With a combination of the proposed two PC bit generation schemes, the false alarm rate of PC-Polar code can be improved.
Proposal 1: The J’ PC bits can be distributed and unevenly placed.
Proposal 2: The J’ PC bits can be designed with combined generation schemes.
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Appendix
Appendix 1: Simulation assumption for proposed PC bit generation scheme for 
	Channel
	AWGN

	Modulation
	QPSK

	Code rate
	1/2

	Info. block length (K)
	 1000

	Mother code length (N)
	 2048

	Polar code length (M)
	 2000

	Decoding algorithm
	 SCL(list-32)

	CRC
	 16 (0x18005)

	Puncture method
	 QUP

	Construction method
	 Gaussian construction with construct Eb/N0=1.75dB



Appendix 2: Simulation assumption for proposed PC bit generation scheme for 
	Channel
	AWGN

	Modulation
	QPSK

	Code rate
	1/2

	Info. block length (K)
	64

	Polar code length (M)
	128

	Decoding algorithm
	 SCL(list-32)

	PC select bits number
	5

	Probability P
	0.5

	Puncture method
	 QUP

	Construction method
	 Gaussian construction with construct Eb/N0= - 1.59dB



Appendix 3: Simulation assumption for proposed two PC bit generation schemes
	Channel
	AWGN

	Modulation
	QPSK

	Code rate
	1/2

	Info. block length (K)
	 32

	Polar code length (M)
	 64

	Probability (P)
	 0.5

	Decoding algorithm
	 SCL(list-8)

	CRC for FAR calculation
	 16 (0x18005)

	Extra CRC for path selection in CA-Polar
	4(0x13)

	Puncture method
	 QUP

	Construction method
	 Gaussian construction with construct Eb/N0=1.25dB
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PC-Polar with proposed PC generation scheme for path selection
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