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1. Introduction
In last RAN1 meeting, the following conclusion was reached with regards to the coding scheme, in particular on the additional J’ bits. In this document, we shows some performance analysis to justify that the Jmax value in region of eight is indeed a reasonable choice for NR Polar code design. 
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
2. Value of additional bits to assist list decoding
In table 1, we list the different examples for polar coding and proposed values of Jꞌ, which indicate the number of bits used to assist polar decoding. For control channels, an additional 16 bit CRC code is attached anyways for error detection. The number of PC-frozen bits for the case of parity-check polar code can be large as shown in [1] and next section.
Table 1. Illustration of J’ value, which is the number of additional bits (used for assisting decoding) for different Polar code proposals. 
	
	Coding scheme
	Value of Jꞌ
	References

	
	J bits CRC + J’ bits distributed CRC + basic polar;
	~3 bits
	e.g. [2], [3] 

	
	J bits CRC + J’ PC bits + basic polar; (i.e. PC-Polar)
	~ 10 bits if Annex C.9 in [4] step is skipped
~80 bits  if Step C.9 in Annex C [4] is not skipped
	e.g. [4] 


	
	J bits CRC + J’ Hash sequence + basic polar;
	~8 bits
	e.g. [5] 

	
	(J + J’) bits CRC + basic polar
	3-5 bits 
	e.g. [6-12], 




The Table shows that most proposals do not require a lot of additional bits for assisting list decoder. In the next section, we consider further the number of parity-check bits in PC-Polar code. 
3.  Number of parity-check bits in PC-Polar code
According to the parity-check PC proposal, the number of parity-check bits attached to a Polar code is variable based on block size, code rate, etc. In particular the PC-frozen bits are determined using two stages. We list below two alternatives given the design in [4] has two steps wherein a second step is considered optional. 

· Alt 1: A small number of relatively more reliable bit positions are marked for PC-frozen, and an additional larger number of relatively less reliable bit positions are marked for PC-frozen. 
· Alt 2: Only a small number of relatively more reliable bit positions are marked for PC-frozen.
The difference between Alt 1 and Alt 2 is that a lot of frozen-bit locations are reassigned to PC-frozen in Alt 1. Tables 1 and 2 shows the actual number of PC-frozen bits for different information block size and code rate pairs. The numbers in parentheses show the number of PC-frozen bits in case puncturing is used instead of bit-reversal based shortening to support the corresponding code rate. Most evaluations of PC-Polar in past meetings have assumed Alt 1 wherein a lot of parity-check bits are added. 
Table 2. Total number of Parity-check bits for Alt 1. [image: ]
Table 3. Total number of Parity-check bits for Alt 2.
[image: ]

Adding a lot of parity-check bits can increase encoding/decoding complexity, in particular it can affect the decoder design where a third node type (parity-check bits) has to considered during the Polar list decoding, and it can impact decoding algorithms that try to take advantage of long contiguous islands of frozen or data bits. In contrast, CRC-aided design separates the Polar list decoding from the outer CRC-decoder, and can help simplify implementations by allowing list decoding optimizations to occur independently of the outer code.

Observation 1: The number of parity-check bits for Parity-check polar code can be quite large (10~100 bits) for payloads and code rates of relevance to NR control channels. 

It is noted that even with a large number of PC-frozen bits, Alt 1 Parity-check polar code does not outperform CA-Polar code for which the number of additional parity-bits is 3. 

[image: ]
Figure 1. Internal structure of CRC-aided and parity-check polar code block.
4. Performance with PC-bits for parity-check PC
In Figures 1-4, we compare the performance of parity-check polar for different block lengths/rates as a function of varying number of parity-check bits, for two different list sizes (1 and 8) and we use shortening based puncturing scheme to compare the performance. We use only Alt 2, as it limits the number of PC-bits to a reasonable value. The results indicate that the performance of PC-polar does not improve after a certain number of parity-check bits – typically after 4-6 bits seem sufficient. For reference we also show the performance of CRC-aided Polar for which only 3 bits are sufficient, and typically CRC-aided Polar can out-perform PC-Polar for any number of PC bits. 
The figures show that performance of the code is closely inter-linked with the number of PC-bits and list size used in evaluations. Adding a lot of PC-bits could hurt the performance of SC decoder, and hence the number of PC-bits should be carefully tuned to ensure the performance is not compromised at reasonable and implementable list sizes. 
Overall, we think, it is possible to limit the number of bits to assist list decoding to a small value for all flavors of Polar code, including the parity-check polar code. Hence, we propose the following as a way to converge the Polar code design. Note this provides only an upper limit or guidance on Jmax and the actual decision of whether the NR PC design is CRC-based or PC-based should be discussed separately as in our companion paper ([R1-1704772]).
Proposal: The upper limit on Jꞌ  is Jmax = 6. 
.
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Figure 1. Parity-check polar code performance dependency on PC-bits number threshold.
CRC-aided polar performance for reference (dashed lines), KP = 48
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Figure 2. Parity-check polar code performance dependency on PC-bits number threshold.
CRC-aided polar performance for reference (dashed lines), KP = 64
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Figure 3. Parity-check polar code performance dependency on PC-bits number threshold.
CRC-aided polar performance for reference (dashed lines), KP = 80
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Figure 4. Parity-check polar code performance dependency on PC-bits number threshold.
CRC-aided polar performance for reference (dashed lines), KP = 100
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