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1 	Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 NR AH#2 meeting, the following agreement was made on Polar code construction and early termination, 
Agreement: 
· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 
· Working assumption that the CRC length is 19 bits, to be finalised as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 
· Longer CRCs will be considered if required to meet the FAR target
· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3
· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
Note: K is the number of payload information bits without CRC or parity bits
Note: nFAR may be zero in some circumstances. 
Note: UE specific scrambling is not precluded and will be considered separately. 
In this paper, we provide the initial evaluation of the DL code construction. The detailed design is discussed in paper [2].
2 	Discussion
The overall structure to be evaluated is shown in Figure 1. More details can be found in [1~2].


Figure 1. CRC distributed Polar code transmission flow
Due to the error propagation issue, Polar code experiences high FAR for some specific block sizes, code rates, which impose difficulties on code construction. It can be seen from Figure 2 that CA polar with some of the best known CRC polynomials shows high FAR spikes for some code block sizes. It does not mean Polar code has more errors. Polar code just has the non-Gaussian polarized error distribution decoding output while CRC is good at detecting the errors obeying Gaussian distribution. This is the reason why the different CRC polynomials and code construction scheme work well for unintended transmission and AWGN noise input scenarios, but may have higher FAR spikes for intended transmission. Distributed CRC with well-designed interleaving pattern is and might be the only the way to solve the high FAR issue.

[image: ]
Figure 2. high FAR issue of CA polar


The FAR performance of pattern 1 is evaluated, showing satisfied performance for the updated PW sequence and the rate matching scheme based on [3]. The block sizes for evaluation are [16:8:20 120 200] for intended transmission. 
[image: ]
Figure 3. FAR of pattern 1

Figure 4 shows the FAR of block sizes [16:8:80 120 200]
 [image: ]
Figure 4. FAR of pattern 2

[bookmark: _GoBack]The full spectrum of peak FAR of each K is shown below. The interleaving patterns 2 in the contribution is studied and proved to work well for different block sizes, where updated PW sequence the rate matching based on [3] are assumed. The code block sizes evaluated are:

[12:1:61] for M=96
[12:1:120] for M=192
[12:1:120 200] for M=384
[12:1:120 200] for M=768

More results will be updated when available.
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Figure 5. FAR of pattern 2

The interleaving pattern 3 in the contribution is also studied and proved to work well for different block sizes. The FAR of each K is shown below, where updated PW sequence the rate matching based on [3] are assumed. The code block sizes evaluated are:
[12:1:61] for M=96
[12:1:141] for M=192
[12:1:200] for M=384
[12:1:200] for M=768

The block sizes are selected to (K+CRC)/M < =5/6.
[image: ]
Figure 6, FAR of interleaving pattern 3

The early termination gain is evaluated and the results are shown in the below figure. It can be seen that the gain is approximately in the range of 20% ~ 40%, quite satisfactory. 

[image: ]
Figure 7. Early termination gain of 0x9ED45
3	Conclusion
In this contribution, we provided the initial evaluation of single CRC + interleaver for the polar code construction. 

References
[1] R1-1708833	“Design details of distributed CRC”	Nokia, Alcatel-Lucent Shanghai Bell
[2] R1-1714377 “Distributed CRC Polar code construction”, Nokia, Alcatel-Lucent Shanghai Bell
[3] R1-1711541 “Performance evaluation of polar code constructions”, Nokia, Alcatel-Lucent Shanghai Bell

Annex -1

High FAR spikes are common issue for Polar code, irreverent to the CRC implementation. For example, FAR of part of the blocks sizes of the two CRC scheme is shown in the below figure and one can see the FAR spikes is quite high. These results are for K0/K = 0.4. However, FAR performance is studied for K0/K from 0.1:0.01:0.6, it is observed that there are always some block sizes with FAR issues here or there.
[image: ]

Figure A-1, high FAR issue of two CRC polar code constructions



Annex -2
The early termination gain of distributed CRC with polynomial 0xB4625 is shown below. The gain is higher than that of 0x9ED45.
[image: ]
Figure A-2, early termination gain of polynomial 0xB4625
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