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1 Introduction
In RAN WG1 #89 meeting, the following agreement on Polar code is reached[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

Early termination is beneficial for reducing the decoding latency, especially in case of blind decoding for downlink. In this contribution, we evaluate the performance of different Polar schemes considering early termination.
2 code construction
1) DCA-Polar:
A DCA Polar code is proposed in [3], where the CRC bits can be generated by conventional CRC generator. With a single pattern of interleaving, the CRC bits are distributed in the information bits; and with indexing and mapping method, the single interleaving/deinterleaving pattern for different block sizes is feasible. The flow diagram of distributed CRC encoding is show in Figure 1. 
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Figure 1 DCA encoding flow
2) PC-DCA Polar
A PC-DCA Polar code is proposed in [4]
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Figure 2 PC-DCA encoding flow
· Assistant bits :J = 16; J’ =6
· J’ = J1’+J2’ 
· J+J1’=16+3 =19 for distributed CRC bits [3]
· J2’=3 for PC bits [5]
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3) Two-CRC Polar

A Two-CRC Polar code is proposed in [4]. CRC0 distributed in the middle of the information bits, used for for Early Termination, another CRC1 at the end of the information bits. Both CRC0 and CRC1 are used jointly for decoding. The struction of this Two-CRC Polar encoding is show in Figure 3 and Figure 4.
Note that, this scheme still suffers from a FAR degradation. 
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Figure 3 Two-CRC Polar encoding high-level description
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Figure 4 Two-CRC Polar encoding flow
3 Performance evaluation
In the following, we compare three different schemes, with maximum T = 8 times CRC check is used to ensure the FAR.
1) DCA-Polar:

· J+J’=nFAR+3=16+3 distributed bit CRC. 

2) PC-DCA Polar 

· J+J’=nFAR+6=16+6, with the 3 bit PC bits and nFAR+3 bit distributed CRC bits. Selecting 3 PC bits from the K+ J+J’ reliable positions, n positions selected by wmin and descending reliability, 3-n positions selected from in K’ by ascending reliability, where 
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3) Two-CRC Polar
· J’=3.
· J=16
· K0=floor(K*0.4)
DCA-Polar and PC-DCA Polar use the same method to construct the distributed CRC by interleaver [3]. Other simulation parameters are listed in Table 1
Table 1 Simulation parameters for control channel
	Channel
	AWGN

	Modulation
	QPSK

	Construction
	PW[6]

	Rate matching
	RearrangeBuf puncture [7] and “end repetition”

	Decoding Scheme
	SCL

	Code rate
	1/12, 1/6, 1/3, 1/2, 2/3

	Info. Block length
	{32, 48, 64, 80, 120,200}

	List size
	L=4, 8, 16, 32

	Nmax
	512

	CRC polynomials
	CRC-3
	1,0,1,1

	
	CRC-16
	1,0,0,0,1,0,0,0,0,0,0,1,0,0,0,0,1

	
	CRC-19
	1,0,0,1,1,1,1,0,1,1,0,1,0,1,0,0,0,1,0,1


3.1.1 BLER performance
The performance comparison between DCA, PC-DCA and Two-CRC Polar for different list size are depicted in Figure 5 to Figure 6.
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Figure 5 BLER Performance comparison between DCA, PC-DCA and Two-CRC Polar for L=4
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Figure 6 BLER Performance comparison DCA, PC-DCA and Two-CRC Polar for L=8
Simulation results show that DCA-Polar code has similar performance as PC-DCA Polar when L=4, 8. But for L=16, or 32, PC-DCA Polar can have 0.16 dB coding gain over DCA-Polar which are shown in Figure 7 to Figure 9.
It can also be observed from the figures that DCA and Two-CRC Polar have the same BLER performance for all List sizes.
[image: image9.emf]EsN0/dB

-8.5 -8 -7.5 -7 -6.5 -6 -5.5

B

L

E

R

10

-3

10

-2

10

-1

10

0

L = 16,K = 80,R = 1/12

PC-DCA

DCA


Figure 7 BLER Performance comparison between DCA and PC-DCA
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Figure 8 BLER Performance comparison between DCA and PC-DCA
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Figure 9 BLER Performance comparison between DCA and PC-DCA
Observation 1 The BLER performance of DCA, PC-DCA and Two-CRC Polar are similar for L=4, 8.
Observation 2 The BLER performance of PC-DCA is better than that of DCA for L=16, 32.
3.1.2 Early termination performance
The following notations are used to evaluate the gain of early termination.
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: number of non-processed information bits due to an early termination during the ith block decoding attempt; 
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 means that there’s no early termination occurrence during the ith block decoding attempt.
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: number for non-processed frozen bits due to an early termination during the ith  block decoding attempt; 
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means that there’s no early termination occurrence during the ith block decoding attempt.
I: total number of block decoding attempts in this measurement

K: total number of information bits of this block 

F: total number of frozen bits after the first information bits of this block

Total Saved Computational Complexity Ratio (TSCCR) =
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The Total Saved Computational Complexity Ratio of early termination are shown in Figure 10 to Figure 13 for L=4, 8, 16, and 32 respectively. The TSCCR of DCA and PC-DCA are similar for all case and Two-CRC Polar have worse performance than the other two. The TSCCR decreases as the L increases for all case. However, the early termination gain due to distributed CRC (DCA and PC-DCA) still have about 20%~40% for L=8.
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Figure 10 Total Saved Computational Complexity Ratio of early termination for L=4
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Figure 11 Total Saved Computational Complexity Ratio of early termination for L=8
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Figure 12 Total Saved Computational Complexity Ratio of early termination for L=16
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Figure 13 Total Saved Computational Complexity Ratio of early termination for L=32
Observation 3 The early termination due to distributed CRC saves about 20%~40% computational complexity for L= 8.
4 Conclusion
In this document, we evaluate the performance of DCA, PC-DCA and Two-CRC Polar . We have the following observations:
Observation 4 The BLER performance of DCA, PC-DCA and Two-CRC Polar are similar for L=4, 8.
Observation 5 The BLER performance of PC-DCA is better than that of DCA for L=16, 32.
Observation 6 The early termination due to distributed CRC saves about 20%~40% computational complexity for L= 8.
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