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Introduction
In RAN1 NR#3 meeting, all the candidate CRC polynomials and nFAR values are concluded for UL Polar codes [1].
	Agreement: 
· Confirm Working Assumption that CRC bits are attached as a block to the end of the information bits.  
· At least LCRC=11 is supported, with the following polynomial: D11+ D10+  D9+ D5+ 1
· Range of K values for CRC11 is FFS
· Which other CRC lengths and associated K values are also supported is FFS. 

Next steps:
· After nFAR values are decided, the complete set of supported CRC polynomials will be selected, preferably at RAN1#90bis. 
· FFS whether the nFAR value should be dependent on the UCI contents and payload size.
· FFS whether same nFAR value is applied to UCI on PUCCH and PUSCH.
· Only the CRC polynomials listed in the Table below are candidates : 
	Lcrc
	3
	4
	5
	6
	8
	16

	Poly-nomial
	D3+ D2+ 1

Or

D3+ D+ 1
	D4+ D3+ 1
	D5+ D3+ 1

	D6+ D5+ 1



	D8 + D6 + D5 + D3 + 1

Or

D8 + D7 + D6 + D4 + D2 + D + 1

Or

D8 + D7 + D3 + D2 + 1
	D16 + D15 + D14 + D13 + D12 + D11 + D8 + D7 + D6 + D4 + 1





In this contribution, we show the performance of different CRC polynomials and the performance with different nFAR values. The following notations are used in this contribution.
K:		information block size
M:		codelength
CRC polynomials
In this section, we show the performance of different CRC polynomials. The evaluation assumption is shown in Table 1.
Table 1 Evaluation assumptions for CRC polynomials
	Channel
	AWGN

	Modulation
	QPSK

	Coding schemes
	PC-CA for K+nFAR <= 22, CA for K+nFAR > 22

	CRC length
	3, 8

	CRC polynomials
	CRC3: D3+ D2+ 1; D3+ D+ 1
CRC8: D8 + D6 + D5 + D3 + 1; D8 + D7 + D6 + D4 + D2 + D + 1; D8 + D7 + D3 + D2 + 1

	Decoding algorithm
	List 8

	Info. block length K (bits w/o CRC)
	12:1:22

	Code rate length M
	48


[image: ]
Fig. 1 The performance of different CRC polynomials
It can be seen that all the CRC polynomials with the same length have the same performance.
Based on the results, we have the following Observation.
Observation 1: All the CRC polynomials with the same length have the same performance
CRC length
In this section, we show the BLER and FAR performance with different CRC lengths. The evaluation assumption is shown in Table 2.
Table 2 Evaluation assumptions for CRC lengths
	Channel
	AWGN

	Modulation
	QPSK

	Coding schemes
	PC-CA for K+nFAR <= 22, CA for K+nFAR > 22

	CRC length
	3, 4, 5, 6, 8, 11

	Decoding algorithm
	List 8

	Info. block length K (bits w/o CRC)
	12:2:22

	Code rate length M
	48:8:320


BLER performance
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Fig. 2 The performance of different CRC lengths
The performance gap between CRC 3, CRC 8 and CRC 11 is shown in Fig. 3 and 4.
[image: ] Fig. 3 The performance gap between CRC 3 and CRC 8
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Fig. 4 The performance gap between CRC 8 and CRC 11
Observation 2: If there is no FAR requirement, the performance gap between CRC 3 and CRC 8 is about 0.3 ~ 1 dB
Observation 3: If there is no FAR requirement, the performance gap between CRC 8 and CRC 11 is about 0.3 ~ 1 dB
FAR performance
The FAR performance can be calculated by FAR = 2-(nCRC-log2(L)). Based on this calculation, we have the following Observations.
Observation 4: At least 7~10 bits CRC is needed to achieve FAR 1% requirement
Observation 5: At least 4~7 bits CRC is needed to achieve FAR 10% requirement
[bookmark: _GoBack]For NR, if there is such FAR requirement similar as LTE, the BLER performance should be compared based on the same FAR performance. In Fig. 5 and 6, the performance comparison with assumption in Table 3 are shown.
Table 3 Evaluation assumptions for same FAR performance
	Channel
	AWGN

	Modulation
	QPSK

	Coding schemes
	PC-CA for K+nFAR <= 22, CA for K+nFAR > 22

	CRC length and list size for FAR 10%
	4 (List 1), 5 (List 2), 6 (List 4) ,8 (List 8), 11 (List 8)

	CRC length and list size for FAR 1%
	8 (List 2), 11 (List 8)

	Info. block length K (bits w/o CRC)
	12:2:22

	Code rate length M
	48
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Fig. 5 The performance of different CRC length at FAR = 10%
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Fig. 6 The performance of different CRC length at FAR = 1%
Note that for long CRC, pruning can be applied for decoding, which can provide a further tradeoff between BLER and FAR.
Based on the results, we have the following Observations.
Observation 6: CRC 4/5/6/8/11 achieve FAR 10% requirement and CRC 6/8 have the best performance
Observation 7: CRC 8/11 achieve FAR 1% requirement and CRC 11 has the best performance
Observation 8: CRC 8 is a good tradeoff for the information block size 12~22
Summary
In this contribution, we showed the performance of different CRC polynomials and CRC length. Based on the analysis, we have the following Observations.
Observation 1: All the CRC polynomials with the same length have the same performance
Observation 2: If there is no FAR requirement, the performance gap between CRC 3 and CRC 8 is about 0.3 ~ 1 dB
Observation 3: If there is no FAR requirement, the performance gap between CRC 8 and CRC 11 is about 0.3 ~ 1 dB
Observation 4: At least 7~10 bits CRC is needed to achieve FAR 1% requirement
Observation 5: At least 4~7 bits CRC is needed to achieve FAR 10% requirement
Observation 6: CRC 4/5/6/8/11 achieve FAR 10% requirement and CRC 6/8 have the best performance
Observation 7: CRC 8/11 achieve FAR 1% requirement and CRC 11 has the best performance
Observation 8: CRC 8 is a good tradeoff for the information block size 12~22
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