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Introduction
In RAN WG1 NR Ad Hoc #2 meeting, the following agreement on Polar code is reached [1]
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
· [bookmark: OLE_LINK5][bookmark: OLE_LINK3]For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
In RAN WG1 NR Ad Hoc #3 meeting, the following agreement on Polar code is reached [2]
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



[bookmark: _GoBack]Similar to LTE’s requirement, the error probability of some UCI information such as DTX to ACK rate needs to be within 1%. In some special scenarios, there is a higher performance requirement such as 0.1%. For NR, the PC-CA Polar code was agreed to replace the dual Reed-Muller code in LTE for 12<=K+nFAR<=22.
In [3], the FAR of Reed-Muller code is observed to be equivalent to be 4~5 CRC bits with its inherent error detection capability. In [6], some methods to improve the Polar code FAR were also proposed.
In this contribution, using the PM method in [6], the FAR and BLER performance of UCI are discussed. 
FAR and BLER performance
In [6], the threshold value should be carefully chosen as it is a trade off between BLER and FAR performance. The simulation assumptions are given in Table 1. CRC polynomials used in simulation are given in Table 2. The performance of BLER and FAR are given in Figure 1 to Figure 4.
[bookmark: _Ref477793631]Table 1 simulation assumptions
	channel
	AWGN

	Modulation
	QPSK

	Code construction 
	PC-CA Polar

	Decoding Scheme
	SCL with list size=8

	Polar sequence
	Sequence in [4]

	CRC length
	3,4,5,6,8

	Rate matching
	Option 2 in [5]

	Information length K (w/o CRC)
	12:22

	M
	48



[bookmark: _Ref498671964]Table 2 CRC polynomials used in simulation
	Lcrc
	3
	4
	5
	6
	8

	polynomial
	D3+ D2+ 1
	D4+ D3+ 1
	D5+ D3+ 1
	D6+ D5+ 1
	D8 + D6 + D5 + D3 + 1
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Figure 1. Performance comparison of different PM threshold for CRC length 3
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  Figure 2. Performance comparison of different PM threshold for CRC length 5

Figure 1 and Figure 2 show that a PM-based decoder could tune its threshold to make a trade off between FAR detection and BLER performance and can achieve a low false detection probability (e.g. 0.1%).

: The PM-based method could tune its threshold to make a trade off between FAR detection and BLER performance.
:The PM-based method has error detection capability
Figure 3 and Figure 4 show the BLER performance for different CRC length with PM threshold based error detection corresponding to FAR target of 0.1% and 1% respectively. The PM thresholds are shown in Table 3 and Table 4 for different K and FAR target. It is observed from Figure 3 and Figure 4 that BLER performance of different CRC length is almost the same under the same error detection probability with PM threshold based method.

: BLER performance of different CRC length is very similar for the same error detection probability with PM threshold based method.
[bookmark: _Ref498682773]Table 3 PM threshold for HAQR ACK
	K(without CRC)
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	CRC=3
	

	0.31
	0.33
	0.35
	0.38
	0.40
	0.43
	0.37
	0.37
	0.40
	0.43
	0.45

	
	

	0.45
	0.47
	0.49
	0.52
	0.54
	0.57
	0.52
	0.52
	0.55
	0.58
	0.61

	CRC=4
	

	0.28
	0.30
	0.33
	0.35
	0.38
	0.32
	0.33
	0.35
	0.38
	0.40
	0.34

	
	

	0.42
	0.44
	0.48
	0.50
	0.53
	0.48
	0.48
	0.51
	0.54
	0.56
	0.52

	CRC=5
	

	0.26
	0.28
	0.30
	0.33
	0.26
	0.27
	0.30
	0.32
	0.34
	0.28
	0.30

	
	

	0.41
	0.43
	0.46
	0.49
	0.44
	0.43
	0.47
	0.49
	0.52
	0.47
	0.50

	CRC=6
	

	0.23
	0.25
	0.26
	0.20
	0.21
	0.23
	0.25
	0.27
	0.21
	0.23
	0.25

	
	

	0.39
	0.41
	0.44
	0.39
	0.40
	0.42
	0.45
	0.48
	0.41
	0.44
	0.48

	CRC=8
	

	0.07
	0.05
	0.06
	0.06
	0.07
	0.08
	0.05
	0.05
	0.06
	0.05
	0.06

	
	

	0.34
	0.28
	0.29
	0.32
	0.34
	0.36
	0.29
	0.32
	0.35
	0.34
	0.36



[bookmark: _Ref498682780]Table 4 PM threshold for CQI
	K(without CRC)
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	CRC=3
	

	0.36
	0.37
	0.39
	0.42
	0.44
	0.47
	0.42
	0.42
	0.45
	0.48
	0.50

	
	

	0.49
	0.50
	0.52
	0.55
	0.58
	0.60
	0.56
	0.56
	0.59
	0.62
	0.64

	CRC=4
	

	0.33
	0.35
	0.37
	0.40
	0.43
	0.37
	0.37
	0.40
	0.43
	0.46
	0.40

	
	

	0.47
	0.48
	0.51
	0.54
	0.57
	0.53
	0.52
	0.56
	0.58
	0.60
	0.57

	CRC=5
	

	0.31
	0.33
	0.35
	0.38
	0.32
	0.33
	0.35
	0.38
	0.40
	0.34
	0.37

	
	

	0.44
	0.47
	0.50
	0.53
	0.48
	0.47
	0.51
	0.54
	0.56
	0.51
	0.54

	CRC=6
	

	0.28
	0.31
	0.32
	0.26
	0.27
	0.30
	0.32
	0.34
	0.28
	0.31
	0.33

	
	

	0.44
	0.46
	0.49
	0.43
	0.44
	0.47
	0.49
	0.52
	0.47
	0.50
	0.53

	CRC=8
	

	0.18
	0.13
	0.15
	0.16
	0.18
	0.19
	0.14
	0.15
	0.17
	0.15
	0.17

	
	

	0.39
	0.34
	0.35
	0.37
	0.40
	0.42
	0.36
	0.38
	0.41
	0.40
	0.43
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Figure 3. Performance comparison of different CRC length for HARQ ACK
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Figure 4. Performance comparison of different CRC length for CQI

Conclusion
In this contribution, we evaluate the BLER and FAR performance for PM-based methods. We have the following observations:

1. : The PM-based method could tune its threshold to make a trade off between FAR detection and BLER performance.
:The PM-based method has error detection capability
: BLER performance of different CRC length is very similar for the same error detection probability with PM threshold based method.
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