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Introduction
It was agreed in RAN1 AH meeting in Qingdao that CA-Polar with 3 additional parity check(PC) bits is used for 12<=K<=22 polar codes construction in the UL.
Agreement:
For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, 3 PC bits are generated according to the following steps:
1.  Encode K info bits to K+nFAR+3 CRC encoded bits,
· FFS the nFAR+3 CRC bit locations
2.  Select K’ = K+nFAR+6 most reliable bit positions
3.  Select 3 PC bits from the K’ reliable positions
· The most reliable n positions with wmin, where
· wmin is the minimum row weight (as defined in R1-1706193) of the K+nFAR+3 most reliable positions within the K’ reliable positions, where n is given by:
· n=1 if M-K-nFAR>192
· n=0 otherwise
· 3-n positions selected in least reliable positions within the K’ reliable positions.
4. Working Assumption:  The value of the PC bits is obtained from a length-5 cycle shift register as in R1-1706193
In RAN1 #90 meeting, further discussion on how nFAR translate to CRC polynomials had some agreement. However, details of the nFAR values remains open.
Agreement: 
For UL code construction: 
· (nFAR + 3) CRC bits are generated by a single CRC polynomial
· CRC polynomial is FFS 
· Companies are to provide CRC proposals by 6th September
· Working Assumption: The CRC bits are attached as a block to the end of info bits
· Can be revisited at NR AH#3 if FAR is shown to exceed 1.5 x 2^-nFAR.
In this contribution, we discussed on our views of nFAR selection for NR Polar codes, with special focus on 12<=K+nFAR<=22 case.
Discussion
Before provide actual nFAR analysis, we would like see some typical use case for 12<=K+nFAR<=22 in NR UL, which include:
· UL CSI reporting: including at least parameters such as RI/PMI/CQI 
· ACK/NACK reporting for PDSCH HARQ transmission: multiple ACK/NACK reporting for multiple PDSCH TB/CBGs or multiple carriers
It needs to be mentioned that the requirement on FAR detection capability inclusive of both with signal case and noise only case. According to LTE’s requirement of PUCCH requirement in [2], both CQI and ACK needs to have a miss detection rate (not-detecting signal and detection error) less than 1%, and DTX to ACK rate(noise only case) also needs to be within 1%. For NR, at least the FAR requirement similar to LTE is expected. CBG-based HARQ requires multi-bit HARQ feedback similar to the case of LTE CA and/or TDD scenario. Also, more dynamic CSI feedback is needed, increasing the need for FAR reduction.
For LTE Reed-Muller code, it is known that inherent error detection can be utilized to achieve good FAR and BLER tradeoff since near ML performance is achievable. Introducing extra CRC bits is not a good design choice (LTE chose not to do so since it is not efficient).
For polar code (both CA-polar and CA-PC polar hybrid), on the other hand, CRC bits are essential to ensure good performance. First off, it is known that polar code by itself may not entail good enough performance, CRC assistant bits are needed to get good distance spectrum. In some prior work of previous meetings [3], path-metric based algorithms for FAR detection in Polar codes was presented. However, the error detection capability failed to compared with CRC based approach which is more robust [6]. To achieve 1%~10% FAR for DTX detection and data integrity protection, introducing extra nFAR CRC bits for error detection is therefore necessary.
[bookmark: _GoBack]To evaluate the FAR performance, we performed below with some nFAR configuration along with its decoding algorithms. The simulation considers M=48 and utilize the way forward rate-matching scheme that provided in [1], where the source bits for rate matching is K+nFAR+6 bits (note that CA polar or CA-PC hybrid polar are used in the region when the block length is applicable). A threshold together with metric proposed in [3] is used to further reduce the FAR when CRC is insufficient. Target FAR under consideration is 10% and 1%.
Table 1, Cases for nFAR evaluation 
	
	nFAR
	nFAR+3 bits CRC polynomial 
	Decoding Algorithm

	Case 1
	0
	0x5
	L=8, all path CRC checked

	Case 2
	5
	0xcd
	L=8, all path CRC checked

	Case 3
	8
	0x5ef
	L=8, all path CRC checked



For a given FAR target, case 1 has the weakest FAR suppression capability since no CRC bits are available for error detection after list-8 decoding. After threshold is applied, large performance loss is seen in Figure 1 and 2 compared with case 2 and 3, since the threshold needs to be large enough to reduce false alarm probability to satisfy the target FAR.
[bookmark: _Toc492933106]Observation 1:	3 PC bits with nFAR=0 is insufficient to provide good enough FAR capability and BLER performance at the same time.

[image: ]
Figure 1, BLER performance @ FAR=10%, nFAR=0,5,8
[image: ]
Figure 2, BLER performance @ FAR=1%, nFAR=0,5,8
For nFAR=5 and nFAR=8, both can meet FAR performance of 10% and 1%. The performance of nFAR=5 is better in 10% FAR and nFAR=8 is better in 1% FAR cases repsectively.
To further improve the FAR performance, another alternative is to select the 1st or the 1st sever best-path for CRC check. For example, only use the 1st path in CRC check is roughly equivalent as 3-bit CRC, which would reduce actual requirement for nFAR bits. However, performance degradation can be expected since less path is utilized. As seen in Figure 3, the decoding BLER performance has around 0.5dB loss compared with nFAR=5 and 8 path CRC check. Hence, nFAR=5 is required for PC-CA polar to achieve low FAR.
[bookmark: _Toc492933107]Observation 2:	nFAR=5 (8-bit CRC) with 8 path in decoding delivers better performance compared with nFAR=2(5-bit CRC) with 1 path in decoding.

[image: ]
Figure 3, BLER performance @ FAR=10%, nFAR=2(1 path) vs. nFAR=5(8 path)
Based on above discussion and evaluation results, we make the observation and proposals.
[bookmark: _Toc492933108]Proposal 1:	Adopt nFAR=5 and 8 when FAR target = 10% and 1% respectively for 12<=K+nFAR<=22 in NR Polar codes design.
Proposal 2:	Adopt nFAR=8 for K+nFAR>22 in NR Polar codes design to achieve FAR target = 1%.
CRC Polynomial Proposals
For 11-bit CRC, the following two CRC polynomials are proposed:
· CRC0: x^11 +x^9 +x^8 +x^7 +x^6 +x^4 +x^3 +x^2 +x +1 (hex: 0x5EF Koopman)
· CRC1: x^11 +x^2 +1 (hex: 0x402 Koopman)
The following 8-bit CRC is proposed:
· CRC2: x^8 + x^7 + x^4 + x^3 + x^1 + 1 (hex: 0xCD Koopman)
Performance of UL CA polar
To test the performance of the two proposed length-11 CRC polynomials, we sweeped the number of info bits from 24 to 200 with a step size of 2, from 200 to 400 with a step size of 25 and sweeped the rate from 2/3 to 1/8. The undetectable error rates (UER) are shown in Figure 1 and Figure 2. From the figures it is easy to see that both polynomials demonstrate stable performance and no noticeable spikes are observed in the UER curves. Plus, these CRC polynomials are obtained from [5] and were taken from some off-the-shelf standards, which are commercially tested. Either one can be adopted for UL CA-polar for K+nFAR>22.
[image: ]
[bookmark: _Ref492893768]Figure 1 Undetectable error rate for K=[24:2:200, 200:25:400] and Rate=[2/3,1/2,1/3,1/6,1/8] with 0x402 as CRC polynomial

[image: ]
[bookmark: _Ref492893770]Figure 2 Undetectable error rate for K=[24:2: 200, 200:25:400] and Rate=[2/3,1/2,1/3,1/6,1/8] with 0x5ef as CRC polynomial

Conclusion
In this contribution, we discuss nFAR for UL control channel with 12<=K+nFAR<=22.  We have following observation:
Observation 1:	3 PC bits with nFAR=0 is insufficient for providing good enough FAR capability.
Observation 2:	nFAR=5 (8-bit CRC) with 8 path in decoding delivers better performance compared with nFAR=2(5-bit CRC) with 1 path in decoding.
In addition, we propose
Proposal 1:	Adopt nFAR=5 and 8 when FAR target = 10% and 1% respectively for 12<=K+nFAR<=22 in NR Polar codes design.
Proposal 2:	Adopt nFAR=8 for K+nFAR>22 in NR Polar codes design to achieve FAR target = 1%.
Proposal 3: The following CRC polynomials are proposed:
For 11-bit CRC, the following two CRC polynomials are proposed:
· CRC0: x^11 +x^9 +x^8 +x^7 +x^6 +x^4 +x^3 +x^2 +x +1 (hex: 0x5EF Koopman)
· CRC1: x^11 +x^2 +1 (hex: 0x402 Koopman)
The following 8-bit CRC is proposed:
· CRC2: x^8 + x^7 + x^4 + x^3 + x^1 + 1 (hex: 0xCD Koopman)
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