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1. Introduction
In RAN-1 NR ad-hoc meeting in September [1], we had an agreement on uplink polar code construction as following: 
	[bookmark: OLE_LINK7]
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: 
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2. UL Polar Code Construction
In this contribution, we use some basic notations for polar coding chain as followings:
[bookmark: _Hlk485716767][bookmark: OLE_LINK10][bookmark: OLE_LINK1]- : number of information bits excluding CRC bits
- : number of CRC bits
- : desired code rates ()
- : number of codeword bits ()
- : mother polar code size
- : list size of successive-cancellation list (SCL) decoder 
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Figure 1  Channel coding schemes for NR uplink control channel
[bookmark: OLE_LINK6][bookmark: OLE_LINK8][bookmark: OLE_LINK5]Fig. 1 summarizes channel coding schemes for NR uplink control channels. According to the agreement in RAN1 discussion, for , repetition, (3, 2) simplex code, and LTE-RM code are used. For , CRC and parity-check (PC) precoded polar codes, CA-PC polar codes, are used to encode control information. The number of CRC bits and PC bits are  and 3, respectively, and the total number of assistance bits for PC-CA polar codes is . For , CRC precoded polar codes, i.e. CA-polar codes, are employed, where  is associated with PC-CA polar code construction. For CA-polar code, a CRC code of size  is used. 
As agreed in [1], at least  is supported, and it is reasonable to consider  for the range of  for CA-polar codes. In LTE, 8-bit CRC is used when UCI of  is encoded by tail-biting convolutional codes (TBCCs), and it achieve the error detection capability of 8-bits since no hypothesis check is needed in general TBCC decoding. To achieve the same level of error detection as in LTE TBCC, (8+3)-CRC bits should be necessary for the baseline SCL decoder with . 
	Proposal 1: For CA-polar codes (),  should be consistently used to achieve the same error detection as in LTE TBCC. It leads to .

LTE dual-RM code is a good reference for PC-CA polar code construction, since target range of UCI size for both codes is . In LTE dual-RM code construction, no CRC code is attached, since the RM code itself has inherent error detection capability thank to its good minimum distance property. It was shown in some studies that LTE dual-RM code is able to achieve the error detection capability equivalent to 4 and 5-bit CRC code by applying some techniques based on Euclidean metric. 
On the other hand, it is not guaranteed that polar code achieves the similar level of error detection by implementation-based technique due to its poor minimum distance property [2]. Generator matrices of both RM code and polar code are obtained by selecting rows from the same mother matrix , where  and  is n-times recursive Kronecker product of . RM code are constructed by selecting rows with the highest Hamming weight from , so distance among codewords is maximized. In addition, at the decoder, the optimal maximum a posteriori (MAP) estimation is generally considered. Thus, error detection can be efficiently achieved by some techniques based on Euclidean metric while maintaining error correction performance. On the other hand, a generator matrix of a polar code is obtained by selecting rows with low Bhattacharyya parameter (or corresponding reliability metric) from . The codeword distance property of polar codes is worse than that of RM codes. It is difficult for the SCL polar decoder to distinguish codewords and non-codewords since its poor minimum distance characteristics, and that is the reason why CRC code is always exploited along with polar code construction. It is not guaranteed that the polar code itself achieves a proper level of error detection without BLER degradation, so  should not be 0. 
In the next section, some simulation results are given to find proper  for PC-CA polar codes. Both BLER and FAR are evaluated according to  in the agreement of RAN1 NR-AH3 [1].

3. Performance Evaluation
[bookmark: OLE_LINK18]In this section, BLER and FAR of PC-CA polar codes for UL control channels are evaluated. Table 2 describes details of the simulations. 
Table 2  Performance Evaluation Settings for UL Polar Code Construction
	Code sequence
	Code sequence agreed in [3]

	Rate-matching scheme
	32 subblock-wise interleaving and adaptive puncturing/shortening/repetition [1]

	Channel and modulation
	AWGN channel, QPSK

	Code construction
	3 PC-bit generation by length-5 shift register 

	Polar decoding algorithm
	CRC and PC aided SCL decoding with 

	Information bits 
	12:22

	Codeword bits 
	48

	CRC bits and polynomials
	3, 4, 5, 6, 8, 11 in [1]

	Max. mother code size 
	1024 


[bookmark: _GoBack]Fig. 2 and Fig. 3 show required SNRs for achieving BLER 1% and 0.1%, respectively, and Fig. 4 describes false alarm rates.
[bookmark: OLE_LINK16]Observation 1: Proper tradeoff between BLER and FAR is achieved by using 6-bit and 8-bit CRC code. Polar code concatenated by 11-bit CRC code results in poor BLER performance, and Polar codes constructed with 3, 4, and 5-bit CRC codes suffer from severe FAR performance degradation.
[bookmark: OLE_LINK14][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK15]Proposal 2: For PC-CA-polar codes (),  should be adopted to achieve reasonable block error rate and false alarm rate. It leads to .
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Figure 2  Required SNR for achieving BLER 1% according to 
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[bookmark: OLE_LINK17][bookmark: OLE_LINK19]Figure 3  Required SNR for achieving BLER 0.1% according to 
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Figure 4  False alarm rate of PC-CA polar codes according to 
	
4. Conclusions
In this contribution, we have following proposal based on some simulation results.
Proposal 1: For CA-polar codes (),  should be consistently used to achieve the same error detection capability as in LTE TBCC. 
Proposal 2 For PC-CA-polar codes (),  should be adopted to achieve reasonable block error rate and false alarm rate. It leads to .
In summary, following channel coding schemes are proposed for NR uplink control channels.
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