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1. Introduction
In the last meetings [1], we had an agreement on uplink polar code construction.
	[bookmark: OLE_LINK7]
Agreement (RAN1 NR Ad-hoc #3): 
· 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. CRC Length for PC-CA Polar Codes
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 proposed 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. 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. 
First, at least  should be supported in UL polar code construction as agreed in [1], and it is reasonable to consider  for the range of  for CA-polar codes. In LTE, 8-bit CRC code is used when UCI of  is encoded by tail-biting convolutional codes (TBCCs), and it achieve the error detection capability of 8-bits. To achieve the same level of error detection as obtained by LTE TBCC, 11-bit CRC code should be considered for the baseline list size  of SC-list decoder. 
[bookmark: OLE_LINK18]A main remaining issue on uplink polar code construction is to determine the length of CRC appended to PC-CA polar codes. LTE dual-RM code is a good reference for PC-CA polar code construction, since target range of UCI size is the same. The BLER performance of PC-CA polar codes for UL control channels is evaluated according to the length of CRC codes and compared to the performance of dual-RM codes used in LTE. For dual-RM codes, ML estimation is carried out by hast Hadamard transform (FHT). Table 1 describes details of the simulations. 

Table 1  Performance Evaluation Settings for UL Polar Code Construction
	Channel and modulation
	AWGN channel, QPSK

	Information bits 
	12:22 

	Code rates 
	1/2, 2/5, 1/3, 1/4, 1/5, 1/6, 1/8, 1/12

	Codeword bits 
	 

	Max. mother code size 
	1024

	Coding and decoding schemes
	LTE dual-RM codes
: ML estimation by fast Hadamard transform (FHT) 

	
	PC-CA polar codes with 3 PC bits and  CRC bits
: CRC and PC bit aided SCL decoding with 


In Fig. 2 to Fig. 9, required SNRs of PC-CA polar codes and LTE dual-RM codes are shown. In all code rates that we considered in this paper, PC-CA polar codes concatenated with 8-bit CRC code achieve comparable performance to LTE dual-RM codes. PC-CA polar codes with 6-bit CRC code always result in better BLER performance. If we rely entirely on CRC code for error detection, PC-CA polar codes with 6-bit and 8-bit CRC codes also achieve better false alarm rate.    
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	Figure 2  Performance of dual-RM and polar codes
          
	Figure 3  Performance of dual-RM and polar codes
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	Figure 4  Performance of dual-RM and polar codes
         
	Figure 5  Performance of dual-RM and polar codes
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	Figure 6  Performance of dual-RM and polar codes
         
	Figure 7  Performance of dual-RM and polar codes
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	Figure 8  Performance of dual-RM and polar codes
          
	Figure 9  Performance of dual-RM and polar codes
         



[bookmark: OLE_LINK16]Observation 1: Proper tradeoff between BLER and FAR is achieved by using 6-bit and 8-bit CRC code for PC-CA polar codes. Especially, concatenation with 6-bit CRC code always results in better performance in terms of both BLER and FAR compared to dual-RM code in LTE.
Proposal 1: For CA-polar codes used for ,  should be consistently used to achieve the same error detection as achieved by LTE TBCC. It leads to .
[bookmark: OLE_LINK14][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK15]Proposal 2: For PC-CA-polar codes used for ,  or  should be considered to achieve good tradeoff between BLER and FAR. It leads to .

4. Conclusions
In this contribution, we investigate PC-CA polar code construction for , and we have following observations and proposal.
Observation 1: Proper tradeoff between BLER and FAR is achieved by using 6-bit and 8-bit CRC code for PC-CA polar codes. Especially, concatenation with 6-bit CRC code always results in better performance in terms of both BLER and FAR compared to dual-RM code in LTE.
Proposal 1: For CA-polar codes used for ,  should be consistently used to achieve the same error detection as achieved by LTE TBCC. It leads to .
Proposal 2: For PC-CA-polar codes used for ,  or  should be considered to achieve good tradeoff between BLER and FAR. It leads to . 
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image1.emf
L crc  3  4  5  6  8  16  

Poly - nomial  D 3 + D 2 + 1     Or     D 3 + D+ 1  D 4 + D 3 + 1  D 5 +  D 3 + 1    D 6 + D 5 + 1        D 8  + D 6  + D 5  + D 3  + 1     Or     D 8   + D 7   + D 6   + D 4   +  D 2   + D + 1     Or     D 8   + D 7   + D 3   + D 2   +  1  D 16   + D 15   + D 14   + D 13   + D 12   + D 11   + D 8   + D 7   + D 6   + D 4   + 1  

 


