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1. Introduction
In the last meetings [1][2], 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: 

[image: ]

Agreement (RAN1 NR Ad-hoc #2): For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, 3 PC bits are generated according to the following steps:
· Encode K info bits to K+nFAR+3 CRC encoded bits,
· FFS the nFAR+3 CRC bit locations
· Select K’ = K+nFAR+6 most reliable bit positions
· 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.
· Working Assumption:  The value of the PC bits is obtained from a length-5 cycle shift register as in R1-1706193



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
- : length of a cyclic shift register for PC-bit generation
- : desired code rates ()
- : number of codeword bits ()
- : mother polar code size
- : list size of successive-cancellation list (SCL) decoder 

2. Shift Register for PC-bit Generation
	The length of shift register in PC-bit generator, which is denoted by , still remains as a working assumption, and it should be confirmed to finalize polar code construction. Table 1 shows details of performance evaluation to find the proper length of shift register. Since  for PC-CA polar codes has not been determined yet, we consider all candidates in [1]. 
Table 1  Performance Evaluation Settings for PC-bit Generation
	Channel and modulation
	AWGN channel, QPSK

	Information bits 
	12:22 

	Codeword bits 
	32:4:1024 

	Max. mother code size 
	1024

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

	Length of shift register 
	1:1:10



	The current working assumption is a cyclic shift register of , and we investigate whether a cyclic shift register of different  achieves better performance or not. Fig. 1 to Fig. 4 show the cases where the performance gain is achieved by exploiting different  over the current working assumption of , and we have following observations.
Observation 1: In the following cases, the considerable performance gain is achieved by adopting a cyclic shift register of different  instead of maintaining the current working assumption.
· A cyclic shift register of  consistently achieve better performance when
·  and ;
·  and ; 
·  and  (not used) 
· A cyclic shift register of  consistently achieve better performance when
·  and ;
·  and  (not used) 
· A cyclic shift register of  consistently achieve better performance when
·  and ;
·  and  (not used) 
Proposal 1: If  or , then  should be changed to 1 to achieve better BLER performance and simple structure of polar encoder and decoder. If , then the working assumption that the value of the PC-bits is obtained from a length-5 cycle shift register should be confirmed for the progress.
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Figure 1  Performance comparison between   
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Figure 2  Performance comparison between   
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Figure 3  Performance comparison between   
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Figure 4  Performance comparison between   



3. PC-bit Location
	Another interesting issue on PC-CA polar code construction is the location of PC-bits. In the current agreement, 3 PC-bits are located at the least reliable three sub-channels for . When , a reliable sub-channel of which corresponding row weight in the generator matrix is the minimum are chosen to deliver a single PC bit, and other 2 PC-bits are located at the least reliable two sub-channels. This exceptional operation for  was agreed before other important parts of code construction such as code sequence, rate-matching, and channel interleaving were decided. The performance of PC-CA polar codes has not been fully investigated. Therefore, in this contribution, the performance of the current agreement that allows the special design for  is evaluated. Table 2 describes the evaluation assumptions. 

Table 2  Performance Evaluation Settings for PC-bit Locations
	Channel and modulation
	AWGN channel, QPSK

	Information bits 
	12:22 

	Codeword bits 
	192:1:1024 

	Max. mother code size 
	1024

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

	PC-bit location
	Unified construction
: all the three PC-bits are located at the least reliable sub-channels regardless of information lengths and code rates

	
	Special construction for low code rates
: a single PC-bit is located at the reliable sub-channel with minimum row weight



	Full evaluation results are given in our companion slides, and Fig. 5 and Fig. 6 show the performance comparison when  and , respectively. For all combinations of  and M, the special design for low code rates rather results in performance degradation consistently compared to the unified design. 

Observation 2: A special design of PC-CA polar codes for  in the current agreement rather causes considerable performance loss.
Proposal 2: Consider a unified PC-CA polar code construction that all the 3 PC-bits are located at the least reliable sub-channels for all the combination of code lengths and rates because of better performance and simple procedure. 


[image: C:\Users\User\Desktop\그림1.png]
Figure 5  Performance comparison between unified design and exceptional design  
[image: C:\Users\User\Desktop\그림2.png]
Figure 6  Performance comparison between unified design and exceptional design  



4. Conclusions
In this contribution, we investigate PC-CA polar code construction for . Important remaining parts of the PC-CA polar code constructions are fully studied: the length of a cyclic shift register for PC-bit generation and PC-bit locations. For each part, we have following observations and proposal.

Length of PC-bit Shift Register
Observation 1: In the following cases, the considerable performance gain is achieved by adopting a cyclic shift register of different  instead of maintaining the current working assumption.
· A cyclic shift register of  consistently achieve better performance when
·  and ;
·  and ; 
·  and  (not used) 
· A cyclic shift register of  consistently achieve better performance when
·  and ;
·  and  (not used) 
· A cyclic shift register of  consistently achieve better performance when
·  and ;
·  and  (not used) 
Proposal 1: If  or , then  should be changed to 1 to achieve better BLER performance and simple structure of polar encoder and decoder. If , then the working assumption that the value of the PC-bits is obtained from a length-5 cycle shift register should be confirmed for the progress.

PC-bit Locations
Observation 2: A special design of PC-CA polar codes for  in the current agreement rather causes considerable performance loss.
Proposal 2: Consider a unified PC-CA polar code construction that all the 3 PC-bits are located at the least reliable sub-channels for all the combination of code lengths and rates because of better performance and simple procedure. 
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