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1. Introduction
In RAN-1 #90 meeting [1], there was an agreement on polar code construction for uplink as below: 
	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.



2. UL 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 
2.1  and Corresponding Range of 
Fig. 1 summarizes channel coding schemes for UL control channels. According to the agreement in RAN1 discussion, for , repetition, simplex, and LTE-RM code are used. For, , where CRC and parity-check (PC) precoded polar codes are used, and the number of CRC bits and PC bits are  and 3, respectively. For , CRC precoded polar codes are employed, and in the email discussion [90-29],  bits are generally considered by many proponents.
[image: D:\[1] Work\[1] 3GPP RAN1 Channel Coding\1709 AH3\[3] Contributions\02_UL_Construction\fig01.png]
Figure 1  Channel coding schemes for UL control channel

In LTE, for short UCI on PUCCH, i.e. , dual-RM code is used as a channel coding scheme. The RM code has effective built-in error detection capability because of good minimum distance characteristics. CRC code is not used with LTE-RM code. However, error detection capability of polar code itself is not as efficient as RM code due to its poor minimum distance characteristic [2]. It is not guaranteed that polar codes without CRC error detection meet the proper FAR requirement, and therefore, CRC code should be employed along with polar code. 
NR coding chain should support better BLER and FAR performance than LTE. For short UCI on PUCCH, which is encoded by dual-RM code in LTE, it is reasonable to consider  or , which can be achieved by built-in error detection of the RM codes. For moderate length UCI on PUSCH, which is encoded by tail-biting convolutional code (TBCC) in LTE, the same error detection capability of  should be considered.
Proposal 1: Consider  for  in UL polar code construction.
Proposal 2: Consider  for  in UL polar code construction.

2.2 CRC Polynomial
We propose following 11-bit CRC code for .




3. Performance Evaluation
In this section, FAR of UL polar coding chain is evaluated, and Table 1 shows details about the performance evaluation. Since there is no guideline for UL performance evaluation, we consider wide ranges of payload sizes and code rates as described in Table 1. In CRC encoding and decoding,  is assumed and an 11-bit CRC code of which generator polynomial is gCRC11(D) = [D11 + D10 + D7 + D5 + D2 + D1 + 1] is used. The requirement on FAR is  and expected FAR of the SCL decoder with list size is . Thus, it is only necessary to check whether FAR of the SCL decoder with list size is less than  or not according to the agreement in [1].	 
Table 1  Performance Evaluation Settings for UL Polar Code Construction
	Code sequence
	Code sequence agreed in RAN1 #90 meeting

	Rate-matching scheme
	Rate-matching in [3]

	Channel and modulation
	AWGN channel, QPSK

	Channel interleaver
	Triangular interleaver in [4]

	CRC code construction
	11-bit CRC with gCRC11(D) = [D11 + D10 + D7 + D5 + D2 + D1 + 1]

	Polar decoding algorithm
	CRC-aided SCL decoding with 

	Code rate ()
	2/3, 1/2, 2/5, 1/3, 1/4, 1/5, 1/6, 1/8

	Information bits 
	15:1:512

	Max. mother code size 
	1024



	From Fig. 2 to Fig. 9, BLERs and FARs of UL polar coding with code rate 2/3, 1/2, 2/5, 1/3, 1/4, 1/5, 1/6, and 1/8 are depicted, respectively. UCI transmission is typically scheduled by eNodeB to achieve BLER 10%, and in this regard, we choose proper range of  that gives BLER 1% to 10% for each  combination. In our observation, there is no  point that FAR is significantly exceeding the threshold . 

[image: D:\[1] Work\[1] 3GPP RAN1 Channel Coding\1709 AH3\[2] Simulations\04_UL_Construction\UL_FAR_4A7\R0.2.png]
Figure 2  BLER and FAR of UL polar coding with code rate 2/3

[image: D:\[1] Work\[1] 3GPP RAN1 Channel Coding\1709 AH3\[2] Simulations\04_UL_Construction\UL_FAR_4A7\R0.2.png]
Figure 3  BLER and FAR of UL polar coding with code rate 1/2

[image: D:\[1] Work\[1] 3GPP RAN1 Channel Coding\1709 AH3\[2] Simulations\04_UL_Construction\UL_FAR_4A7\R0.2.png]
Figure 4  BLER and FAR of UL polar coding with code rate 2/5

[image: D:\[1] Work\[1] 3GPP RAN1 Channel Coding\1709 AH3\[2] Simulations\04_UL_Construction\UL_FAR_4A7\R0.2.png]
Figure 5  BLER and FAR of UL polar coding with code rate 1/3
[image: D:\[1] Work\[1] 3GPP RAN1 Channel Coding\1709 AH3\[2] Simulations\04_UL_Construction\UL_FAR_4A7\R0.2.png]
Figure 6  BLER and FAR of UL polar coding with code rate 1/4
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Figure 7  BLER and FAR of UL polar coding with code rate 1/5
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Figure 8  BLER and FAR of UL polar coding with code rate 1/6

[image: D:\[1] Work\[1] 3GPP RAN1 Channel Coding\1709 AH3\[2] Simulations\04_UL_Construction\UL_FAR_4A7\R0.2.png]
Figure 9  BLER and FAR of UL polar coding with code rate 1/8
Observation 1: For a variety of payload sizes and code rate, there is no point of  that FAR are exceeding the threshold .
Proposal 3: Confirm the working assumption on UL polar code construction that the CRC parity bits are attached as a block to the end of info bits.

4. Conclusions
[bookmark: _GoBack]Considering LTE as a reference, following targets of FAR are proposed for UL polar code construction.
Proposal 1: Consider at least  for  in UL polar code construction.
Proposal 2: Consider at least  for  in UL polar code construction.
According to the agreement in [1], FAR of a normal CA-polar coding chain was evaluated. For almost all possible combinations of , no severe FAR degradation was observed. Therefore, we have to consider polar code with appended CRC bits for UL polar code construction.   
Observation 1: For a variety of payload sizes and code rate, there is no point of  that FAR are exceeding the threshold .
Proposal 3: Confirm the working assumption on UL polar code construction that the CRC parity bits are attached as a block to the end of info bits.
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