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1. Introduction
In the last RAN1 #90meeting, we made following agreements [1]:
	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 discuss UL polar code construction.

2. Discussion
[bookmark: _GoBack]2.1 Uplink polar code scheme for K>22
The PC-CA polar coding scheme was agreed as uplink polar code scheme in case of 12<=K<=22. However, the exact polar code scheme is not fixed in case of K>22. There may be two candidates on the table: CA-polar and polar code with distributed CRC. The main motivation of introduction of distributed CRC in downlink is to get the benefit of early termination for PDCCH blind detection. However, there may be little benefit adopting distributed CRC in uplink, since gNB doesn’t have to blindly detect UCI transmission. Furthermore, it is well known that CA-polar and polar code with distributed CRC show comparable performance assuming list size of 8. Considering these aspects, it is desirable to adopt CA polar as uplink polar code scheme in case of K>22. 
Proposal 1: CA polar code should be adopted as uplink polar code scheme in case of K>22.

2.2 CRC attachment of UCI transmission
According to LTE specification, 8-bit CRC is attached when UCI size is larger than 11 bit [2]. Before introduction of PUCCH format 4 and 5, no CRC was attached for HARQ-ACK transmission both over the PUCCH and PUSCH (piggyback). However, HARQ-ACK transmission over PUCCH with PUCCH format 4 or 5, 8-bit CRC is attached for error detection. 
With the help of CRC, we can meet HARQ-ACK error requirement. In particular, since NAK-to-ACK error will give RLC-level retransmission, it is required to meet the error rate of 10-3 ~ 10-4. Then, we should two error case:
· Case 1: HARQ-ACK is transmitted but error occurs
· Case 2: PDCCH is missing and no HARQ-ACK is transmitted
In Case 1, NAK-to-ACK error requirement can be met by adjusting the amount resource for HARQ-ACK transmission and/or transmission power as in LTE specification [2]. In Case 1, false alarm event may be rarely happened. In Case 2, assuming 1 % error rate of PDCCH missing, then DTX-to-ACK error should be maintained around 10-2. One simple ways to meet the DTX-to-ACK error requirement in Case 2 will be CRC attachment to detect false alarm. To meet the 10-2 of false alarm rate, it may be enough to be nFAR of 8 as in LTE. 
In LTE specification, there are cases to meet DTX-to-ACK error requirement without help of CRC. The typical example will be HARQ-ACK transmission over PUCCH of format 1a/1b. In this case, eNB should detect whether UE transmits HARQ-ACK by implementation (e.g., DTX threshold). 
Even if CRC attachment will be affected by HARQ-ACK transmission scheme and PUCCH format design, nFAR of 8 will be enough to meet the NAK-to-ACK error requirement if CRC attachment is supported for HARQ-ACK transmission. 
In case of PC-CA polar code scheme for 12<=K<=22, 8-bit nFAR may result in performance loss due to CRC overhead. However, DTX-to-ACK error requirement should also be met in this case. Some possible ways may use implementation as in PUCCH format 1a/1b or jointly use the reduced number of CRC bits and implementation based method.
Proposal 2: nFAR should be 8 if CRC attachment is supported. The detailed CRC attachment for each uplink physical channel should be up to decision of uplink control session.
 
3. Conclusion
In this contribution, we discuss uplink code construction of polar codes. We have following proposals:
Proposal 1: CA polar code should be adopted as uplink polar code scheme in case of K>22.
Proposal 2: nFAR length should be 8 if CRC attachment is supported. The detailed CRC attachment for each uplink physical channel should be up to decision of uplink control session.
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