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It was agreed in RAN1 NR Ad-Hoc #3 meeting [1] that in uplink polar code construction, the CRC bits are attached as a block to the end of the information bits. It was further agreed [1] that at least the 11-bit CRC polynomial , is supported in uplink polar code construction. This 11-bit CRC may be applied for a certain range of information block length.
Besides the 11-bit CRC polynomial, several candidate CRC polynomials with different lengths (i.e., 3, 4, 5, 6, 8, 16) were provided in [1]. These candidate CRC polynomials might potentially be used for certain UCI contents, payload size, and physical channel transmitting UCI.
In this contribution, we discuss the determination of CRC length for uplink polar code construction.
2	Discussion
In the email discussion [90-29] on the UL polar code construction, the value of  and the range of information block size  for each  were extensively discussed. Here,  indicates the number of CRC bits required to achieve the target FAR level (i.e., ). The total number of CRC bits is , where the additional 3 bits are used for the error correction in the SCL decoding of polar codes [2].
In the email discussion [90-29], a common value of  agreed by majority of companies is 8, which implies that 11-bit CRC is supported. No consensus has been achieved for other values of . It is possible to apply different  or CRC lengths, depending on the UCI contents, the payload size as well as the physical channel (i.e., PUCCH or PUSCH) transmitting UCI. 
In this contribution, we only discuss the length of  or CRC. The CRC polynomial for a given CRC length could be selected from the list of candidates in [1]. 
For small UCI payload sizes (e.g., below 22 bits), a 11-bit CRC will result in a large overhead. This degrades the BLER performance of polar code. It was shown in [3] that up to 1.6 dB SNR gain could be achieved at the 1% BLER level, by reducing  from 8 to 0. On the other hand, the reduction of  could degrade the FAR performance. In LTE, the DTX to ACK probability for PUCCH should be below 1%. The value of  should be selected such that the target FAR performance is achieved. Overall, it seems reasonable to apply a CRC with length less than 11 bits for small UCI payload sizes.
For large UCI payload sizes (e.g., above 22 bits), a 11-bit CRC does not pose too much overhead, and hence provides good BLER performance. The 11-bit CRC (i.e., =8) has satisfactory FAR performance. In other words, the 11-bit CRC could be used to achieve the required FAR performance, without significant degradation of the BLER performance.
In NR, the UCI payload size could be greater than 500 bits. The UCI segmentation is applied for large UCI payload sizes and low code rates. For low code rates, the size of a UCI segment may be restricted by a threshold (e.g., 352 bits). For high code rates, the size of UCI payload could be even larger. For very large UCI payloads (e.g., above 256 bits), the CRC overhead is negligible. Hence, a CRC with length more than 11 bits (e.g., 16 bits) could be applied to reduce the FAR.
Proposal 1: For small UCI payload sizes (e.g., below 22 bits), the CRC length should be less than 11 bits. For large UCI payload sizes (e.g., above 256 bits), the CRC length should be more than 11 bits (e.g., 16 bits).

The contents of UCI include RI, PMI, CQI and ACK/NACK. Some UCI information (e.g., RI, ACK/NACK) is more important than other UCI information (e.g., CQI) in NR system operation. If a UCI contains important information (e.g., RI, ACK/NACK), then more protection, in terms of longer CRC, is beneficial. If a UCI only contains less important information (e.g., CQI), then less protection, in terms of shorter CRC, is acceptable. Hence, we propose to have the CRC length depending on the UCI payload contents. 
Proposal 2: The CRC length for a UCI should depend on its contents. If a UCI contains important information (e.g., RI, ACK/NACK), then a longer CRC should be applied. Otherwise, a shorter CRC should be applied.

A UCI may be transmitted on PUCCH or PUSCH. In general, PUSCH has more resources than PUCCH. The  or CRC length could be larger if a UCI is transmitted on PUSCH. In other words, given the same payload size and payload contents, a longer CRC could be used for a UCI if it is to be transmitted on PUSCH. 
Proposal 3: A longer CRC could be applied to a UCI if it is transmitted on PUSCH than the same UCI if it is transmitted on PUCCH.

The CRC length for a UCI may be jointly determined by the UCI contents, the payload size and the physical channel transmitting UCI. For example, the CRC length of a UCI could be less than 11 bits only if the UCI payload size is below 22 bits, the UCI does not contain important information, and the UCI is transmitted on PUCCH. 

3	Conclusion
In this contribution, we discussed the selection of CRC length for UCI. Our proposals are 
Proposal 1: For small UCI payload sizes (e.g., below 22 bits), the CRC length should be less than 11 bits (e.g., 3 bits or 8 bits). For large UCI payload sizes (e.g., above 256 bits), the CRC length should be more than 11 bits (e.g., 16 bits).
Proposal 2: The CRC length for a UCI should depend on its contents. If a UCI contains important information (e.g., RI, ACK/NACK), then a longer CRC should be applied. Otherwise, a shorter CRC should be applied. 
Proposal 3: A longer CRC could be applied to a UCI if it is transmitted on PUSCH than the same UCI if it is transmitted on PUCCH.
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