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1. Introduction
In the RAN WG1 #90 meeting, CRC for NR DL control channel was discussed [1] and the following working assumption was made [2]:

Working assumption:
· False alarm target equivalent to 21 bit CRC (i.e., 2-21) is supported for NR DL control channel
In this contribution, we provide our view about the CRC design. 
2. Discussion on CRC design for NR PDCCH
In order to accommodate the high flexibility, more indication bits or scheduling bits in NR are transmitted on the physical downlink control channel, i.e., NR PDCCH. These include the slot format configuration information to indicate the frame structure, the preemption indication for dynamical multiplexing of URLLC and eMBB, the information of timing gap between DL assignment and PDSCH transmission, the information of timing gap between UL grant and PUSCH transmission, the CBG transmission information, the CBG flushing out information, etc. 
It is worth to note that, most of these information are semi-statically or statically configured by higher-layer signaling in wireless communication system before NR. One key motivation in these systems is to guarantee the reliable reception of the control signaling and further to improve the system’s robustness. 
However, most of these information in NR system are carried on the NR-PDCCH, which means that it is necessary to improve the reliability of NR-PDCCH to keep NR system’s robustness. Thus, the performance of NR-PDCCH in terms of false alarming (FA) shall be designed at least as same as that of the higher layer signaling. 
In addition, the number of connected UEs in the NR cell becomes larger than that of the traditional cell. And the number of blind decoding attempts in the same time duration is expected much larger than that of LTE, due to much larger subcarrier spacing, much finer time granularity scheduling, much more CORESET needed to be monitored simultaneously, etc. The remarkably increased number of blind decoding attempts in a NR cell would consequently degrade the FA performance of NR-PDCCH. In order to solve this problem, much more protection shall be provided for NR-PDCCH.
Based on above analysis, the FA performance of NR PDCCH shall be improved to guarantee the robustness of NR system.
Proposal 1: The FA performance of NR PDCCH shall be improved to guarantee the robustness of NR system.

As is known, the PDCCH’s FA probability ratio is a monotonically decreasing function of the length of valid CRC L, i.e., PFA=2-L. The smaller FA probability ratio required, the longer length of valid CRC is needed. 
Generally speaking, there are two methods to be considered. The first one is to re-use the padding bits of downlink control information (DCI) if there is any, while the second one is to increase the number of CRC bits. 
The advantage of the first method is no PDCCH performance degradation, since no additional CRC bits are appended. But in NR system there are much more downlink control information (DCI) formats. And it is possible that for the same DCI payload size, the number of DCI formats with different padding bit length would be larger. It would not only incur the confusion problem, but also produce different FA probability ratio for different NR DCI. Conversely, adding more CRC bits can avoid the above problem and simplify the implementation of the gNB and UE. So we propose that NR shall support longer CRC length.
As for the CRC length, 21 bit is able to satisfy the performance requirement as shown in work assumption [2]. However, 21-bit CRC is not suitable for the case that 24-bit RNTI scrambling operation on CRC is used, where 24-bit RNTI is one potential solution to accommodate the increasing number of URLLC and MTC UEs in the NR cell. Thus, 24-bit CRC should also be considered. It is easy to support the 24-bit RNTI scrambling on CRC, though it may have higher requirement of decoding SINR. 
To summarize, we think either 21-bit CRC or 24-bit CRC for NR PDCCH should be supported. 
Proposal 2: Either 21-bit CRC or 24-bit CRC for NR PDCCH should be supported. 
3. Conclusion
In this contribution, the CRC design for NR PDCCCH is discussed and following proposals are given.
Proposal 1: The FA performance of NR PDCCH shall be improved to guarantee the NR system’s robustness.
Proposal 2: Either 21-bit CRC or 24-bit CRC for NR PDCCH should be supported.
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