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1	Introduction
The following agreement was made in RAN1#91 meeting about CRC initialization:

	Agreement:
For DCI, initialize CRC shift register with all-ones (i.e., 24 ones)



However, there is ambiguity about how to interpret it. FAR performance is critical for downlink control channel, and incorrect parameter configuration does not help to reduce the FAR. This contribution evaluated the parameter used in the current version of 38.212. By comparing different interpretations, it is found the currently used interpretation cannot fulfill the FAR requirement while the interpretation of prepending 24 ones can satisfy the requirement. Hence, it needs to be corrected. Accordingly, a text proposal is attached at the end of the paper.
2.		 Discussion  
Concerning the agreement, there could be two interpretations:
1. There are 24 ones prepending the information bits [1], i.e. as prefix, which is equivalent to initialize the value of the CRC register to be 0x32E241.
2. Setting the value of CRC shift register to be 24 ones, equivalent to prepending [110100001010011111011110] before the information bits.

Let’s analyse the issue from the very beginning, i.e. how the high FAR is caused and why an initialization can reduce the FAR. As discussed in [1], when two DCIs with a few bits difference, they may share the same CRC value if the first a few information bits are zero. Hence, by prepending ones before the information bits when generating the CRC bits can avoid the overlapping of small DCI and large DCI. Initialization the CRC by zeros is equivalent to prepending zeros before the information bits. It is obvious that the zeros in the prepending bit sequence will undermine the FAR reduction performance by this method.

Smaller DCIs would suffer more from incorrect initialization sequence setting, because the overlapped part is smaller making it difficult to be recovered by the afterword overlapped part. 

The performance of prepending 24 ones, i.e. the first interpretation, is well studied in [1]. The performance of prepending [110100001010011111011110], i.e. the second interpretation, is studied in this paper. The results are shown in Figure 1. It can be seen interpretation 2 shows some FAR problems, especially when the DCI size difference is small, but interpretation 1 does not. Therefore, interpretation 1 should be used. However, it seems interpretation 2 is currently used in 38.212, so this needs to be corrected.
[image: ]
 Figure 1: FAR of the second interpretation with different DCI size differences (Kt-Kr ). In the simulation, there are two DCI sizes to be detected each time (so the FAR threshold is 4.7e-7*2*1.5), and only the larger DCI (Kt) is transmitted.


Another variant is also being discussed, which is “Effectively XOR the first 24 bits of payload with all ones (follow exact proposed description when payload is less than 24 bits)”. This is evaluated in Figure 2, where only the smaller DCI to be detected to save the simulation time. It can be seen, there still some FAR problems with this variant.

[image: ]
Figure 2: In the simulation, there is one DCI size (Kr) to be detected each time (so the FAR threshold is 4.7e-7*1.5), and only the larger DCI (Kt) is transmitted.


Proposal 1: Interpretation 1 is used for CRC initialization, i.e. CRC bits are calculated by prepending 24-bit ones before the information bits for downlink Polar codes.


The text proposal is attached below. The description is clear without any ambiguity and the description of the structure of the CRC shift register can be avoided. 


Start of text Proposal
[bookmark: _Toc500953355]7.3.2	CRC attachment










The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload prefixed by 24 ones by, and the parity bits by, where  is the sum of the payload size plus 24 and  is the number of parity bits. By setting  to 24 bits and using the generator polynomial , resulting in the sequence , where -24. The relation between  and  is:


 			for 


		for .




After attachment, the CRC parity bits are scrambled with the corresponding RNTI  , where  corresponds to the MSB of the RNTI, to form the sequence of bits. The relation between ck and bk is:


 							for k = 0, 1, 2, …, 





		for k = , ,,..., . 

End of text Proposal



3	Conclusion
In this contribution, the DCI initialization parameter is studied to clear the ambiguity. The FAR performance of the second interpretation is studied and it is found that the currently used interpretation 2 cannot fulfill the FAR requirement, so this should be corrected. A text proposal is also provided.

Proposal 1: Interpretation 1 is used for CRC initialization, i.e. CRC bits are calculated by prepending 24 ones before the information bits for downlink Polar codes.
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