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Introduction
In RAN1#91 meeting, in order to avoid the DCI ambiguity during the blind detection, the following agreement has been made for DL Polar codes [1].
	Agreement:
For DCI, initialize CRC shift register with all-ones (i.e., 24 ones)


In 38.212, corresponding descriptions are also included. [2]
	[bookmark: _Toc500953257]5.1	CRC calculation
……
The encoding is performed in a systematic form, which means that in GF(2), the polynomial:


yields a remainder equal to 0 when divided by the corresponding CRC generator polynomial, with CRC shift register initialized by all zeros unless stated otherwise.
……
[bookmark: _Toc500953355]7.3.2	CRC attachment
……








The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by, and the parity bits by, where  is the payload size and  is the number of parity bits. The parity bits are computed and attached according to Subclause 5.1 by setting  to 24 bits and using the generator polynomial  with CRC shift register initialized by all ones, resulting in the sequence , where .
……


However, CRC shift register is a kind of implementation description and it is not clear on how to calculate the CRC bits with this initialization. In this contribution, we propose another description to make it clearer. The structure of DL Polar codes is shown in Fig. 1.


Fig. 1 The structure of DL Polar codes for NR
CRC calculation
Generally, CRC bits can be calculated by shift registers. As an example, the calculation scheme for CRC polynomial x3+x+1 is shown in Fig. 2.


Fig. 2 The calculation scheme for CRC polynomial x3+x+1.
By using this scheme, the initialization value of shift registers can be seen as a prepending sequence of the information payload.
If the shift registers are initialized by all zeros, then for information input a1, a2, …, ak, the sequence calculated by CRC is (00…0a1a2…ak). If the shift registers are initialized by all ones, then for information input a1, a2, …, ak, the sequence calculated by CRC is (11…1a1a2…ak). In this case, all ones will be involved in the CRC calculation of the information input a1, a2, …, ak.
Observation 1: The initialization value of CRC shift registers can be seen as a prepending sequence of the information payload.
Although the implementation method of shift registers is usually used for CRC calculation description, such description may not be optimal for DL Polar codes. For DL Polar codes, distributed CRC is applied after CRC attachment for early termination of blind decoding. Considering the CRC interleaving of distributed CRC procedure, the shift registers schemes shown in Fig. 2 may be changed for CRC interleaving during encoding or decoding. In this case, the current shift registers description may bring confusing if another kind of shift registers implementation used.
Observation 2: Current shift registers description is not clear enough considering distributed CRC procedure.
On the other hand, shift registers implementation is only one kind of implementation method, there may be other implementation methods. For example, CRC codes can be seen as a kind of linear block codes. The encoding of CRC bits can also be represented as generator matrices. During the distributed CRC discussion, generator matrices are the just description being used [3].
For an information input a1, a2, …, ak, the generator matrix of CRC codes with polynomial x3+x+1 can be represent as 


Observation 3: CRC bits can also be calculated by other methods in addition to shift registers.
CRC initialization
To avoid specific implementation related description, it is better to use a more general description. In [4, Fig. 3], a description of adding 24 bits precoding bits is shown. In this section, we modified the description into Fig. 3 according to the current agreement.


Fig. 3 Initialize CRC by prepending a sequence of 24-bit 1s.
This procedure is aligned with the agreement. In this procedure, CRC bits will be calculated by both K-bit Payload and 24-bit 1s. The 24-bit 1s can be seen as a prepending sequence. As different implementation may be applied to this procedure, the shift registers description can be changed to prepending description.
Proposal 1: For CRC initialization, using prepending description instead of shift registers description, i.e., CRC bits for DL Polar codes are calculated by prepending a sequence of 24-bit ones.
Summary
In this contribution, we discussed description of CRC initialization. Based on the analysis, we have the following Observations and Proposal.
Observation 1: The initialization value of CRC shift registers can be seen as a prepending sequence of the information payload.
Observation 2: Current shift registers description is not clear enough considering distributed CRC procedure.
Observation 3: CRC bits can also be calculated by other methods in addition to shift registers.
Proposal 1: For CRC initialization, using prepending description instead of shift registers description, i.e., CRC bits for DL Polar codes are calculated by prepending a sequence of 24-bit ones.
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