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1. Introduction
In RAN1 #88bis meeting, the following decision on channel coding for very small block length was made. 
	Agreement: 
· K=1 (if channel coding is applied):
· Repetition code
· K=2 (if channel coding is applied):
· Simplex code
· 3<=K<=11:
· LTE RM code
· Note that if NR requires a codeword size N that is not supported by the LTE RM code, then the LTE RM code will be extended by repetition as in LTE
· 12<=K:
· Polar code (single design for all control information sizes, except for possible omission of CRC bits for payloads <= ~22 bits)



Polar codes of a single design were adopted for all control information when K≥12. In particular, in case of 12≤K≤22, CRC bits for error detection may not be necessary, but other assistance bits for error correction are still needed to improve the performance. The detailed agreements in RAN1 #88bis meeting for the use of CRC bits and assistance bits are given as follows:
	Agreement:
· J CRC bits are provided (which may be used for error detection and may also be used to assist decoding and potentially for early termination)
· J may be different in DL and UL
· J may depend on the payload size in the UL (0 not precluded)
· In addition, J’ assistance bits are provided in reliable locations (which may be used to assist decoding and potentially for early termination)
· J + J’ <= the number of bits required to satisfy the FAR target (nFAR) + 6
· Working assumption: 
· For DL, nFAR = 16 (at least for eMBB-related DCI)
· For UL, nFAR = 8 or 16 (at least for eMBB-related UCI; note that this applies for UL cases with CRC)
· J’>0
· Working assumption: J”<=2 additional assistance bits are provided in unreliable locations (which may be used to assist decoding and potentially for early termination)
· Can be revisited in RAN1#89 if significant benefit is shown from a larger value of J” without undue complexity – companies are encouraged to additionally evaluate J”=8
· The J’ (and J” if any) bits may be CRC and/or PC and/or hash bits (downscope if possible)
· Placement of the J, J’ (and J” if any) assistance bits is FFS after the study of early termination techniques
· Appended?
· Distributed?



Based on the agreements in the last meeting, the number of the assistance bits was decided up to 8 including 2 bits in unreliable locations. In this contribution, we compare the performance of two representative types of polar codes, namely CRC-aided (CA) polar codes and parity-check (PC)-CA polar codes for very small block length. 

2. Performance Evaluation 
We compare the block error rates (BLERs) of CA-polar codes [1], PC-CA polar codes proposed in [2], and dual RM codes under the setting described in Table 1. The dual RM code is not a candidate, and it just provide a reference BLER curves. The number of CRC bits for CA-polar codes is set to 4 in order to use them to correct decoding errors after the successive-cancellation list (SCL) decoding algorithm employed for CA-polar codes. On the other hand, PC-CA polar codes use 2-bit CRC and at most 6 PC-frozen bits. Dual RM codes do not use any CRC bits.   
Table 1. Evaluation setting 
	Parameter
	CA-polar codes
	PC-CA polar codes
	Dual RM codes

	Code construction
	Ordered sequence in [3]
	Ordered sequence in [3]
	LTE RM based

	Decoder
	SCL decoder with list size 8
	SCL decoder with list size 8
	ML decoder based on IFHT

	Number of assistance bits
	4 CRC bits
	2 CRC bits, 6 PC-frozen bits
	0

	Number of information bits (k)
	12, 16, 18, 22

	Code length
	64



The BLER performances of CA-polar codes, PC-CA polar codes, and dual RM codes based on LTE RM codes are shown from Fig. 1 to Fig. 4. In all simulation cases, both CA-polar codes and PC-CA polar codes significantly outperform dual RM codes. The performance gap is about 0.5 dB in case of k=12 or 22, and about 1.0 dB in case of k = 16, 18. When comparing two types of polar codes, CA-polar codes have comparable performance with PC-CA polar codes, even though CA-polar codes require simpler operation than PC-CA polar codes using additional assistance bits. Therefore, it is crucially reasonable to select CA-polar codes for small block length in the view of performance and complexity.   
Proposal 1: CA-polar codes should be adopted as a channel coding scheme for small block length with .
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Figure 1 BLER performance comparison of polar codes and dual RM codes ()
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Figure 2 BLER performance comparison of polar codes and dual RM codes ()
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Figure 3 BLER performance comparison of polar codes and dual RM codes ()
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Figure 4 BLER performance comparison of polar codes and dual RM codes ()

3. Conclusion
In this contribution, we compared the performance of CA-polar codes, PC-CA polar codes, and dual RM codes. Finally, we have the following proposal based on the discussion and performance evaluation. 
Proposal 1: CA-polar codes should be adopted as a channel coding scheme for small block length with .
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