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1.  Introduction
Regarding polar code construction for NR control channels, the following was agreed in RAN1 #90 [1].
	Agreement: 
Working Assumption:  
· Denote the input to the CRC computation by u0, u1, u2, …, uL-1, and the parity bits by p0, p1, p2, …, p23. The parity bits are generated by the following cyclic generator polynomial:
· gCRC24(D) = [D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1]
· After CRC calculation, the bits which will be fed into an interleaver are denoted by v0, v1, v2, …, vKmax+23, which fulfils:
· vk = uL-1-k		   for k = 0, 1, 2, …, L-1. 
· vk = <NULL>	for k = L, L+1, L+2, …, Kmax-1.
· vk = pk-Kmax		for k = Kmax, Kmax+1, …, Kmax+23.
· where Kmax = max(140, max DCI payload size in Rel-15 + 20),  and Kmax + CRC length is the size of the interleaver. 
· Then v0, v1, v2, …, vKmax+23 is fed to the interleaver. Denote the output of the interleaver is w0, w1, w2, …, wKmax+23. The relationship between the input and output of the interleaver is as follows:
· wk = vΠ(k)		for k = 0, 1, 2, …, Kmax+23,
· where the pattern is the pattern for nFAR=21 in R1-1712167. 
· If problems are identified with this pattern, companies can propose modifications to the polynomial and/or interleaver pattern at NR AH#3, keeping the modifications as minimal as possible.
Agreement on next steps: 
· By the Sept NR adhoc, companies are requested to evaluate exhaustively the FAR of the above working assumption to identify any potential FAR problems (i.e. below 1.5 x 2^-21 with 100 events):
· For evaluation purposes, assume max DCI payload size = 140
· Check for all values of K with granularity of 4 from 16 to 100, and granularity of 20 up to 140.
· Check for M values 96, 192, 384,  768 (with repetition for 768)
· Not including combinations of K and M that would give R < 1/8 or greater than 5/6
· Priority will be given to R<=2/3



According to the agreement, it is understood that 24 bit CRC will be required to provide the necessary FAR for DCI. In this contribution, we document the results of our investigation on polar code construction to support early termination using a single 24 bit CRC polynomial and interleaver.

2. Proposal

In [3], a method for generating distributed CRC bits was introduced. The method offers great flexibility in tuning the positions of the distributed CRC bits, thus allows the design to be adapted according to requirements of early termination and false alarm rate. 

A 24 bit CRC polynomial and interleaving pattern is proposed in this section as follows.
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Let the length of the interleaver  be . Then, an interleaver  for a shorter length  can be obtained from the above interleaver  in the following way:
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where is the integer sequence satisfying and  for .
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Fig. 1 The locations of the 3 distributed CRC bits post-interleaving in the input to the polar encoder are shown as a function of information length K. HW_1CRC, HW_2CRC and HW_3CRC indicates the position the 1st, 2nd and 3rd distributed CRC bits respectively in the 24 bit CRC proposal of [2]. Similarly, NEC_1CRC, NEC_2CRC and NEC_3CRC indicates the position of the 1st, 2nd and 3rd distributed CRC bits according to the proposed scheme in this contribution. 
It can be observed in Fig. 1 that the 1st and 2nd distributed CRC bits of the proposed pattern appears earlier than those in [2] for almost all information lengths of concern for DL. The 3rd CRC bit of our proposal appears earlier than that of [2] for more than half of the information lengths of concern. Since the earlier appearance directly translates to better early termination gains, the proposed method in this contribution can provide better early termination. 
3. Simulation results
3.1 Evaluation of Undetected Error Rate 

The undetected error rate (UER) is defined here as the ratio of the number of the undetected error frames to the total number of decoding attempts, where the decoder input is assumed to be a transmitted codeword with Gaussian noise. In the following, we present comparative evaluations of the UER performances of the proposed method and the proposal in [2].

















Fig. 2 Undetected Error Rate (UER) plots of proposal in [2] for different information lengths K.
	

	



Fig. 3 Undetected Error Rate (UER) plots of our proposal for different information lengths K when M=192 and 384. 

4. Conclusion

In this contribution, we investigated the performance of NR DL polar codes with 24 bits CRC. The working assumption was evaluated and compared to our proposal. Based on our observations, the following conclusions are drawn:

Observation 1		The 24 bit CRC proposal in [2] is observed to generate some UER values beyond 1.5 x 2^-21.
Observation 2	The proposed 24 bit CRC and interleaver does not produce such high UER violations in the simulated results. 
Observation 3	The proposed 24 bit CRC and interleaver can produce better early 
termination gain than the proposal in [2].
Observation 4: The proposed 24 bit CRC and interleaver offers great flexibility to further
 adjust the FAR and ET gains. 
Proposal 1		The proposed 24 bit CRC and interleaver be considered as a candidate to be adopted for NR downlink control channel.  
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