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It was agreed in RAN1 NR Ad-Hoc #2 meeting [1] that for DL, a single CRC polynomial and interleaver scheme should be designed to deliver early termination benefits while achieving the FAR and BLER targets with acceptable complexity and latency. Furthermore, it is a working assumption [1] that the CRC length is 19 bits. 
In this contribution, we provide our proposal on the CRC polynomial and interleaver pattern. Also, the simulation results on BLER, FAR and early termination gain for our proposed CRC polynomial and interleaver pattern are provided. 
2	Discussion
2.1 	 Proposed CRC Polynomial and Interleaver Pattern
A polar code with distributed CRC was proposed in [2], and its performance evaluation, in terms of BLER and FAR, was provided in [3]. The early termination gain achieved by distributed CRC bits is also known. 
It was agreed that for DL, a single CRC polynomial and interleaver scheme should be designed. We provide our proposal on CRC polynomial and interleaver scheme.  
Suppose  information bits are to be encoded by polar code. For DL, the 19 CRC bits will be generated based on these information bits. Our proposed CRC polynomial is 0x9ED45, or 

Let  be the maximum DCI size. We consider the case of . In this case, a total of 219 bits will be input to the interleaver. The interleaver pattern we propose is 

0 1 5 7 10 14 16 18 21 23 24 25 27 28 29 33 34 35 36 38 39 40 45 47 48 52 54 56 57 58 60 61 62 63 66 67 69 70 72 73 79 80 83 86 87 89 91 93 96 97 99 101 102 103 106 107 113 116 121 122 123 126 131 138 139 140 145 149 150 151 159 161 167 168 175 176 177 179 180 182 184 186 187 192 193 194 196 198 207 3 4 11 13 17 22 31 37 41 51 55 71 75 88 90 95 100 110 111 114 115 124 127 128 130 133 136 142 143 144 148 153 155 156 158 163 165 169 174 178 181 189 190 195 199 218 2 9 12 26 44 50 74 84 94 105 109 120 134 137 147 160 162 164 166 170 172 183 188 191 203 30 59 65 68 92 129 132 135 141 152 154 157 173 185 197 200 20 42 49 64 81 82 85 98 104 108 118 125 205 15 32 46 53 112 146 201 6 8 19 43 76 77 78 117 119 171 202 204 206 208 209 210 211 212 213 214 215 216 217

It is preferred to have a nested design for the interleaver. Suppose the actual information bits are . Let  be the output bits from the single CRC generator, where the last 19 bits are appended CRC bits.  We first expand these  bits to  bits as follows: 

                                
,
These expanded bits are passed to the interleaver with pattern shown above. The output bits from the interleaver are denoted by . Remove all the NULL bits from .
2.2 	 Performance Evaluation
Several proposals for a polar code construction scheme have been provided in the email discussion [4]. In order to select an optimal CRC polynomial and interleaver among the candidates, the simulation assumptions and decision metrics have been discussed. Specifically, the number  of information bits without CRC is from the set of {16:8:80, 120, 200}, and the number  of coded bits for transmission is from the set of {96, 192, 384, 768}. 
Due to the time limitation, we do not run the full set of the combinations of and . Only a subset of the  and values were simulated in this contribution. 
Part or all of the distributed CRC bits could be used for tree pruning in the polar decoding process, which could improve the BLER performance [5]. However, the usage of distributed CRC bits for tree pruning will result in the degradation of the FAR performance. Hence, we do not apply the tree pruning scheme in our simulations. Therefore, the BLER performance of our proposed distributed CRC scheme is supposed to be the same as that of the CA-polar scheme with the same CRC bits. 
Figure 1- Figure 4 show the BLER performance for M = 96, 192, 384 and 768, respectively. In the simulations, we use the polar code with the PW sequence [6] and use the CA-SCL (L=8) decoding algorithm. Also, we apply the bit reversal shortening scheme or the simple repetition from the top scheme.
[image: ]
[bookmark: _Ref490576065]Figure 1: BLER performance at M= 96
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Figure 2: BLER performance at M= 192
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Figure 3: BLER performance at M= 384
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[bookmark: _Ref490576067]Figure 4: BLER performance at M= 768
There are two FAR metrics defined [4]. The FAR1 is for the case where random QPSK symbols are sent over an AWGN channel, while a UE detects them as intended data. Specifically, 

The FAR2 is for the case where intended data is not decoded correctly by a UE, but the CRC check is passed. Specifically, 


In this contribution, we only have the simulation results for FAR2. Figure 5-Figure 8 show the FAR2 performance for M = 96, 192, 384 and 768, respectively.
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[bookmark: _Ref490580987]Figure 5: FAR2 performance at M= 96
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Figure 6: FAR2 performance at M= 192
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Figure 7: FAR2 performance at M= 384
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[bookmark: _Ref490580992]Figure 8: FAR2 performance at M= 768
Observation 1: The FAR2 performance of the proposed CRC polynomial and interleaver pattern achieves the FAR target of LTE.
The metrics used for early termination gain was discussed and summarized in [7]. Here, we assume that the frozen bits before the first information bit are not counted for early termination evaluations. The frozen bits after the first information bit are counted for early termination evaluation, with the discount scale . Specifically, we use the following early termination gain metric: 
,
where  is the number of information bits,  is the number of frozen bits,  is the number of un-decoded information bits due to early termination, and  is the number of undecoded frozen bits due to early termination. 
Table 1 shows the ET gain obtained by applying the proposed polar code construction scheme. A maximum of 43% gain is observed. 
[bookmark: _Ref490588839]Table 1: Early termination gain by proposed polar code construction scheme
	
	
	ET Gain with  (%)
	ET Gain with  (%)

	16
	96
	40.2648
	43.6517

	32
	96
	32.6402
	34.9415

	48
	96
	31.5135
	32.4254

	64
	96
	33.7064
	33.8654

	16
	192
	32.0359
	39.1817

	32
	192
	28.9473
	33.4491

	48
	192
	27.1873
	30.4918

	64
	192
	23.6175
	26.4718

	80
	192
	27.3071
	29.4084

	120
	192
	25.2573
	26.1800

	64
	384
	21.1600
	26.0259

	80
	384
	21.4514
	25.8413

	120
	384
	22.3443
	25.9209

	120
	768
	20.1971
	24.5929



Based on the above simulation results, we have the following proposal: 
Proposal 1: Consider the proposed CRC polynomial and interleaver pattern for DL polar code construction. 

3	Conclusion
In this contribution, we proposed a design for a distributed CRC scheme, and provided their BLER, FAR1 and ET gain performance. We have the following observation and proposal:
Observation 1: The FAR2 performance of the proposed CRC polynomial and interleaver pattern achieves the FAR target of LTE.
Proposal 1: Consider the proposed CRC polynomial and interleaver pattern for DL polar code construction. 
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