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For polar code construction for Downlink NR control channels, the following was agreed in RAN1 #90 [1]: 
[bookmark: _GoBack]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
In this contribution, we evaluate the FAR performance according to the working assumption and the agreed next steps.
[bookmark: _Ref477266525]Interleaver of D-CRC
Alignment of D-CRC Interleaver Description
Here we clarify that the interleaver pattern in [3] and the interleaving procedure in the working assumption is the same. The interleaver pattern for nFAR=21 described in [3] is in a natural order to arrange the information bit index. Accordingly, the interleaving procedure in [3] is consistent with this natural bit index order for the input bits. The interleaving procedure in the working assumption is instead based on a reversed bit index from bottom to top. We align the interleaving pattern for nFAR=21 described in [3] with the interleaving procedure defined in the working assumption. The interleaver pattern is shown in Table 1, and the equivalence between the two versions is discussed in Appendix A. 
Table 1. Interleaver pattern
	nFAR
	Polynomial
	Interleaver (Kmax = 200)

	21
	D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1
	199, 197, 196, 194, 193, 191, 188, 187, 186, 183, 180, 179, 177, 175, 171, 167, 166, 164, 162, 161, 160, 159, 158, 157, 155, 153, 152, 150, 149, 145, 144, 142, 140, 139, 137, 135, 132, 130, 125, 120, 119, 115, 114, 113, 111, 108, 105, 97, 94, 90, 89, 88, 86, 85, 83, 81, 80, 78, 77, 74, 73, 72, 70, 69, 68, 67, 63, 62, 58, 57, 56, 52, 51, 50, 48, 46, 44, 41, 38, 35, 33, 31, 29, 28, 26, 24, 21, 20, 19, 17, 16, 13, 12, 10, 7, 5, 1, 0, 200, 198, 195, 192, 190, 185, 182, 178, 176, 174, 170, 165, 163, 156, 154, 151, 148, 143, 141, 138, 136, 134, 131, 129, 124, 118, 112, 110, 107, 104, 96, 93, 87, 84, 82, 79, 76, 71, 66, 61, 55, 49, 47, 45, 43, 40, 37, 34, 32, 30, 27, 25, 23, 18, 15, 11, 9, 6, 4, 201, 189, 184, 181, 173, 169, 147, 133, 128, 123, 117, 109, 106, 103, 95, 92, 75, 65, 60, 54, 42, 39, 36, 22, 14, 8, 3, 202, 172, 168, 146, 127, 122, 116, 102, 91, 64, 59, 53, 2, 203, 126, 121, 101, 204, 100, 205, 99, 206, 98, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223


Observation 1: The natural-order-based nFAR=21 interleaver pattern defined in the working assumption can be equivalently described in a reversed bit index order from bottom to top as described in the working assumption.
FAR Performance Evaluation of Current Interleaver Pattern
The FAR performance for the interleaver pattern is evaluated when the input is an intended codeword, AWGN or random QPSK signal. The simulated SNR range is set up for a BLER target in the range of (0.5, 1). According to the working assumption and the agreements, 100 events should be accumulated to verify the nFAR target against 2-21. The simulation parameters are detailed in Table 2. The results are illustrated in Figure 1. 
Table 2. Simulation parameters for FAR in agreement on next steps
	Channel
	AWGN

	Modulation
	QPSK

	List size
	8

	Information length with CRC
	K=[16:4:100, 120:20:140]+24, 1/8<=K/M<=5/6

	Code length
	M=[96,192,384,768], Nmax=512



Figure 1 shows that for all cases but one the nFAR=21 requirement is met, that is, FAR is below 1.5×2-21. For the single case of (K=100+24, M=192), its FAR approaches to ~2×2-21. Note that when the SNR increases, its FAR will drop below 1.5×2-21.  
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(a) AWNG input                     (b) random QPSK input
[image: ]
(c) Polar codeword input
Figure 1. FAR performance for the interleaver pattern in Table 1, with (a) AWGN, (b) random QPSK and (c) Polar codeword input.
Observation 2: The current nFAR=21 interleaver pattern in the working assumption can be considered to fulfill the FAR requirement.
FAR Performance Evaluation of Adjusted Interleaver Pattern
The current interleaver pattern could be slightly modified without changing the 24-bit CRC polynomial in order to avoid that the single case pointed out in the previous Section (K=100+24, M=192) meets the 1.5×2-21 FAR requirement for a BLER targeted in range of (0.5, 1). This adjusted interleaver pattern is shown in Table 3 and the adjusted part is highlighted in yellow. 
Table 3. Adjusted Interleaver Pattern
	nFAR
	Polynomial
	Interleaver (Kmax = 200)

	21
	D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1
	199, 197, 196, 194, 193, 191, 188, 187, 186, 183, 180, 179, 177, 175, 171, 167, 166, 164, 162, 161, 160, 159, 158, 157, 155, 153, 152, 150, 149, 145, 144, 142, 140, 139, 137, 135, 132, 130, 125, 120, 119, 115, 114, 113, 111, 108, 105, 97, 94, 90, 89, 88, 86, 85, 83, 81, 80, 78, 77, 74, 73, 72, 70, 69, 68, 67, 63, 62, 58, 57, 56, 52, 51, 50, 48, 46, 44, 41, 38, 35, 33, 31, 29, 28, 26, 24, 21, 20, 19, 17, 16, 13, 12, 10, 7, 5, 1, 0, 200, 198, 195, 192, 190, 185, 182, 178, 176, 174, 170, 165, 163, 156, 154, 151, 148, 143, 141, 138, 136, 134, 131, 129, 124, 118, 112, 110, 107, 104, 96, 93, 87, 84, 82, 79, 76, 71, 66, 61, 55, 49, 47, 45, 43, 40, 37, 34, 32, 30, 27, 25, 23, 18, 15, 11, 9, 6, 4, 201, 189, 184, 181, 173, 169, 147, 133, 128, 123, 117, 109, 106, 103, 95, 92, 75, 65, 60, 54, 42, 39, 36, 22, 14, 8, 3, 202, 172, 146, 127, 126, 121, 116, 101, 100, 59, 2, 205, 168, 122, 99, 64, 206, 91, 209, 102, 53, 203, 204, 98, 207, 208, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223



For the usage of this interleaver pattern in case the information bit length K is less than Kmax, the nested sub-interleaver pattern is extracted from the longest one in Table 3 by eliminating the entries equal or larger than K and less than Kmax, and subtracting the remaining entries that are equal or larger than Kmax by an offset (Kmax -K).
Observation 3: For the case that the information bit length K is less than Kmax, the corresponding nested sub-interleaver can be extracted by following steps:
denote  as length (Kmax + Lcrc ) interleaver pattern;
denote  as length (K + Lcrc ) nested sub-interleaver for information bit length K;
i = 0;
for k=0 to Kmax+ Lcrc
	if  < K
		
		i = i + 1;
	else if  >= Kmax
		;
i = i + 1;
	end if
end for
Appendix B shows two resultant sub-interleaver patterns for K=140 and 160 from the longest pattern in Table-3 with the steps presented above. Also we can set them as interleaver pattern for Kmax =140 and Kmax =160 respectively.
We simulated a larger K range and finer granularity than the agreed simulations to verify the FAR performance. The simulation parameters are detailed in Table 4. The simulation results are illustrated in Figure 2.
[bookmark: _Ref485027012]
Table 4. Simulation parameters for the adjusted interleaver pattern
	Channel
	AWGN

	Modulation
	QPSK

	List size
	8

	Information length with CRC
	K=[16:1:100, 105:5:160]+24, K/M<=5/6

	Code length
	M=[96,192,384,768], Nmax=512


[image: ] [image: ] 
(a) AWNG input                     (b) random QPSK input
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(c) Polar codeword input
Figure 2. Fine granularity FAR performance for the adjusted interleaver, with (a)AWGN, (b)random QPSK and (c)Polar codeword input
In addition to the evaluation above, we simulated more cases as listed in Table 5. The results are shown in Figure 3.
Table 5. More cases for the adjusted interleaver pattern
	Information length with CRC
	K=[16:4:100, 120:20:160]+24, K/M<=5/6

	Code length
	M=[96:32:768], Nmax=512


[image: ]
Figure 3. FAR performance for additional code block sizes

Observation 4: The adjusted interleaver pattern can fulfill the FAR requirement.
Based on the results of the extensive simulations of the current and adjusted interleaver patterns, we propose the following:
Proposal 1: Confirm the working assumption with the interleaver pattern in Table 1, or adopt the adjusted interleaver pattern in Table 3.
Conclusion
In this contribution, we evaluate the nFAR =21 interleaver for DL NR control channel according to the working assumption and agreed next steps in [1]. 
Observation 1: The natural-order-based nFAR=21 interleaver pattern defined in the working assumption can be equivalently described in a reversed bit index order from bottom to top as described in the working assumption.
Observation 2: The current nFAR=21 interleaver pattern in the working assumption can be considered to fulfill the FAR requirement.
Observation 3: For the case that the information bit length K is less than Kmax, the corresponding nested sub-interleaver can be extracted by following steps:
denote  as length (Kmax + Lcrc ) interleaver pattern;
denote  as length (K + Lcrc ) nested sub-interleaver for information bit length K;
i = 0;
for k=0 to Kmax+ Lcrc
	if  < K
		
		i = i + 1;
	else if  >= Kmax
		;
		i = i + 1;
	end if
end for

Observation 4: The adjusted interleaver pattern can fulfill the FAR requirement.
Based on the results of the extensive simulations of the current and adjusted interleaver patterns, we propose the following 
Proposal 1: Confirm the working assumption with the clarified interleaver pattern in Table 1 or adopt the adjusted interleaver pattern in Table 3.
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Appendix A
Notations:
Kmax:	Maximum information bit size (not including CRC bit)
: 		Interleaver pattern

For the same input to the interleaver procedure descripted in working assumption [1] and in [3], the output would be the same. The only difference is how to mark the bit index in the interleaver pattern as shown in Figure A.1 and Figure A.2.
· Interleaver procedure and pattern in the working assumption [1]


Figure A.1. Interleaver procedure and corresponding pattern in the working assumption [1]

· The interleaver procedure and pattern in R1-1712167[3]


Figure A.2. Interleaver procedure and corresponding pattern in the R1-1712167[3]

From above, it’s very clear to show that both interleaver procedure are equivalent. For the difference between the interleaver patterns, it can be explained as below:
Denote the interleaver pattern align with the working assumption’s procedure as , and denote the interleaver pattern used in [3] as . Then we have:

If we assume the nFAR=21 interleaver pattern in [3] as , from above formula, we can easily get the  as shown in Table 1.
Appendix B
For Kmax size of 140 and 160, the extracted interleaver from the adjusted one is provided in Table B.1.
Table B.1. Adjusted interleaver pattern with Kmax={140,160}
	nFAR
	Kmax
	Polynomial
	Interleaver

	21
	140
	D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1
	139, 137, 135, 132, 130, 125, 120, 119, 115, 114, 113, 111, 108, 105, 97, 94, 90, 89, 88, 86, 85, 83, 81, 80, 78, 77, 74, 73, 72, 70, 69, 68, 67, 63, 62, 58, 57, 56, 52, 51, 50, 48, 46, 44, 41, 38, 35, 33, 31, 29, 28, 26, 24, 21, 20, 19, 17, 16, 13, 12, 10, 7, 5, 1, 0, 140, 138, 136, 134, 131, 129, 124, 118, 112, 110, 107, 104, 96, 93, 87, 84, 82, 79, 76, 71, 66, 61, 55, 49, 47, 45, 43, 40, 37, 34, 32, 30, 27, 25, 23, 18, 15, 11, 9, 6, 4, 141, 133, 128, 123, 117, 109, 106, 103, 95, 92, 75, 65, 60, 54, 42, 39, 36, 22, 14, 8, 3, 142, 127, 126, 121, 116, 101, 100, 59, 2, 145, 122, 99, 64, 146, 91, 149, 102, 53, 143, 144, 98, 147, 148, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163

	21
	160
	D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1
	159, 158, 157, 155, 153, 152, 150, 149, 145, 144, 142, 140, 139, 137, 135, 132, 130, 125, 120, 119, 115, 114, 113, 111, 108, 105, 97, 94, 90, 89, 88, 86, 85, 83, 81, 80, 78, 77, 74, 73, 72, 70, 69, 68, 67, 63, 62, 58, 57, 56, 52, 51, 50, 48, 46, 44, 41, 38, 35, 33, 31, 29, 28, 26, 24, 21, 20, 19, 17, 16, 13, 12, 10, 7, 5, 1, 0, 160, 156, 154, 151, 148, 143, 141, 138, 136, 134, 131, 129, 124, 118, 112, 110, 107, 104, 96, 93, 87, 84, 82, 79, 76, 71, 66, 61, 55, 49, 47, 45, 43, 40, 37, 34, 32, 30, 27, 25, 23, 18, 15, 11, 9, 6, 4, 161, 147, 133, 128, 123, 117, 109, 106, 103, 95, 92, 75, 65, 60, 54, 42, 39, 36, 22, 14, 8, 3, 162, 146, 127, 126, 121, 116, 101, 100, 59, 2, 165, 122, 99, 64, 166, 91, 169, 102, 53, 163, 164, 98, 167, 168, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183




Appendix C
The adjusted interleaver with bit index in nature order corresponding to the procedure in [3] is also provided in Table C.1, with Kmax size of 140, 160 and 200.
Table C.1. Adjusted interleaver pattern with Kmax={140,160,200}, and bit index in nature order corresponding to the procedure in [3]
	nFAR
	Kmax
	Polynomial
	Interleaver

	21
	140
	D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1
	0, 2, 4, 7, 9, 14, 19, 20, 24, 25, 26, 28, 31, 34, 42, 45, 49, 50, 51, 53, 54, 56, 58, 59, 61, 62, 65, 66, 67, 69, 70, 71, 72, 76, 77, 81, 82, 83, 87, 88, 89, 91, 93, 95, 98, 101, 104, 106, 108, 110, 111, 113, 115, 118, 119, 120, 122, 123, 126, 127, 129, 132, 134, 138, 139, 140, 1, 3, 5, 8, 10, 15, 21, 27, 29, 32, 35, 43, 46, 52, 55, 57, 60, 63, 68, 73, 78, 84, 90, 92, 94, 96, 99, 102, 105, 107, 109, 112, 114, 116, 121, 124, 128, 130, 133, 135, 141, 6, 11, 16, 22, 30, 33, 36, 44, 47, 64, 74, 79, 85, 97, 100, 103, 117, 125, 131, 136, 142, 12, 13, 18, 23, 38, 39, 80, 137, 145, 17, 40, 75, 146, 48, 149, 37, 86, 143, 144, 41, 147, 148, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163

	21
	160
	D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1
	0, 1, 2, 4, 6, 7, 9, 10, 14, 15, 17, 19, 20, 22, 24, 27, 29, 34, 39, 40, 44, 45, 46, 48, 51, 54, 62, 65, 69, 70, 71, 73, 74, 76, 78, 79, 81, 82, 85, 86, 87, 89, 90, 91, 92, 96, 97, 101, 102, 103, 107, 108, 109, 111, 113, 115, 118, 121, 124, 126, 128, 130, 131, 133, 135, 138, 139, 140, 142, 143, 146, 147, 149, 152, 154, 158, 159, 160, 3, 5, 8, 11, 16, 18, 21, 23, 25, 28, 30, 35, 41, 47, 49, 52, 55, 63, 66, 72, 75, 77, 80, 83, 88, 93, 98, 104, 110, 112, 114, 116, 119, 122, 125, 127, 129, 132, 134, 136, 141, 144, 148, 150, 153, 155, 161, 12, 26, 31, 36, 42, 50, 53, 56, 64, 67, 84, 94, 99, 105, 117, 120, 123, 137, 145, 151, 156, 162, 13, 32, 33, 38, 43, 58, 59, 100, 157, 165, 37, 60, 95, 166, 68, 169, 57, 106, 163, 164, 61, 167, 168, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183

	21
	200
	D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1
	0, 2, 3, 5, 6, 8, 11, 12, 13, 16, 19, 20, 22, 24, 28, 32, 33, 35, 37, 38, 39, 40, 41, 42, 44, 46, 47, 49, 50, 54, 55, 57, 59, 60, 62, 64, 67, 69, 74, 79, 80, 84, 85, 86, 88, 91, 94, 102, 105, 109, 110, 111, 113, 114, 116, 118, 119, 121, 122, 125, 126, 127, 129, 130, 131, 132, 136, 137, 141, 142, 143, 147, 148, 149, 151, 153, 155, 158, 161, 164, 166, 168, 170, 171, 173, 175, 178, 179, 180, 182, 183, 186, 187, 189, 192, 194, 198, 199, 200, 1, 4, 7, 9, 14, 17, 21, 23, 25, 29, 34, 36, 43, 45, 48, 51, 56, 58, 61, 63, 65, 68, 70, 75, 81, 87, 89, 92, 95, 103, 106, 112, 115, 117, 120, 123, 128, 133, 138, 144, 150, 152, 154, 156, 159, 162, 165, 167, 169, 172, 174, 176, 181, 184, 188, 190, 193, 195, 201, 10, 15, 18, 26, 30, 52, 66, 71, 76, 82, 90, 93, 96, 104, 107, 124, 134, 139, 145, 157, 160, 163, 177, 185, 191, 196, 202, 27, 53, 72, 73, 78, 83, 98, 99, 140, 197, 205, 31, 77, 100, 135, 206, 108, 209, 97, 146, 203, 204, 101, 207, 208, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223
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