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1 	Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 NR AH#2 meeting, the following agreement was made on Polar code construction and early termination, 
Agreement: 
· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 
· Working assumption that the CRC length is 19 bits, to be finalised as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 
· Longer CRCs will be considered if required to meet the FAR target
· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3
· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
Note: K is the number of payload information bits without CRC or parity bits
Note: nFAR may be zero in some circumstances. 
Note: UE specific scrambling is not precluded and will be considered separately. 
In this paper, we provide details of the DL code construction by providing details of CRC polynomial and interleaver pattern. 
2 	Discussion
The proposed distributed CRC Polar code [1] is constructed as illustrated in the following Figure 1. The CRC bits can be generated by conventional CRC generator. With interleaving, the CRC bits are distributed in the information bits. Then comes the kernel of Polar code encoding. In the Polar decoding step, the tree pruning and early termination can be performed. After a corresponding deinterleaving step, CRC detection is executed. The deinterleaving may be performed in parallel with decoding the successive bits in implementation. Similarly, the interleaving can be performed in parallel with the encoding. 





Figure 1. CRC distributed Polar code transmission flow

2.1 	CRC polynomial
The working assumption we made for CRC length for DL is 19 bits. The proposed CRC polynomial is given as in Table 1. 
Table 1. CRC polynomial
	# CRC bits
	Binary
	Hexadecimal
	Note

	19
	0 b 1 0 0 1 1 1 1 0 1 1 0 1 0 1 0 0 0 1 0 1
	0x9ED45
	First bit is D19. 
D19 + D16 + D15 + D14 + D13 + D11 + D10 + D8 + D6 + D2 + 1



Denote the input to the CRC computation by u0, u1, u2, …, uL-1, and the parity bits by p0, p1, p2, …, p18. The parity bits are generated by the following cyclic generator polynomial (0x9ED45):
gCRC19(D) = [D19 + D16 + D15 + D14 + D13 + D11 + D10 + D8 + D6 + D2 + 1].
The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
 (u0DL+18 + u1DL+17 + … + uL-2D20 + uL-1D19) + (p0D18 + p1D17 + … + p17D1 + p18)
yields a remainder equal to 0 when divided by gCRC19(D). There are other polynomials that can also provide good FAR and ET gains, for example 0xB4625 can also be identified as a potential candidate for DL control. 
2.2 	Nested Interleaver 
The bits after CRC calculation, which will be fed into an interleaver, are denoted by v0, v1, v2, …, vKmax+18, which fulfills:
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+18.
where Kmax denotes the maximum DCI size. 
Then v0, v1, v2, …, vKmax+18 is fed to the interleaver. Denote the output of the interleaver is w0, w1, w2, …, wKmax+18. The relationship between the input and output of the interleaver is as follows:
wk = vΠ(k)		for k = 0, 1, 2, …, Kmax+18,
where the pattern is defined as:
Π(i) = [ provided in section 2.3].
Remove all <NULL>s from w0, w1, w2, …, wKmax+18 and denote the resulting sequence z0, z1, z2, …, zL+18.
Then z0, z1, z2, …, zL+18 is fed to the polar encoder.
2.3 	Interleaver patterns
The interleaving patterns can be optimized to get good ET benefits while satisfying FAR requirements in NR. The following patterns can be identified as good patterns to meet such a requirement. For evaluations, companies may use Pattern 1 as the main proposal. 
Pattern 1: 
62	72	17	105	54	65	137	193	37	127	129	68	71	95	66	3	198	197	70	160	132	126	168	162	157	55	176	139	109	38	50	90	123	24	180	86	16	89	10	144	113	189	94	164	135	179	175	143	69	4	26	185	152	155	96	106	130	181	138	177	114	166	36	74	13	30	186	59	154	21	148	110	99	173	92	142	141	199	192	12	51	147	47	33	87	40	2	188	194	200	98	131	29	165	88	104	58	196	112	128	159	108	9	125	191	91	172	61	73	151	187	35	136	25	146	15	178	156	122	11	39	161	167	184	53	134	23	46	93	32	174	163	153	20	85	67	49	140	64	1	201	150	34	124	158	84	183	171	8	195	133	97	111	48	31	19	190	14	52	63	28	57	145	45	22	121	107	60	103	0	202	120	18	170	102	44	27	182	83	149	56	7	203	76	119	80	77	118	100	42	210	81	6	101	79	43	41	115	169	78	116	82	75	117	5	204	205	206	207	208	209	211	212	213	214	215	216	217	218
Pattern 2: 
2	3	4	10	12	13	16	17	21	24	26	30	33	36	37	38	40	47	50	51	54	55	59	62	65	66	68	69	70	71	72	74	86	87	89	90	92	94	95	96	99	105	106	109	110	113	114	123	126	127	129	130	132	135	137	138	139	141	142	143	144	147	148	152	154	155	157	160	162	164	166	168	173	175	176	177	179	180	181	185	186	188	189	192	193	194	197	198	199	200	1	9	11	15	20	23	25	29	32	35	39	46	49	53	58	61	64	67	73	85	88	91	93	98	104	108	112	122	125	128	131	134	136	140	146	151	153	156	159	161	163	165	167	172	174	178	184	187	191	196	201	0	8	14	19	22	28	31	34	45	48	52	57	60	63	84	97	103	107	111	121	124	133	145	150	158	171	183	190	195	202	7	18	27	44	56	83	102	120	149	170	182	203	42	76	77	80	100	118	119	210	5	6	41	43	75	78	79	81	82	101	115	116	117	169	204	205	206	207	208	209	211	212	213	214	215	216	217	218

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

3	Conclusion
In this contribution, we provided details of single CRC + interleaver for the polar code construction. 
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