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1. Introduction
In last RAN1 #87 meeting, the polar code was adopted for uplink control channel and became working assumption for downlink control channel [1]. In this contribution we discuss the polar code design issues for NR.

Discussion
Information and Frozen bit selection
The information and frozen bit selection method for polar code is crucial for its performance. Basically, BLER performance is one of the most important measurements for the information and frozen bit selection method. Moreover, it should guaranty fine granularity as well to allow flexible resource allocation for control channel. In this contribution, we compare possible candidates for determining the information and frozen bit selection method for polar code in terms of fine granularity. 
· DE (1): Conventional density evolution method [2]. The information and frozen bit positions are determined at fixed polar code length; 
· DE (2): Take account of puncturing effect on density evolution [3]. The information and frozen bit positions are determined at rate matched bit size.
· DE (3): Take account of puncturing effect on density evolution [3]. The information and frozen bit positions are determined at fixed polar code length; 
· OS: Ordered sequence which is proposed in [4]. The information and frozen bit positions are determined at fixed polar code length; 
Density evolution is well known technique that can be used for information and frozen bit selection for polar code [2]. Also, we can take account of puncturing effect on density evolution to improve the performance of it [3]. Unlike the density evolution, we can use deterministic ordered sequence as well for information and frozen bit selection. In [4], one of the possible methods for designing ordered sequence is proposed which is used in this contribution for evaluation. 
The simulation assumption for channel coding performance evaluation is described as follows:
Table 1 Simulation assumptions for control channel
	Channel
	AWGN

	Modulation
	QPSK

	Coding scheme
	Polar

	Decoding algorithm
	1/3

	Decoding algorithm
	SC, SCL-2, 4, 8

	Info Block length
	16~200

	CRC length
	16



Figure 1~4 show the required SNR to achieve BLER=10-2 for polar code with various information block length. As shown in these figures, DE (2) outperforms other methods for all list size and for all information block length. In case of DE (1) and OS, show similar or worse granularity in large list size, but their granularities are getting worse as smaller list size. In case of DE (3), the information and frozen bit position is determined by density evolution which considers puncturing effect. Unlike the DE (2), DE (3) performs reliability estimation with. The reliability estimation size N can be determined by the rate matching bit size. As shown in Figure 3, DE (3) can guarantee better granularity than DE (1) and OS. 
Based on the simulation results, we can find that the DE (2) can guarantee the finest granularity among the candidates in our consideration. However, DE (2) may not suitable for implementation, because it requires SNR-dependent reliability estimation process. Moreover, DE (2) cannot be constructed in a nested way; the information and frozen bit allocation should be determined for every rate matching bit size. On the other hand, OS structure which is proposed in [4] can serve nested structure for weight sequence. However, granularity is worse than DE (2), especially at small list size. Thus, if ordered sequence method is used for the information and frozen bit selection method, further optimization is required to guarantee more granularity than current method.
Observation 1: When list size is small, DE (1) and OS has worse granularity than DE (2).
Observation 2: For all list size, DE (2) can guarantee the best granularity. However, it requires SNR-dependent reliability estimation process for all rate matching bit size.
Observation 3: DE (3) can serve better granularity than DE (1) and OS, when it used three times reliability estimation points than DE (1).
Proposal 1: To achieve the fine granularity performance, it is required to design the information and frozen bit selection method for polar code
	Alt. 1) Find the most reliable bit position at some polar code length (e.g. DE (3)).
	Alt. 2) Design the new ordered sequence method to improve the granularity performance.

Range of puncturing and repetition
For the rate matching, polar encoder can use either puncturing or repetition as well as conventional channel coding schemes. Likewise the information and frozen bit selection, rate matching method can affect granularity performance for polar code. For the rate matching in polar code, we have to consider the effect of the limitation on encoder input bit size (e.g.). Thus, it is important to determine range of puncturing and repetition to achieve the best BLER performance and fine granularity. 
Figure 5~8 shows the required SNR to achieve BLER=10-2 for polar code with various information block length. In these evaluations, required SNR for target BLER are compared between puncturing and repetition for each information and frozen bit selection methods. As shown Figure 6, puncturing with DE (2) can cover almost information block length region. In other cases, with DE (1), DE (3), and OS, it is required to set the information block length region(or rate matching bit size region) to determine rate matching method to guarantee better BLER performance and granularity.
	
Observation 4: When DE (2) is used for the information and frozen bit selection method, puncturing performs better than repetition in most of cases.
Observation 5: When DE (1), DE (3) or OS is used for the information and frozen bit selection method, rate matching method should be determined to reduce the required SNR to achieve target BLER.


2. Conclusion
In this contribution, we discuss design principles for polar code which should be determined to achieve fine BLER performance and granularity. The observations and proposal of our contributions are as follows:
Observation 1: When list size is small, DE (1) and OS has worse granularity than DE (2).
Observation 2: For all list size, DE (2) can guarantee the best granularity.
Observation 3: DE (3) can serve better granularity than DE (1) and OS, when it used three times reliability estimation points than DE (1).
Proposal 1: To achieve the fine granularity performance, it is required to design the information and frozen bit selection method for polar code
	Alt. 1) Find the most reliable bit position at some polar code length (e.g. DE (3)).
	Alt. 2) Design the new ordered sequence method to improve the granularity performance.
Observation 4: When DE (2) is used for the information and frozen bit selection method, puncturing performs better than repetition in most of cases.
Observation 5: When DE (1), DE (3) or OS is used for the information and frozen bit selection method, rate matching method should be determined to reduce the required SNR to achieve target BLER.
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Appendix: Simulation results

Figure 1  Granularity of DE (1) method


Figure 2  Granularity of DE (2) method



Figure 3  Granularity of DE (3) method

Figure 4  Granularity of OS method
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Figure 5  DE (1) – Puncturing vs Repetition
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Figure 6  DE (2) – Puncturing vs Repetition
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Figure 7  DE (3) – Puncturing vs Repetition
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Figure 8  OS – Puncturing vs Repetition
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Required SNR
DE (1) List1	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	1.81857	1.7352799999999999	1.54162	1.4659899999999999	1.4496100000000001	1.64724	1.41631	1.46495	1.5994900000000001	1.5232699999999999	1.53254	1.66937	1.57904	1.6763600000000001	1.74851	1.468	1.4848300000000001	1.43988	1.40306	1.3385100000000001	1.21214	1.1540699999999999	1.3083800000000001	1.1734599999999999	1.3016799999999999	1.13157	1.01796	1.01231	1.0062599999999999	1.1041700000000001	1.16937	1.2699400000000001	1.1871499999999999	1.2951600000000001	1.27938	1.32741	1.3850800000000001	1.45686	1.4095800000000001	1.4195199999999999	1.47357	1.4824200000000001	1.4500599999999999	1.43574	1.3908199999999999	1.2761	1.1444399999999999	1.13327	1.60121	1.63354	1.5923700000000001	2.0296099999999999	1.4807900000000001	1.4036299999999999	1.1127400000000001	1.02769	0.92195099999999996	0.99403900000000001	0.84549600000000003	0.88884700000000005	0.86090199999999995	0.822627	0.83937799999999996	0.77702000000000004	0.80539499999999997	0.80985099999999999	0.80449199999999998	0.76124999999999998	0.77021799999999996	0.81730700000000001	0.59237200000000001	0.74896200000000002	0.81730700000000001	0.77110699999999999	0.80636300000000005	0.86620799999999998	0.97385500000000003	0.88212999999999997	0.88673299999999999	0.956816	0.87950300000000003	0.93503700000000001	0.92796299999999998	0.96008700000000002	0.96632899999999999	0.97444500000000001	0.98190900000000003	1.04826	1.0332699999999999	1.03678	1.0122599999999999	1.01074	1.0313000000000001	DE (1) List2	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	1.5585100000000001	1.37659	1.2082599999999999	1.3073600000000001	1.27877	1.3392900000000001	1.2187699999999999	1.31576	1.38931	1.34684	1.35978	1.4963500000000001	1.5	1.2881199999999999	1.33144	1.0404599999999999	1.15926	1.13937	1.1431500000000001	1.0562800000000001	1.0706100000000001	1.01044	0.96571399999999996	0.964619	1.03668	0.95115099999999997	0.91203500000000004	0.90407800000000005	0.79790399999999995	1.01166	1.06494	1.12395	1.10684	1.25606	1.17415	1.12584	1.369	1.28972	1.2562800000000001	1.3073600000000001	1.2719499999999999	1.3963300000000001	1.2398	1.1540699999999999	1.25715	1.0862499999999999	0.98941800000000002	0.91543699999999995	1.18336	1.5334000000000001	1.13062	0.96613000000000004	0.87328499999999998	0.85317799999999999	0.84640599999999999	0.73754299999999995	0.73311199999999999	0.71842499999999998	0.67328100000000002	0.77659	0.75162899999999999	0.70451600000000003	0.68837400000000004	0.69316800000000001	0.63729000000000002	0.45202599999999998	0.69005799999999995	0.684643	0.67742000000000002	0.68014399999999997	0.29856700000000003	0.64021600000000001	0.687836	0.620031	0.74557700000000005	0.73052600000000001	0.84104400000000001	0.81407200000000002	0.76004899999999997	0.84709699999999999	0.80650699999999997	0.81607300000000005	0.83937799999999996	0.85515699999999994	0.84868600000000005	0.927674	0.92861099999999996	0.99035499999999999	0.95389999999999997	0.97864799999999996	0.93251499999999998	0.98560199999999998	0.95887900000000004	DE (1) List4	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	1.0357099999999999	0.90073099999999995	0.91140200000000005	0.968862	0.85920700000000005	1.1694599999999999	0.93480700000000005	1.0562800000000001	0.98142099999999999	1.06334	1.0252300000000001	1.1045400000000001	0.98194300000000001	0.86756200000000006	0.99602100000000005	0.81660100000000002	0.78752999999999995	0.88492800000000005	0.86020799999999997	0.690469	0.78679200000000005	0.70389400000000002	0.66334800000000005	0.60055800000000004	0.76858400000000004	0.66936700000000005	0.645119	0.74648400000000004	0.58099699999999999	0.84640599999999999	0.91845699999999997	0.88182700000000003	0.90407800000000005	0.97504000000000002	0.98482999999999998	1.0464899999999999	1.13636	0.94939200000000001	1.07718	1.0464899999999999	1.11371	0.99542600000000003	0.92084200000000005	0.85492000000000001	0.93214300000000005	0.84799899999999995	0.73473999999999995	0.678925	1.0143899999999999	1.1752499999999999	0.73846599999999996	0.59090900000000002	0.55590899999999999	0.57373499999999999	0.54570300000000005	0.50288500000000003	0.52081200000000005	0.51591900000000002	0.48314200000000002	0.52456800000000003	0.5	0.52781	0.49634899999999998	0.44384000000000001	0.47701399999999999	0.46571400000000002	0.51339800000000002	0.44593300000000002	0.45515899999999998	0.55219300000000004	0.41924099999999997	0.49743100000000001	0.51838899999999999	0.49695600000000001	0.58735700000000002	0.57227799999999995	0.64139900000000005	0.57402399999999998	0.57035800000000003	0.63494200000000001	0.62841199999999997	0.64742100000000002	0.65406900000000001	0.70965900000000004	0.71895600000000004	0.81730700000000001	0.74722299999999997	0.87812999999999997	0.781362	0.87212599999999996	0.78778899999999996	0.86332500000000001	0.866699	DE (1) List8	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	0.49542599999999998	0.5	0.51663800000000004	0.57087500000000002	0.47900700000000002	0.75613300000000006	0.658057	0.81730700000000001	0.73957300000000004	0.86000399999999999	0.75369200000000003	0.72862800000000005	0.66801699999999997	0.51560899999999998	0.66638900000000001	0.53392700000000004	0.51852900000000002	0.53838799999999998	0.56512099999999998	0.50929400000000002	0.47268100000000002	0.48406500000000002	0.43188799999999999	0.407806	0.44803799999999999	0.425203	0.324878	0.40409699999999998	0.39764300000000002	0.56735199999999997	0.63635799999999998	0.66595599999999999	0.67625100000000005	0.807361	0.80365699999999995	0.82211400000000001	0.95005600000000001	0.89184699999999995	0.80636300000000005	0.83167500000000005	0.821191	0.68075399999999997	0.57866399999999996	0.59568200000000004	0.62488299999999997	0.56272299999999997	0.44576199999999999	0.44241000000000003	0.711256	0.35351199999999999	0.43468499999999999	0.30965500000000001	0.369286	0.38490600000000003	0.36332500000000001	0.29793500000000001	0.30943799999999999	0.28767199999999998	0.29942800000000003	0.37448399999999998	0.29905199999999998	0.294489	0.34130300000000002	0.26154500000000003	0.259075	0.32382100000000003	0.31664799999999999	0.32712999999999998	0.304336	0.439521	0.25947799999999999	0.24557699999999999	0.40363300000000002	0.35136699999999998	0.42157699999999998	0.38356800000000002	0.44384000000000001	0.441189	0.430392	0.46112399999999998	0.49634899999999998	0.515158	0.58924299999999996	0.532165	0.55592299999999994	0.55768099999999998	0.57257199999999997	0.69216299999999997	0.64433200000000002	0.690469	0.62700199999999995	0.67523900000000003	0.72862800000000005	Info block length
Required SNR
DE (2) List1	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	1.82599	1.68405	1.54162	1.4659899999999999	1.4496100000000001	1.64724	1.41631	1.46495	1.5	1.31084	1.4645699999999999	1.4244300000000001	1.4368099999999999	1.50356	1.40533	1.35978	1.42807	1.3818299999999999	1.37399	1.22489	1.21956	1.1857599999999999	1.11947	1.16116	1.3016799999999999	1.0999699999999999	1.01796	1.01231	1.0062599999999999	1.07402	1.1451199999999999	1.16103	1.18449	1.15377	1.1205799999999999	1.14676	1.12636	1.12985	1.1619999999999999	1.1695199999999999	1.14313	1.11985	1.02616	1.0880700000000001	1.0616099999999999	1.08125	1.0405899999999999	1.0494600000000001	0.96380100000000002	0.947662	0.95686000000000004	0.89764299999999997	0.924647	0.916856	0.94340800000000002	1.02488	0.97935799999999995	0.939253	0.96337099999999998	0.90056000000000003	0.83435199999999998	0.927338	0.80965500000000001	0.80838200000000004	0.85572000000000004	0.86177899999999996	0.80449199999999998	0.845059	0.77021799999999996	0.81730700000000001	0.59237200000000001	0.74896200000000002	0.80779400000000001	0.75715100000000002	0.83607900000000002	0.86620799999999998	0.85572000000000004	0.83299800000000002	0.86601399999999995	0.82458500000000001	0.79087499999999999	0.874533	0.761494	0.84012900000000001	0.78466199999999997	0.87328499999999998	0.95060500000000003	0.91679600000000006	0.82536799999999999	0.791713	0.78767200000000004	0.73644699999999996	0.77788400000000002	DE (2) List2	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	1.4330000000000001	1.3531599999999999	1.2082599999999999	1.3073600000000001	1.27877	1.3392900000000001	1.1403399999999999	1.20957	0.54130900000000004	1.26722	1.3067599999999999	1.28851	1.2286300000000001	1.30985	1.13636	1.1496599999999999	1.20957	1.15781	1.13717	0.99542600000000003	1.1977500000000001	1.0649500000000001	1.09781	1.0581199999999999	1.03668	0.99665899999999996	0.91203500000000004	0.90407800000000005	0.79790399999999995	0.90732999999999997	1.0101899999999999	0.97664099999999998	1.01044	0.99624199999999996	0.98843300000000001	0.96571399999999996	0.978024	0.97482899999999995	1.0213000000000001	0.868807	0.99634900000000004	0.944685	0.85317799999999999	0.98246800000000001	0.98314199999999996	0.85310900000000001	0.82581599999999999	0.89414300000000002	0.69179800000000002	0.83477000000000001	0.76124999999999998	0.79786500000000005	0.78658700000000004	0.79170700000000005	0.91679600000000006	0.78562900000000002	0.74671600000000005	0.78364800000000001	0.77849599999999997	0.78466199999999997	0.75054299999999996	0.75606099999999998	0.69672000000000001	0.663323	0.77849599999999997	0.67625100000000005	0.69005799999999995	0.69084900000000005	0.67742000000000002	0.68014399999999997	0.29856700000000003	0.62750300000000003	0.66116399999999997	0.55922899999999998	0.67634300000000003	0.70752499999999996	0.55850699999999998	0.54649499999999995	0.719387	0.67268899999999998	0.67144000000000004	0.70975900000000003	0.63268599999999997	0.69095600000000001	0.64788199999999996	0.70362400000000003	0.78597300000000003	0.73021199999999997	0.72332799999999997	0.684195	0.69890099999999999	0.60950000000000004	0.54896900000000004	DE (2) List4	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	1.1415299999999999	1.0464899999999999	0.91140200000000005	0.968862	0.85920700000000005	1.1694599999999999	0.50374300000000005	0.91426300000000005	0.96112399999999998	0.968391	0.95830899999999997	0.91703999999999997	0.90837000000000001	0.86192800000000003	0.86000399999999999	0.88789899999999999	0.92806900000000003	0.88637100000000002	0.87212599999999996	0.81532499999999997	0.75613300000000006	0.76414599999999999	0.88984799999999997	0.78364800000000001	0.76858400000000004	0.61947200000000002	0.645119	0.71528899999999995	0.58099699999999999	0.71956200000000003	0.78598900000000005	0.78153600000000001	0.77702000000000004	0.72768299999999997	0.77806600000000004	0.71528899999999995	0.70215799999999995	0.82465500000000003	0.903945	0.73699700000000001	0.77806600000000004	0.83851500000000001	0.67385399999999995	0.75715100000000002	0.753583	0.65754400000000002	0.61623099999999997	0.61018799999999995	0.56496400000000002	0.62750300000000003	0.56549400000000005	0.58704299999999998	0.59560999999999997	0.59292	0.63436199999999998	0.59402100000000002	0.56431500000000001	0.59508899999999998	0.56755299999999997	0.528474	0.55811500000000003	0.56431500000000001	0.51957299999999995	0.54825900000000005	0.56968600000000003	0.51895999999999998	0.51339800000000002	0.50346199999999997	0.45515899999999998	0.55219300000000004	0.413576	0.48227999999999999	0.50664799999999999	0.49705199999999999	0.53026200000000001	0.50589200000000001	0.527138	-2.9446799999999999E-2	0.53944199999999998	0.506077	0.49695600000000001	0.52769500000000003	0.44974599999999998	0.516432	0.44836900000000002	0.50288500000000003	0.59159700000000004	0.58863299999999996	0.579569	0.50901700000000005	0.5	0.47334599999999999	0.51747699999999996	DE (2) List8	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	0.51542100000000002	0.434807	0.51663800000000004	0.57087500000000002	0.47900700000000002	0.75613300000000006	0.5	0.63658300000000001	0.67245299999999997	0.67259199999999997	0.59237200000000001	0.60518300000000003	0.59310799999999997	0.55200499999999997	0.53880099999999997	0.60120799999999996	0.67414499999999999	0.621197	0.54927099999999995	0.52107700000000001	0.54637000000000002	0.45204800000000001	0.57087500000000002	0.5	0.44803799999999999	0.46784100000000001	0.324878	0.40409699999999998	0.39764300000000002	0.47961399999999998	0.60385599999999995	0.53500499999999995	0.50366599999999995	0.45685999999999999	0.57087500000000002	0.48843300000000001	0.53678400000000004	0.53691	0.45204800000000001	0.45965200000000001	0.53254299999999999	0.53130200000000005	0.45672400000000002	0.416466	0.54204600000000003	0.407497	0.48406500000000002	0.47790500000000002	0.297904	0.47480800000000001	0.38917499999999999	0.38883299999999998	0.41792400000000002	0.42900700000000003	0.45972400000000002	0.47213100000000002	0.37305500000000003	0.444685	0.39633200000000002	0.34634599999999999	0.402169	0.41062700000000002	0.349443	0.40056000000000003	0.34699799999999997	0.28946899999999998	0.31664799999999999	0.33171899999999999	0.304336	0.439521	0.212142	0.30105300000000002	0.360684	0.35745100000000002	0.35119099999999998	0.31961899999999999	0.40056000000000003	0.29981400000000002	0.35445500000000002	0.31961899999999999	0.36763000000000001	0.359323	0.27264100000000002	0.34012900000000001	0.25573899999999999	0.349443	0.46480199999999999	0.411935	0.429699	0.301487	0.39472800000000002	0.28718199999999999	0.28798400000000002	Info block length
Required SNR
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