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1. Introduction
In RAN1 NR#90 [1], some specific details of PRACH preamble designs for NR were agreed as follows.
	Agreements:
· For NR PRACH preamble L=839 with SCS = 1.25 kHz, Ncs restricted set type B is supported in addition to restricted set type A
· For NR PRACH preamble L=839 with SCS 5kHz, Ncs restricted set type A and type B are supported
Agreements:
· RACH preamble formats with L = 839 is not supported in over-6 GHz band, and is supported in below-6 GHz
· For short sequence (L = 127/139) based preamble formats, RACH transmission at over-6 GHz band
· supports 60 and 120 kHz subcarrier spacing, and 
· does not support 15 and 30 kHz subcarrier spacing
· For short sequence (L = 127/139) based preamble formats, RACH transmission at below-6 GHz band
· supports 15 and 30 kHz subcarrier spacing, and 
· does not support 60 and 120 kHz subcarrier spacing
Agreements:
· Preamble formats for PRACH with short sequence length support preamble formats A0, C0 and C2 in addition to the agreed formats A1, A2, A3, B1, B2, B3 and B4
· Working assumption on following preamble formats A0, A1, B0, B1, B2, B3, C0, C1
Agreements:
· Same cyclic shift values as defined in LTE is applied for NR PRACH preamble format 0 and 1.
· FFS: Whether same cyclic shift values as defined in LTE can be applied for NR PRACH preamble format 2 and 3, considering parameters (e.g. delay spread, guard time, filter length, etc.)


In this document, we will discuss about remaining issues of PRACH design. To begin with, we discuss whether the restricted set type A and B are needed for short preamble sequences or not. And then, we consider cyclic shift values for remaining long PRACH preamble and short PRACH preambles.

2. PRACH Preamble Generation
2.1. Cyclic shift set configuration for PRACH Preamble with Long Sequence
In this chapter, we will discuss about cyclic shift set for remaining preamble formats 2 and 3 of long preamble sequences and short preamble sequences respectively.

Long preamble sequence: Format 2
NR PRACH forma 0 and 1 are same with LTE format 0 and 3 respectively. However, in case of format 2 (L=839 with SCS = 1.25 kHz), 4 repeated sequences are continuously transmitted so that more energy can be transmitted in PRACH preambles. However, since the length of the sequence and the SCS are the same as those of LTE, All the constraints of sequence generation (doppler effect, CM values, etc.) are same so that the cyclic shift values defined in LTE can be reused. 
Observation 1: In case of format 2, since the length of the sequence and the SCS are the same as those of LTE, All the constraints of sequence generation (doppler effect, CM values, etc.) are same.
Proposal 1: 
· NR PRACH preamble format 2 also uses same cyclic shift values as defined in LTE. 

Long preamble sequence: Format 3 
For format 3, since there is no change in sequence length, the way to simplify design of cyclic shift set is reusing cyclic shift values defined in LTE. 
Observation 2: For format 3, since there is no change in sequence length, the way to simplify design of cyclic shift set is reusing the cyclic shift values defined in LTE. 

Table 1. Ncs for preamble generation in Format3
	Zerocorrelation
ZoneConfig
	Sequence length: 839 / SCS: 5kHz

	
	Unrestricted
	Cell (km)
	Restricted
	Cell (km)

	0
	0
	-
	15
	0.27

	1
	13
	0.2
	18
	0.38

	2
	15
	0.27
	22
	0.52

	3
	18
	0.38
	26
	0.66

	4
	22
	0.52
	32
	0.88

	5
	26
	0.66
	38
	1.09

	6
	32
	0.88
	46
	1.38

	7
	38
	1.09
	55
	1.7

	8
	46
	1.38
	68
	2.16

	9
	59
	1.84
	82
	2.67

	10
	76
	2.45
	100
	3.31

	11
	93
	3.06
	128
	4.31

	12
	119
	3.99
	158
	5.38

	13
	167
	5.7
	202
	6.96

	14
	279
	9.71
	237
	8.21

	15
	419
	14.72
	
	



However, the maximum cell coverage for format 3 is smaller than other preamble formats with same cyclic shift values as shown in Table 1. In that case, there might be a problem with composition of set. For example, it may seem unnecessary to configure small cell such as cyclic shift value from 13(0.2km) to 46(1.38km). That is, since the minimum cell coverage in format 0 (Ncs: 15 for Restricted set case) is 1.363 km, minimum cell radius for format 3 at least might be set to the similar value. There are two ways to solve the problem. The one way is that network selects cyclic shift values flexibly in 16 components according to their circumstance. The other way is reconstitution of cyclic shift set with required values. As an example, unrestricted cyclic shift set and restricted cyclic shift set can be recomposed of {59, 76, 93, 119, 167, 279, 419} and {68, 82, 100, 128, 158, 202, 237}, respectively.
Proposal 2: 
· Reusing the cyclic shift set in LTE for format 3 as it is. If reconfiguration is needed with small number of set, cyclic shift set and restricted cyclic shift set for format 3 are composed of {59 , 76, 93, 119, 167, 279, 419} and {68, 82, 100, 128, 158, 202, 237}, respectively.

2.2. Cyclic shift set for PRACH Preamble with Short Sequence
In last meeting, there was the final agreement of RACH preamble format for short sequence. As a next step, we need to determine the cyclic shift values for RACH resource construction. Figure 1 shows the number of orthogonal preambles according to cyclic shift values, where ‘Quantized set’ corresponds to floor (number of preambles = Nzc/Ncs) and they are listed in Table A1. From quantized set, we can obtain candidate Ncs values used for short preamble sequence, which corresponds to the largest Ncs value among Ncs’s mapped to same preamble number (red line in figure 2). List of candidate Ncs value is {2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 17, 19, 23, 27, 34, 46 and 69}.
Observation 3: For short PRACH preamble, the total number of available cyclic shift value is 20 such as Ncs= {2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 17, 19, 23, 27, 34, 46 and 69}.


Figure 1. Number of orthogonal preambles with various cyclic shift size

Short sequence length: 139 with multiple SCS (15 / 30 / 60 / 120 kHz)
Similar with RACH preamble with long sequence, we can assume 16 Ncs values are used for RACH preamble with short sequence. In this case, we need to choose 15 values among 20 candidate Ncs values described as above. In addition, we assume that one state among 16 values is defined for the case that cyclic shift is not used.
As the first step of the selection of Ncs value, we need to determine the minimum Ncs value corresponding to minimum cell radius supported by NR system. In order to maximize the efficiency of RACH resource usage in small cell, it is proposed that we choose Ncs=4 as minimum value of Ncs where 2 samples are considered as filter length and delay spread. The minimum value corresponds to cell radius 80m and 10m for 15kHz and 120kHz, respectively. Next, 14 cyclic shift values {5, 6, 7, 8, 9, 10, 11, 13, 15, 19, 23, 27, 46, 69} among remaining 19 candidate values are chosen by below two constraints:
1. The step size of cyclic shift gradually increases with increasing cyclic shift values.
2. The step size increases proportionally with slope of the function related with Ncs and the number of orthogonal preamble. That is, under the limited number of configuration set, the step size increases proportionally with the derivative of number of orthogonal preambles with respect to cyclic shift size within restricted region (from minimum value of Ncs to maximum value of Ncs).



Proposal 3: Table described as below is used as cyclic shift set for short PRACH preamble
Table 3. Ncs for preamble generation in short PRACH preamble (For 15 kHz SCS case)
	ZeroCorrelationZoneConfig
	Ncs
	Number of orthogonal preamble
	Cell (km)

	0
	-
	-
	-

	1
	4
	34
	0.08

	2
	5
	27
	0.15

	3
	6
	23
	0.22

	4
	7
	19
	0.29

	5
	8
	17
	0.37

	6
	9
	15
	0.44

	7
	10
	13
	0.51

	8
	11
	12
	0.58

	9
	13
	10
	0.73

	10
	15
	9
	0.87

	11
	19
	7
	1.16

	12
	23
	6
	1.45

	13
	27
	5
	1.73

	14
	46
	3
	3.1

	15
	69
	2
	4.76



In Figure 2, the range of cyclic shift values and their usage with the various preamble formats are demonstrated.

Figure 2. Ncs values and usage with the various preamble formats

2.3. PRACH Orthogonal Code Sequence
With short sequence, the number of cyclic shift version is limited which provides zero cross-correlation between sequences. It means PRACH might experience higher inter-sequence interference due to high cross correlation than before. There are various methods to enhance PRACH performance with improving capacity (number of available preamble). We discuss OCS (Orthogonal Code Sequence) to improve capacity enhancement as one example and it is described in our companion document [3] in detail.
Proposal 4: 
· In order to increase the number of orthogonal resource and/or reduce inter-cell & intra-cell interference between PRACH preambles, an additional method such as OCS (Orthogonal Code Sequence) on the top of PRACH preamble should be considered to solve the problem.

3. Conclusion
In this contribution, we discussed on restricted set for shot PRACH preambles. Also, we considered cyclic shift set for short / long (format 2 and 3) PRACH preambles. As a conclusion, we summary our observations and proposals as follow:
Observation 1: In case of format 2, since the length of the sequence and the SCS are the same as those of LTE, All the constraints of sequence generation (doppler effect, CM values, etc.) are same.
Observation 2: For format 3, since there is no change in sequence length, the way to simplify design of cyclic shift set is reusing the cyclic shift values defined in LTE. 
Observation 3: For short PRACH preamble, the total number of available cyclic shift value is 20 such as Ncs= {2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 17, 19, 23, 27, 34, 46 and 69}.

Proposal 1: 
· NR PRACH preamble format 2 also uses same cyclic shift values as defined in LTE. 
Proposal 2: 
· Reusing the cyclic shift set in LTE for format 3 as it is. If reconfiguration is needed with small number of set, cyclic shift set and restricted cyclic shift set for format 3 are composed of {59 , 76, 93, 119, 167, 279, 419} and {68, 82, 100, 128, 158, 202, 237}, respectively.
Proposal 3: Table described as below is used as cyclic shift set for short PRACH preamble
Table 3. Ncs for preamble generation in short PRACH preamble (For 15 kHz SCS case)
	ZeroCorrelationZoneConfig
	Ncs
	Number of orthogonal preamble
	Cell (km)

	0
	-
	-
	-

	1
	4
	34
	0.08

	2
	5
	27
	0.15

	3
	6
	23
	0.22

	4
	7
	19
	0.29

	5
	8
	17
	0.37

	6
	9
	15
	0.44

	7
	10
	13
	0.51

	8
	11
	12
	0.58

	9
	13
	10
	0.73

	10
	15
	9
	0.87

	11
	19
	7
	1.16

	12
	23
	6
	1.45

	13
	27
	5
	1.73

	14
	46
	3
	3.1

	15
	69
	2
	4.76


Proposal 4: 
· In order to increase the number of orthogonal resource and/or reduce inter-cell & intra-cell interference between PRACH preambles, an additional method such as OCS (Orthogonal Code Sequence) on the top of PRACH preamble should be considered to solve the problem.
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Annex A 
[bookmark: _GoBack]Table A1. Ncs for preamble generation in short PRACH preamble (For 15 kHz SCS case)
	Ncs
	Number of preamble
	Cell (km)
	Ncs
	Number of preamble
	Cell (km)
	Ncs
	Number of preamble
	Cell (km)

	1
	139
	-
	24
	5
	1.52
	47
	2
	3.17

	2
	69
	-
	25
	5
	1.59
	48
	2
	3.24

	3
	46
	0.001
	26
	5
	1.66
	49
	2
	3.32

	4
	34
	0.008
	27
	5
	1.73
	50
	2
	3.39

	5
	27
	0.15
	28
	4
	1.81
	51
	2
	3.46

	6
	23
	0.22
	29
	4
	1.88
	52
	2
	3.53

	7
	19
	0.29
	30
	4
	1.95
	53
	2
	3.6

	8
	17
	0.37
	31
	4
	2.02
	54
	2
	3.68

	9
	15
	0.44
	32
	4
	2.09
	55
	2
	3.75

	10
	13
	0.51
	33
	4
	2.17
	56
	2
	3.82

	11
	12
	0.58
	34
	4
	2.24
	57
	2
	3.89

	12
	11
	0.65
	35
	3
	2.31
	58
	2
	3.96

	13
	10
	0.73
	36
	3
	2.38
	59
	2
	4.04

	14
	9
	0.8
	37
	3
	2.45
	60
	2
	4.11

	15
	9
	0.87
	38
	3
	2.52
	61
	2
	4.18

	16
	8
	0.94
	39
	3
	2.6
	62
	2
	4.25

	17
	8
	1.01
	40
	3
	2.67
	63
	2
	4.32

	18
	7
	1.09
	41
	3
	2.74
	64
	2
	4.4

	19
	7
	1.16
	42
	3
	2.81
	65
	2
	4.47

	20
	6
	1.23
	43
	3
	2.88
	66
	2
	4.54

	21
	6
	1.3
	44
	3
	2.96
	67
	2
	4.61

	22
	6
	1.37
	45
	3
	3.03
	68
	2
	4.68

	23
	6
	1.45
	46
	3
	3.1
	69
	2
	4.76
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