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1. Introduction
In this contribution, we address the observation on the ambiguity of preamble reception at gNB side caused by large transmission delay, discuss potential solutions and impact on RACH capacity.  
2. Discussion
2.1. Ambiguity on preamble reception 
It’s captured in TS 38821 that transmission delay in NTN can be up to 541.14 ms (GEO) and 25.76 ms (LEO), with up to 16 ms (GEO) and 4.44 ms (LEO) differential delay separately, where differential delay equals to minimum one way delay minus maximum one way delay. 
Observation 1: The differential delay within a satellite beam in Non-GEO can be up to 4.44 ms while for Non-GEO can be up to 16 ms.
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Such significant transmission delay might lead to the case where preambles transmitted in two consecutive ROs with interval less than 2*maximum differential delay can fall within the same preamble processing window at gNB side as depicted in Figure 1. Therefore gNB can not determine the exact RO in which received preambles were transmitted. If gNB can not identify in which RO the received preamble is transmitted on, then gNB is unable to estimate the correct timing advance, leading to uncertain behavior in both UE and gNB side. 
Based on the current specs, the ambiguity of preamble reception can only be avoided by the configuration of RACH resource, in which case the NW ensure the time interval between two consecutive RO is larger than the maximum delay difference*2 within the cell, which is 32 ms considering the worst case in GEO. Referring to Table 6.3.3.2-2 to Table 6.3.3.2-2 in TS 38.821, only limited PRACH configuration can meet the requirement on RO interval at time domain, e.g. the PRACH index highlighted in yellow in Annex 1, which can significantly impact the RACH density to be supported in time domain. Therefore, an analysis on RACH capacity taking into account the restriction above restriction is given in following section. 
Observation 2: Insufficient time interval between two consecutive ROs will lead to ambiguity of preamble reception at gNB side, which can be resolved based on network implementation, by configuring consecutive ROs with time interval larger than maximum delay difference*2.  
2.2. RACH capacity in current NR specifications
The capacity of RACH is determined by sparsity of time and frequency resources, which is configured by higher-layer parameters prach-ConfigurationIndex and msg1-FDM defined in TS 38.331. Considering the worst case in GEO where the time interval of consecutive ROs can be larger than 32 ms, according to Table 6.3.3.2-2 to Table 6.3.3.2-3 in TS 38211, the max PRACH density in time domain for “FR1 and paired spectrum” and “FR1 and unpaired spectrum” is 0.025 number/ms among the PRACH configuration that meets this requirement, while no PRACH configuration in “FR2 and paired spectrum” can provide such large time interval.

Assuming msg1-FDM is 8 and all 64 preambles are used for contention-based RACH, then we can obtain the maximum RACH attempts supported per cell with , and the user density supported for “FR1 and paired spectrum” and “FR1 and unpaired spectrum” as given in following tables. (The details of the calculation is provided in Annex 2)

Table 1. Maximum RACH attempts supported per cell, with 
	FR1/FR2 and spectrum type
	Max RACH attempt supported
 (attempts/second/cell)

	FR1 and paired spectrum
	-12800*ln(1-0.01) = 128.64

	FR1 and unpaired spectrum
	-12800*ln(1-0.01) = 128.64



Table 2. User density supported for “FR1 and paired spectrum” and “FR1 and unpaired spectrum”
	Cell coverage
(km2)
	User density can be supported
(UE number/km2)

	
	RACH requirement per UE = 0.001667
attempts per second
	RACH requirement per UE = 0.0001667
attempts per second
	RACH requirement per UE = 0.00001667
attempts per second

	10000
	7.7
	77.2
	771.7 

	50000
	1.5
	15.4
	154.3

	100000
	0.8
	7.7
	77.2

	400000
	0.2
	1.9
	19.3

	800000
	0.1
	1.0
	9.6



Based on the table above, it can be observed that the solution based on RO configuration will decrease the RACH capacity significantly, leading to very limited user density in NTN, which is not future proof for supporting IoT service.
Observation 3: If the NW ensure the time interval between two consecutive RO is larger than the Maximum delay difference*2 based on PRACH configuration, then the RACH capacity will decrease significantly,  leading to very limited user density in NTN, which is not future proof for supporting IoT service.
Proposal 1: RAN2 is kindly asked to confirm the issue that, based on the current specs, the RACH capacity in NTN can not be satisfied in case the Maximum delay difference is large.
Proposal 2: Agree the text proposal provided, which captures the observation on ambiguity on preamble reception as well as the analysis on RACH capacity.
3. Conclusion and proposals
With the above analysis, we have the following observation and proposals:
Observation 1: The differential delay within a satellite beam in Non-GEO can be up to 4.44 ms while for Non-GEO can be up to 16 ms.
Observation 2: Insufficient time interval between two consecutive ROs will lead to ambiguity of preamble reception at gNB side, which can be resolved based on network implementation, by configuring consecutive ROs with time interval larger than maximum delay difference*2.  
Observation 3: If the NW ensure the time interval between two consecutive RO is larger than the Maximum delay difference*2 based on PRACH configuration, then the RACH capacity will decrease significantly, leading to very limited user density in NTN, which is not future proof for supporting IoT service.
Proposal 1: RAN2 is kindly asked to confirm the issue that, based on the current specs, the RACH capacity in NTN can not be satisfied in case the Maximum delay difference is large.
Proposal 2: Agree the text proposal provided, which captures the observation on ambiguity on preamble reception as well as the analysis on RACH capacity.

4. Text Proposal
/* Text unchanged omitted /*
7.2.1.1	Random Access
/* Text unchanged omitted /*
7.2.1.1.3		 RACH Capacity
Problem statement
Due to the significant transmission delay in NTN, preambles transmitted in two consecutive ROs with interval less than 2*maximum differential delay can fall within the same preamble processing window. Therefore gNB can not determine from which RO the received preambles were transmitted, which makes it unable to estimate the correct timing advance, leading to uncertain behavior in both UE and gNB side. 
The ambiguity of preamble reception can be resolved if the network ensures the time interval between two consecutive ROs is larger than the Maximum delay difference based on PRACH configuration. Considering the worst case in GEO, the time interval of consecutive ROs can be larger than 32 ms. According to Table 6.3.3.2-2 to Table 6.3.3.2-3 in TS 38211, the max PRACH density in time domain for “FR1 and paired spectrum” and “FR1 and unpaired spectrum” is 0.025 number/ms among the PRACH configuration that meets this requirement, while no PRACH configuration in “FR2 and paired spectrum” can provide such large time interval.

Assuming msg1-FDM is 8 and all 64 preambles are used for contention-based RACH, then we can obtain the maximum RACH attempts supported per cell with [4] and the user density can be supported for “FR1 and paired spectrum” and “FR1 and unpaired spectrum” as given in the following tables.

Table 1. Maximum RACH attempts supported per cell, with 
	FR1/FR2 and spectrum type
	Max RACH attempt supported
(attempts/second/cell)

	FR1 and paired spectrum
	-12800*ln(1-0.01) = 128.64

	FR1 and unpaired spectrum
	-12800*ln(1-0.01) = 128.64



Table 2. User density supported for “FR1 and paired spectrum” and “FR1 and unpaired spectrum”
	Cell coverage
(km2)
	User density can be supported
(UE number/km2)

	
	RACH requirement per UE = 0.001667
attempts per second
	RACH requirement per UE = 0.0001667
attempts per second
	RACH requirement per UE = 0.00001667
attempts per second

	10000
	7.7
	77.2
	771.7

	50000
	1.5
	15.4
	154.3

	100000
	0.8
	7.7
	77.2

	400000
	0.2
	1.9
	19.3

	800000
	0.1
	1.0
	9.6



Based on the figures in Table 2 , it can be observed that the solution based on RO configuration will decrease the RACH capacity significantly, leading to very limited user density in NTN, which is not future proof for supporting IoT service.





5. References
[1] R2-1903391,Consideration on Random Access for NTN, ZTE
[2] TS 38.331, NR - Radio Resource Control (RRC) protocol specification, R15
[3] TR 38.811, Study on New Radio (NR) to support non terrestrial networks, R15
[4] R1-061369, LTE random-access capacity and collision probability, Ericsson
[5] R1-1709895, NR-PRACH formats: capacity enhancements and other use cases, ZTE


6. Annex2: PRACH configuration in TS 38.821
Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.
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	Starting symbol
	Number of PRACH slots within a subframe
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	0
	0
	16
	1
	1
	0
	-
	-
	0

	1
	0
	16
	1
	4
	0
	-
	-
	0

	2
	0
	16
	1
	7
	0
	-
	-
	0

	3
	0
	16
	1
	9
	0
	-
	-
	0

	4
	0
	8
	1
	1
	0
	-
	-
	0

	5
	0
	8
	1
	4
	0
	-
	-
	0

	6
	0
	8
	1
	7
	0
	-
	-
	0

	7
	0
	8
	1
	9
	0
	-
	-
	0

	8
	0
	4
	1
	1
	0
	-
	-
	0

	9
	0
	4
	1
	4
	0
	-
	-
	0

	10
	0
	4
	1
	7
	0
	-
	-
	0

	11
	0
	4
	1
	9
	0
	-
	-
	0

	12
	0
	2
	1
	1
	0
	-
	-
	0

	13
	0
	2
	1
	4
	0
	-
	-
	0

	14
	0
	2
	1
	7
	0
	-
	-
	0

	15
	0
	2
	1
	9
	0
	-
	-
	0

	16
	0
	1
	0
	1
	0
	-
	-
	0

	17
	0
	1
	0
	4
	0
	-
	-
	0

	18
	0
	1
	0
	7
	0
	-
	-
	0

	19
	0
	1
	0
	1,6
	0
	-
	-
	0

	20
	0
	1
	0
	2,7
	0
	-
	-
	0

	21
	0
	1
	0
	3,8
	0
	-
	-
	0

	22
	0
	1
	0
	1,4,7
	0
	-
	-
	0

	23
	0
	1
	0
	2,5,8
	0
	-
	-
	0

	24
	0
	1
	0
	3, 6, 9
	0
	-
	-
	0

	25
	0
	1
	0
	0,2,4,6,8
	0
	-
	-
	0

	26
	0
	1
	0
	1,3,5,7,9
	0
	-
	-
	0

	27
	0
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	-
	-
	0

	28
	1
	16
	1
	1
	0
	-
	-
	0

	29
	1
	16
	1
	4
	0
	-
	-
	0

	30
	1
	16
	1
	7
	0
	-
	-
	0

	31
	1
	16
	1
	9
	0
	-
	-
	0

	32
	1
	8
	1
	1
	0
	-
	-
	0

	33
	1
	8
	1
	4
	0
	-
	-
	0

	34
	1
	8
	1
	7
	0
	-
	-
	0

	35
	1
	8
	1
	9
	0
	-
	-
	0

	36
	1
	4
	1
	1
	0
	-
	-
	0

	37
	1
	4
	1
	4
	0
	-
	-
	0

	38
	1
	4
	1
	7
	0
	-
	-
	0

	39
	1
	4
	1
	9
	0
	-
	-
	0

	40
	1
	2
	1
	1
	0
	-
	-
	0

	41
	1
	2
	1
	4
	0
	-
	-
	0

	42
	1
	2
	1
	7
	0
	-
	-
	0

	43
	1
	2
	1
	9
	0
	-
	-
	0

	44
	1
	1
	0
	1
	0
	-
	-
	0

	45
	1
	1
	0
	4
	0
	-
	-
	0

	46
	1
	1
	0
	7
	0
	-
	-
	0

	47
	1
	1
	0
	1,6
	0
	-
	-
	0

	48
	1
	1
	0
	2,7
	0
	-
	-
	0

	49
	1
	1
	0
	3,8
	0
	-
	-
	0

	50
	1
	1
	0
	1,4,7
	0
	-
	-
	0

	51
	1
	1
	0
	2,5,8
	0
	-
	-
	0

	52
	1
	1
	0
	3,6,9
	0
	-
	-
	0

	53
	2
	16
	1
	1
	0
	-
	-
	0

	54
	2
	8
	1
	1
	0
	-
	-
	0

	55
	2
	4
	0
	1
	0
	-
	-
	0

	56
	2
	2
	0
	1
	0
	-
	-
	0

	57
	2
	2
	0
	5
	0
	-
	-
	0

	58
	2
	1
	0
	1
	0
	-
	-
	0

	59
	2
	1
	0
	5
	0
	-
	-
	0

	60
	3
	16
	1
	1
	0
	-
	-
	0

	61
	3
	16
	1
	4
	0
	-
	-
	0

	62
	3
	16
	1
	7
	0
	-
	-
	0

	63
	3
	16
	1
	9
	0
	-
	-
	0

	64
	3
	8
	1
	1
	0
	-
	-
	0

	65
	3
	8
	1
	4
	0
	-
	-
	0

	66
	3
	8
	1
	7
	0
	-
	-
	0

	67
	3
	4
	1
	1
	0
	-
	-
	0

	68
	3
	4
	1
	4
	0
	-
	-
	0

	69
	3
	4
	1
	7
	0
	-
	-
	0

	70
	3
	4
	1
	9
	0
	-
	-
	0

	71
	3
	2
	1
	1
	0
	-
	-
	0

	72
	3
	2
	1
	4
	0
	-
	-
	0

	73
	3
	2
	1
	7
	0
	-
	-
	0

	74
	3
	2
	1
	9
	0
	-
	-
	0

	75
	3
	1
	0
	1
	0
	-
	-
	0

	76
	3
	1
	0
	4
	0
	-
	-
	0

	77
	3
	1
	0
	7
	0
	-
	-
	0

	78
	3
	1
	0
	1,6
	0
	-
	-
	0

	79
	3
	1
	0
	2,7
	0
	-
	-
	0

	80
	3
	1
	0
	3,8
	0
	-
	-
	0

	81
	3
	1
	0
	1,4,7
	0
	-
	-
	0

	82
	3
	1
	0
	2,5,8
	0
	-
	-
	0

	83
	3
	1
	0
	3, 6, 9
	0
	-
	-
	0

	84
	3
	1
	0
	0,2,4,6,8
	0
	-
	-
	0

	85
	3
	1
	0
	1,3,5,7,9
	0
	-
	-
	0

	86
	3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	-
	-
	0

	87
	A1
	16
	0
	4,9
	0
	1
	6
	2

	88
	A1
	16
	1
	4
	0
	2
	6
	2

	89
	A1
	8
	0
	4,9
	0
	1
	6
	2

	90
	A1
	8
	1
	4
	0
	2
	6
	2

	91
	A1
	4
	0
	4,9
	0
	1
	6
	2

	92
	A1
	4
	1
	4,9
	0
	1
	6
	2

	93
	A1
	4
	0
	4
	0
	2
	6
	2

	94
	A1
	2
	0
	4,9
	0
	1
	6
	2

	95
	A1
	2
	0
	1
	0
	2
	6
	2

	96
	A1
	2
	0
	4
	0
	2
	6
	2

	97
	A1
	2
	0
	7
	0
	2
	6
	2

	98
	A1
	1
	0
	4
	0
	1
	6
	2

	99
	A1
	1
	0
	1,6
	0
	1
	6
	2

	100
	A1
	1
	0
	4,9
	0
	1
	6
	2

	101
	A1
	1
	0
	1
	0
	2
	6
	2

	102
	A1
	1
	0
	7
	0
	2
	6
	2

	103
	A1
	1
	0
	2,7
	0
	2
	6
	2

	104
	A1
	1
	0
	1,4,7
	0
	2
	6
	2

	105
	A1
	1
	0
	0,2,4,6,8
	0
	2
	6
	2

	106
	A1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	6
	2

	107
	A1
	1
	0
	1,3,5,7,9
	0
	2
	6
	2

	108
	A1/B1
	2
	0
	4,9
	0
	1
	7
	2

	109
	A1/B1
	2
	0
	4
	0
	2
	7
	2

	110
	A1/B1
	1
	0
	4
	0
	1
	7
	2

	111
	A1/B1
	1
	0
	1,6
	0
	1
	7
	2

	112
	A1/B1
	1
	0
	4,9
	0
	1
	7
	2

	113
	A1/B1
	1
	0
	1
	0
	2
	7
	2

	114
	A1/B1
	1
	0
	7
	0
	2
	7
	2

	115
	A1/B1
	1
	0
	1,4,7
	0
	2
	7
	2

	116
	A1/B1
	1
	0
	0,2,4,6,8
	0
	2
	7
	2

	117
	A2
	16
	1
	2,6,9
	0
	1
	3
	4

	118
	A2
	16
	1
	4
	0
	2
	3
	4

	119
	A2
	8
	1
	2,6,9
	0
	1
	3
	4

	120
	A2
	8
	1
	4
	0
	2
	3
	4

	121
	A2
	4
	0
	2,6,9
	0
	1
	3
	4

	122
	A2
	4
	0
	4
	0
	2
	3
	4

	123
	A2
	2
	1
	2,6,9
	0
	1
	3
	4

	124
	A2
	2
	0
	1
	0
	2
	3
	4

	125
	A2
	2
	0
	4
	0
	2
	3
	4

	126
	A2
	2
	0
	7
	0
	2
	3
	4

	127
	A2
	1
	0
	4
	0
	1
	3
	4

	128
	A2
	1
	0
	1,6
	0
	1
	3
	4

	129
	A2
	1
	0
	4,9
	0
	1
	3
	4

	130
	A2
	1
	0
	1
	0
	2
	3
	4

	131
	A2
	1
	0
	7
	0
	2
	3
	4

	132
	A2
	1
	0
	2,7
	0
	2
	3
	4

	133
	A2
	1
	0
	1,4,7
	0
	2
	3
	4

	134
	A2
	1
	0
	0,2,4,6,8
	0
	2
	3
	4

	135
	A2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	3
	4

	136
	A2
	1
	0
	1,3,5,7,9
	0
	2
	3
	4

	137
	A2/B2
	2
	1
	2,6,9
	0
	1
	3
	4

	138
	A2/B2
	2
	0
	4
	0
	2
	3
	4

	139
	A2/B2
	1
	0
	4
	0
	1
	3
	4

	140
	A2/B2
	1
	0
	1,6
	0
	1
	3
	4

	141
	A2/B2
	1
	0
	4,9
	0
	1
	3
	4

	142
	A2/B2
	1
	0
	1
	0
	2
	3
	4

	143
	A2/B2
	1
	0
	7
	0
	2
	3
	4

	144
	A2/B2
	1
	0
	1,4,7
	0
	2
	3
	4

	145
	A2/B2
	1
	0
	0,2,4,6,8
	0
	2
	3
	4

	146
	A2/B2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	3
	4

	147
	A3
	16
	1
	4,9
	0
	1
	2
	6

	148
	A3
	16
	1
	4
	0
	2
	2
	6

	149
	A3
	8
	1
	4,9
	0
	1
	2
	6

	150
	A3
	8
	1
	4
	0
	2
	2
	6

	151
	A3
	4
	0
	4,9
	0
	1
	2
	6

	152
	A3
	4
	0
	4
	0
	2
	2
	6

	153
	A3
	2
	1
	2,6,9
	0
	2
	2
	6

	154
	A3
	2
	0
	1
	0
	2
	2
	6

	155
	A3
	2
	0
	4
	0
	2
	2
	6

	156
	A3
	2
	0
	7
	0
	2
	2
	6

	157
	A3
	1
	0
	4
	0
	1
	2
	6

	158
	A3
	1
	0
	1,6
	0
	1
	2
	6

	159
	A3
	1
	0
	4,9
	0
	1
	2
	6

	160
	A3
	1
	0
	1
	0
	2
	2
	6

	161
	A3
	1
	0
	7
	0
	2
	2
	6

	162
	A3
	1
	0
	2,7
	0
	2
	2
	6

	163
	A3
	1
	0
	1,4,7
	0
	2
	2
	6

	164
	A3
	1
	0
	0,2,4,6,8
	0
	2
	2
	6

	165
	A3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	2
	6

	166
	A3
	1
	0
	1,3,5,7,9
	0
	2
	2
	6

	167
	A3/B3
	2
	1
	2,6,9
	0
	2
	2
	6

	168
	A3/B3
	2
	0
	4
	0
	2
	2
	6

	169
	A3/B3
	1
	0
	4
	0
	1
	2
	6

	170
	A3/B3
	1
	0
	1,6
	0
	1
	2
	6

	171
	A3/B3
	1
	0
	4,9
	0
	1
	2
	6

	172
	A3/B3
	1
	0
	1
	0
	2
	2
	6

	173
	A3/B3
	1
	0
	7
	0
	2
	2
	6

	174
	A3/B3
	1
	0
	1,4,7
	0
	2
	2
	6

	175
	A3/B3
	1
	0
	0,2,4,6,8
	0
	2
	2
	6

	176
	A3/B3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	2
	6

	177
	B1
	16
	0
	4,9
	0
	1
	7
	2

	178
	B1
	16
	1
	4
	0
	2
	7
	2

	179
	B1
	8
	0
	4,9
	0
	1
	7
	2

	180
	B1
	8
	1
	4
	0
	2
	7
	2

	181
	B1
	4
	0
	4,9
	0
	1
	7
	2

	182
	B1
	4
	1
	4,9
	0
	1
	7
	2

	183
	B1
	4
	0
	4
	0
	2
	7
	2

	184
	B1
	2
	0
	4,9
	0
	1
	7
	2

	185
	B1
	2
	0
	1
	0
	2
	7
	2

	186
	B1
	2
	0
	4
	0
	2
	7
	2

	187
	B1
	2
	0
	7
	0
	2
	7
	2

	188
	B1
	1
	0
	4
	0
	1
	7
	2

	189
	B1
	1
	0
	1,6
	0
	1
	7
	2

	190
	B1
	1
	0
	4,9
	0
	1
	7
	2

	191
	B1
	1
	0
	1
	0
	2
	7
	2

	192
	B1
	1
	0
	7
	0
	2
	7
	2

	193
	B1
	1
	0
	2,7
	0
	2
	7
	2

	194
	B1
	1
	0
	1,4,7
	0
	2
	7
	2

	195
	B1
	1
	0
	0,2,4,6,8
	0
	2
	7
	2

	196
	B1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	7
	2

	197
	B1
	1
	0
	1,3,5,7,9
	0
	2
	7
	2

	198
	B4
	16
	0
	4,9
	0
	2
	1
	12

	199
	B4
	16
	1
	4
	0
	2
	1
	12

	200
	B4
	8
	0
	4,9
	0
	2
	1
	12

	201
	B4
	8
	1
	4
	0
	2
	1
	12

	202
	B4
	4
	0
	4,9
	0
	2
	1
	12

	203
	B4
	4
	0
	4
	0
	2
	1
	12

	204
	B4
	4
	1
	4,9
	0
	2
	1
	12

	205
	B4
	2
	0
	4,9
	0
	2
	1
	12

	206
	B4
	2
	0
	1
	0
	2
	1
	12

	207
	B4
	2
	0
	4
	0
	2
	1
	12

	208
	B4
	2
	0
	7
	0
	2
	1
	12

	209
	B4
	1
	0
	1
	0
	2
	1
	12

	210
	B4
	1
	0
	4
	0
	2
	1
	12

	211
	B4
	1
	0
	7
	0
	2
	1
	12

	212
	B4
	1
	0
	1,6
	0
	2
	1
	12

	213
	B4
	1
	0
	2,7
	0
	2
	1
	12

	214
	B4
	1
	0
	4,9
	0
	2
	1
	12

	215
	B4
	1
	0
	1,4,7
	0
	2
	1
	12

	216
	B4
	1
	0
	0,2,4,6,8
	0
	2
	1
	12

	217
	B4
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	1
	12

	218
	B4
	1
	0
	1,3,5,7,9
	0
	2
	1
	12

	219
	C0
	8
	1
	4
	0
	2
	7
	2

	220
	C0
	4
	1
	4,9
	0
	1
	7
	2

	221
	C0
	4
	0
	4
	0
	2
	7
	2

	222
	C0
	2
	0
	4,9
	0
	1
	7
	2

	223
	C0
	2
	0
	1
	0
	2
	7
	2

	224
	C0
	2
	0
	4
	0
	2
	7
	2

	225
	C0
	2
	0
	7
	0
	2
	7
	2

	226
	C0
	1
	0
	4
	0
	1
	7
	2

	227
	C0
	1
	0
	1,6
	0
	1
	7
	2

	228
	C0
	1
	0
	4,9
	0
	1
	7
	2

	229
	C0
	1
	0
	1
	0
	2
	7
	2

	230
	C0
	1
	0
	7
	0
	2
	7
	2

	231
	C0
	1
	0
	2,7
	0
	2
	7
	2

	232
	C0
	1
	0
	1,4,7
	0
	2
	7
	2

	233
	C0
	1
	0
	0,2,4,6,8
	0
	2
	7
	2

	234
	C0
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	7
	2

	235
	C0
	1
	0
	1,3,5,7,9
	0
	2
	7
	2

	236
	C2
	16
	1
	4,9
	0
	1
	2
	6

	237
	C2
	16
	1
	4
	0
	2
	2
	6

	238
	C2
	8
	1
	4,9
	0
	1
	2
	6

	239
	C2
	8
	1
	4
	0
	2
	2
	6

	240
	C2
	4
	0
	4,9
	0
	1
	2
	6

	241
	C2
	4
	0
	4
	0
	2
	2
	6

	242
	C2
	2
	1
	2,6,9
	0
	2
	2
	6

	243
	C2
	2
	0
	1
	0
	2
	2
	6

	244
	C2
	2
	0
	4
	0
	2
	2
	6

	245
	C2
	2
	0
	7
	0
	2
	2
	6

	246
	C2
	1
	0
	4
	0
	1
	2
	6

	247
	C2
	1
	0
	1,6
	0
	1
	2
	6

	248
	C2
	1
	0
	4,9
	0
	1
	2
	6

	249
	C2
	1
	0
	1
	0
	2
	2
	6

	250
	C2
	1
	0
	7
	0
	2
	2
	6

	251
	C2
	1
	0
	2,7
	0
	2
	2
	6

	252
	C2
	1
	0
	1,4,7
	0
	2
	2
	6

	253
	C2
	1
	0
	0,2,4,6,8
	0
	2
	2
	6

	254
	C2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	2
	6

	255
	C2
	1
	0
	1,3,5,7,9
	0
	2
	2
	6



7. Annex1: Calculation of RACH capacity and user density
· For FR1 and paired spectrum :
Table 1. Max PRACH density in time domain, for FR1 and paired spectrum/supplementary uplink
	Preamble format
	PRACH Configuration Index
	Max PRACH density in time domain (number/ms)

	0
	8
	0.025

	1
	36
	0.025

	2
	55
	0.025



· For FR1 and unpaired spectrum :
Table 2. Max PRACH density in time domain, for FR1 and unpaired spectrum
	Preamble format
	PRACH Configuration Index
	Max PRACH density in time domain (number/ms)

	0
	2
	0.025

	1
	30
	0.025

	2
	36
	0.025


(Noted that above table only gives some feasible examples, not all PARCH configuration suitable is provided. )
For FR2 and unpaired spectrum, not suitable PRACH configuration can satisfy the condition that RO allocation within the time domain is larger than 16 ms. 
To simplify analysis, assuming FDM is 8 and all 64 preamble used for CBRA. Thus we obtain:
Table 3. Summary of max PRACH density in time/freq domain
	FR1/FR2 and spectrum type
	Max PRACH density in time/frequency domain
(number/second)

	FR1 and paired spectrum/supplementary uplink
	0.025*8*1000*64 = 12800

	FR1 and unpaired spectrum
	0.025*8*1000*64 = 12800





The collision probability can be expressed as  according to [4]. In this formula,  is the total number of RACH opportunities per second (corresponding to values in Table 3), and  is the RACH attempt density with unit of attempts/second/cell. To achieve a reasonable collision probability, e.g., , supportable RACH attempt density is calculated as in Table 4.

Table 4. Maximum RACH attempts supported per cell, with 
	FR1/FR2 and spectrum type
	Max RACH attempt supported
 (attempts/second/cell)

	FR1 and paired spectrum
	-12800*ln(1-0.01) = 128.64

	FR1 and unpaired spectrum
	-12800*ln(1-0.01) = 128.64



With the “Max RACH attempt supported per cell” calculated in Table 4, the maximum UE density supported should fulfill the equation as follows:
“cell coverage” * “user density” * “RACH requirement per UE” <= “Max RACH attempt supported”
Therefore, the maximum user density supported can be calculated with the formula as follows:
Maximum User density = “Max RACH attempt supported” / (“cell coverage” * “RACH requirement per UE”)
For the RACH requirement per UE, the following assumption are used in the RACH capacity estimation in RAN1 [5]:
· Initial access: 1 every 10min 
· Handover: 1 every 10min (For LEO, considering the handover is still required even the UE is static)
· Paging: 1 every 10min
· Other SI: 1every 10min
Based on the assumption above, the overall RACH requirement per UE is 0.001667 attempts/second/user.
Considering the service mode for NTN may be different from normal UE, besides the 0.001667, the 0.0001667 and 0.00001667 will be evaluated as well.
With the assumption above, the evaluation result are summarized in the table as follow:
Table 5. User density supported for “FR1 and paired spectrum” and “FR1 and unpaired spectrum”
	Cell coverage
(km2)
	User density can be supported
(UE number/km2)

	
	RACH requirement per UE = 0.001667
attempts per second
	RACH requirement per UE = 0.0001667
attempts per second
	RACH requirement per UE = 0.00001667
attempts per second

	10000
	7.7
	77.2
	771.7 

	50000
	1.5
	15.4
	154.3

	100000
	0.8
	7.7
	77.2

	400000
	0.2
	1.9
	19.3

	800000
	0.1
	1.0
	9.6
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