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1. Introduction
A new SI for Non Terrestrial Networks has been agreed in RP-181370 to study a set of necessary features/adaptations enabling the operation of NR protocol in non-terrestrial networks for 3GPP Release 16 with a priority on satellite access. In this contribution, the RACH capacity analysis is provided for NTN.
2. Discussion
In TS 38.211, RACH definition in LTE is inherited. To be more specific, the total number of preambles for RACH per cell is still 64. Since the cell size in NTN scenarios is expected to be much larger than that in a terrestrial NR cell, it is necessary to revisit the RACH capacity in NTN scenarios.
2.1. Possible cell size in NTN
Firstly, descriptions on the beam foot print size of satellite can be found in TR 38.811 as follows. 
--------------------------------------------------- From 38.811 Start -----------------------------------------------------
[bookmark: _Toc509391700][bookmark: _Toc494837625][bookmark: _Toc509391452][bookmark: _Toc509391618][bookmark: _Toc516793145][bookmark: _Toc509391305][bookmark: _Toc509391541][bookmark: _Toc509392155]4.6	Coverage pattern of NTN
Satellite or aerial vehicles typically generate several beams over a given area. The foot print of the beams are typically elliptic shape.
The beam footprint may be moving over the earth with the satellite or the aerial vehicle motion on its orbit. Alternatively, the beam foot print may be earth fixed, in such case some beam pointing mechanisms (mechanical or electronic steering feature) will compensate for the satellite or the aerial vehicle motion.
Table 4.6-1: Typical beam foot print size
	Attributes
	GEO
	Non-GEO
	Aerial

	Beam foot print size in diameter
	200 – 1000 km
	100 – 500 km
	5 - 200 km



--------------------------------------------------- From 38.811 End -----------------------------------------------------
Based on the quoted text above, it is observed that the coverage of one satellite beam is much larger than the typical coverage of one NR terrestrial cell. Though the cell definition in NTN scenarios is still in discussion, it is expected that the cell size is similar to the beam foot print size.
Observation 1: The typical beam foot print size is 200-1000km (i.e. a beam coverage is about 31416km2 - 785398km2) for GEO and 100-500km (i.e. a beam coverage is about 7854km2 - 196350km2) for Non-GEO.
2.2. Use case to be supported in NTN
It is identified in TR 38.811 that both eMBB and mMTC shall be supported in NTN. As shown in the table below, wide area IoT service is to be supported in NTN, including the “connectivity between IoT devices (battery activated sensors/actuators or not) and spaceborne platform”. 
------------------------------------------------- From 38.811 Start -----------------------------------------------------------
	mMTC
	Wide area IoT service
	Global continuity of service for telematic applications based on a group of sensors/actuators (IoT devices, battery activated or not) scattered over or moving around a wide area and reporting information to or controlled by a central server.
These sensors and/or actuators may be used for example the following telematics applications:
· Automotive and road transport: high density platooning, HD map updates, Traffic flow optimisation, Vehicle software updates, automotive diagnostic reporting, user base insurance information (e.g. speed limit, driving behaviour), safety status reporting (e.g. air-bag deployment reporting), advertising based revenue, Context awareness information (e.g. neighbouring bargain opportunities based on revenue), remote access functions (e.g. remote door unlocking).
· Energy: Critical surveillance of oil/gas infrastructures (e.g. pipeline status) 
· Transport: Fleet management, asset tracking, digital signage, remote road alerts
· Agriculture: Livestock management, farming 

	Connectivity between IoT devices (battery activated sensors/actuators or not) and spaceborne platform. Continuity of service across spaceborne platforms and terrestrial base stations is needed.
	TR 22.861, §5.2: connectivity aspects
TR 22.864, §5.6: Access
TR 22.862, §5.1: Higher reliability and lower latency
TS 22.261 (related to §6.2.3 Service continuity acriss different access technologies)



------------------------------------------------- From 38.811 End -----------------------------------------------------------
To support wide area IoT service, 106 connections/km2 is targeted in 5G NR envision. Considering the huge cell size in NTN scenario, the UE density that can be supported should be investigated.
Observation 2: To support wide area IoT service, the UE density that can be supported should be investigated in NTN scenario.
2.3. RACH capacity in current NR specifications
The capacity of RACH is determined by time and frequency resources configured by higher-layer parameters prach-ConfigurationIndex and msg1-FDM defined in TS 38.331. The prach-ConfigurationIndex determines the density of RACH opportunities in the time domain, and the msg1-FDM determines the available RACH resource multiplexed in frequency domain simultaneously.  
------------------------------------------------- From 38.331 Start -----------------------------------------------------------
RACH-ConfigGeneric ::=              SEQUENCE {
    prach-ConfigurationIndex            INTEGER (0..255),
    msg1-FDM                            ENUMERATED {one, two, four, eight},
    msg1-FrequencyStart                 INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    zeroCorrelationZoneConfig           INTEGER(0..15),
    preambleReceivedTargetPower         INTEGER (-202..-60),
    preambleTransMax                    ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
    powerRampingStep                    ENUMERATED {dB0, dB2, dB4, dB6},
    ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
    ...
}
------------------------------------------------- From 38.331 End -----------------------------------------------------------
As quoted above, the maximum value of msg1-FDM is 8. 
The time domain density of RACH is calculated using Table 6.3.3.2-2 to 6.3.3.2-4 in TS 38.211, which also depends on FR1 or FR2 and the spectrum type as defined in TS38.104.  
· For FR1 and paired spectrum/supplementary uplink, the maximum time domain density of RACH is given in Table 1. Please note that the given prach-ConfigurationIndex is only an example which yields the maximum time domain density. There could be several prach-ConfigurationIndex values to fulfill this requirement.
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
	27
	1

	1
	50
	0.3

	2
	58
	0.1

	3
	86
	1

	A1
	106
	12

	A2
	135
	6

	A3
	165
	4

	B1
	196
	14

	B2
	146
	6

	B3
	176
	4

	B4
	217
	2

	C0
	234
	14

	C2
	254
	4



· For FR1 and unpaired spectrum, the maximum time domain density of RACH is given in Table 2.  Please note that the given prach-ConfigurationIndex is only an example which yields the maximum time domain density. There could be several prach-ConfigurationIndex values to fulfill this requirement.
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
	27
	0.5

	1
	33
	0.1

	2
	39
	0.1

	3
	66
	0.5

	A1
	84
	4.8

	A2
	107
	2.4

	A3
	255
	2

	B1
	223
	4.8

	B2
	238
	2.4

	B3
	255
	2

	B4
	167
	2

	C0
	186
	4.8

	C2
	208
	1.6



· For FR2 and unpaired spectrum, the maximum time domain density of RACH is given in Table 3. Please note that the given prach-ConfigurationIndex is only an example which yields the maximum time domain density. There could be several prach-ConfigurationIndex values to fulfill this requirement.
Table 3. Max PRACH density in time domain, for FR2 and unpaired spectrum
	Preamble format
	PRACH Configuration Index
	Max PRACH density in time domain (number/ms)

	A1
	27
	12

	A2
	58
	8

	A3
	87
	4

	B1
	110
	12

	B2
	237
	6

	B3
	255
	4

	B4
	141
	4.6

	C0
	171
	14

	C2
	200
	4



The maximum RACH density is summarized below, for FR1/FR2 and different spectrum type. In Table 4, 64 preambles are considered as defined in current NR specification. To simplify our analysis, it is assumed that all these 64 preambles are used for contention-based RACH.  
It should be noted that:
· The values provided in Table 4 are achievable with specific configurations only, at the cost of maximum time-frequency resource overhead.
· Current combination of “FR1/FR2 and the spectrum type” and “PRACH Configuration Index” may not be appropriate for NTN deployment. Therefore suitable combinations is to be investigated further.
Table 4. 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
	14*8*1000*64 = 7168000

	FR1 and unpaired spectrum
	4.8*8*1000*64 = 2457600

	FR2 and unpaired spectrum
	14*8*1000*64 = 7168000



Observation 3: Current combination of “FR1/FR2 and the spectrum type” and “PRACH Configuration Index” may not be appropriate for NTN deployment.
Proposal 1: Investigation on the Random access configurations in Rel-15 should be conducted with consideration the characteristics of NTN system.



The collision probability can be expressed as  according to [3]. In this formula,  is the total number of RACH opportunities per second (corresponding to values in Table 4), 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 5.

Table 5. Maximum RACH attempts supported per cell, with 
	FR1/FR2 and spectrum type
	Max RACH attempt supported
 (attempts/second/cell)

	FR1 and paired spectrum/supplementary uplink
	-7168000*ln(1-0.01) = 72041

	FR1 and unpaired spectrum
	-2457600*ln(1-0.01) = 24700

	FR2 and unpaired spectrum
	-7168000*ln(1-0.01) = 72041



2.4. Estimated RACH requirements in NTN
With the “Max RACH attempt supported per cell” calculated in Table 5, 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 [4]:
· 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 7. User density supported for “FR1 and paired spectrum” and “FR2 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
	4321.6
	43216.0
	432159.6

	50000
	864.3
	8643.2
	86431.9

	100000
	432.2
	4321.6
	43216.0

	400000
	108.0
	1080.4
	10804.0

	800000
	54.0
	540.2
	5402.0



Table 8. User density supported for “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
	1481.7
	14817.0
	148170.4

	50000
	296.3
	2963.4
	29634.1

	100000
	148.2
	1481.7
	14817.0

	400000
	37.0
	370.4
	3704.3

	800000
	18.5
	185.2
	1852.1



Based on Table 7 and Table 8, it can be observed that the user density is quite limited due to the lack of RACH capacity. Considering the mMTC has be listed as one of the potential use case for NTN and the RACH is quite important function which will be triggered for many events, we think the RACH capacity should be improved for non-terrestrial-network. 
Proposal 2: In order to show the challenge on RACH capacity in NTN scenario, the evaluation of RACH density and user density should be captured in the TR.
Proposal 3: The RACH capacity in non-terrestrial-network should be improved.
3. Conclusion and proposals
With the above analysis, we have the following observation and proposals:
Observation 1: The typical beam foot print size is 200-1000km (i.e. a beam coverage is about 31416km2 - 785398km2) for GEO and 100-500km (i.e. a beam coverage is about 7854km2 - 196350km2) for Non-GEO.
Observation 2: To support wide area IoT service, the UE density that can be supported should be investigated in NTN scenario.
Observation 3: Current combination of “FR1/FR2 and the spectrum type” and “PRACH Configuration Index” may not be appropriate for NTN deployment.
[bookmark: _GoBack]Proposal 1: Investigation on the Random access configurations in Rel-15 should be conducted with consideration the characteristics of NTN system.
Proposal 2: In order to show the challenge on RACH capacity in NTN scenario, the following evaluation of RACH density and user density should be captured in the TR.

Table 5. Maximum RACH attempts supported per cell, with 
	FR1/FR2 and spectrum type
	Max RACH attempt supported
 (attempts/second/cell)

	FR1 and paired spectrum/supplementary uplink
	-7168000*ln(1-0.01) = 72041

	FR1 and unpaired spectrum
	-2457600*ln(1-0.01) = 24700

	FR2 and unpaired spectrum
	-7168000*ln(1-0.01) = 72041



Table 7. User density supported for “FR1 and paired spectrum” and “FR2 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
	4321.6
	43216.0
	432159.6

	50000
	864.3
	8643.2
	86431.9

	100000
	432.2
	4321.6
	43216.0

	400000
	108.0
	1080.4
	10804.0

	800000
	54.0
	540.2
	5402.0



Table 8. User density supported for “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
	1481.7
	14817.0
	148170.4

	50000
	296.3
	2963.4
	29634.1

	100000
	148.2
	1481.7
	14817.0

	400000
	37.0
	370.4
	3704.3

	800000
	18.5
	185.2
	1852.1



Proposal 3: The RACH capacity in non-terrestrial-network should be improved.
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