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1. Introduction
At RAN2#107bis, the formula for RACH capacity has been captured in the TR [1] and companies agreed that the detailed calculation for RACH capacity should be based on the typical cell size. After RAN2#107bis, the following typical cell size has been provided based on the different scenarios proposed in RAN Rel.17 NWI scoping discussion:
	Cell size (edge to edge)
	GEO
	LEO

	Maximum (see Rel-16 TR 38.821)
	3500 km
	1000 km

	Typical – scenario 1 (according to RAN Rel-17 NWI scoping discussion)
	1000 km
GEO : 3.22e-3 s
	200 km
LEO600 : 6.53e-4 s
LEO1200 : 6.54e-4 s

	Typical – scenario 2 (according to RAN Rel-17 NWI scoping discussion)
	500 km
GEO : 1.63e-3 s
	100 km
LEO600 : 3.28e-4 s
LEO1200 : 3.28e-4 s


In this contribution, the RACH capacity calculation is given based on the above typical cell size and corresponding maximum differential delay.
2. Text proposal
--------------------------------------------------------- Start of TP ---------------------------------------------------------
[bookmark: _Toc23403918]7.2.1.1	Random Access
[bookmark: _Toc23403919]7.2.1.1.1	4-Step RACH Procedure
[bookmark: _Toc23403920]7.2.1.1.1.1	RACH capacity evaluation
The Physical Random Access Channel (PRACH) uses Slotted Aloha as access method. The PRACH preamble collision probability between contending system access attempts on a PRACH radio resource is calculated as:

Where M is the number of configured access opportunities per second, and  is the random access arrival rate per second.
The random access capacity can be calculated by looking at the random access opportunities, the collision probability supported, the frequency used for frequent multiplexing and how many preambles that are configured for each random access opportunities. 
If we denote the maximum number of PRACH opportunities per second as , which is given by the PRACH configuration, such as preamble format, PRACH configuration index as well as whether the spectrum is paired/unpaired and whether it is for FR1 or FR2, as shown in Table 6.3.3.2-2 to Table 6.3.3.2-4 in [TS 38.211]. 
Furthermore the PRACH occasions may be frequency multiplexed by up to  different locations in frequency for the same PRACH occasion in time. Then the M as mentioned above is computed as:
,
Where  is the number of configured preambles available, where the maximum value is 64.
The number of the random access arrival rate per second supported is thus:

The supported user densities UE density is thus given by:

Editor’s note: Detailed calculation will be added once the typical cell size and the corresponding differential delay for GEO and LEO is provided.

As an example, for PRACH configuration 27 the slots that are available in an SFN are the slots 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 giving 1000 PRACH opportunities per second. In the table below some more examples are given for FR1 paired:
Note that all the PRACH format used in the calculation are given as an example and it is up to RAN1 to discuss and decide the applicable PRACH format in NTN.
Table 7.2.1.1.1.1-1: Examples of PRACH configuration for PR1 paired
	Freq range and config
	Preamble format
	PRACH Config Index
	PRACH opportunities per second ()

	FR1 paired
	0
	0
	6,25

	FR1 paired
	0
	21
	200

	FR1 paired
	0
	27
	1000

	FR1 paired
	2
	41
	100


Given the collision rate being 0.01, the number of configured preambles for CBRA being 56, preamble format 0, PRACH config index 27,  we get the following as an example:
Table 7.2.1.1.1.1-2: Supported UE density for typical GEO and LEO cell
	
	Coverage (km2)
	RACH per second per UE
	Supported UE density

	GEO
	650000 (hex with r=500km)
	1.157 * 10-5 (= 1 time per day per UE)
	~596 UE/km2

	
	650000
	2.78 * 10-4 (= 1 time per hour per UE)
	~25 UE/km2

	
	650000
	0.0017 (= 1 time per 10 min per UE)
	~4 UE/km2

	
	162500 (hex with r=250km)
	1.157 * 10-5 (= 1 time per day per UE)
	~2383 UE/km2

	
	162500 
	2.78 * 10-4 (= 1 time per hour per UE)
	~99 UE/km2

	
	162500 
	0.0017 (= 1 time per 10 min per UE)
	~16 UE/km2

	LEO
	26000 (hex with r=100km)
	1.157 * 10-5 (= 1 time per day per UE)
	~14893 UE/km2

	
	26000
	2.78 * 10-4 (= 1 time per hour per UE)
	~620 UE/km2

	
	26000
	0.0017 (= 1 time per 10 min per UE)
	~101 UE/km2

	
	6500 (hex with r=50km)
	1.157 * 10-5 (= 1 time per day per UE)
	~59571 UE/km2

	
	6500
	2.78 * 10-4 (= 1 time per hour per UE)
	~2479 UE/km2

	
	6500
	0.0017 (= 1 time per 10 min per UE)
	~405 UE/km2




[bookmark: _Toc23403921]7.2.1.1.1.2	4-step RACH enhancements for Non-Terrestrial Networks
Enhancement to preamble detection
Problem Statement
In NTN, differential delay could be experienced by two UEs within the same cell. As a result, the preambles sent by different UEs in the same RACH occasion (RO) may reach the network at different time. As shown in Figure 7.2.1.1.1.2-1, to make sure the network can receive preambles from all the UEs, the preamble receiving window should start from [RO timing + minimum one way delay * 2] and end with [RO timing +maximum one way delay * 2].

Figure 7.2.1.1.1.2-1: Preamble receiving window in NTN
When a preamble is received, the network needs to know which RO the preamble is related to in order to estimate the accurate timing advance. If the RO periodicity is not long enough, as shown in Figure 7.2.1.1.1.2-2, the preamble receiving windows for two consecutive ROs maybe overlapped with each other, making it difficult for the network to link the received preamble to the corresponding RO.

Figure 7.2.1.1.1.2-2: Ambiguity on preamble reception at the network side
Possible solutions:
(1) Proper PRACH configuration in the time domain. The interval between two consecutive RO should be larger than 2 * the maximum delay difference within the cell.
(2) Preamble division. Preambles should be divided into groups and mapped to different RO, such that ROs with timing separation less than 2 * maximum delay difference are always assigned with different groups of preambles.
Frequency hopping can also be studied, e.g., network uses frequency hopping of preambles to identify the RO based on the specific frequency band in which the preamble is received.
Solutions related to 2-step RACH can also be studied when the 2-step RACH procedure is more stable. For the case when 2-step RACH is used, assistance information, e.g., SFN index can be included in MsgA to help network link the received preamble to the corresponding RO.
Based on the current specs, the ambiguity of preamble reception can only be avoided by solution (1), i.e. proper configuration of RACH resource, in which case the time interval between two consecutive RO is larger than the maximum delay difference*2 within the cell.
The typical cell size and the corresponding maximum delay difference*2 are given as follows:
Table 7.2.1.1.1.2-1: Maximum delay difference*2 for typical GEO and LEO cell
	
	Typical cell size
	Maximum delay difference*2 

	GEO
	1000 km
	6.44ms

	
	500km
	3.26ms

	LEO
	200 km

	LEO600:1.306ms
LEO1200: 1.308ms

	
	100 km

	LEO600: 0.654ms
LEO1200:0.654ms


Referring to Table 6.3.3.2-2 to Table 6.3.3.2-3 in TS 38.211, only limited PRACH configuration can meet the requirement on RO interval at time domain, which can significantly impact the RACH density to be supported in time domain. 
For a typical GEO cell (1000km in size), the time interval between two consecutive RO should be larger than 6.44ms. For a typical GEO cell (500km in size), the time interval between two consecutive RO should be larger than 3.26ms. While for a typical LEO cell (200km or 100km in size), the time interval between two consecutive RO should be larger than 1.308ms and 0.654ms, respectively. Examples of potential PRACH configurations for a typical GEO or LEO cell are given as follows:
Note that all the PRACH format used in the calculation are given as an example and it is up to RAN1 to discuss and decide the applicable PRACH format in NTN.
Table 7.2.1.1.1.2-2: Examples of feasible PRACH configurations for a typical GEO or LEO cell
	
	Cell size
	Freq range and config
	Preamble format
	PRACH Config Index
	PRACH opportunities per second ()

	GEO
	1000km

	FR1 paired
	0
	16
	100

	
	
	FR1 paired
	1
	44
	100

	
	
	FR1 paired
	2
	58
	100

	
	500km
	FR1 paired
	0
	19
	200

	
	
	FR1 paired
	1
	47
	200

	
	
	FR1 paired
	3
	78
	200

	LEO
	200km 
	FR1 paired
	0
	25
	500

	
	
	FR1 paired
	3
	84
	500

	
	100km
	FR1 paired
	0
	27
	1000

	
	
	FR1 paired
	3
	86
	1000


Given the collision rate being 0.01, the number of configured preambles for CBRA being 56, preamble format 0, PRACH config index 8,  we get the following as an example:
Table 7.2.1.1.1.2-3: Supported UE density for typical GEO and LEO cell when the time interval between two consecutive RO is larger than the maximum delay difference*2 within the cell
	
	Coverage (km2)
	RACH per second per UE
	Supported UE density

	GEO
	650000 (hex with r=500km)
	1.157 * 10-5 (= 1 time per day per UE)
	~60 UE/km2

	
	650000
	2.78 * 10-4 (= 1 time per hour per UE)
	~2 UE/km2

	
	650000
	0.0017 (= 1 time per 10 min per UE)
	~0 UE/km2

	
	162500 (hex with r=250km)
	1.157 * 10-5 (= 1 time per day per UE)
	~477 UE/km2

	
	162500 
	2.78 * 10-4 (= 1 time per hour per UE)
	~20 UE/km2

	
	162500 
	0.0017 (= 1 time per 10 min per UE)
	~3 UE/km2

	LEO
	26000 (hex with r=100km)
	1.157 * 10-5 (= 1 time per day per UE)
	~7446 UE/km2

	
	26000
	2.78 * 10-4 (= 1 time per hour per UE)
	~310 UE/km2

	
	26000
	0.0017 (= 1 time per 10 min per UE)
	~51 UE/km2

	
	6500 (hex with r=50km)
	1.157 * 10-5 (= 1 time per day per UE)
	~59571 UE/km2

	
	6500
	2.78 * 10-4 (= 1 time per hour per UE)
	~2479 UE/km2

	
	6500
	0.0017 (= 1 time per 10 min per UE)
	~405 UE/km2



------------------------------------------------------------ End of TP -----------------------------------------------------
3. Reference
[1] TR 38.821 V0.9.0
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