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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. 

In RAN2#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 

In this paper, we discuss random access capacity for NTN.
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One of the most fundamental problems of adapting Rel-15 NR to the satellite case is the question of how to adapt the random access to work for the satellite use-case. Adapting the random access procedure is discussed in the paper[4]. Another question concerns the random access capacity. The motivation why this is investigated is due to:
· The large cells that affect the supported user densities.
· Frequent handovers due to moving cells.

The PRACH provides a slotted aloha type of access. The PRACH preamble collision probability between contending system access attempts on a PRACH radio resource can be calculated as:

Where M equals the number of configured access opportunities per second, and  is the random-access arrival rate per second. In a cellular system, the collision likelihood is usually kept at a level as low as 1% to secure a high quality of service. As a rule of thumb, we need to provide approximately 100 more random access opportunities per actual random access attempt. 
As an example, with  and arrivals per second we need to provide approximately  preamble opportunities per second and cell in order to support the UEs accessing the cell. A higher accepted collision rate would reduce the PRACH capacity consumption. It is however relevant to keep the collision rate low as the random access performed by idle mode UEs is contention-based, which means more than one UE may select the same preamble and send it on the same uplink time slot. If a collision occurs, or if the network is not able to correctly detect the preamble used, the UE is not receiving the so-called message 2 (MSG2) and needs to resend another preamble (MSG1). Note that in addition to UEs that have been paged, also idle mode UEs performing mobile originated access would perform contention-based random access and thus compete for the same RACH resources.
The random access capacity can be calculated by looking at the random access opportunities 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. Furthermore the PRACH occasions may be FDM:ed by up to  different location in frequency for the same PRACH occasion in time. Then the M as mentioned above is simply , where  is the number of configured preambles available, where the maximum is 64, but where a number of preambles may be reserved for Contention-Free Random Access. 
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:
	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



The number of random access attempts supported per second is thus:

The supported user densities is thus given by:

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:
	Coverage (km2)
	RACH per second per UE
	Supported UE density

	163 000 (hex with r=250km)
	1.157 * 10-5 (= 1 time per day per UE)
	~2390 UE/km2

	163 000 
	2.78 * 10-4 (= 1 time per hour per UE)
	~100 UE/km2

	163 000 
	0.0017 (= 1 time per 10 min per UE)
	~17 UE/km2



As can be seen, if the use-cases of the UEs is such that many accesses to the cell is required, then the supported UE density will be relatively low.
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While the above shows how many access opportunities that are available assuming that the random access procedure otherwise works perfectly, there are other aspects that may limit the capacity. This may for instance be related to the capacity of Msg 3 and also to how the problem of random access procedures are solved in NTN. If no pre-compensation of the latency is done, the network might be forced to blindly decode a large RACH-window. For PRACH config index 0 and preamble format 0 might be difficult as in this case the random access opportunities are adjacent. Thus the solution to the random access procedure for NTN may or may not affect the random access capacity. 
[bookmark: _Toc4676396][bookmark: _Toc4679757][bookmark: _Toc7700840][bookmark: _Toc7732923][bookmark: _Toc7733710]The solution to random access procedures may affect the random access capacity.

Conclusion
In section 2 we made the following observations:
Observation 1	The solution to random access procedures may affect the random access capacity.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to adopt the TP to be included in TR 38.821
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-------------------------------------------- start of TP -------------------------------
The PRACH provides a slotted aloha type of access. The PRACH preamble collision probability between contending system access attempts on a PRACH radio resource can be calculated as:

Where M equals the number of configured access opportunities per second, and  is the random-access arrival rate per second. In a cellular system, the collision likelihood is usually kept at a level as low as 1% to secure a high quality of service. As a rule of thumb, we need to provide approximately 100 more random access opportunities per actual random access attempt. 
As an example, with  and arrivals per second we need to provide approximately  preamble opportunities per second and cell in order to support the UEs accessing the cell. A higher accepted collision rate would reduce the PRACH capacity consumption. It is however relevant to keep the collision rate low as the random access performed by idle mode UEs is contention-based, which means more than one UE may select the same preamble and send it on the same uplink time slot. If a collision occurs, or if the network is not able to correctly detect the preamble used, the UE is not receiving the so-called message 2 (MSG2) and needs to resend another preamble (MSG1). Note that in addition to UEs that have been paged, also idle mode UEs performing mobile originated access, or UEs that have data to send, would perform contention-based random access and thus compete for the same RACH resources.
The random access capacity can be calculated by looking at the random access opportunities 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. Furthermore the PRACH occasions may be FDM:ed by up to  different location in frequency for the same PRACH occasion in time. Then the M as mentioned above is simply , where  is the number of configured preambles available, where the maximum is 64, but where a number of preambles may be reserved for Contention-Free Random Access. 
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:
	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



The number of random access attempts supported per second is thus:

The supported user densities is thus given by:

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:
	Coverage (km2)
	RACH per second per UE
	Supported UE density

	163 000 (hex with r=250km)
	1.157 * 10-5 (= 1 time per day per UE)
	~2390 UE/km2

	163 000 
	2.78 * 10-4 (= 1 time per hour per UE)
	~100 UE/km2

	163 000 
	0.0017 (= 1 time per 10 min per UE)
	~17 UE/km2
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