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1 Introduction
[bookmark: _Ref178064866]In RAN#86, a SI was approved to determine and evaluate the minimum necessary specifications to introduce NB-IoT/eMTC support for non-terrestrial networks (NTN). The description for the SI was updated in RAN#90 [1] and it was agreed to use the existing work on NR NTN captured in TR 38.821 [2] as a baseline. 
In RAN2#113e an e-mail discussion was initiated to discuss the assumptions and how to evaluate the performance:
[Post113-e][055][IoT NTN] Performance Evaluation (Ericsson)
	Scope: First round of discussion on performance evaluation, paging performance and connection density. Determine what should be captured in the TR. Can discuss pre-assumption, e.g. traffic model etc. Note that there are no specific requirements, so the objective is to assess performance for sanity check and to avoid surprises rather than doing a detailed comparative analysis. To the extent available, can include performance results numbers. 
	Intended outcome: Report
	Deadline: Friday March 26 1100 UTC

The e-mail discussion mainly focused on assumptions to guide the evaluations for paging capacity and connection density. In this contribution we discuss random access capacity and provide some preliminary results for connection density evaluation.

2 Connection Density
[bookmark: _Hlk61217631]In this section we give a brief look on the IMT-2020 connection density evaluation over satellite scenario for LTE-M. The IMT-2020 connection density evaluation for terrestrial 3GPP technologies LTE-M and NB-IoT was described and documented in [7]. The scenario largely follows that of the basics outlined in the e-mail discussion [Post113-e][055][IoT NTN] Performance Evaluation (Ericsson). In short, the evaluation looks at the connection density achievable under the traffic assumption that the UE shall be able to deliver a 32 byte packet in the uplink under 10s with an outage probably of less than 1%. The steps by which the achievable connection density is determined is shown in Figure 1. 
[image: ]
Figure 1. IMT-2020 Non-full buffer system-level simulation methodology from [6].

Some aspects to consider, as outlined in the e-mail discussion, are that, to bring the evaluation to acceptable computational times, the number of cells simulated are selected as 19 cells with the statistics counted only for the inner 7 cells, as shown in Figure 2. Furthermore the UEs will only have 20 seconds to deliver the packet before the delivery attempt is cancelled, meaning that no further re-transmissions will be attempted. This is not to be confused with the 10s that determines the outage rate, in other words a UE may deliver the uplink packet after 10 seconds, but this will be counted as an outage. Not being able to deliver the packet at all within 20s is also counted as an outage. 
[image: ]
Figure 2. Simulating 19 cells but only accounting for the inner 7 cells. 

In order to be able to observe how the uplink and downlink SINR gets worse with increasing load, i.e arrival rate, the PUSCH SINR and PDSCH SINR percentiles are shown in Figure 3. 

[image: ]
Figure 3. PUSCH and PDSCH SINR percentiles as a function of the arrival rate. 


[image: ]
Figure 5. The outage rate as a function of the arrival rate. 

The outage rate as a function of the arrival rate in this scenario can be observed in Figure 5. For computing the achievable connection density, we can see that the maximum arrival rate where the outage rate is below 1% is 90 UE/sec/cell. In [6], it was considered that a UE would send 1 message per 2 hours. For the area of a cell in a satellite scenario we do not have a specific cell size, as we only define beam separation from the point of view of the satellite. However, from observing the satellite antenna pattern on the ground, we can estimate the cells to have an ISD (Inter-Spotbeam Distance) of 50 km, which results in a cell area of ~722 km2. The connection density per narrowband can thus be computed as:
connection density = arrival rate (UE/s/cell) * UE traffic pattern / cell area
= 90 (UE/s/cell) * (2*3600s) / 722 km2 = 897 UE/km2 

We compare this to the results in [6] for LTE-M in table 1 and observe that we can achieve significantly lower density performance.   
	Table 1. 
	Scenario
	LTE-M, TN, Conf A [6]
	LTE-M, TN, Conf B [6]
	NTN

	ISD
	500 m
	1732 m
	50 km

	# of devices supported per km^2 with 6 PRBs
	5,680,683
	393,600
	900




[bookmark: _Toc68227842]The achievable connection density in case 9 is ~ 900 UEs/km2.
[bookmark: _Toc68227843]The achievable connection density is significantly reduced compared to the case for terrestrial networks, mainly due to large inter-spotbeam distance.


3 Random access capacity evaluation
An important consideration when deploying a terrestrial deployment is to make sure that the capacity for random access is sufficient for the expected QoS that is to be provided coupled with the expected user activity – in other words the traffic and the density. 
In RAN2#112bis-e the following was agreed:
[035] 4: RAN2 assumes that PRACH capacity in eMTC/NB-IoT over NTN will be evaluated to check whether it can support the large cell size of GEO/LEO. However, RAN2 believes this is more of a RAN1 topic and thus recommends companies to submit their contributions in RAN1.

This evaluation is to be presented also in RAN1 following the recommendation above, however we think it would be beneficial to present it also in RAN2 to gain some insights on random access capacity considering that such evaluation was made in RAN2 during the Release 16 NTN SI [2]. 
For evaluating the achievable random-access capacity, we have to consider a number of different configurations.
For LTE-M, the configurations are: 
· The number of PRACH configurations (provided in the PRACH-ConfigIndex as shown in Table 6.3.3.2-2 to Table 6.3.3.2-4 in TS 36.211),
· Number of preambles per PRACH opportunity per CE level (preambleMappingInfo),
· Number of repetitions per CE level (numRepetitionPerPreambleAttempt)

Furthermore there is the possibility that the repetitions are either configured by sharing the PRACH opportunities through preambles, or separate preambles or a mix of them. 
For NB-IoT the configurations are: 
· Number of NPRACH opportunities per CE level (given by NPRACH-Periodicity), 
· Number of subcarriers per NPRACH opportunity per CE level (NPRACH-NumSubcarriers)
· Number of repetitions per CE level (numRepetitionsPerPreambleAttempt)

In NB-IoT the repetitions the random access preambles are orthogonal, meaning NPRACH resources will be configured separately.  
The method for calculating the PRACH capacity is given in the Annex, which serves as a good baseline for the random access capacity evaluation. 

4 Conclusion
In this contribution we have discussed the evaluation for connection density for IoT NTN devices. In the previous sections we made the following observations: 

Observation 1	The achievable connection density in case 9 is ~ 900 UEs/km2.
Observation 2	The achievable connection density is significantly reduced compared to the case for terrestrial networks, mainly due to large inter-spotbeam distance.
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6 Annex

Random access capacity
x.y.z	LTE-M RACH capacity evaluation
For calculating the LTE-M RACH capacity we have the following parameters that are configurable by the network, for CE level r:
· The number of (N)PRACH configurations (decided by the PRACH-ConfigIndex in LTE-M and NPRACH-Periodicity in NB-IoT) per second denoted as ,
· Number of preambles per (N)PRACH opportunity per CE level (preambleMappingInfo in LTE-M and NPRACH-NumSubcarriers in NB-IoT) ,
· Number of repetitions per CE level (numRepetitionPerPreambleAttempt in LTE-M and numRepetitionsPerPreambleAttempt in NB-IoT) 

Using the above, we get the following number of configured random access opportunities per CE level is computed as:


For all CE levels, the configured number of random access opportunities are: 
,
The Physical Random Access Channel (PRACH) in LTE-M is largely inherited from LTE and uses Slotted Aloha as access method. For NB-IoT the NPRACH is also a slotted Aloha 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 number of the random access arrival rate per second supported is thus:

where the collision rate  is typically aimed at 10% for optimum performance – which is what assumed hereon. 
The supported user densities UE density is thus given by:

In table X.Y examples of LTE-M RACH capacity is shown and in table X.Z examples of NB-IoT RACH capacity is shown for a number of different cases.  
Table X.Y: Supported UE density for LTE-M for typical GEO and LEO cell
	Cell Radius
	PRACH-ConfigIndex
	Repetition config, preamble config
	RACH per second per UE
	Supported UE density

	LEO 30 km
	6
	CE1: R=1, 58 preambles
	1 time per hour per UE
	1555 UE/km2

	LEO 30 km
	6
	CE1: R=1, 50 preambles
CE2: R=2, 8 preambles 
	1 time per hour per UE
	1448 UE/km2

	LEO 30 km
	6
	Separate PRACH opportunities
CE1: R=1, 58 preambles
CE2: R=2, 58 preambles
	1 time per hour per UE
	2827 UE/km2

	GEO 120 km
	1
	CE1: R=1, 58 preambles
	1 time per hour per UE
	24 UE/km2

	GEO 120 km
	1
	CE1: R=1, 50 preambles
CE2: R=2, 8 preambles 
	1 time per hour per UE
	23 UE/km2

	GEO 120 km
	1
	Separate PRACH opportunities
CE1: R=1, 58 preambles
CE2: R=2, 58 preambles
	1 time per hour per UE
	36 UE/km2



Table X.Z: Supported UE density for NB-IoT for typical GEO and LEO cell
	Cell Radius
	NPRACH-Periodicity
	Repetion config, preamble config
	RACH per second per UE
	Supported UE density

	LEO 30 km
	CE1: 80
	CE1: R=1, 48 subcarriers
	1 time per day per UE
	1932 UE/km2

	LEO 30 km
	CE1: 80
CE2: 160
	CE1: R=1, 24 subcarriers
CE2: R=4, 12 subcarriers
	1 time per day per UE
	2174 UE/km2

	GEO 120 km
	40
	CE1: R=1, 48 subcarriers
	1 time per day per UE
	242 UE/km2

	GEO 120 km
	CE1: 80
CE2: 640
CE2: 640
	CE1: R=1, 24 subcarriers
CE2: R=1, 24 subcarriers
CE3: R=1, 12 subcarriers
	1 time per day per UE
	71 UE/km2
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Non-full buffer system-level simulation

Step 1:  Set system user number per TRxP as N.

Step 2:  Generate the user packet according to the traffic model.

Step 3:  Run non-full buffer system-level simulation to obtain the packet outage rate. The outage 

rate is defined as the ratio of the number of packets that failed to be delivered to the 

destination receiver within a transmission delay of less than or equal to 10s to the total 

number of packets generated in the step 2.

Step 4:  Change the value of N and repeat step2-3 to obtain the system user number per TRxP N’ 

satisfying the packet outage rate of 1%.

Step 5:    Calculate connection density by equation C = N’ / A, where the TRxP area A is calculated 

as A = ISD

2

 × sqrt(3)/6, and ISD is the inter-site distance.

Misc: The requirement is fulfilled if the connection density C is greater than or equal to the 

connection density requirement defined in ITU-R M.[IMT-2020.TECH PERF REQ].

The simulation bandwidth used 

to fulfill the requirement should be reported. Additionally, it 

is encouraged to report

 the connection efficiency (measured as N’ divided by simulation 

bandwidth) for the achieved connection density.
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