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Introduction
RAN4#100-e discussed the general issues for NTN from RRM perspective, and the outcome of the discussions are captured in WF [1]. During the discussion, it was found that some RRM issues, e.g. measurement capability, side condition and applicable DRX cycles, may be dependent on specific scenarios, which requires system level analysis.
After RAN4#100-e, there was an offline email discussion, and a system level simulation assumption was endorsed from the discussion [2]. 
In this paper, we will provide our initial system level simulation results for NTN RRM. 
Discussion
Simulation assumption 
The simulation assumption [2] for NTN RRM is mainly based on TR 38.821 and the assumption for RF coexistence study. The simulation is for one satellite and earth fixed cell (including GEO).
The simulated cases are listed in Table 1. It is noted that our simulation are for satellite parameter set 1, and the cases with 10 degree elevation angle are excluded as we do not think they are valid scenarios for the satellite to provide basic broadband services.
The frequency reuse options are copied in Figure 1 for information.
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Option 1: reuse factor = 1
	[image: ]
Option 2: reuse factor = 3


Figure 1: Illustration of frequency reuse options from [2]
Table 1: List of simulated cases
	Case
	Satellite orbit
	Satellite parameter set
	Frequency re-use factor
	Central beam elevation
	Tag

	1
	GEO
	Set 1
	Option 1
	90 deg
	GEO-S1-F1-E90

	2
	GEO
	Set 1
	Option 1
	60 deg
	GEO-S1-F1-E60

	3
	GEO
	Set 1
	Option 1
	45 deg
	GEO-S1-F1-E45

	4
	GEO
	Set 1
	Option 1
	30 deg
	GEO-S1-F1-E30

	5
	GEO
	Set 1
	Option 1
	10 deg
	GEO-S1-F1-E10

	6
	GEO
	Set 1
	Option 2
	90 deg
	GEO-S1-F2-E90

	7
	GEO
	Set 1
	Option 2
	60 deg
	GEO-S1-F2-E60

	8
	GEO
	Set 1
	Option 2
	45 deg
	GEO-S1-F2-E45

	9
	GEO
	Set 1
	Option 2
	30 deg
	GEO-S1-F2-E30

	10
	GEO
	Set 1
	Option 2
	10 deg
	GEO-S1-F2-E10

	11
	LEO-600
	Set 1
	Option 1
	90 deg
	LEO-600-S1-F1-E90

	12
	LEO-600
	Set 1
	Option 1
	60 deg
	LEO-600-S1-F1-E60

	13
	LEO-600
	Set 1
	Option 1
	45 deg
	LEO-600-S1-F1-E45

	14
	LEO-600
	Set 1
	Option 1
	30 deg
	LEO-600-S1-F1-E30

	15
	LEO-600
	Set 1
	Option 1
	10 deg
	LEO-600-S1-F1-E10

	16
	LEO-600
	Set 1
	Option 2
	90 deg
	LEO-600-S1-F2-E90

	17
	LEO-600
	Set 1
	Option 2
	60 deg
	LEO-600-S1-F2-E60

	18
	LEO-600
	Set 1
	Option 2
	45 deg
	LEO-600-S1-F2-E45

	19
	LEO-600
	Set 1
	Option 2
	30 deg
	LEO-600-S1-F2-E30

	20
	LEO-600
	Set 1
	Option 2
	10 deg
	LEO-600-S1-F2-E10

	21
	LEO-1200
	Set 1
	Option 1
	90 deg
	LEO-1200-S1-F1-E90

	22
	LEO-1200
	Set 1
	Option 1
	60 deg
	LEO-1200-S1-F1-E60

	23
	LEO-1200
	Set 1
	Option 1
	45 deg
	LEO-1200-S1-F1-E45

	24
	LEO-1200
	Set 1
	Option 1
	30 deg
	LEO-1200-S1-F1-E30

	25
	LEO-1200
	Set 1
	Option 1
	10 deg
	LEO-1200-S1-F1-E10

	26
	LEO-1200
	Set 1
	Option 2
	90 deg
	LEO-1200-S1-F2-E90

	27
	LEO-1200
	Set 1
	Option 2
	60 deg
	LEO-1200-S1-F2-E60

	28
	LEO-1200
	Set 1
	Option 2
	45 deg
	LEO-1200-S1-F2-E45

	29
	LEO-1200
	Set 1
	Option 2
	30 deg
	LEO-1200-S1-F2-E30

	30
	LEO-1200
	Set 1
	Option 2
	10 deg
	LEO-1200-S1-F2-E10


Simulation results
The following metrics are shown in this section.
	· (Item 1) CDF of serving beam RSRP
· (Item 1-1) CDF of serving beam SINR
· (Item 2) CDF of serving beam SNR
· (Item 3) CDF of serving beam RSRP – maximum neighbour cell RSRP
· (Item 4) CDF of the number of beams such that the beam SNR > YdB
· Y = -9, -6, and -3
· (Item 5) CDF of Beam dwell time in the following regions only for LEO,
· (Item 5-1) Serving beam RSRP is [6]dB stronger than the second strongest neighbour beam RSRP and serving beam SNR is larger than [-6]dB
· (Item 5-2) RSRP difference between serving beam and the second strongest neighbour beam is smaller than [6]dB and serving beam SNR is larger than [-6]dB
· (Item 5-3) serving beam SINR is larger than [-6]dB
· Note: Beam dwell time for LEO can be derived as follows, e.g.
· For a given UE, (elevation angle range where the above condition is met)/(angular speed of LEO satellite)


The changes compared to [2] are shown in red. 
· For 1, we do not see it more meaningful to study the SINR of the serving beam, since in the end it is the SINR that determines whether beam can used to serve the UE or not. Also, RSRP and SNR in 2 is interchangeable because the noise power is fixed in the simulation.
· For 5-1 and 5-2, we think it is more meaningful to define the dwell time based on serving beam SINR and the gap with the strongest neighbor beam may not be considered 
The simulation results are shown in Table 2 for the following %-tiles of the CDF curves:
· Serving beam SINR: 5%
· Serving beam SNR: 5%
· Serving beam RSRP – maximum neighbour cell RSRP: 90%
· Number of beams such that the beam SNR > YdB (Y=-9, -6, -3): 50%
Table 2: Simulation results
	Case index
	1-1
	2
	3
	4

	1
	-4.7
	-0.8
	7.5
	4, 3, 2

	2
	-4.9
	-1.1
	8.0
	3, 3, 2

	3
	-4.9
	-1.3
	8.0
	3, 3, 2

	4
	-5.1
	-1.6
	7.0
	3, 3, 1

	6
	-1.1
	-0.8
	7.5
	4, 3, 2

	7
	-1.4
	-1.1
	8.0
	3, 3, 2

	8
	-1.5
	-1.3
	8.0
	3, 3, 2

	9
	-1.8
	-1.6
	7.0
	3, 3, 1

	11
	-2.9
	9.5
	6.6
	7, 6, 5

	12
	-2.7
	8.0
	7.7
	7, 4, 4

	13
	-3.1
	4.5
	8.5
	5, 3, 3

	14
	-3.5
	-2.2
	9.8
	3, 2, 2

	16
	7.3
	9.5
	6.6
	7, 6, 5

	17
	6.4
	8.0
	7.7
	7, 4, 4

	18
	3.7
	4.5
	8.5
	5, 3, 3

	19
	-2.2
	-2.2
	9.8
	3, 2, 2

	21
	-3.1
	9.4
	7.6
	7, 6, 4

	22
	-2.6
	8.2
	9.1
	7, 4, 4

	23
	-2.9
	5.9
	9.0
	6, 4, 3

	24
	-3.5
	0.1
	8.3
	3, 3, 2

	26
	7.2
	9.4
	7.6
	7, 6, 4

	27
	6.7
	8.2
	9.1
	7, 4, 4

	28
	4.8
	5.9
	9.0
	6, 4, 3

	29
	0.0
	0.1
	8.3
	3, 3, 2


For beam dwell time (5-3), we consider an elevation angle as valid if 95% UEs have serving beam SINR >= -6dB, and the dwell time is calculated as 2*(90-Amin)/W, where Amin is the minimum valid elevation angle, and W is the angular speed of LEO satellite.
From all the LEO cases, the minimum valid elevation angle in all the simulated cases is 30 degree, and assuming the orbital period of 90min, this given the dwell time of 30min. Of course, in real world, the satellite will very unlikely to travel right above the UE and reaches 90 degree elevation angle, so the dwell time can be much smaller than the simulated value, but it should be on the order of several minutes. 
Observation 1a: With frequency re-use factor = 1, SINR of the serving beam is larger than -6dB for GEO cases, larger than -3dB for LEO cases. 
Observation 1b: With frequency re-use factor = 3, SINR of the serving beam is larger than -2dB for GEO cases, larger than 3dB for LEO cases (except for 30 degree elevation angle), and the difference between SINR and SNR is rather small.
Observation 2: The gap between serving beam and strongest neighbor beam is <6.5dB for 90% UEs.
Observation 3: The number of beams with -6dB SNR ranges from 3 to 6 for 50% UEs.
Observation 4: For LEO, 95% UEs would have serving beam SINR >= -6dB with 30 degree elevation angle, and this gives the beam dwell time on the order of several minutes.
Conclusions
In this paper we provided our initial system level simulation results for NTN RRM.
Observation 1a: With frequency re-use factor = 1, SINR of the serving beam is larger than -6dB for GEO cases, larger than -3dB for LEO cases. 
Observation 1b: With frequency re-use factor = 3, SINR of the serving beam is larger than -2dB for GEO cases, larger than 3dB for LEO cases (except for 30 degree elevation angle), and the difference between SINR and SNR is rather small.
Observation 2: The gap between serving beam and strongest neighbor beam is <6.5dB for 90% UEs.
Observation 3: The number of beams with -6dB SNR ranges from 3 to 6 for 50% UEs.
Observation 4: For LEO, 95% UEs would have serving beam SINR >= -6dB with 30 degree elevation angle, and this gives the beam dwell time on the order of several minutes.
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