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Introduction
In RAN4#98e chairman notes, Companies are encouraged to bring simulation results at least for above cases in Q2’ 2021 for simulator alignment purpose. In order to make some progress on the NTN simulation, we’d like to bring some analysis to align with each other.
Initial analysis on the different scenarios
Based on the discussion [1], there are eight types of interference which are summarized as below.
	No.
	Combination
	[bookmark: OLE_LINK66][bookmark: OLE_LINK67]Aggressor
	Victim

	1
	[bookmark: OLE_LINK31]TN - NTN
	[bookmark: OLE_LINK32][bookmark: OLE_LINK33]TN DL (TN BS)
	NTN DL (NTN UE)

	2
	TN - NTN
	[bookmark: OLE_LINK41][bookmark: OLE_LINK42]TN DL (TN BS)
	[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37]NTN UL (NTN satellite)

	3
	TN - NTN
	[bookmark: OLE_LINK38][bookmark: OLE_LINK40][bookmark: OLE_LINK68]TN UL (TN UE)
	[bookmark: OLE_LINK69][bookmark: OLE_LINK70]NTN UL (NTN satellite)

	4
	TN - NTN
	TN UL (TN UE)
	[bookmark: OLE_LINK48][bookmark: OLE_LINK49]NTN DL (NTN UE)

	5
	TN - NTN
	[bookmark: OLE_LINK46][bookmark: OLE_LINK47]NTN DL (NTN satellite)
	TN DL (TN UE)

	6
	TN - NTN
	NTN DL (NTN satellite)
	[bookmark: OLE_LINK44][bookmark: OLE_LINK45]TN UL (TN BS)

	7
	TN - NTN
	[bookmark: OLE_LINK50][bookmark: OLE_LINK53]NTN UL (NTN UE)
	TN DL (TN UE)

	8
	TN - NTN
	NTN UL (NTN UE)
	TN UL (TN BS)



[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK72][bookmark: OLE_LINK73]For case 2 and case 3, we have to calculate all the interference from the terrestrial base station or user equipment for one satellite beam at least. Perhaps heterogeneous network mapping between TN and NTN need to be considered for these two cases.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK76][bookmark: OLE_LINK62][bookmark: OLE_LINK63]For case 1 and case 4, we can spread the victim NTN UE into the hexagonal grid randomly (19 macro sites, 3 sectors per site with wrap around). There is no need to consider the heterogeneous network between TN and NTN for these two cases.
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]For case 7 and case 8, similar reason is applied. We can spread the aggressor NTN UE into the hexagonal grid randomly (19 macro sites, 3 sectors per site with wrap around). There is no need to consider the heterogeneous network between TN and NTN for these two cases. The channel condition between NTN UE and satellite can be generated randomly.
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]For case 5 and case 6, we can follow the simulation assumption to generate the satellite interference randomly for all the BS or UE in hexagonal grid (19 macro sites, 3 sectors per site with wrap around). If so, there is no need to consider the heterogeneous network between TN and NTN for these two cases.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK78][bookmark: OLE_LINK88][bookmark: OLE_LINK71]Proposal 1: For case 2 (Aggressor TN BS to victim NTN satellite ) and case 3 (Aggressor TN UE to victim NTN satellite ), heterogeneous network mapping between TN and NTN need to be considered.
[bookmark: OLE_LINK77][bookmark: OLE_LINK79]Proposal 2: For case 1 and case 4~8, RAN4 can simulate these cases under the hexagonal grid (19 sites with wrap around). NTN UE can be spread randomly and satellite interference can be generated randomly for all the BS or UE in hexagonal grid.
[bookmark: OLE_LINK152][bookmark: OLE_LINK153]Consideration on the curvature of earth

[bookmark: OLE_LINK139][bookmark: OLE_LINK143][bookmark: OLE_LINK92][bookmark: OLE_LINK93]Based on the analysis in clause 6.6.2 from TR 38.811, the curvature of earth is considered. For a ground terminal, the distance d (a.k.a. slant range), as shown in Figure 1, can be determined by the satellite/HAPS altitude  and elevation angle α by
	,	

where  denotes Earth radius (6371km).
[image: ]
Figure 1 Slant range d between a satellite and a ground terminal
Thus, there is an issue on whether RAN4 need to consider the curvature of earth when the network layout is generated.
[bookmark: OLE_LINK87][bookmark: OLE_LINK89]In order to solve this issue, we need to calculate the “d” with the different reference points M based on the possible values elevation angle α. The following results are shown below for LEO-600, LEO-1200 and GEO.
[bookmark: OLE_LINK123]Table 1 Analysis for LEO-600
	α (rad) 0~pi/2
	1.382
	1.414
	1.445
	1.477
	1.508
	1.539
	1.571

	d(km)
slant range
	609.870
	606.828
	604.357
	602.445
	601.085
	600.271
	600.000

	[bookmark: OLE_LINK119][bookmark: OLE_LINK120]Arc length (km)
(nadir to point M)
	104.469
	86.784
	69.251
	[bookmark: OLE_LINK121][bookmark: OLE_LINK122]51.840
	34.518
	17.257
	0.025

	β (rad)
	0.172
	0.143
	0.115
	0.086
	0.057
	0.029
	0.000

	[bookmark: OLE_LINK118][bookmark: OLE_LINK90][bookmark: OLE_LINK91]β (deg)
	9.860
	8.220
	6.577
	4.934
	3.290
	1.645
	0.000


[bookmark: OLE_LINK125]Based on the assumption about the 3dB beamwidth (8.8320 deg) for LEO-600, the maximum value of β is 4.416 deg. So the maximum d is less than 602.445km. Similarly, the maximum Arc length is less than 51.840 km which is aligned with the assumption of satellite beam diameter.
[bookmark: OLE_LINK124]Table 2 Analysis for LEO-1200
	α (rad) 0~pi/2
	1.382
	1.414
	1.445
	1.477
	1.508
	1.539
	1.571

	d(km)
slant range
	1218.143
	1212.559
	1208.017
	1204.501
	1201.998
	1200.500
	1200.000

	Arc length (km)
(nadir to point M)
	192.149
	159.680
	127.459
	95.435
	63.557
	31.778
	0.047

	β (rad)
	0.158
	0.132
	0.106
	0.079
	0.053
	0.026
	0.000

	β (deg)
	9.072
	7.564
	6.054
	4.542
	3.028
	1.514
	0.000


[bookmark: OLE_LINK126][bookmark: OLE_LINK127]Based on the assumption about the 3dB beamwidth (8.8320 deg) for LEO-1200, the maximum value of β is 4.416 deg. So the maximum d is less than 1204.501km. Similarly, the maximum Arc length is less than 95.435 km which is aligned with the assumption of satellite beam diameter.

Table 3 Analysis for GEO
	α (rad) 0~pi/2
	1.48
	1.51
	1.54
	1.57

	d(km)
slant range
	35810.03
	[bookmark: OLE_LINK150]35796.69
	35788.68
	35786.00

	Arc length (km)
(nadir to point M)
	510.08
	[bookmark: OLE_LINK151]340.09
	170.15
	0.25

	β (rad)
	0.01
	0.01
	0.00
	0.00

	β (deg)
	0.81
	0.54
	0.27
	0.00



Based on the assumption about the 3dB beamwidth (0.7353 deg) for GEO, the maximum value of β is 0.3677 deg. So the maximum d is less than 35796.69 km. Similarly, the maximum Arc length is less than 340.09 km which is aligned with the assumption of satellite beam diameter.
[bookmark: OLE_LINK164]It can be found that the maximum difference between the Nadir point and cell edge point is about 4~10km. The free space path loss (FSPL) in dB for a separation distance d in meter and frequency  in GHz is given by
[image: ]
[bookmark: OLE_LINK162]The difference about FSPL can be found as below.
Table 4 The FSPL for different slant range
	fc(GHz)
	Distance(meter)
	PLb(dB)

	2
	600000
	154.0336

	2
	603000
	154.0769

	2
	1200000
	160.0542

	2
	1205000
	160.0903

	2
	35786000
	189.5449

	2
	35796000
	189.5473


[bookmark: OLE_LINK155]Only 0.003~0.05dB difference can be observed between the Nadir point and satellite cell edge point. Based on the analysis above, there is no need to consider the curvature of earth assuming one satellite beam for the simulation.
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK163]Proposal 3: There is no need to consider the curvature of earth for layout, assuming one satellite beam for the simulation. The distances for LEO-600, LEO-1200 and GEO can be assumed as 600km, 1200km and 35786km separately for any point under the 3dB satellite beam.
Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: For case 2 (Aggressor TN BS to victim NTN satellite ) and case 3 (Aggressor TN UE to victim NTN satellite ), heterogeneous network mapping between TN and NTN need to be considered.
Proposal 2: For case 1 and case 4~8, RAN4 can simulate these cases under the hexagonal grid (19 sites with wrap around). NTN UE can be spread randomly and satellite interference can be generated randomly for all the BS or UE in hexagonal grid.
Proposal 3: There is no need to consider the curvature of earth for layout, assuming one satellite beam for the simulation. The distances for LEO-600, LEO-1200 and GEO can be assumed as 600km, 1200km and 35786km separately for any point under the 3dB satellite beam.
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