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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #97, the following agreements related to NTN SLS assumptions were reached [1]:
Agreement:
A wrap around mechanism should be considered as a baseline for single satellite simulation for intra-satellite interference modeling based on additional bore-sight beam directions which should be computed based on the methodology captured in Table X.4.
· FFS: Details of the wrap around mechanism
Agreement:
Details on the wrap around methodology used should be provided by the companies together with their simulation results.
[bookmark: OLE_LINK9]In this contribution, we discuss the remaining issues of NTN system level simulation assumptions for both single-satellite and multiple-satellite cases, and then provide some preliminary results.

[bookmark: _Ref129681832]Single-satellite system level simulation assumptions and results
Wrap around methodology 
Wrap around method for terrestrial networks
Terrestrial system-level simulation frameworks utilize wrap around method to reduce boundary effects and provide an accurate evaluation of system performance [2]. In the conventional wrap around mechanism, the network is extended to include six additional copies of the original hexagonal cluster. Every cell in the extended clusters has the same properties as its corresponding cell in the central cluster, except that they are at different geographic locations. Specifically, wrap around implementation involves finding the path distance between the UE and the nearest version of the cell whose signal is being received. As shown in Figure 2.1, the original hexagonal cluster (i.e., cluster 0) locates in the center while the other six copies (cluster 1 to cluster 6) are attached symmetrically on six sides. The path distance  from a reference UE at coordinate  to a cell at coordinate  is denoted by the minimum of the seven related distances:
                                               (1)
where is the cell radius. As illustrated in Figure 2.1, to compute the path distance from cell 11 to the reference UE, a total of 7 distances plotted in line are calculated, and the distance from cell 11 in cluster 2 to the reference UE (plotted in blue line) is finally chosen as the path distance .  
The conventional wrap around method exhibits the following properties. Firstly, LTE/NR employs full frequency reuse, and thus all simulated cells share the same frequency band. Consequently, all the cells with wrap around operate in the same frequency band. Secondly, as shown in Figure 2.1, for each reference UE located in the original hexagonal cluster, the closest replica of the 19 cells (cells numbered in red) are chosen, with one cell as the serving cell and the other 18 cells as the interfering cells.  
Observation 1: The conventional wrap around method is originally applied to the full frequency re-use case.
Observation 2: In the conventional wrap around method, 2-tier interferences (i.e., interferences from 18 interfering cells) are modelled for each reference UE. 


Figure 2.1. Conventional wrap-around method with full frequency reuse.  





Figure 2.2. Conventional wrap-around method with 3-color frequency reuse.  
However, directly applying the conventional wrap around method to NTN may be problematic, due to the fact that NTN generally adopts N-color frequency reuse pattern (e.g., 3-color or 4-color frequency reuse) instead of the full frequency reuse used in LTE/NR terrestrial networks. Simply copying the frequency pattern in the hexagonal cluster to the six additional clusters is not realistic from the network deployment perspective, since it will induce strong interference for certain cells as shown in Figure 2.2, and thus significantly degrades the system performance. Furthermore, if frequency reuse is applied, the conventional wrap around cannot guarantee appropriate 2-tier interferences for a reference UE. For example, as shown in Figure 2.2, if 3-color frequency reuse is employed, interferences from only 6 interfering cells (numbered in red) are finally computed. In this case, the calculated interference is unrealistic, as a neighbor cell 12 acts as an interfering cell for the reference UE. While in reality, if frequency reuse is adopted, two neighboring cells will use different frequency bands and do not generate mutual interference. Therefore, the conventional wrap around method should not be directly employed for single satellite simulation due to the unrealistic interference modeling problem.
Observation 3: NTN generally adopts frequency reuse pattern (e.g., 3-color or 4-color frequency reuse) instead of full frequency reuse pattern used in terrestrial networks.
Observation 4: The conventional wrap around method should not be directly used for single satellite simulation due to the unrealistic interference modeling problem. 

Wrap around methods for NTN 
In this part, we propose two possible wrap around options for NTN, namely extended wrap around method and NTN-specific wrap around method.
A. Wrap around option 1: Extended wrap around method 
A natural extension to the conventional wrap around for NTN is to first execute conventional wrap around in the UV plane, and then properly tune the frequency of beams/cells in six additional clusters to form a complete frequency reuse pattern. The details for wrap around option 1 are as follows:
· Step 1: Apply conventional wrap around method in the UV plane;  
· Step 2: Tune the frequency of each cell in clusters 1 to 6 using the principle below:
· Reuse the same frequency if the distance between a cell and its closest co-frequency cell equals to sqrt(FRF)*ABS, where FRF is the frequency reuse factor, and ABS is the adjacent beam spacing.  


Figure 2.3. Extended wrap-around method with 3-color frequency reuse.  
Clearly, the extended wrap around method for NTN only makes marginal changes to the existing wrap around method. It is easy to implement in the system level simulation platform. Nonetheless, it can lead to the inaccurate interference modeling problem. To verify the interference modeling effect, we use 
[image: ]
Figure 2.4. Interfering modeling results for simulation configuration C2. 
simulation configuration C2 (listed in Table 2.3 hereafter) as a baseline and provide the geometry calibration results for the extended wrap around method. As can be seen in Figure 2.4, the 2-tier and 3-tier interference modeling exhibits a very similar performance. However, there is a non-negligible interference modeling gap between the extended wrap around method and 2-tier/3-tier interference. The performance gap in this simulation configuration is around 1-2dB. To this end, if the extended wrap around option is adopted, it is recommended to take additional measures to solve the underestimated interference problem. For instance, a simple interference scaling scheme is to multiply the interference by an appropriate scaling factor. However, determining the exact value of the scaling factor for each simulation configuration is FFS.   
Observation 5: 2-tier interference can provide an approximate interference modeling. 
Observation 6: If frequency reuse is applied, the extended wrap around method cannot model 2-tier interferences and leads to underestimated interference for a reference UE. 

B. Wrap around option 2: NTN-specific wrap around method 
To solve the underestimated interference problem, the NTN-specific wrap around method for single satellite case is proposed. In this method, 4-tier beams (i.e., 108 beams) are first added outside the reference 19-beam layout in the UV plane, and then the configurations (e.g., frequency and UE dropping) of beams/cells in six additional clusters are adjusted. The details for wrap around option 2 are as follows:
· Step 1: Construct the initial 19-beam layout in the UV plane;
· Step 2:  Add 4-tier beams (i.e., 108 beams) outside the initial 19-beam layout in the UV plane. One possible configuration (e.g., frequency and UE dropping) for each beam in the added 4-tier is shown below:
· For frequency configuration, apply the previous principle: reuse the same frequency if the distance between a cell and its closest co-frequency cell equals to sqrt(FRF)*ABS, where FRF is the frequency reuse factor, and ABS is the adjacent beam spacing.  
· For other configurations (e.g., UE dropping), copy the corresponding configuration from the same numbered beam in the initial 19-beam layout. One possible numbering scheme for beams in the added 4-tier is shown in Figure 2.4. Other numbering schemes can be FFS. 
· Step 3: For interference modeling, 2-tier interferences (interferences from 18 interfering beams) are finally calculated;


Figure 2.4. Proposed NTN-specific wrap around method with 3-color frequency reuse.
The underlying reason for adopting the wrap around option is twofold. On the one hand, it resembles a realistic single satellite complete beam layout and thus provides an accurate evaluation of system performance. On the other hand, it well exhibits an approximate 2-tier interference modeling effect for different frequency reuse patterns (i.e., full frequency reuse, 3-color reuse pattern and 4-color reuse pattern) with acceptable simulation complexity. An example is provided in Figure 2.4. However, how to implement the numbering scheme for wrap around option 2 needs further study.
Proposal 1: For wrap around 4-tier beams (i.e., 108 beams) are added outside the initial 19-beam layout in the UV plane for single satellite case.
Observation 7: The proposed NTN-specific wrap around method can guarantee 2-tier interferences for different FRF. 
Proposal 2: The numbering scheme in NTN-specific wrap around method needs further study.

Remaining simulation assumptions
Target elevation angle
Table 2.1: Beam layout parameters for single satellite simulation (Table X.6 in [2])
	Scenario
	Scenario A
	Scenario C2/D2

	Carrier frequency
	S-band : 2 GHz
Ka-band : 20 GHz for DL
	S-band : 2 GHz
Ka-band : 20 GHz for DL

	Adjacent beam spacing (ABS) on UV plane
	S-band : ABS = 0.0061
Ka-band : ABS = 0.0027
	S-band : ABS = 0.0668
Ka-band : ABS = 0.0267

	Satellite location
	Any position on the geostationary orbit
	Any position on the LEO orbit

	Central beam center elevation angle target
	Baseline : 
· Case 1 : Not considered
· Case 2 : 45 degrees
	Baseline :
· Case 1 : 90 degree
· Case 2 : FFS

	Central beam bore sight direction coordinates in UV plane
	Baseline : 
· Case 1 : Not considered
· Case 2 : (0.107,0)
	Baseline :
· Case 1 : (0,0)
· Case 2 : FFS

	Gateway direction coordinates in UV plane
	Baseline : Same as central beam bore sight direction coordinates in UV plane
Note : Not needed for calibration



Following the agreements in [1], a set of effective single satellite simulation configurations are first identified based on the combination of six parameters listed below: 
· Satellite orbit type: GEO, LEO-1200, and LEO-600
· Band: S-band, and Ka-band 
· Central beam bore sight direction: Case 1(nadir point), and Case 2(elevation angle target)
· UE type: Handheld, VSAT, and Others
· Frequency re-use factor: 1, 3, and 2 if polarization re-use is enabled 
· Polarization re-use: Disabled, and Enabled
Specifically, as listed in Table 2.1, the central beam bore sight directions for Case 2 in Scenario C2/D2 are not decided. The main purpose for Case 2 is to evaluate the performance of cells/beams far from the satellite nadir point (i.e., cells with low elevation angle).  However, when applying current hexagonal beam layout in the UV plane, as plotted in Figure 2.5, some edge beams will first reach 10 degree elevation angle and exhibit a very different beam shape compared with other central beams in the geodetic plane. The single satellite complete beam layout seems not reasonable from a practical satellite network deployment viewpoint.  Furthermore, it can be seen from Table 2.2 that if Case 2 is set to about 60 degrees, the minimum elevation angles of all beams after wrap around will approach 10 degrees. In other words, we can only derive effective performance of cells with minimum elevation angle larger than 60 degrees in the single satellite simulation. As can be inferred from Figure. 2.6, there is no much CINR performance difference between Case 1 (i.e., 90 degrees) and Case 2 (60 degrees). Therefore, it is not necessary to still simulate Case 2 in Scenario C2/D2 for single satellite SLS from the perspective of reducing simulation complexity. 
Observation 8: If Case 2 is set to 60 degrees, the minimum elevation angles of all beams after wrap around will approach 10 degrees.
Proposal 3: The case 2 in Scenario C2/D2 should be studied in the multiple-satellite scenario instead of the single-satellite scenario.  



Table 2.2: Minimum elevation angles for all beams after wrap around   
	Scenario
	Wrap around option
	Case 2 (degrees)
	Minimum elevation angles  (degrees)

	LEO-600
	Wrap around option 1
	60
	10.6

	
	Wrap around option 2
	60
	13.4

	LEO-1200
	Wrap around option 1
	63
	11.8

	
	Wrap around option 2
	63
	14.5
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Figure 2.5. LEO S band beam layout in the geodetic plane.  
[image: ]
Figure 2.6. LEO600 S band CINR results with different target elevation angles.  
Besides, note that some parameters are correlated, e.g., the Handheld UE type is only present in the S-band. By organically combing those parameters, a total of 18 simulation settings are derived as listed in Table 2.3. Those simulation configurations can be set as the start point for single satellite SLS. 
Proposal 4: Adopt simulation configurations in Table 2.3 as the start point for single satellite SLS. 
Table 2.3.  System level simulation settings for single satellite cases
	[bookmark: _Hlk5815179]Configuration
	S-band
	Ka-band

	GEO
	*C1:GEO_S-band_Case2_Handheld_1_Disable
*C2:GEO_S-band_Case2_Handheld_3_Disable
	C3:GEO_Ka-band_Case2_VSAT_1_Disable
C4:GEO_Ka-band_Case2_VSAT_2_Enable
*C5:GEO_Ka-band_Case2_Others_1_Disable
*C6:GEO_Ka-band_Case2_Others_3_Disable

	LEO-1200
	C7:LEO-1200_S-band_Case1_Handheld_1_Disable
C8:LEO-1200_S-band_Case1_Handheld_3_Disable

	C9:LEO-1200_Ka-band_Case1_VSAT_1_Disable
C10:LEO-1200_Ka-band_Case1_VSAT_2_Enable
C11:LEO-1200_Ka-band_Case1_Others_1_Disable
C12:LEO-1200_Ka-band_Case1_Others_3_Disable

	LEO-600
	C13:LEO-600_S-band_Case1_Handheld_1_Disable
C14:LEO-600_S-band_Case1_Handheld_3_Disable

	C15:LEO-600_Ka-band_Case1_VSAT_1_Disable
C16:LEO-600_Ka-band_Case1_VSAT_2_Enable
C17:LEO-600_Ka-band_Case1_Others_1_Disable
C18:LEO-600_Ka-band_Case1_Others_3_Disable

	Note 1: * can be optional.



Satellite EIRP density
Another observation from Table 2.4 is that satellite EIRP density is defined therein. However, when frequency reuse factor is adopted, it is unclear whether the value of satellite EIRP density changes or not. Take GEO S-band as an illustrative example, the satellite EIRP density is 59 dBW/MHz for the total 30 MHz bandwidth. When a frequency reuse factor of 3 is applied, each beam will finally occupy 10MHz. In this case, it should be clarified that what is the exact method to calculate the total beam power:
· Same EIRP density method: No matter how the bandwidth changes, the EIRP density still remains the same. That is, the available beam power becomes 59+10*log10(10) dBW if FRF=3 is used. 
· Same total beam power method: The total power for a beam keeps the same even if the beam bandwidth changes, i.e, the beam EIRP density changes. Under this assumption, the total beam power is also 59+10*log10(30) dBW even if FRF=3 applies. 
Indeed, to have a fair performance comparison (e.g., throughput) for different FRF, it is suitable to adopt the same total beam power method. Otherwise, the available beam power for different FRF is different, and thus the performance comparison will be inefficient to some extent. Besides, a satellite RF device typically operates at the saturation point, and thus the total power will be used altogether for transmission.   
Observation 9: It is unclear whether the value of satellite EIRP density changes or not when different FRF is used.
Proposal 5: Adopt the same total beam power method when different FRF is used. 

Table 2.4: Set-1 Satellite parameters for System Level Simulations (Adopted from Table X.1 [1])
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m
	2 m
	2 m

	G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	5 m
	0.5 m
	0.5 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite RX max Gain
	
	62 dBi
	42 dBi
	42 dBi

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR 38.811.
Note 2: This beam size refers to the Nadir pointing of the satellite


Calibration results
In this part, we provide calibration results (i.e., coupling loss and geometry) for 18 simulation configurations in the single satellite context. Two different wrap around options are employed. Note that S_4 = 0.7 is used in all simulation configurations. Besides, the satellite locations for GEO, LEO-1200 and LEO-600 are set to (42164, 0, 0), (7578, 0, 0) and (6978, 0, 0), respectively. 
The coupling loss calibration results for all the 18 simulation configurations can be found in Figures A1-A18 in the Appendix. Note that different wrap around options have no impacts on the coupling loss value. The minimum value of coupling loss is present in configurations C7 and C8, and is approximately equal to -146.5dB. While the maximum value of coupling loss is present in configurations C15 and C16, and is approximately equal to -96dB.
Observation 10: The value of coupling loss for NTN ranges approximately from -146.5dB to -96dB.
Meanwhile, the geometry calibration results for all the 18 simulation configurations under two wrap around methods are shown in Figures A19-A54 in the Appendix. The minimum value of geometry is present in configurations C5 and is approximately equals to -18.5dB. While the maximum value of geometry is present in configurations C10 and C16, and is approximately equal to 10dB. Besides, it can be seen that for a same simulation configuration, wrap around option 2 obtains a smaller geometry than wrap around option 1, and the performance gap varies with different configurations.
Observation 11: The value of geometry for NTN ranges approximately from -18.5dB to 10dB.
Observation 12: There is a gap in geometry performance between two wrap around options.

Preliminary throughput results
Herein, we provide preliminary throughput results for different simulation configurations using wrap around option 1 in Figures 2.7 and 2.8. Notably, the Others type UE achieves nearly zero throughput in all scenarios, due to the very low SINR. This fact can be further verified by the geometry calibration results. Thus, the others type UE characteristics defined in Table X.3 in [1] needs double check.  
Observation 13: The Others type UE achieves nearly zero throughput in all scenarios.
Proposal 6: Double check and adjust the Others type UE characteristics defined in Table X.3 in [1]. 
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Figure 2.7. Throughput results with approximate 20% RU under wrap around option 1.
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Figure 2.8. Throughput results with approximate 50%~60% RU under wrap around option 1

Multiple-satellite system level simulation assumptions and results
In this section, NTN system level simulation platform for multiple-satellite cases is studied. First, the consideration of constellation design is discussed and reference constellations are proposed. Second, the beam layout and frequency reuse factor for multi-satellite cases are discussed. At last, some preliminary simulation results are given.
Simulation Assumptions
Reference constellations 
In throughput evaluation, it is important to consider the inter-satellite interferences for UEs located at satellite edge. In order to simulate the actual conditions of the multiple-satellite system, the reference constellation for different operation scenarios should first be determined. Otherwise, an oversimplified multi-satellite configuration will result in unrealistic results. In this section, the basic considerations for satellite constellation, beam layout and other parameters are proposed for system calibration.
Observation 14: Reference satellite constellations for different scenarios are required for multi-satellite simulation.
In general, in order to achieve an NTN system with global coverage, several constellation parameters should be considered, such as satellite altitude, half power beam width (HPBW), minimum elevation angle and inclination. According to the previous agreement [1], the satellite altitudes for LEO are 600km and 1200km, respectively, and the GEO altitude is 35786 km. Besides, the HPBW of beams for different scenarios can be calculated using the parameters in [1]. 
The minimum elevation angle determines the maximum satellite service areas. Table 3.1 illustrates the path loss for different elevation angles. For lower minimum elevation angle, the path loss difference between nadir point and edge point is larger. Table 3.1 illustrates the path loss differences between different elevation angles. For LEO 600 km scenarios, the path loss of 10 degree is 10dB larger than nadir point while the difference for 30 degree is only 5dB. For LEO 1200 km scenarios, the path loss of 10 degree is 8dB larger than nadir point while the difference for 30 degree is only 4dB. For GEO scenarios, the path loss differences for different elevation angles are less than 1dB. To avoid large pass loss variation, the minimum elevation angle should be set to 30 degree for both LEO 600km and LEO 1200km scenarios, and 10 degree for GEO scenario. 
Table 3.1 Path loss (dB) for different elevation angles
	Path loss (dB) for different elevation angles 

	S band (2GHz)

	Elevation degree
	10
	30
	90 (nadir)

	LEO 600km
	164.2
	159.1
	154

	LEO 1200km
	168.4
	164.5
	160.1

	GEO
	190.6
	190.2
	189.5

	Ka band (20GHz DL)

	Elevation degree
	10
	30
	90 (nadir)

	LEO 600km
	184.2
	179.1
	174

	LEO 1200km
	188.4
	184.5
	180.1

	GEO
	210.6
	210.2
	209.5



Observation 15: The path loss increases by 4-5 dB when the elevation angle decreases from 90 degree to 30 degree for LEO scenarios, and varies within 1 dB when elevation angle changes for GEO scenarios. 
Proposal 7: To avoid large pass loss variation, the minimum elevation angle should be set to 30 degree for both LEO 600km and LEO 1200km scenarios, and 10 degree for GEO scenario, for the satellite reference constellation design.
To obtain the full coverage of the whole earth area, including north and south poles, the inclination is set to 87.5 degrees. Table 3.2 and Table 3.3 show the reference constellations for Set-1 and Set-2, respectively. Those parameters, such as number of satellites per orbit (Ns), number of orbit (Norbit) and number of beams per satellite (Nbeam) are well calculated and optimized to make sure any location on earth can be covered by at least one beam. The HPBW of beam for different scenarios are listed in Table A.1 and Table A.2 in the Appendix.
[bookmark: _Ref7624746] Table 3.2 Parameters for reference constellation of set-1
	Frequency
	Satellite altitude  (km)
	Parameter
	Frequency
	Satellite altitude  (km)
	Parameter

	S-band
	LEO 600
	Ns 
	30
	Ka-band
	LEO 600
	Ns 
	30

	
	
	Norbit
	17
	
	
	Norbit
	17

	
	
	Nbeam 
	469
	
	
	Nbeam 
	2977

	
	LEO 1200
	Ns 
	17
	
	LEO 1200
	Ns 
	17

	
	
	Norbit
	10
	
	
	Norbit
	10

	
	
	Nbeam 
	397
	
	
	Nbeam 
	2437

	
	GEO
	Ns 
	4
	
	GEO
	Ns 
	4

	
	
	Norbit
	4
	
	
	Norbit
	4

	
	
	Nbeam 
	1801
	
	
	Nbeam 
	8911



Table 3.3 Parameters for reference constellation of set-2
	Frequency
	Satellite altitude  (km)
	Parameter
	Frequency
	Satellite altitude  (km)
	Parameter

	S-band
	LEO 600
	Ns 
	30
	Ka-band
	LEO 600
	Ns 
	30

	
	
	Norbit
	17
	
	
	Norbit
	17

	
	
	Nbeam 
	127
	
	
	Nbeam 
	469

	
	LEO 1200
	Ns 
	17
	
	LEO 1200
	Ns 
	17

	
	
	Norbit
	10
	
	
	Norbit
	10

	
	
	Nbeam 
	91
	
	
	Nbeam 
	397

	
	GEO
	Ns 
	4
	
	GEO
	Ns 
	4

	
	
	Norbit
	4
	
	
	Norbit
	4

	
	
	Nbeam 
	547
	
	
	Nbeam 
	1519


All the constellations parameters for different scenarios have been provided in Table 3.2 and Table 3.3, respectively. Take LEO 600km in S band for example, the reference constellation is shown in Figure 3.1.  
[image: ]
Figure 3.1 Satellite constellation of LEO-600km in S band
Proposal 8: To simplify the constellation design, the constellations should be walker star constellation and the inclination should be set to 87.5 degree.
Proposal 9: Reference constellation defined in Table 3.2 can be considered for Set-1 satellite parameters in multiple-satellite SLS.
Proposal 10: Reference constellation defined in Table 3.3 can be considered for Set-2 satellite parameters in multiple-satellite SLS. 
There are too many satellites and it will take too much time to have full constellation simulation. Therefore, it is suggested to focus on partial geographical area or partial satellites in the simulation. 
Proposal 11: A subset of satellites (e.g., 3 or 7 satellites) in the reference constellations are sufficient for multiple-satellite system level simulation.
Beam layout definition
Hexagonal beam layout can be re-used for multiple satellite simulations. The detailed beam layout definition is listed in Table 3.4.
Table 3.4: Beam layout definition for multi satellite simulation
	Scenario
	Scenario A, C2 and D2

	Beam layout definition
	Baseline : Hexagonal mapping of the beam bore sight directions on UV plane defined in each satellite reference frame.

	Number of beams
	Case1: N-beam layout for evaluating the whole satellite’s coverage (N is the Nbeams for each scenarios, for example, N=469 for LEO 600 km S band set-1 scenario), with a wrap-around mechanism (i.e., 6 neighbor satellites with full beams surrounding target satellite).
Case 2: [TBD]-beam layout including only edge beams), with a wrap-around mechanism (i.e., 2 neighbor satellites with partial neighbor beams).

	UV plane illustration 
	The same to single satellite simulation

	UV plane convention
	The method is the same to single satellite simulation 

	Adjacent beam spacing on UV plane
	Baseline: Adjacent beam spacing computation based on 3dB beam width of the satellite antenna pattern :
ABS = sqrt(3) x sin(HPBW/2 [rad])

	Central beam bore sight direction definition
	Central beam center is considered at nadir point

	Multi-satellite beam generation method
	1. Obtain all the locations of the multiple satellites
2. Generate beams using aforementioned parameters for target satellite located at (earth radius + satellite orbit, 0, 0) in ECEF coordinate
3. Duplicate the target satellite’s beam layout and rotate the beam layout in ECEF coordinate
4. Obtain all the beam layout for multiple satellites



Proposal 12: For multi-satellite case calibration, the target satellite should be located at (earth radius+satellite orbit, 0, 0) in ECEF coordinate.
Proposal 13: For a target satellite, the beam layout generation method should be the same to single satellite case. The beam layout of other satellites can be replicated and rotated from the target satellite.
Take LEO 600km in S band of Set-1 case for example, Figure 3.2 illustrates the UV plane beam layout for one satellite, the total beam number is 469. Figure 3.3 illustrates the multi-satellite beam layout in earth surface (longitude latitude plane). 7 satellites of LEO-600km in S band are chosen and the satellite to be evaluated is located in the center with an ECEF coordinate of (6978000, 0, 0). The beam layout is the same for each satellite. The other surrounding 6 satellites’ beams can be replicated and rotated from the center satellite. In this case, each satellite has full number of beams to make sure there is no coverage gap in the geographical area, as shown in Figure 3.3.
Observation 16: With the identical beam spread angle for all the beams in one satellite, the beam coverage area at low elevation angle is much larger than that of high elevation angle, and there are beam overlapping among inter-satellite beams.
Proposal 14: New beam layout generation mechanism should be studied to solve the beam overlapping problem, such as turning off some beams or changing the HPBW of edge beams.
[image: ]
Figure 3.2 UV plane Beam layout of one satellite for LEO 600km in S band
 [image: ]
Figure 3.3 Earth surface beam layout of seven satellites for LEO 600km in S band of Set-1
To evaluate the whole satellite’s performance and to make sure the results to be identical with the real scenario, full beam layout are necessary. 
Observation 17: To evaluate the whole satellite’s performance and to make sure the results to be identical with the real scenario, full beam layout are necessary.
If only satellite edge UEs are concerned, we can simplify the simulation setup e.g. 3 satellites can be enough.      
Observation 18: To evaluate the inter-satellite interferences for satellite edge UEs, three satellites with edge beam layout definition are sufficient.

Frequency reuse factor
For single satellite cases, the frequency reuse factor is already agreed with 1, 3, 2 (polarization re-use is enabled). For multi-satellite cases, the frequency reuse factor should consider the intra-satellite beams FRF and inter-satellite beams FRF, which can be different. Table 3.5 illustrates the proposed FRF for multi- satellite cases. It should be noticed that the beam layouts are illustrated in longitude-latitude, so the coverage of beams are different. All the possibilities of FRFs are listed here and not all of them are suitable for multi-satellite cases.
Table 3.5 FRF for multi-satellite cases
	Intra-satellite beams
	Inter-satellite beams

	FRF=1
	FRF=1
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	FRF=1
	FRF=3
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	FRF=1
	FRF=2 (if polarization re-use is enabled)
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	FRF=3
	FRF=3
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	FRF=2 (polarization re-use is enabled)
	FRF=2 (polarization re-use is enabled)
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Observation 19: With FRF=1 for intra-satellite beams and FRF=1 for inter-satellite beams, inter satellite interference is severe due to overlapped coverage area at the satellite edges.
Observation 20: FRF=1 for intra-satellite beams and FRF=3 or 2 for inter-satellite beams, can be a solution to avoid inter-satellite interference with a low frequency reuse efficiency.
Proposal 15: FRF=1 for intra-satellite beams and FRF=3 or 2 for inter-satellite beams should not be considered for multi-satellite cases.
Observation 21: Applying the same FRF configuration for different satellites can be a solution to avoid inter-satellite interference with a high frequency reuse efficiency.
Proposal 16: FRF configuration should be the same for each satellite in multi-satellite simulation, e.g., 1, 3 and 2 (polarization re-use is enabled).

Simulation results and analysis
In this section, some calibration results with full beam layout of 7 satellites are given. The UE distribution and parameters are shown in Table A.1 and Table A.2 in the Appendix, and detailed UE characteristics can be found in Table X.3 of [2]. Frequency reuse factors (FRF) of 1 and 3 are assumed for both inter-satellite and intra-satellite FRF in the example simulation of LEO 600 km S band (Set-1) and the distribution of coupling loss, carrier to noise ratio (CNR), carrier to interference ratio (CIR) and carrier to interference and noise ratio (CINR) are illustrated in the following Figure 3.4 and Figure 3.5. The distributions of coupling loss, CNR, CIR and CINR of LEO 1200 km Ka band (Set-2) are illustrated in the following Figure 3.6 and Figure 3.7. The simulation configurations are detailed in the Table A.1 (for Set-1) and Table A.2 (for set-2) in the Appendix. 
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Figure 3.4 Illustration of the CL, C/N and CINR for LEO 600 in S band of set-1 with FRF = 1
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Figure 3.5 Illustration of the CL, C/N and CINR for LEO 600 in S band of set-1 with FRF= 3
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Figure 3.6 Illustration of the CL, C/N and CINR for LEO 1200 in Ka band of set-2 with FRF= 1
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Figure 3.7 Illustration of the CL, C/N and CINR for LEO 1200 in Ka band of set-2 with FRF= 2

Observation 22: The interference of FRF 1 is larger than FRF 2 and FRF 3 for the considered scenarios.
Proposal 17: Parameters listed in Table A.1 and Table A.2 should be used for simulation platform calibration.

Conclusions
In this contribution, the system level simulation assumptions are elaborated. Based on the discussion in the previous sections, we made the following observations and proposals:
Observation 1: The conventional wrap around method is originally applied to the full frequency re-use case.
Observation 2: In the conventional wrap around method, 2-tier interferences (i.e., interferences from 18 interfering cells) are modelled for each reference UE. 
Observation 3: NTN generally adopts frequency reuse pattern (e.g., 3-color or 4-color frequency reuse) instead of full frequency reuse pattern used in terrestrial networks.
Observation 4: The conventional wrap around method should not be directly used for single satellite simulation due to the unrealistic interference modeling problem. 
Observation 5: 2-tier interference can provide an approximate interference modeling. 
Observation 6: If frequency reuse is applied, the extended wrap around method cannot model 2-tier interferences and leads to underestimated interference for a reference UE. 
Observation 7: The proposed NTN-specific wrap around method can guarantee 2-tier interferences for different FRF. 
Observation 8: if Case 2 is set to 60 degrees, the minimum elevation angles of all beams after wrap around will approach 10 degrees.
Observation 9: It is unclear whether the value of satellite EIRP density changes or not when different FRF is used.
Observation 10: The value of coupling loss for NTN ranges approximately from -146.5dB to -96dB.
Observation 11: The value of geometry for NTN ranges approximately from -18.5dB to 10dB.
Observation 12: There is a gap in geometry performance between two wrap around options.
Observation 13: The Others type UE achieves nearly zero throughput in all scenarios.

Observation 14: Reference satellite constellations for different scenarios are required for multi-satellite simulation.
Observation 15: The path loss increases by 4-5 dB when the elevation angle decreases from 90 degree to 30 degree for LEO scenarios, and varies within 1 dB when elevation angle changes for GEO scenarios. 
Observation 16: With the identical beam spread angle for all the beams in one satellite, the beam coverage area at low elevation angle is much larger than that of high elevation angle, and there are beam overlapping among inter-satellite beams.
Observation 17: To evaluate the whole satellite’s performance and to make sure the results to be identical with the real scenario, full beam layout are necessary.
Observation 18: To evaluate the inter-satellite interferences for satellite edge UEs, three satellites with edge beam layout definition are sufficient.
Observation 19: With FRF=1 for intra-satellite beams and FRF=1 for inter-satellite beams, inter satellite interference is severe due to overlapped coverage area at the satellite edges.
Observation 20: FRF=1 for intra-satellite beams and FRF=3 or 2 for inter-satellite beams, can be a solution to avoid inter-satellite interference with a low frequency reuse efficiency.
Observation 21: Applying the same FRF configuration for different satellites can be a solution to avoid inter-satellite interference with a high frequency reuse efficiency.
Observation 22: The interference of FRF 1 is larger than FRF 2 and FRF 3 for the considered scenarios.
Proposal 1: For wrap around 4-tier beams (i.e., 108 beams) are added outside the initial 19-beam layout in the UV plane for single satellite case.
Proposal 2: The numbering scheme in NTN-specific wrap around method needs further study.
Proposal 3: The case 2 in Scenario C2/D2 should be studied in the multiple-satellite scenario instead of the single-satellite scenario.  
Proposal 4: Adopt simulation configurations in Table 2.3 as the start point for single satellite SLS.
Proposal 5: Adopt the same total beam power method when different FRF is used. 
Proposal 6: Double check and adjust the Others type UE characteristics defined in Table X.3 in [1]. 
Proposal 7: To avoid large pass loss variation, the minimum elevation angle should be set to 30 degree for both LEO 600km and LEO 1200km scenarios, and 10 degree for GEO scenario, for the satellite reference constellation design.
Proposal 8: To simplify the constellation design, the constellations should be walker star constellation and the inclination should be set to 87.5 degree.
Proposal 9: Reference constellation defined in Table 3.2 can be considered for Set-1 satellite parameters in multiple-satellite SLS.
Proposal 10: Reference constellation defined in Table 3.3 can be considered for Set-2 satellite parameters in multiple-satellite SLS. 
Proposal 11: A subset of satellites (e.g., 3 or 7 satellites) in the reference constellations are sufficient for multiple-satellite system level simulation.
Proposal 12: For multi-satellite case calibration, the target satellite should be located at (earth radius+satellite orbit, 0, 0) in ECEF coordinate.
Proposal 13: For a target satellite, the beam layout generation method should be the same to single satellite case. The beam layout of other satellites can be replicated and rotated from the target satellite.
Proposal 14: New beam layout generation mechanism should be studied to solve the beam overlapping problem, such as turning off some beams or changing the HPBW of edge beams.
Proposal 15: FRF=1 for intra-satellite beams and FRF=3 or 2 for inter-satellite beams should not be considered for multi-satellite cases.
Proposal 16: FRF configuration should be the same for each satellite in multi-satellite simulation, e.g., 1, 3 and 2 (polarization re-use is enabled).
Proposal 17: Parameters listed in Table A.1 and Table A.2 should be used for simulation platform calibration.
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Appendix
Single-satellite coupling loss results 
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Figure A1. Coupling loss calibration result of configuration C1.  
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Figure A2. Coupling loss calibration result of configuration C2.  
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Figure A3. Coupling loss calibration result of configuration C3.  
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Figure A4. Coupling loss calibration result of configuration C4. 
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Figure A5. Coupling loss calibration result of configuration C5.  
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Figure A6. Coupling loss calibration result of configuration C6.  
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Figure A7. Coupling loss calibration result of configuration C7.  
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Figure A8. Coupling loss calibration result of configuration C8.  
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Figure A9. Coupling loss calibration result of configuration C9.  
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Figure A10. Coupling loss calibration result of configuration C10.  
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Figure A11. Coupling loss calibration result of configuration C11. 
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Figure A12. Coupling loss calibration result of configuration C12.  
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Figure A13. Coupling loss calibration result of configuration C13.
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Figure A14. Coupling loss calibration result of configuration C14.  
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Figure A15. Coupling loss calibration result of configuration C15.
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Figure A16. Coupling loss calibration result of configuration C16.  
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Figure A17. Coupling loss calibration result of configuration C17.  
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Figure A18. Coupling loss calibration result of configuration C18.  




Single-satellite geometry results for different wrap around options
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Figure A19. Geometry calibration result of configuration C1 under wrap around option 1.  
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Figure A20. Geometry calibration result of configuration C1 under wrap around option 2.  
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Figure A21. Geometry calibration result of configuration C2 under wrap around option 1.  
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Figure A22. Geometry calibration result of configuration C2 under wrap around option 2.  

[image: ]
Figure A23. Geometry calibration result of configuration C3 under wrap around option 1.
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Figure A24. Geometry calibration result of configuration C3 under wrap around option 2.
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Figure A25. Geometry calibration result of configuration C4 under wrap around option 1.
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Figure A26. Geometry calibration result of configuration C4 under wrap around option 1.
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Figure A27. Geometry calibration result of configuration C5 under wrap around option 1.
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Figure A28. Geometry calibration result of configuration C5 under wrap around option 2.
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Figure A29. Geometry calibration result of configuration C6 under wrap around option 1.
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Figure A30. Geometry calibration result of configuration C6 under wrap around option 2.
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Figure A31. Geometry calibration result of configuration C7 under wrap around option 1.
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Figure A32. Geometry calibration result of configuration C7 under wrap around option 2.
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Figure A33. Geometry calibration result of configuration C8 under wrap around option 1.
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Figure A34. Geometry calibration result of configuration C8 under wrap around option 2.
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Figure A35. Geometry calibration result of configuration C9 under wrap around option 1.
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Figure A36. Geometry calibration result of configuration C9 under wrap around option 2.
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Figure A37. Geometry calibration result of configuration C10 under wrap around option 1.
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Figure A38. Geometry calibration result of configuration C10 under wrap around option 2.
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Figure A39. Geometry calibration result of configuration C11 under wrap around option 1.
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Figure A40. Geometry calibration result of configuration C11 under wrap around option 2.
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Figure A41. Geometry calibration result of configuration C12 under wrap around option 1.
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Figure A42. Geometry calibration result of configuration C12 under wrap around option 2.
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Figure A43. Geometry calibration result of configuration C13 under wrap around option 1.

[image: ]
Figure A44. Geometry calibration result of configuration C13 under wrap around option 2.

[image: ]
Figure A45. Geometry calibration result of configuration C14 under wrap around option 1.

[image: ]
Figure A46. Geometry calibration result of configuration C14 under wrap around option 2.
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Figure A47. Geometry calibration result of configuration C15 under wrap around option 1.
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Figure A48. Geometry calibration result of configuration C15 under wrap around option 2.
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Figure A49. Geometry calibration result of configuration C16 under wrap around option 1.
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Figure A50. Geometry calibration result of configuration C16 under wrap around option 2.
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Figure A51. Geometry calibration result of configuration C17 under wrap around option 1.
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Figure A52. Geometry calibration result of configuration C17 under wrap around option 2.
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Figure A53. Geometry calibration result of configuration C18 under wrap around option 1.
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Figure A54. Geometry calibration result of configuration C18 under wrap around option 2.




Multiple-satellite simulation assumptions
Table A.1 Illustration of the simulation assumptions for set-1 satellite parameters
	Case 
	LEO600-S
	LEO600-Ka
	LEO1200-S
	LEO1200-Ka
	GEO-S
	GEO-Ka

	Satellite altitude
	600km
	600km
	1200km
	1200km
	35786km
	35786km

	Reference satellite constellation
	LEO
	LEO
	LEO
	LEO
	GEO
	GEO

	Satellite number per orbit
	30
	30
	17
	17
	4
	4

	Orbit number
	17
	17
	10
	10
	4
	4

	Beam number per satellite
	469
	2977
	397
	2437
	1801
	8911

	Duplexing
	FDD
	FDD
	FDD
	FDD
	FDD
	FDD

	DL Frequency
	2GHz
	20GHz
	2GHz
	20GHz
	2GHz
	20GHz

	UL Frequency
	2GHz
	30GHz
	2GHz
	30GHz
	2GHz
	30GHz

	Bandwidth per Satellite
(DL)
	30MHz
	400MHz
	30MHz
	400MHz
	30MHz
	400MHz

	Frequency reuse factor among beams
	1, 3
	1, 2
	1, 3
	1, 2
	1, 3
	1, 2

	Channel model
	Suburban and Rural scenarios (Large scale model, ref from TR38.811)

	Outdoor UE configuration
	Handheld
	VSAT 
	Handheld
	VSAT 
	Handheld
	VSAT 

	UEs distribution
	X=10 UEs per beam with uniform distribution in all the beam

	UE orientation
	random;
	VSAT: Idea Tracking serving beam
	random
	VSAT: Idea Tracking serving beam
	random
	VSAT: Idea Tracking serving beam

	Satellite EIRP density
	34dBW/MHz
	4 dBW/MHz
	40 dBW/MHz
	10 dBW/MHz
	59 dBW/MHz
	40 dBW/MHz

	Satellite beam HPBW [degree]
	4.4
	1.76
	4.4
	1.76
	0.4
	0.18

	UE distribution Region
	Coverage area of target satellite

	UE altitude
	0km

	UE antenna Type
	3gpp Class3
	VSAT
	3gpp Class3
	VSAT
	3gpp Class3
	VSAT

	UE antenna G/T
	-30.62dB/K
	15.86dB/K
	-30.62dB/K
	15.86dB/K
	-30.62dB/K
	15.86dB/K

	Handover Margin
	0dB
	0dB
	0dB
	0dB
	0dB
	0dB

	UE attachment
	RSRP based
	RSRP based
	RSRP based
	RSRP based
	RSRP based
	RSRP based

	Polarization loss
	0dB
	0dB
	0dB
	0dB
	0dB
	0dB




Table A.2 Illustration of the simulation assumptions for set-2 satellite parameters
	Case 
	LEO600-S
	LEO600-Ka
	LEO1200-S
	LEO1200-Ka
	GEO-S
	GEO-Ka

	Satellite altitude
	600km
	600km
	1200km
	1200km
	35786km
	35786km

	Reference satellite constellation
	LEO
	LEO
	LEO
	LEO
	GEO
	GEO

	Satellite number per orbit
	30
	30
	17
	17
	4
	4

	Orbit number
	17
	17
	10
	10
	4
	4

	Beam number per satellite
	127
	469
	91
	397
	547
	1519

	Duplexing
	FDD
	FDD
	FDD
	FDD
	FDD
	FDD

	DL Frequency
	2GHz
	20GHz
	2GHz
	20GHz
	2GHz
	20GHz

	UL Frequency
	2GHz
	30GHz
	2GHz
	30GHz
	2GHz
	30GHz

	Bandwidth per Satellite
(DL)
	30MHz
	400MHz
	30MHz
	400MHz
	30MHz
	400MHz

	Frequency reuse factor among beams
	1, 3
	1, 2
	1, 3
	1, 2
	1, 3
	1, 2

	Channel model
	Suburban and Rural scenarios (Large scale model, ref from TR38.811)

	UEs distribution
	X=10 UEs per beam with uniform distribution in all the beam

	Outdoor UE configuration
	Handheld
	VSAT 
	Handheld
	VSAT 
	Handheld
	VSAT 

	UE orientation
	random;
	VSAT: Idea Tracking serving beam
	random
	VSAT: Idea Tracking serving beam
	random
	VSAT: Idea Tracking serving beam

	Satellite EIRP density
	28 dBW/MHz
	-4 dBW/MHz
	34 dBW/MHz
	2 dBW/MHz
	53.5 dBW/MHz
	32 dBW/MHz

	Satellite beam HPBW [degree]
	8.8
	4.4
	8.8
	4.4
	0.74
	0.44

	UE distribution Region
	Coverage area of target satellite

	UE altitude
	0km

	UE antenna Type
	3gpp Class3
	VSAT
	3gpp Class3
	VSAT
	3gpp Class3
	VSAT

	UE antenna G/T
	-30.62dB/K
	15.86dB/K
	-30.62dB/K
	15.86dB/K
	-30.62dB/K
	dB/K

	Handover Margin
	0dB
	0dB
	0dB
	0dB
	0dB
	0dB

	UE attachment
	RSRP based
	RSRP based
	RSRP based
	RSRP based
	RSRP based
	RSRP based

	Polarization loss
	0dB
	0dB
	0dB
	0dB
	0dB
	0dB






image3.wmf
(,)

ab


image93.emf

image94.emf

image95.emf

image4.wmf
22

22

22

22

22

22

22

()()

((3))((83/2))

((3))((83/2))

min

((4.5))((73/2))

((4.5))((73/2))

((7.5))((3/2))

((7.5))((3/2))

xayb

xaRybR

xaRybR

d

xaRybR

xaRybR

xaRybR

xaRybR

ìü

-+-

ïï

ïï

--+--

ïï

ï

-++-+

ï

ï

=

--+-+

íý

ï

ï

-++--

ï

ï

-++-+

ï

ï

--+--

î

ï

ï

ï

ï

ï

ï

ï

ï

ï

þ


image5.wmf
R


image6.emf
4

0

1

5

6

3

2

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

Cluster 6

Cluster 1

Cluster 2

Cluster 5

Cluster 4

Cluster 3

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

14

18

12

8

15

16

17

11

10

9

7

Cluster 0

Reference UE

Cell X numbered in red is an interfering or serving cell for the reference UE

X


image7.emf
4

0

1

5

6

3

2

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

Cluster 6

Cluster 1

Cluster 2

Cluster 5

Cluster 4

Cluster 3

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

14

18

12

8

15

16

17

11

10

9

7

Cluster 0

Reference UE

Cell X numbered in red is an interfering or serving cell for the reference UE

X

Cell in frequency 

band 1

Cell in frequency 

band 2

Cell in frequency 

band 3

Strong 

interference area


image8.emf
4

0

1

5

6

3

2

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

Cluster 6

Cluster 1

Cluster 2

Cluster 5

Cluster 4

Cluster 3

13

4

0

1

7

14

5

6

18

12

3

2

8

15

16

17

11

10

9

13

14

18

12

8

15

16

17

11

10

9

7

Cluster 0

Reference UE

Cell X numbered in red is an interfering or serving cell for the reference UE

X

Cell in frequency 

band 1

Cell in frequency 

band 2

Cell in frequency 

band 3


image9.emf

image10.emf
10

11

12

13

14

9

10

11

12

18

1

2

3

14

15

16

17

5

17

17

4

16

16

18

6

18

18

15

15

1

1

7

17

16

15

14

13

9

8

7

6

12

11

10

9

7

6

5

17

2

11

8

18

3

12

9

16

1

10

4

13

10

15

18

4

7

16

13

5

8

17

3

6

15

12

6

9

5

14

11

4

4

10

4

3

3

9

3

5

11

5

2

2

8

12

6

14

13

1

2

7

8

8

7

1

2

14

13

Reference 19 beams 4-tier beams used for wrap around

X

Cell X numbered in red is an interfering or serving cell for the reference UE

Initial 19 beams

Added 4-tier 

beams

4

0

1

5

6

3

2

13

14

18

12

8

15

16

17

11

10

9

7

Initial 19 beams


image11.png
LEO S band beam layout in the long lat plane

20

15

Comer beams

5

Long (degree)

10

15

20




image12.emf

image13.emf
5% UE throughput with approximate 20% RU under wrap around option 1

C1 C2C3 C4C5 C6C7 C8C9C10C11C12C13C14C15C16C17C18

Configurations

0

3

6

9

12

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)


image14.emf
50% UE throughput with approximate 20% RU under wrap around option 1

C1 C2C3 C4C5 C6C7 C8C9C10C11C12C13C14C15C16C17C18

Configurations

0

3

6

9

12

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)


image15.emf
95% UE throughput with approximate 20% RU under wrap around option 1

C1 C2C3 C4C5 C6C7 C8C9C10C11C12C13C14C15C16C17C18

Configurations

0

3

6

9

12

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)


image16.emf
5% UE throughput with approximate 50%-60% RU under wrap around option 1

C1 C2C3 C4C5 C6C7 C8C9C10C11C12C13C14C15C16C17C18

Configurations

0

5

10

15

20

25

30

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)


image17.emf
50% UE throughput with approximate 50%-60% RU under wrap around option 1

C1 C2C3 C4C5 C6C7 C8C9C10C11C12C13C14C15C16C17C18

Configurations

0

5

10

15

20

25

30

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)


image18.emf
95% UE throughput with approximate 50%-60% RU under wrap around option 1

C1 C2C3 C4C5 C6C7 C8C9C10C11C12C13C14C15C16C17C18

Configurations

0

5

10

15

20

25

30

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)


image19.png




image20.png




image21.png




image22.png




image23.png




image24.png




image25.png




image26.png




image27.png
S
N




image28.png




image29.png




image30.png
in orbit=600km

CINR dB value with FRF:

Longitude (degree)





image31.png
Latitude (degree)

CIR dB value with FRF=1 in orbit=600km

Longitude (degree)




image32.png
CDF(%)

CDF(%)

CDF in orbit=600km with FRF = 1

1
CINR
08 CNR
CR
06
04
02
0
8 70 60 50 40 30 20 -0 0 10 20
CINR, CNR and CIR (dB)
Coupling loss in orbit=600km with FRF
1
oupling Loss.
08
06
04
02
0
220 210 200 19 180 170 160 150 140  -130

Coupling loss (dB)




image33.png
Latitude (degree)

CINR dB value with FRF=3 in orbit=600km

Longitude (degree)




image34.png
Latitude (degree)

Longitude (degree)

20

20

30

40




image35.png
1
08
Fos
g
Soa
02
0
70 60 50 40 30 2 -0 0 10 20 30
CINR, CNR and CIR (dB)
Coupling loss in orbit=600km with FRF = 3
1
Coupling Loss
08
Fos
g
Soa
02
0
220 210 200 190 180 170 160 150 140  -130

Coupling loss (dB)




image36.png
1200km

1 in orbit:

CINR dB value with FRF:

(ea1Bp) aprine]

15

-10

-15

Longitude (degree)




image37.png
Latitude (degree)

CIR dB value with FRF=1 in orbit=1200km

Longitude (degree)




image38.png
CDF in orbit="

1200km with FRF =1

% 25 2 5 0 5 0 5 10
CINR, CNR and CIR (dB)
Coupling loss in orbit=1200km with FRF = 1

e Coupling Loss

450 45 140 435 430 125 420 15 410
Coupling loss (dB)




image39.png
Latitude (degree)

inor

rbit=1200km

Longitude (degree)

20

25




image40.png
Latitude (degree)

Longitude (degree)

20




image41.png
CDF(%)

CDF in orbit=1200km with FRF =2

1
08

06
04
02

0

-0 30 20 -10 0 20 30

CINR, CNR and CIR (dB)
Coupling loss in orbit=1200km with FRF = 2
1
oupling Loss.

- pling
06
04
02

0

185 150 145 140 135 430 125 120 115 -110

Coupling loss (dB)




image42.emf
-143.5 -143 -142.5 -142 -141.5 -141 -140.5 -140

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C1


image43.emf
-143.5 -143 -142.5 -142 -141.5 -141 -140.5 -140

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C2


image44.emf
-118.5 -118 -117.5 -117 -116.5 -116 -115.5 -115 -114.5

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C3


image45.emf
-118.5 -118 -117.5 -117 -116.5 -116 -115.5 -115 -114.5

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C4


image46.emf
-134 -133.5 -133 -132.5 -132 -131.5 -131 -130.5 -130

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C5


image47.emf
-134 -133.5 -133 -132.5 -132 -131.5 -131 -130.5 -130

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C6


image48.emf
-146.5 -146 -145.5 -145 -144.5 -144 -143.5 -143 -142.5 -142

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C7


image49.emf
-146.5 -146 -145.5 -145 -144.5 -144 -143.5 -143 -142.5 -142

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C8


image50.emf
-105.5 -105 -104.5 -104 -103.5 -103 -102.5 -102

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C9


image51.emf
-105.5 -105 -104.5 -104 -103.5 -103 -102.5 -102

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C10


image52.emf
-122.5 -122 -121.5 -121 -120.5 -120 -119.5 -119

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C11


image53.emf
-122.5 -122 -121.5 -121 -120.5 -120 -119.5 -119

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C12


image54.emf

image55.emf

image56.emf
-99.5 -99 -98.5 -98 -97.5 -97 -96.5 -96

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C15


image57.emf
-99.5 -99 -98.5 -98 -97.5 -97 -96.5 -96

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C16


image58.emf
-116 -115.5 -115 -114.5 -114 -113.5 -113 -112.5

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C17


image59.emf
-116 -115.5 -115 -114.5 -114 -113.5 -113 -112.5

Coupling Loss (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of CL for configuration C18


image60.emf

image61.emf

image62.emf

image63.emf

image64.emf

image65.emf

image66.emf

image67.emf

image68.emf

image69.emf

image70.emf

image71.emf

image72.emf

image1.wmf
d


image73.emf

image74.emf

image75.emf

image76.emf

image77.emf

image78.emf

image79.emf

image80.emf

image81.emf

image82.emf

image2.wmf
(,)

xy


image83.emf

image84.emf

image85.emf

image86.emf

image87.emf

image88.emf

image89.emf

image90.emf

image91.emf

image92.emf

