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Abstract In the context of satellite terrestrial radio frequency/laser wavelength sharing, this paper studies the
aggregate interference of International Mobile Telecommunication System (IMT) terrestrial stations that is imposed
to the low earth orbit (LEO) satellites equipped with the multi-beam receiving antenna for radio communication with
frequencies below 6 GHz and free-space laser communications. For frequencies below 6 GHz, typical kinds of IMT
base station deployment scenarios were emulated according to the latest International Telecommunication Union
(ITU) Recommendations. By means of Monte Carlo simulation, a statistical clutter loss model was introduced into
the interference simulation. The model’s applicability was analyzed, and it was used for the random detailed scene
simulation. After combining the typical scenarios with the characteristics of the satellite multi-beam antennas, we

study the change trends of the different typical base station deployment scenarios with the different satellite antenna
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beam scanning angels by simulations. The results show that when the height of base station antenna was below

rooftop, the clutter loss should not be neglected. On the other hand, we analyze the possible interference of the terrestrial

free-space optical communication imposed to the LEO satellite by link calculation. The analysis results have theoretical

guiding significance and application value for monitoring the receiving environment of LEO satellites.

Key words

spectrum analysis; low earth orbit satellites; co-channel interference analysis; clutter loss model;

international mobile communication system; free-space optical communication
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Table 1 Deployment scenarios of terrestrial IMT BS"

) Seamless wide area Small
Scenario
coverage area coverage
Rural Macro rural /
Suburban Macro suburban Micro suburban
Urban Macro urban Micro suburban
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Table 2 Deployment-related parameters for bands at 2 GHz™

Macro rural Macro suburban ~ Macro urban Macro suburban Micro urban

Cell radius /km 7.5 1.5 0.75 1.5 0.5
Antenna height /m 30 30 25 6
Downtilt /(%) 3 6 10 n.a.

Antenna pattern ITU-R F. 1336 (recommends 3. 1) ITU-R F. 1336 (recommends 2)

Below rooftop BS
0%
antenna deployment
Feeder loss /dB
Maximum BS output

power (10 MHz) /dBm

46

Maximum BS antenna gain /dBi 18
Average BS activity

30% 100%
n.a
35
16 5
50%
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Table 3 Average value and standard deviation of grid interference in each scenario

Macro rural Macro suburban Macro urban Micro suburban Micro urban
Average value /dBm —107.22 —92.27 —86. 27 —92.41 —82.91
Standard deviation /dB 1.91 0.33 0.16 0. 36 0.11
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Table 4  Simulation parameters for vertical and horizontal

path cases
Item Vertical path  Horizontal path
Total path length /km 800 3291
Atmosphere path

lengpth / kri 20 o0
Wavelength /nm 850
Output power /dBm 24
Beam divergence /mrad 0.2

Aperture /m’ 0.005
Very clear air and visibility is
50 km, attenuation is 0. 19 dB/km

Weak turbulence: 10 '

Atmosphere
attenuation

C,, 2 /m 2/3
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Table 5 Simulation result for vertical and horizontal path cases

Item Vertical path  Horizontal path
Output power /dBm 24 24
Ay, /dB 66. 04 78.33
A, /dB 3.8 95.95
A initaion /dB 0.0152 0.294
A e /dB 1 1
I/dBm —46. 8552 —151.574
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