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Transform how terrestrial wireless communication 
infrastructure and satellite-based sensing systems 

share the spectrum above 100 GHz

Project Goal

Experimental Evaluation 
of RFI to the Orbiting 
TEMPEST-H8 Sensor 

RFI Model from Large-
scale Terrestrial 6G 
Networks and 
Comparison with 
Measurements

Interference Mitigation 
and 
Co-Design of Next-
Generation Terrestrial 
and Satellite Systems 

Spectrum allocations above 100 GHz and passive 
sensing incumbents Polese et al, "Coexistence and Spectrum 

Sharing Above 100 GHz", Proceedings of the IEEE, Vol. 111, No. 8,  
August 2023

Team with cross-cutting expertise:

• Terahertz Communications and Networks, 
Spectrum Sharing, RFI Modeling

• Passing Sensing instruments from GHz to 
Terahertz and Observational Algorithms for 
the ​Earth’s Atmosphere and Oceans​



Thrust 1: Experimental RFI Evaluation 

Transmit the first sub-THz signal from the ground to a LEO platform
Characterize RFI to an EESS sensor

Ground System (TX)

Antenna & RF Frontend: 
TeraNova testbed

Mount: Alt-az high-precision 
motorized table

Optical Tracking: Williams Optics 
50mm Guidescope

Calibration: Here+4 GNSS Receiver, 
Compass, IMU

Incumbent

TEMPEST-H8: Earth Remote 
Sensing Radiometer on the ISS
- Frequency Bands: 87, 165, 174, 

178, and 181 GHz
- ±60° nadir angles
- 1550 km wide swath with 

radiometer sampling time of 5 ms

Challenges:

• Link budget to ensure that sensor is not damaged
• Open-loop tracking with small beamwidth (about 2 degrees) and ISS velocity (7.67 km/s)

• No feedback on movement and/or received signal (delayed)
• Limited tracking opportunities

• Experimental license - multiple iterations over 1.5 years, still not possible to perform 
experiments. The sensor will be removed soon

Successfully 
addressed 

Blocker 



Thrust 1: Experimental RFI Evaluation - Tracking 
4

Open Loop “Tracking”

Feedback Loop 
Tracking

Error Correction

Calibration: 
track precise 
and known 
object (e.g., 
the sun/moon) 

Experiment: track the ISS 
without feedback2 - Two-step 

experiment setup

P. Brach del Prever et al., "Pointing-Error-Induced Fading in an Open-Loop THz Uplink with Hardware Impairments", under submission

1 - System modeling 
to characterize 
tracking errors

Model: 
• Limitations of the alt-az mount: latency, acceleration, 

sampling effects
• Imprecise positioning (compass, GPS errors)
• Narrow beam (limited margin of error)

Sped-up version



Thrust 2: Large-scale RFI Modeling

Ground-to-sat RFI Cross-link sat-to-sat RFI

S. Aliaga Torrens, V. Petrov and J.  M. Jornet, "Modeling Interference From Millimeter Wave and 
Terahertz Bands Cross-Links in Low Earth Orbit Satelli te Networks for  6G and Beyond," IEEE JSAC, 2024
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Fig. 8: Percentage (a) and number (b) of nodes not obstructed by the buildings for different satellite nadir angles and gNB densities, varying the satellite
azimuth location.
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Fig. 9: Estimated PDF of the GT X 2S of the interfering rays for different satellite nadir angles in the Urban scenario.

percentage of ground nodes that can interfere with the satellite

is strongly correlated to the nadir angle: when the satellite is

above the city (↵n ' 10°), the interfering signal propagates

in the vertical direction, limiting the number of buildings that

block it. Thus, almost 100% ground nodes are in LoS with

the satellite. As the satellite moves towards the horizon, the

percentage decreases, with almost 80% of the ground nodes

able to reach it when it is at ↵n = 35°, and as little as 50%
when it is at ↵n = 65°.

On the contrary, the absolute number of potential interferers

reported in Fig. 8b is grouped by gNB density, as expected.

However, the effect of the ↵n angle is still clearly visible, as
for each density the number of potential interferers decreases

as the satellite approaches the horizon.

b) Interfering Nodes Gain: As shown in Sec. IV-B,

although the TX focuses the emitted power toward the RX

through narrow beams, there is a non-zero probability that

also the interfering rays to the satellite are amplified by the

beamforming configuration of the TX. Fig. 9 reports the

estimated PDF of the transmitter gain experienced by the

interfering LoS and reflected rays that reach the satellite.

For all the nadir angles, the vast majority of the rays are

successfully suppressed (GT X 2S < 0).

In particular, the UEs suppress the RFI with the minimum

gain with high probability, corresponding to the peak prob-

ability in − 8.5 dBi, that is clearly visible for ↵n = 35°

and ↵n = 65°. On the contrary, the same behavior is not

present when considering the gNBs, where a broader interval

of GT X 2S hasahigh probability. This isdue to the fact that the

interference, and hence thegain reported in Fig. 9, is computed

only for the rays emitted by the angular sector containing the

satellite. Given that the UEs have a single sector, all the rays

are included for the PDF estimation, even when the antenna

is pointing in the opposite direction. On the contrary, only

the transmitter gain of the rays in the gNB sector containing

the satellite is considered, based on the realistic assumption

that the power leakage by a sector to the adjacent ones can

be effectively suppressed. Thus, the gNB gains reported in

Fig. 9 are computed only in the 120° angular sector containing

the satellite instead of the whole 360° azimuth domain, thus

increasing the probability of the antenna pointing toward the

satellite in the azimuth plane.

Furthermore, Fig. 9 shows a distinct distribution for the

LoS and for the ground-reflected rays when considering the

gNBs and the UEs. Specifically, the LoS rays of the UEs

have a greater probability of being amplified than the GR

rays, and vice-versa for the gNBs. The zoom on the tails of

the PDF highlights this behavior, with the highest gain being
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{0.2,0.5, 1} . A load factor of 0.2 or 0.5 effectively decreases

the average interference E [I ] below the ITU threshold for

all the considered scenarios. Conversely, the 95th percentile

I 95 is less affected, remaining above the threshold when

considering high density (λg = 45,100 gNBs/km
2) and small

nadir angles (↵n=10°). Note that sub-THz networkswith ultra-
wide bandwidths are more likely to operate in scenarios with

a small ⇢, as transmissions can leverage high data rates and
thus occupy the channel for reduced periods of time [1].

B. Backhaul

a) Interfering Nodes Gain: For the backhaul scenario,

links are established between gNBs, i.e., between nodes at

similar heights. Thus, the transmitting beams are generally

more aligned to the horizontal axis than those of their cellular

counterpart. This behavior can be clearly observed in Fig. 14,

where the histogram for the transmitter gain is reported,

considering the TEMPEST satellite. We can observe how, due

to the horizontal orientation, the beamforming effectively sup-

presses the interference, particularly when thesatellite isabove

the network area (↵B F 2 {10°, 35°} ). As it lowers toward the
horizon, larger gains become more probable. Furthermore, for

the same reason, the gain of the LoSand reflected rays present

almost the same distribution.

b) Aggregated Power: Fig. 13 reports the ECDF of the

aggregated RFI in the considered scenarios, for the TEMPEST

satellite at 178GHz. Wecan observe that theaggregated power

here is much greater than in the cellular scenario. This is

mainly due to the increase in the transmitting power, which

shifts all the distributions by about 20 dB.

The probability of exceeding the threshold in the different

scenarios is reported in Table IV. Comparing it with the

results reported in Table III, we can observe how the backhaul

scenario generates much greater interference than the Urban

Cellular one.

In conclusion, although the narrow beams suppress the

power leaking toward the satellite, a backhaul network with

the considered frequency can be potentially harmful to the

incumbent satellites.

↵ n [deg]
10 35 65

10 0.023 0.028 0
45 0.655 0.527 0
Real 0.74 0.527 0
100 0.9138 0.872 0

TABLE IV: Probability that the RFI is greater than the ITU threshold for the
Backhaul scenario.

VII . CONCLUSIONS AND FUTUREWORKS

In this paper, we introduced analytical and simulation

methodologies for the evaluation of RFI that next-generation

terrestrial networks may introduce in passive sensing satellite

systems. We developed a single-link analysis that shows the

effect of beam amplification through the combined effect of

the problem geometry, of the beam of the terrestrial TX and

of the satellite. We then extended this into a large-scale data-

driven simulation which relies on topologies for networks

and buildings based on real-world data. The results show

that—despite the high propagation and absorption loss at sub-

THz frequencies—it is possible to generate RFI above ITU

thresholds with specific network and satellite configurations.

These insights provide a foundation for our future work,

which will focus on developing coexistence methods in a

realistic data-driven framework. In addition, we will further

extend our analysis by considering models for how RFI

propagates into the passive sensors measurements.
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Fig. 14: Estimated PDF of the GT X 2S of the interfering rays for different satellite nadir angles in the Backhaul scenario.
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{ 0.2, 0.5,1} . A load factor of 0.2 or 0.5 effectively decreases

the average interference E [I ] below the ITU threshold for

all the considered scenarios. Conversely, the 95th percentile

I 95 is less affected, remaining above the threshold when

considering high density (λg = 45,100 gNBs/km
2) and small

nadir angles (↵n=10°). Note that sub-THz networkswith ultra-
wide bandwidths are more likely to operate in scenarios with

a small ⇢, as transmissions can leverage high data rates and
thus occupy the channel for reduced periods of time [1].

B. Backhaul

a) Interfering Nodes Gain: For the backhaul scenario,

links are established between gNBs, i.e., between nodes at

similar heights. Thus, the transmitting beams are generally

more aligned to the horizontal axis than those of their cellular

counterpart. This behavior can be clearly observed in Fig. 14,

where the histogram for the transmitter gain is reported,

considering the TEMPEST satellite. We can observe how, due

to the horizontal orientation, the beamforming effectively sup-

presses the interference, particularly when thesatellite isabove

the network area (↵B F 2 { 10°,35°} ). As it lowers toward the
horizon, larger gains becomemore probable. Furthermore, for

the same reason, the gain of the LoSand reflected rays present

almost the same distribution.

b) Aggregated Power: Fig. 13 reports the ECDF of the

aggregated RFI in the considered scenarios, for the TEMPEST

satellite at 178GHz. Wecan observe that theaggregated power

here is much greater than in the cellular scenario. This is

mainly due to the increase in the transmitting power, which

shifts all the distributions by about 20 dB.

The probability of exceeding the threshold in the different

scenarios is reported in Table IV. Comparing it with the

results reported in Table III, we can observe how the backhaul

scenario generates much greater interference than the Urban

Cellular one.

In conclusion, although the narrow beams suppress the

power leaking toward the satellite, a backhaul network with

the considered frequency can be potentially harmful to the

incumbent satellites.

↵ n [deg]
10 35 65

10 0.023 0.028 0
45 0.655 0.527 0
Real 0.74 0.527 0
100 0.9138 0.872 0

TABLE IV: Probability that the RFI is greater than the ITU threshold for the
Backhaul scenario.

VII . CONCLUSIONS AND FUTUREWORKS

In this paper, we introduced analytical and simulation

methodologies for the evaluation of RFI that next-generation

terrestrial networks may introduce in passive sensing satellite

systems. We developed a single-link analysis that shows the

effect of beam amplification through the combined effect of

the problem geometry, of the beam of the terrestrial TX and

of the satellite. We then extended this into a large-scale data-

driven simulation which relies on topologies for networks

and buildings based on real-world data. The results show

that—despite the high propagation and absorption loss at sub-

THz frequencies—it is possible to generate RFI above ITU

thresholds with specific network and satellite configurations.

These insights provide a foundation for our future work,

which will focus on developing coexistence methods in a

realistic data-driven framework. In addition, we will further

extend our analysis by considering models for how RFI

propagates into the passive sensors measurements.
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Fig. 14: Estimated PDF of the GT X 2S of the interfering rays for different satellite nadir angles in the Backhaul scenario.
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{0.2,0.5, 1} . A load factor of 0.2 or 0.5 effectively decreases

the average interference E [I ] below the ITU threshold for

all the considered scenarios. Conversely, the 95th percentile

I 95 is less affected, remaining above the threshold when

considering high density (λg = 45,100 gNBs/km
2) and small

nadir angles (↵n=10°). Note that sub-THz networkswith ultra-
wide bandwidths are more likely to operate in scenarios with

a small ⇢, as transmissions can leverage high data rates and
thus occupy the channel for reduced periods of time [1].

B. Backhaul

a) Interfering Nodes Gain: For the backhaul scenario,

links are established between gNBs, i.e., between nodes at

similar heights. Thus, the transmitting beams are generally

more aligned to the horizontal axis than those of their cellular

counterpart. This behavior can be clearly observed in Fig. 14,

where the histogram for the transmitter gain is reported,

considering the TEMPEST satellite. We can observe how, due

to the horizontal orientation, the beamforming effectively sup-

presses the interference, particularly when thesatellite isabove

the network area (↵B F 2 {10°, 35°} ). As it lowers toward the
horizon, larger gains become more probable. Furthermore, for

the same reason, the gain of the LoSand reflected rays present

almost the same distribution.

b) Aggregated Power: Fig. 13 reports the ECDF of the

aggregated RFI in the considered scenarios, for the TEMPEST

satellite at 178GHz. Wecan observe that theaggregated power

here is much greater than in the cellular scenario. This is

mainly due to the increase in the transmitting power, which

shifts all the distributions by about 20 dB.

The probability of exceeding the threshold in the different

scenarios is reported in Table IV. Comparing it with the

results reported in Table III, we can observe how the backhaul

scenario generates much greater interference than the Urban

Cellular one.

In conclusion, although the narrow beams suppress the

power leaking toward the satellite, a backhaul network with

the considered frequency can be potentially harmful to the

incumbent satellites.

↵ n [deg]
10 35 65

10 0.023 0.028 0
45 0.655 0.527 0
Real 0.74 0.527 0
100 0.9138 0.872 0

TABLE IV: Probability that the RFI is greater than the ITU threshold for the
Backhaul scenario.

VII . CONCLUSIONS AND FUTUREWORKS

In this paper, we introduced analytical and simulation

methodologies for the evaluation of RFI that next-generation

terrestrial networks may introduce in passive sensing satellite

systems. We developed a single-link analysis that shows the

effect of beam amplification through the combined effect of

the problem geometry, of the beam of the terrestrial TX and

of the satellite. We then extended this into a large-scale data-

driven simulation which relies on topologies for networks

and buildings based on real-world data. The results show

that—despite the high propagation and absorption loss at sub-

THz frequencies—it is possible to generate RFI above ITU

thresholds with specific network and satellite configurations.

These insights provide a foundation for our future work,

which will focus on developing coexistence methods in a

realistic data-driven framework. In addition, we will further

extend our analysis by considering models for how RFI

propagates into the passive sensors measurements.
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Fig. 14: Estimated PDF of the GT X 2S of the interfering rays for different satellite nadir angles in the Backhaul scenario.

Downlink (from gNBs) Uplink (from UEs) Backhaul (gNBs)

City-scale ground network modeling and RFI (above 100 

GHz and in FR-3 for comparison)

Highlights:
• Impact of ground reflection alters RFI geometry

• Interplay between main lobe steering and ground reflection

• At scale, aggregate RFI from UEs may be harmful
• Path loss, building, and atmospheric attenuation provide the 

most protection, especially above 100 GHz

P. Testolina, M. Polese, J. M. Jornet, T. Melodia and M. Zorzi,  "Modeling Interference for the Coexistence of 6G Networks and Passive Sensing Systems," in IEEE Transact ions on Wireless Communications, 2024
P. Testolina, E. Beshaj, M. Polese and T. Melodia, "Spectrum Sharing Across Terrestrial and Non-Terrestr ial  Services in the FR3 Upper Midband," IEEE DySPAN, 2025

Mathematical framework for modeling 
directional interference in orbital 
systems

Highlights:
• Analytical model and numerical validation
• Identify regimes where RFI needs to be 

accounted for despite directionality



• Provide learning opportunities across different disciplines
• Discuss requirements, pain points, and opportunities for co-design 

Bridging two 
communities

• EuCAP 2025 special session
• Led spectrum summer workshop for 38 undergrads from 12 universities in 9 states

Outreach

• Participation in American Meteorological Society committee on RF Allocations

• Participation in ATIS NextG Alliance Spectrum working group
• Feedback in FCC proceedings

Policy

• Coursework on spectrum policy at Northeastern UniversityEducation

• Tracking system will be used for future THz-based space science missions at 
Northeastern UniversityFuture technology

Broader Impacts
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