
Experiment Setup: RFI Characterization at 165 GHz
 

Link Budget AnalysisTracking the TEMPEST-H8 Sensor on the ISS

Large Scale RFI Modeling  

    City-scale RFI simulations: capture the contributions of thousands of devices

    Impact of downlink/uplink/backhaul traffic

Single-Link Analysis: capture system dynamics in an intuitive framework

32 GHz of bandwidth per channel. Our custom-designed programmable physical layer is in charge of fram-
ing; time, frequency, and phase synchronization; modulation, pulse shaping, and demodulation; and pre-
distortion, channel estimation, and equalization. With this platform, we have set several landmarks, includ-
ing the first channel characterization at true THz frequencies (1.05 THz) [32]; the first multi-kilometer-long

Fig. 4: TEMPEST-D instrument diagram (a), TEMPEST-D shortly after deployment
(b), and brightness temperature observation of Hurricane Sally on 09/19/2020 (c).

link at 225 GHz [33]; and the
first dynamic frequency sys-
tem above 100 GHz, able to
switch between 120-GHz and
240 GHz on demand to en-
sure coexistence with passive
users of the spectrum [21]. In
addition, we have shared the
collected data signals [34] and
opened the platform to institu-
tions in the nation.

Table 1: Key characteristics of the TEMPEST-H8 on-orbit sensor on ISS at its five fre-
quencies in the sub-THz range.

Frequency (GHz) 89 165 176 180 182
Bandwidth (GHz) 3.2 3.9 2.2 1.8 2.0
3 dB Beamwidth (degrees) 3.60 1.68 1.69 1.72 1.80
Footprint at nadir (km) 25 13.4 13.3 13.1 12.5
NEDT on-orbit (K) 0.2 0.3 0.5 0.5 0.7
Minimum detectable power at antenna (fW) 8.8 16 15 12 19

The Temporal Ex-
periment for Storms
and Tropical Systems
space-borne sensor: Our
team includes the PI of
TEMPEST-D and one of
the principal users of
TEMPEST-H8. As a key
part of the U.S. Space
Force STP-H8 mission
to demonstrate low-cost weather sensing technology, TEMPEST-H8 has been performing near-real-time
atmospheric science measurements from the ISS since January 8, 2022. The TEMPEST-H8 sensor was
produced side-by-side with the original TEMPEST-D (“D” for “Demonstration”) mission [35] sensor on a 6U
CubeSat that was launched on a commercial resupply mission to the ISS on May 21, 2018, and deployed
into orbit from the ISS into a 410-km altitude and 51.6 inclination orbit on July 13, 2018, as shown in Fig. 4.
Intended as a three-month technology demonstration mission in low-Earth orbit (LEO), TEMPEST-D ex-
ceeded all expectations and continued to perform continuous global observations of the Earth’s atmosphere
for nearly three years until it re-entered the Earth’s atmosphere. The TEMPEST-H8 sub-THz five-frequency
passive EESS sensor is nearly identical to the side-by-side produced TEMPEST-D and has key performance
parameters shown in Table 1 [36], [37].

Frequency Selection: Given the capabilities of our communication and sensing platforms, we

Fig. 5: Measured frequency re-
sponse of different sub-THz front-
ends in the TeraNova testbed.

selected 165 GHz as the frequency of our experiments. While we have
mostly utilized the lower-frequency front-ends in the TeraNova testbed in
the 120-140 GHz frequency range, the front-ends can be swept between
110 GHz and 170 GHz, with up to 20 GHz of bandwidth at a time. In
Fig. 5, we show the measured transmit power of three different heads. At
165 GHz (Channel 2 in TEMPEST-H8 as per Table 1), the transmit power
ranges from 5.2 to 13.2 dBm. As in the past [25], we will work with the
FCC to obtain experimental licenses in this frequency band for both the
NU campus in Boston, MA and the CSU campus in Fort Collins, CO. The
team of PI and Co-PIs has extensive experience in obtaining experimental
licenses for over-the-air experiments across multiple frequency bands,
and the NU campus is part of an Federal Communications Commission
(FCC) Innovation Zone (which however does not include 165 GHz, thus
calling for a traditional license) [38]–[40].

Propagation Losses: The multiple THz front-ends in the TeraNova testbed will be utilized to study the
potential interference from the ground to TEMPEST-H8 on the ISS from two locations in parallel, namely, NU
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The Role of Beamforming

• The ground reflection can be 

stronger than LoS if the ground TX 

beamforming amplifies it, compensating 

for the reflection loss 

The Role of Frequency

• Atmospheric absorption peaks 

dominate in some bands

• Difference between free-space and 

ground reflection around 15 dB
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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 

Project Thrusts

Transform how terrestrial wireless communication infrastructure and 
satellite-based sensing systems share the spectrum above 100 GHz

Impact of elevation and density 
gNB UE gNB + UE LoS GR LoS + GR ITU Threshold

αn = 10° (αs = 10.63°) αn = 35° (αs = 37.56°) αn = 65° (αs = 74.41°)
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• Data from OpenStreetMap and Boston 
Planning & Development Agency 

• PPP or small cells in real-world positions
• Beamforming and channel models based 

on ITU specs
• TEMPEST-D and MLS gNB (Urban/Backhaul) UE (Urban)

PTX [dBm] 10/30 10
GMAX [dB] 35 24.5
θHB [deg] 3 10

NSEC 3 1
Height [m] {3, 5, 8, 10, 15} U([1.6, 1.8])

TABLE I: Network parameters for the simulation campaign.

TEMPEST [8] Aura MLS [9]

θHB [deg] 1.68/1.72 0.066 [38]
fc [GHz] 164/178 240
Altitude [km] 400 705
Scan Mode Conical Limb
Ith [dBW] [37] −163 −194

TABLE II: Specifications of the considered satellites.

Predicting the ISS orbits over the Boston area with elevations above 15 
degrees – this corresponds to the TEMPEST-H8 sensor measuring samples 
over the area where the transmitter will be deployed

TeraNova platform automation
• Rotating plane in azimuth 

and elevation
• APIs that match ISS orbit
• Different backend 

waveforms to test different 
RFI profiles

Profile received power at EESS 
sensor (a.k.a. RFI)
• Understand TX power and TX 

antenna gain configuration
• Profile loss due to misalignment 

during tracking
• Avoid damaging the sensor by 

remaining within safe operating 
conditions

Impact of misalignment and elevation angle on RFI
RFI 

(dBm)

TX pattern based on antenna manufacturer datasheet

Info: m.polese@northeastern.edu


