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Motivation & Significance
Motivation
❑ mm-wave band (n258) 
❑ Near water vapor sensing band (23.8 GHz )
❑ Risk: 5G Radio Frequency Interference(RFI)                   

degraded weather forecasts

Research Thrusts
Modeling Impact of 5G Deployment on 
Numerical Weather Prediction(NWP)

❑ RFI characterization
❑ RFI effects on NWP

Cross-Layer Mitigation Strategies
❑ Transmission techniques: Filtenna design
❑ RFI-aware radio resource management
❑ RFI-aware precoder design
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Impact of 5G Deployment on NWP [5]
Approach
❑ 5G Base Station Spatial Distribution 

(Gompertz model)
❑ Leakage modeling (filters + Friis)
❑ Aggregate RFI at AMSU-A footprints
❑ NWP: Weather Research and Forecasting 

(WRF) Data Assimilation model (WRFDA)

2040

2025

𝑭 𝒕 = 𝒃𝟏 𝒆𝒙𝒑 −𝒃𝟐 𝒆𝒙𝒑 −𝒃𝟑𝒕

▪ 𝒕: time in year
▪ 𝒃𝟏, 𝒃𝟐, 𝒃𝟑: model parameters

❑ Integrated within the WRF modeling framework

❑ Utilizes brightness temperature observations from AMSU sensor

𝑷RFI
𝑺 = −175 𝒅𝑩𝑾/𝑩𝑺 and 𝜼SE = 𝟏𝟓 bit/s/Hz/BS 



With 
RFI

❑ Dataset: Super Tuesday Tornado 
Outbreak (February 5, 2008)

❑ Impact of RFI on 12-hour weather 
forecasting:
❑  Precipitation and 2m Temperature

   

  
❑ RFI leakage           biased satellite data 
                  degraded NWP
❑ RFI effect:

– Leads to loss of observations in the 
WRFDA assimilation process

Impact of 5G Deployment on Weather Forecast Accuracy

❑ 𝑷RFI
𝑺 = −175 𝒅𝑩𝑾/𝑩𝑺 and 𝜼SE = 𝟏𝟓 bit/s/Hz/BS :

     (i) Limited impact in 2025, but up to 17 K brightness temp. by 2040
     (ii) Causes forecast errors: ~10 mm precipitation, 1.75 °C in 2m temperature

Additional Observation: 
❑ At 𝑷RFI

𝑺 = −200 dBW/BS and 𝜼SE = 𝟏𝟓 bit/s/Hz/BS: No forecast impact, even in 2040
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Reconfigurable Filtenna for 5G & Spectrum Coexistence [6]
Proposed Design
➢ Reconfigurable Substrate Integrated 

Waveguide (SIW) Filtenna with varactors
➢ Tunable frequency: 24–27 GHz
➢ Constant bandwidth: ~400 MHz
➢ Broadside radiation pattern
➢ Cost-effective, scalable filtenna
➢ Enables 5G mmWave performance + 

passive coexistence with weather 
sensors.

Results
➢ Prototype fabricated & tested
➢ Measured S11 & gain match simulations
➢ 4.2 dBi gain, ~60% efficiency
➢ Effective out-of-band suppression             

less RFI to 23.8 GHz

➢ Multi-stage Filtennas        better RFI 
suppression

➢ Tradeoff: RFI Suppression vs Total  
Power Cost



Radio Resource Allocation with Filtennas
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Goal
➢ RFI Aware bandwidth and Power Allocation [4]
➢ MU MIMO Filtenna and Precoder Design [7]

Method
➢ Iterative RFI-Aware Water-Filling for 

power and bandwidth allocation [4]
➢  Minimization of Total Power under Rate 

and RFI Constraints [7] 

❑ Bandwidth allocation decreases 
with increased RFI suppression

Rate Constraint

RFI Constraint

➢ Average rate loss  per 2 dB of RFI suppression:
▪  ~40–45 Mbps @ 10.6 GHz

FR2FR3

➢ RFI        with a higher user rate requirement

▪ ~90–95 Mbps @ 23.8 GHz
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Future Extensions: 
Multi-cell, Uplink/Downlink, Hybrid Precoding, AI Integration, Robust Precoding (Imperfect CSI).
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