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UAV-aided A2G mmWave  
communication link 

Motivation 

A general parametric path loss (PL) model for air-to 

ground (A2G) mmWave channels is proposed. The 

new model considers not only the effects of 

scenario, distance, and frequency, but also the 

height factor. Moreover, the model consists of three 

cases, i.e., LoS, reflection, and diffraction, which 

can greatly improve the prediction accuracy. 

 

A deterministic PL prediction algorithm based on 

the digital map and RT technique is developed.  

 

To obtain proper parameters for the proposed PL 

model, numerous simulations are conducted by 

applying the map-based method to different 

specific scenarios with different UAV heights.  



PL prediction 

3D scattering  
scenario reconstruction 

RT technique 

Direct ray:  

Reflection ray:   

Diffraction ray: 



New latitude-dependent mmWave PL model 

Data fitting 

        The proposed new latitude-dependent 

mmWave PL model takes the height factor 

into consideration based on the CI PL model, 

which makes it more suitable for A2G 

communication. 

        For 10 typical scenarios, we repeat the 

simulations to obtain enough data with 

different UAV heights. By fitting the data under 

different scenarios, we obtain the path loss 

exponent with different UAV heights and 

calculate the parameters of A and B. 

New PL model: 

CI PL model: 



New latitude-dependent mmWave PL model 

The figure clearly shows that the LoS PL curves 

are almost the same as those of the FSPL model, 

since obstacles have no effect on the PL in the 

LoS case. The fitting curves with different UAV 

heights in the NLoS case are significantly different, 

which is not considered in previous PL models. 

Fitting curves with different UAV heights 



Comparison and validation 

Satellite view of simulation scenario 

      RT simulations were performed based on the digital map 

of Nanjing, China. The total trajectory is about 1660 m and 

the UAV position is sampled every 5 m, with a total of 332 

sampling points. In the simulation, only six orders of 

reflection and one order of diffraction are considered. 

Simulations 



Comparison and validation (Cont’d) 

    When the UAV height is 50 m, the three PL models have similar results for the LoS case. 

For the NLoS case, the 3GPP model may consider more the reflection but the CI model 

averages the effects of reflection and diffraction. 

    When the UAV comes to 300 m, the 3GPP model is no longer suitable, and the CI model 

lacks the impact of UAV height.  

    The proposed method has better performance than the other two models since it 

considers the effect of UAV height and propagation conditions. 

Comparison 



Conclusions 

We proposed a general empirical PL model for A2G mmWave communications by 

considering the effects of environment, frequency, distance, and UAV height. 

 

A deterministic PL calculation algorithm based on the digital map and RT technique has 

been developed and a reconstruction method of 3D scattering scenario has also been 

presented to speed up the calculation. 

 

By fitting and analyzing numerous PL data, the optimized parameters of the proposed 

model for different scenarios have been given. The simulation results have shown that our 

proposed model better matches the RT method than other typical PL models for both low- 

and high-altitude cases. 

 

The new model is general and flexible to other A2G communication links by adjusting the 

model parameters according to the measurements or analytical data. 
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