
Empirical study on directional millimeter-wave 
propagation in vehicle-to-infrastructure 

communications between road and roadside 

Key words: Millimeter-wave; Two-path model; Root-mean-square 
delay spread; Power delay profile; CI-TRH path-loss model 

Corresponding author: Lin YANG 
E-mail: eelyang@uestc.edu.cn 
    ORCID: https://orcid.org/0000-0001-7369-796X 

Xichen LIU, Lin YANG, Daizhong YU, 2021. Empirical study on directional 
millimeter-wave propagation in vehicle-to-infrastructure communications between 
road and roadside. Front Inform Technol Electron Eng, 22(4):503-516. 
https://doi.org/10.1631/FITEE.2000464 

Front In
form

 Technol E
lectro

n Eng



Motivation 

1. The design of millimeter-wave (mmWave) communication 
systems is highly dependent on the wireless channel 
characteristics under various environments; therefore, it is 
necessary for researchers to study mmWave channels in 
different scenarios. 

2. The long-distance propagation characteristics at mmWave 
frequencies are neglected by most studies.   

3. We carry out a large number of channel measurements in 
mmWave vehicle-to-infrastructure (V2I) long-distance (1900 m)  
communication scenarios in the 41 GHz band. 
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Main idea 
1. The vibration features of the received signal strength 
(RSS) can be best modeled by the modified two-path 
model considering road roughness. 

2. A novel close-in (CI) model considering the effect of the 
transmitter (TX) and receiver (RX) antenna heights (CI-
TRH model) is developed. 

3. The variation in both root-mean-square (RMS) delay 
spread and power delay profile (PDP) shape parameters 
with TX-RX distance is analyzed. 

4. The two-section exponential PDP model is extended to a 
more general form. 
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Method 

1. The widely adopted strategy to handle reflections from 
rough surfaces is to multiply the reflection coefficient by a 
scattering coefficient. 

2. The influence of the heights of both TX and RX on path-
loss exponent (PLE) is considered. 

3. By dividing the raw data obtained along the TX-RX track 
into a number of bins, the channel impulse responses (CIRs) 
in each bin can be regarded as stationary. 
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Major results 

1. Considering road 
roughness, the deep 
fading of received signal 
strength indicator (RSSI) 
is significantly reduced 
compared to the case of 
the specular reflective 
surface. Front In
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Major results (Cont’d) 
2. CI-TRH model and its parameters can be expressed as 
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Major results (Cont’d) 
3. The measured RMS delay data matches well with the log-
normal prediction                         . With an increase in the 
distance, the value of RMS delay spread decreases. 
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Major results (Cont’d) 
4. The new two-section exponential PDP model  and measured 
power delay profile over the distance can be expressed as 

Front In
form

 Technol E
lectro

n Eng



Major results (Cont’d) 
5. Relationship between the actual measured shape 
parameters and the distance: 

Front In
form

 Technol E
lectro

n Eng



Conclusions 
1.  A larger discrepancy in the TX and RX antenna heights 
results in a larger PLE, and the overall PLE ranges from 
2.0402 to 2.1049 in V2I long-distance communication 
scenarios. 

2. The RMS delay spread decreases as the distance 
increases, which is caused by the faster loss in the energy 
of the reflected and scattered paths. 

3. Some PDP parameters, such as  b2  and τc, are 
insensitive to the distance, whereas some other parameters 
such as a1, a2, and b1 change significantly with the distance. 
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