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Abstract 
 

  Propagation in the millimeter-wave band has been analyzed using experimental measurements 
on three terrestrial links working at 38, 75 and 85 GHz carried out in Madrid, Spain. Rain attenuation is 
the most relevant impairment in such band. Statistics obtained from experimental attenuation time series 
have been compared with several model predictions. The experimental drop size distributions provided by 
a disdrometer and a 24 GHz Doppler radar have been used to estimate rain attenuation.  

 
1. Introduction 

 
  New broadband services require large amounts of bandwidth that can be provided with digital 
radio links operating in millimetre-wave frequencies. Commercial links operating in these bands that can 
transport more than 1 Gbps over distances up to a few km, depending on the climate, have appeared in the 
past few years. Links using these bands may suffer severe degradation caused by rain and gaseous 
attenuation. Some fade mitigation techniques, particularly power control, are currently employed to 
counteract rain attenuation, which is the most significant impairment in such frequency bands.  

  The GTIC-Radiocommunications group from Universidad Politécnica de Madrid has been 
performing propagation measurements on three horizontal radiolinks at 38, 75 and 85 GHz, installed for 
such purposes between two buildings at the University Campus in Madrid with a path length of 0.84 
kilometers, during several years. For the higher frequencies in the W-band, the commercial link 
Gigabeam WiFiber G1.25 [1] is used with 60-cm antennas at both ends. This link employs the frequency 
bands centered at 73.5 and 83.5 GHz, with vertical polarization. 

 Modern meteorological equipment is also available at the same site. A 24-GHz vertical-pointing 
Doppler radar (METEK Micro Rain Radar MRR-2 [2]) provides drop size (DSD) and velocity 
distributions at 30 different heights. The experimental DSD and particle velocity are also obtained at 
ground level from a laser optical disdrometer (THIES Laser precipitation monitor [3]) that measures as 
well the amount, intensity and type of precipitation (rain, snow, hail…). A meteorological station that 
includes a tipping-bucket rain gauge for rainfall rate measurements, which are used as a reference for the 
rest of rain measurements, is co-located with the above instruments. Most of the previous parameters are 
recorded each minute.  

 
 Madrid is located in the central region of the Iberian Peninsula (40.27º N, 3.43º W), on a plateau at 
an altitude of 630 m above sea level. In this area summers are hot and winters are relatively cold, which 
are associated to a continental climate, while the seasonal rain pattern, with most rainfall occurring in 
spring and autumn, is associated to a Mediterranean climate. The average rainfall is about 440 mm per 
year. 
 
  Various statistical distributions have been derived from the experimental measurements and 
compared with available prediction models. It must be noted that these models have not been validated 
for the W-band. The availability of DSD measurements has allowed the development of procedures to 
estimate link attenuation from the DSDs. These predictions have been validated through comparisons 
with measured attenuation values. A detailed description of the experimental setup for the measurements 
presented here and their analysis can be found in [4,5]. The design and optimisation of  fade mitigation 
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techniques require second order statistics such as fade duration and fade slope, which have also been 
investigated using the available measurements. 
 

2. Experimental Results 
 
 

An example of an attenuation time series obtained from the 38 GHz link is shown in figure 1. 
Wet antenna effects due to a water layer on the antenna radome were identified during rain events and 
removed using a specific model that was developed to estimate the attenuation produced by this effect 
[4,5]. The attenuation time series derived from the two DSDs obtained with the disdrometer and the 
MRR-2 are also plotted in figure 1. Even though these instruments operate differently, the attenuation 
estimated from their DSD measurements is almost coincident. It must be noted that the optical 
disdrometer measures the raindrops that fall across the instrument surface, whereas the radar 
measurements occur in a volume situated 200 m above the site. The procedure to calculate attenuation 
from the DSDs is discussed in [4,5].  
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                      Figure1. Measured and estimated attenuation time series for the 38 GHz link.  
 
 

Figure 2 presents the comparison between the experimental CDF of attenuation derived from one 
year of measurement data obtained from the 85 GHz link and several prediction models. Two types of 
predictions have been used for such comparison. On one side, three propagation models have been 
considered: Rec. ITU-R P.530-13 [6], Mello-Pontes [7], and Matricciani [8]. On the other side, two CDFs 
have been calculated using the attenuation time series derived from each of the DSDs measured by the 
disdrometer or with the MRR-2 radar, as discussed above and in [4,5]. The best agreement between 
measurements and predictions has been found for the distribution derived from the DSDs measured by the 
disdrometer. As commented above, the disdrometer measurements are performed at one of the sites were 
the link equipment is located. The results obtained by using the DSDs measured with the MRR-2 radar 
are also very good for time percentages above 0.005%. The Matricciani model based on the Synthetic 
Storm Technique (SST) provides more accurate predictions than using the radar DSDs if the whole range 
between 0.001 and 1% of time is considered. The ITU-R model and the model by Silva Mello-Pontes 
produce relatively good results as well. 
 
 Prediction models of fade dynamics, such as the one proposed in ITU-R P. 1623 [9], are 
available only for earth-space paths. This model makes use of a log-normal distribution function for long 
fades and a power-law function for short fades. Figure 3 shows the comparison between the experimental 
probability of occurrence of fades of duration d longer than D (s), given that the attenuation a is greater 
than A, that is, P(d > D | a > A), and the predicted values calculated as in  ITU-R P. 1623, for several 
attenuation levels, for the 38 GHz link. The agreement is relatively good, in particular for the 3 and 15 dB 
attenuation levels, for relatively short fade durations. 



 
3. Conclusions 

 

Propagation measurements have been carried out on three terrestrial links in the millimetre-wave 
band, specifically in the 38, 75 and 85 GHz bands. The availability of the DSDs measured either with the 
disdrometer or with the MRR-2 radar has allowed the application of a procedure to derive attenuation 
time series that have been compared with the experimental attenuation time series obtained from the 38 
GHz link. It has been found that this procedure is useful to estimate accurately rain attenuation.    
 

The CDF obtained from the 85 GHz band measurements have been compared with several models. 
Empirical models (such as ITU-R P.530 and Mello-Pontes) can be applied easily for a wide number of 
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Figure 2. Experimental CDF of attenuation compared with predictions for the 85 GHz link. 
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Figure 3.  Probability of occurrence of fades of duration longer than the abscissa for several 
attenuation levels.  Comparison between experimental and ITU-R predicted values (38 GHz link). 



locations; on the other hand, physical models (such as DSD based predictions and Matricciani) are 
expected to be more reliable under various meteorological conditions. The best agreement has been found 
for attenuation calculations using the experimental DSDs and for the Matricciani Model, with the 
empirical models providing also relatively accurate predictions. 
 

Prediction models of fade dynamics need to be developed for terrestrial links. The method 
proposed for earth-space paths in ITU-R P. 1623 has been used to compare experimental (38 GHz) and 
predicted distributions of the probability of occurrence of fades of a given duration obtaining relatively 
good results. 
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