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Second-Order Statistics of Rain Attenuation in
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Abstract

Wave propagation at high carrier frequencies (fistance 38 GHz) is highly influenced
by precipitation especially by rain. Because of tieed high frequency, the most
degrading factor is the rain attenuation. To inigesé wave propagation phenomena a
rain attenuation and weather data measurementnsystes established. Currently in
Hungary a number of point-to-point millimetre waleks operating in the frequency
bands of 13, 15, 23 and 38 GHz. The received IRasigowers are collected together
with the meteorological data, using weather stafion data collection at different
locations. Different statistics, which are impottdar analysis of wave propagation
phenomena, are derived from our available measdetd such as fade duration,
number of events and fade slope.

1. Introduction

In this paper the dynamics of rain attenuation balpresented due determining some second-
order statistics such as fade duration and fageestatistics for the 38 GHz links in Hungary
[1]. To prepare these second-order statistics ay@ma® period data measured in 2004 is
considered. Fade duration statistics will be coetpifor attenuation exceeding different
attenuation levels (fade thresholds) from 5 upQGalB.

The fade slope statistics will be analyzed difféneays. The conditional probability density
function of fade slope will be presented. To veriyr mathematical model apply to
measurement results for calculating conditionatridistion function of fade slope [2]. In this
contribution to evaluate the dynamics of rain atgion, the number of events and fade
duration statistics has been determined for th&B& links in Hungary. The parameters of
the investigated links are described in Tab.1.

The paper is organized as follows: Section 2 pisstre fade duration, Section 3 describes
fade slope, Section 4 presents our data processatigod while Section 5 shows our results
and conclusions are given in Section 6.
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Link node| Site name Frequency band [GHz] Polarisatjon Lefigti] | Azimuth [deg]

HUO1 BME V2 38 H 0.32 180
HU11 Kondorosi Ut 38 H 1.5 238.3

Table 1. Theinvestigated links

2. Fade duration

Fade duration indicates the time length during Whattenuation will exceed a certain
threshold value. Fade duration statistics have lseempiled for attenuation exceeding the 5,
10, 15, 20, 25 and 30 dB levels and plotted in Eig. Shown is the number of events for
which duration exceeds abscissa at the given I&#lt was expected the number of events
on longer links is higher than on the shorter orses also the duration of fade events is
longer. The events with long duration (greater th@80 sec) are presumably caused by sleet
or melting snow on the antennas. The data arevetli from the database files for a one year
period (2004). The first processing step is thewdation of the median value of the data. This
has been made with using the secondary databas&irdng events with start/end time. The
exclusion of the event periods from the calculatérthe median provides a more accurate
median value. However, our calculation shows thatdifference of the value of median if we
calculate it by including the events (using evergasurement data) is not greater than 0.2
dBm comparing with the value calculated with the: @fi the event database.

3. Fade slope

Fade slope indicates the rate of change of raena#tion. The knowledge of fade slope of
attenuation caused by rain or other meteorologmaints are very important for fade
mitigation techniques. Knowledge of this paramé&eamportant for determining the required
tracking speed of fade mitigation techniques. Tdaefslope depends on attenuation level, on
sampling time and on climatic parameters (drop dig&ibution and therefore on the type of
rain).

For each samplethe fade slope (i) was calculated as:

(i) = A +1);A(i -1 (dB/s), (1)

whereA(i) is attenuation andis the sample number.

Several prediction models of fade duration distitou have been published in literature. We

describe only the Van de Kamp model as the mosvagit model. The model was compared

to measurements from other sites in Europe antUtBe The model has been proposed to the
ITU-R as a draft new model for the prediction aldsslope.

For the conditional distribution of fade slogefor fixed values of attenuatioly a reasonable

fit was found with the following model distribution

P(¢lo,) = 2 :

w[(c)
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where o is the standard deviation of the conditional faltge at a given attenuation level,
given by:

o, =S (fg,A)A  dB/s 3)
_ 217
Ffs.40 _\/(1/ f2+ (20t P @

with A is the attenuation level (dB);
fg is the 3 dB cut-off frequency of the low pasgefil(Hz);

At is the time interval length over which fade €ap calculated (s);
b=2.3;
S is a parameter which depends on climaatd elevation angle; an overall average
value in Europe and the United States, at elevati@tsween 10 and 50 degree, is S =
0.01
In the case where the filter used to remove stahth is a moving-average filter, the
effective low-pass filter bandwidtt, can be estimated from the averaging time lengdf

these filters as [2]:
fg =0.7194, (5)

4. AGC data processing, removing scintillation

The measured AGC data of the investigated PDH lanksprocessed at the central measuring
node located in Budapest University of Technology &tonomics. Using the conversion
table the received RF power level can be determiinech the measured AGC voltage.
Defining the zero dB attenuation, the instantanedtenuation of any microwave link can be
determined from the RF signal level.

To calculate slope of the attenuation component fnomasured time series, it is necessary to
remove the rapid component of the signal, contgifast fluctuations of both rain attenuation
and scintillation. This method is discussed in ileta Stutzmanet al [3]. The quantity of

interest, X (t) (attenuation due to rain at tineis estimated a&R(t), where
1 t+t, /2

X =2 2 X0, ©)

a i=t-t,/2

where @(R(t) is the moving average time function calculated wjtecond integration time.

5. Results

Figures 1-2 show the fade duration statistics of the tigaged links for the year 2004. The
curves show how many seconds was the attenuationedmthequal or higher than a given
level in the whole year.

On Figures 3-4 the conditional probability density of feglepe determined from the
measured data for different attenuation levels are prexdeifihese density functions are
symmetrical around zero. Please observe that the déasdions determined for link HU11

has higher deviation than the density functions for lil#OH. Possibly the different link

length causes this phenomena.
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Fig. 5 shows the conditional probability density of fadgpslfor 5 dB attenuation level on
link HU11 and the curves determined from Van de Kampehm eq. (2) and our new result
derived from the Van de Kamp model called modified Varkamp model given in eq. (7).
We can obtain that the Van de Kamp model is not fittingcty to the measured fade slope
curve, because the Van de Kamp model is suggestdédsothan 38 GHz frequency and for
higher elevation angle than 10 degree. The investigatks #ire operating in 38 GHz and the
elevation angles are around zero degree. Thereforappbed our new modified Van de

Kamp model which fits more accurately. Tbig parameter of this model was determined by
minimum RMSE method.

: 4
P(¢lo,) = 2
: ¢ (7
Jo.| 1+ (
¢ o
¢
Fade duration on link HUO1 2004. (0.315 km, 38GHz, H) Fade duration on link HU11 2004. (1.504 km, 38GHz, H)
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The SSE (Sum of Sguares of Errors) and RMSE (Root Mean Sguared Error) can be
determined with evaluating (8) and (9). In the egsionsm is the number of the fitted

O
coefficients,n is the residual degrees of dependewids,the data to fit and thg, is the fitted
data.

RMSE = .| X )
n—m

SE=) (¥, -y’ ©
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Fig.5. The Conditional Probability Density of Fade Slope for 5 dB attenuation
level on link HU11 determined from measured data, from Van de Kamp model
(2) and from the modified Van de Kamp model (7)

Link |Treshoid[ag])| ¢ o SSE | RMSE
1 0014|0036 2302 3393
HUO1 5 0.069 0.04 176]  2.967
5 011] 0055 6843 185
1 0.014] 0.123] 3252|1275
HU11 5 0.069] _0.083] __20.97] _ 1.024
8 011] 0092] 6488] 1801

Tab.2. The o_parameter of the Van de Kamp model, the J'C parameter and the

RMSE (4) and SSE (5) values of the modified Van de Kamp model by fitting for
different threshold levels

On Fig. 6-11 the measured and from the modified #arKamp model obtained conditional
probability densities of fade slope are depicted1fo5 and 8 dB attenuation levels and for

two different links. Thea'c parameters of the model are presented in Tab.théodifferent

links and the different attenuation levels. Theaol#d SSE and RMSE values are also shown
in Tab.2.
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Fig.6. The Conditional Probability
Density of Fade Slope for 1 dB
attenuation level on link HUO1

determined from measured data, and
from the modified Van de Kamp model
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Fig.7. The Conditional Probability
Density of Fade Slope for 1 dB
attenuation level on link HU11

determined from measured data, and
from the modified Van de Kamp model
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7. Conclusions

We have been investigating fade duration and faujeesstatistics of a one year measured data
for two point-to-point microwave link operating 88 GHz. We draw the conclusion that the
Van de Kamp model isn't perfect for this frequerignd and for terrestrial links. However
our new model derived from Van de Kamp’s resulitedamodified Van de Kamp model is
better to estimate the measured fade slope defusittions for terrestrial microwave links.
The deviation parameter of this modified model wWagermined by SSE and RMSE method.
As future work an exact expression of this paramgteuld be provided.
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