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Abstract

In today’s rapidly evolving world, maintaining uninterrupted communication services has become a major challenge.
The expanding range of service-provider technologies, along with increasing variability in user demand has heightened
the need to utilize higher-frequency communication bands. Frequencies above 10 GHz are especially appealing as they
provide larger bandwidth, higher data rates, smaller device sizes and access to a broad spectrum. However, developing
dependable wireless communication systems in these bands remains difficult, particularly in regions such as India. So
for predicting rain attenuation in tropical countries, various methods are used and frequency scaling is one of them. In
frequency scaling rain attenuation is predicted from one frequency to another frequency when data set of one band or
frequency is completely unavailable. Few experiments are performed so far so for predicting rain attenuation for
tropical and equatorial countries. In this work total 13 numbers of rain events are considered for Ahmedabad, for the
year 2014 where frequency scaling is done on 20 GHz data to scale 30 GHz and later validation is done on measured
signal. The result shows overestimation of scaled from measurement are present due to presence of attenuation,
scintillation and DSD variation within the range of 0-5dB. But within the range of 5 dB to 30 dB the scaled and measured
data matches quite well. After 30 dB due to measuring instrument’s limitation, measured data is unavailable to validate
with scaled data. So, in this work till 30 dB of attenuation, result is compared and model is developed and presented.
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Introduction

The remarkable improvement in world of internet
along with the multimedia services enhanced the
future plan for satellite communication. In satellite
communications, use of popular C and Ku bands
are already overused, so the band needs to move to
higher frequency and that should be more than 10
GHz. For the reason, Ka-band (18-40 GHz) has
achieved special concern due to the high demand.
Ka-band satellite system has major drawback like
increase in signal distortion caused by signal
propagation impairment. Atmospheric attenuation
in Ka-band is always very high, and things become
serious issue in presence of rain. That's why Ka-
band systems need newest technology to combat
the impairment. Currently in India for commercial
satellite communications, C and Ku-bands are
commercially used. Ka band propagation studies
are essential for accurate estimation of attenuation
across pan India keeping in mind geographical and
socio-economic variations to establish a proper
links. This new generation of communication
introduces a large number of innovative
technologies. The statistical analysis of dynamic

behaviour of signal attenuation helps to
understand designing issues related to satellite
communication for Ka band. Designed system is
capable to increase power level to compensate the
signal loss due to local climate conditions and
helps in optimum use of available bandwidth. In
this way a greater number of users can enjoy the
benefit of reliable communication. Along with fade
dynamics, scintillation that is abrupt fluctuation
due to presence of cloud or rain or both is also very
important study for SATCOM link design of Ka
band. The associated parameters for link budget
calculations are needed to be quantified for Ka
band for suitably design of communication link.
Prediction of rain attenuation from local rain data
is a popular method. In addition, frequency scaling
for rain attenuation is also an efficient technique.
Therefore, investigation of frequency scaling for
Ku to Ka band and in Ka band lower to higher range
is also mention worthy for a suitable and proper
FMT design. The Hodge model incorporates the
maximum rainfall rate along the signal path, its
spatial location on the propagation path, and the
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measured rain-cell length (1). It follows a Gaussian
distribution for characterizing the positional
occurrence of rainfall along the link. Another
simple power-law model represents the ratio of
frequencies and corresponding attenuation ratios,
where the exponent varies for each frequency pair
is observed (2). The Kheirallah model, derived
from the ITU-R attenuation framework, assumes
identical path reduction factors and path lengths
for both frequencies (3). The Battesti model,
designed for terrestrial microwave links, is
developed from Canadian datasets and introduces
a modified expression distinct from ITU-R,
incorporating a new correction factor for scaled
attenuation estimation (4). Limited studies have
explored frequency scaling tropical
equatorial regions. A study conducted in South
Korea for 12.25 GHz, 19.8 GHz, and 20.73 GHz and
signals were collected from Koreasat 6 and COMS
1. Scaled attenuation values at 19.8 GHz and 20.73
GHz exhibited higher in 0.001-1%
probability range (5). Another study held in
Malaysia explored scaling from 23 GHz to 38 GHz,
with the Kheirallah model outperforming others,
while power-law, Battesti, and Hodge models
tended to overestimate measured attenuation (6).
In another work in Singapore, frequency scaling
between 15 GHz and 38.6 GHz over 10 months
indicated that the scaling factor follows a square-
foot dependency between 10 and 40 GHz (7). In a
work ITU-R P.618-13 is compared (8). Recent
work in Kolkata, India, using Ka-band data at 22.24
GHz, 26.24 GHz, and 31.4 GHz, found that ITU-R
P.618-13 consistently overestimates attenuation
above 10 dB when scaling was done for 31.4 GHz
(9). One Study in Japan and Thailand scaled 12.59
GHz (Ku band) to 19.45 GHz (Ka band), using ITU-
R methods generate
percentages for various attenuation thresholds
(10). In southern India, Ka-band measurements at
20.2 GHz and 30.5 GHz were used, and scaling from
20.2 GHz wusing ITU-Recommendation ITU-R
618.12 (11) allowed prediction at 30.5 GHz. In the
work chi-square, error percentage,
deviation, and RMS metrics were evaluated (12). A
new India-specific method using real-time data
scaled 20 GHz attenuation to 30 GHz is studied and
the achieving
approximately 95% accuracy at 2.5 dB (13). The
method is based on the Simple Atmospheric Model
(SAM) to compute the real-time spatial variability
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index of rain rate. One Delhi based study shows Ku
to Ka band frequency scaling and result shows
close matching with estimated and measured
result (14). Many experiments were carried in
another tropical country Nigeria for rain fade,
slope and signal drop analysis (15-18). In Akure, an
experiment was conducted for frequency scaling
between year 2017 and 2018. The study shows the
scaled attenuation at 16 GHz, 20 GHz, 30 GHz and
40 GHz respectively are 21.97 dB, 31.78 dB, 56.64
dB, 77.23 dB (19). The ITU-R has included few
modifications on frequency scaling techniques and
has recommended ITU-R 618.14 (20). The
frequency scaling of satellite communication was
experimentally introduced in a work where higher
frequency attenuation data was unavailable (21,
22). SST was introduced in another work for
prediction of rain attenuation in association with
frequency scaling (23). A recent study at Shillong,
hilly station of India with frequency scaling
demonstrates Ku to Ka band rain attenuation
(24). A study 5G
communication for rain attenuation prediction
was also conducted (25).

estimation recent on

Methodology

Ka-band signals at 20.2 GHz and 30.5 GHz are
recorded from GSAT-14, both in Ahmedabad and
Delhi which provides an EIRP of 24 dBW. The
satellite is having six numbers of Ku band along
with six extended C band transponders for
covering whole India. The satellite also carries two
beacons in Ka and Ku band each for research
purpose under satellite communication services.
In the site (both Ahmedabad and Delhi) the
monsoon occurs from June to September, though
rainfall also appears in May and occasionally in
October. One 2.3m diameter parabolic dish
antenna designed for horizontal and vertical
polarization both and an identical data recording
setup supplied by ISRO are employed for both
beacons (20.2 GHz and 30.5 GHz). The signal is
received with sampling rate of 1 Hz (both for 20.2
GHz and 30.5 GHz) and the rainfall rate (mm/hr)
data is collected with 30 seconds temporal
resolution. The 20.2 GHz receiver operates at 0° tilt
with horizontal polarization, while the 30.5 GHz
receiver uses 90° tilt with vertical polarization.
Rainfall data is obtained from a tipping-bucket rain
gauge that records rain intensity with a 1-min
integration period. The gauge measures the time



Chakraborty et al,

interval between two successive tips, and the
instantaneous rainfall rate is derived as the ratio of
rainfall per tip to the time between consecutive
tips. 1-minute integration is then applied to
generate the rainfall rate from the instantaneous
measurements. A LPM is installed for monitoring
environmental parameters in support for detailed
analysis. The tipping-bucket rain gauge is keptin a
open space having catchment area of 200 cm? and
can measure 0.25ml amount of rain at tip. The time
resolution is 1 tip per second and measures all the
tipping times with the GPS receiver that is
connected with the rain gauge.

Vol 7 | Issue 3

Under an ISRO project at the Delhi Earth Station of
the ISRO Centre (28°61'N latitude, 77°18E
longitude and 280 MSL), a 2.4-m diameter antenna
with an elevation angle of 33.3° and an azimuth
angle of 117.5° is used for the Ka-band, while a 4.6-
m antenna with an elevation angle of 55° and an
azimuth angle of 220.4° is deployed for Ku-band
reception. Both receivers operate with a sampling
interval of one second. Rainfall is recorded using a
tipping-bucket gauge with 0.2-mm resolution as
reported in a work (14). This work is used for all
Ku to Ka based frequency scaling analysis in this
work.

Hr=Rain Height
s=Specific Attenuaticn
Q=Elevaticn Angle
h=Hcrizental Path Length
H=Vertical Path Length
R=Rain Rate

RC=Pgint Rain Rate

\%\;

region above rain

@Rain Rate(R/RO}

region below rain

Hr

Figure 1: Signal Propagation through Troposphere and its Associated Parameters

Figure 1 illustrates the signal propagation process through the atmosphere and the associated parameters.
The total attenuation A(f,t) in Equation [1] at frequency f and time t represents the time integral of specific
attenuation during rainfall over the duration of signal travel along the propagation path.

At = [, S(ELLD,n(D)dL  [1]

In the Equation [1], L is length of path in km and S is specific attenuation in dB/km and propagation path
length during rain is Lr.
The specific attenuation at Equation [2] is dependent on frequency, time, path length, drop diameter and
DSD mentioned as n(D) here.

S =aRP [2]

Specific attenuation of a particular place is expressed as Equation [2] where a and b are frequency
dependent power law co-efficient and R in point rain fall rate of a particular location in mm/hr

A(t)= [, S(E R(t, L)dL [3]

So, the total attenuation in signal path can be derived as Equation [3]. For this estimation Equation [3], path
length and rain rate values are needed. If local data is not available then ITU-R 837-5 is used for point rain
fall rate prediction. Otherwise, SAM or Stutzman and Dishman can be used too. In this analysis 20.2 GHz
and 30.5 GHz is mentioned as 20 GHz and 30 GHz in some places for enhancing readability.
The SAM model expresses the rain rate value as Equations [4, 5] with threshold value of rain rate as
10mm/hr,

R(t,h) = Ro(t) [4]
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for Ro<10 mm/hr,
R

R(t,h) = Ro(Dexp[—yIn [2] h] [5]
for Ro>10 mm/hr,
In Equation [4, 5] the term h is rain height in Km and y is the rain profile factor estimated from best fitting
curve tool.

SR, h) = 2Ry [6]
For R0<10 mm/hr,

R

S(Ry, h) = aR,Pexp[—ybIn [1—3] h] [7]

For RO>10 mm/hr,

For rain rate less than 10mm/hr and more than that is presented in Equations [6, 7] separately. With the
combination of Equations [2-5] following the slant path‘s’ having length ‘L’ through rain presented
separately in Equations [6, 7], the total attenuation could be predicted as Equation [8].

A= fOL a(s)ds = aR,’ fOL exp [—yb In [%] h] ds [8]

Later the Equation [8] is modified with horizontal path length (h) to vertical path length (H) conversion
and elevation angle is also taken care off for Equation [9] as below

A=aR," fOHr exp [—

Ro
Yb ln[ﬁ
tan®

]
] dH/sin® [9]

Integrating the H up to Hr the Equation [9] is modified in Equations [10-12] respectively

A=aR," [1 — exp{—ybcoto 1 n[(%)Hr]] /[ybcosB In [%] [10]

A= (aR,®)[1 — exp [—y'bHrcosec8]]/[y'b] [11]

Where,
;L RO
Y = yln[—w]cose

Results and Discussion

For this analysis on frequency scaling, the
measured attenuation data at 20 GHz and 30 GHz,
along with the corresponding rainfall rate data for
Ahmedabad for the entire year 2014, are utilized
for both frequencies. In this study, the 20 GHz data
are applied for scaling to 30 GHz, and the estimated
values are subsequently validated using the

[12]

measured 30 GHz signal for the same location. The
analysis is performed for a total of 13 rain events
recorded in Ahmedabad. One event on 14 July
2014 is illustrated in Figure 2, showing three
continuous hours attenuation for both the
frequencies.

30

25+

201

Attenuation(dB)
=

?85 19 195

Time(hours)

——20GHz
——30GHz

20 205 2 215

Figure 2: Plotting of Attenuation (both Frequency) From 18.50 pm to 21.50 pm
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To determine the long-term cumulative
distribution, the complete dataset of specific
attenuation measured at both frequencies and the
corresponding point rainfall rate for the same
percentage of time is plotted together for the entire
period of 2014. In establishing the relationship
between specific attenuation and point rainfall
rate, the frequency-dependent coefficients

Vol 7 | Issue 3

provided in ITU-R P.838 are used, and the rainfall
rate Roo1 is examined through a curve-fitting
approach using MATLAB to obtain the power-law
coefficients and finally the relation between
specific attenuation to rainfall rate is established.
For the year 2014, the values of ‘a’ and ‘b’ derived
from the Equations are presented in Table 1.

Table 1: Power Law Coefficient for Finding Specific Attenuation for Ahmedabad

Frequency ‘a’ Coefficient Value ‘b’ Coefficient Value
20 GHz 0.9876 1.0943
30 GHz 0.2403 0.9485

So, for 20 GHz the Equation [13] becomes

Agy = 0.09876(R)10943

[13]

Whereas the specific attenuation (dB/km) for 30 GHz Equation [14] is measured as

Asy = 0.2923(R)0-9676

[14]

If the corresponding ITU-R P. 838-3 has been observed it has given the value of a and b as
(As signal is horizontally polarized) in the Equations [15, 16]

Ago = 0.09164(R)1-0568

Asy = 0.2403(R)0-9485

According to a study, the measured value of ‘b’ in
both cases is greater than the corresponding ITU-
R values of b at each frequency (14). This indicates
that the rain DSD in Ahmedabad differs
significantly from the data-set adopted in ITU-R
P.838-3.

Asp = 1.6463(A,0) + 2.46

[15]
[16]

Now based on the measured relationship between
point rainfall rate and specific attenuation that is
Equations [13, 14], the frequency scaling Equation
[17] are derived as below:

[17]

30

——20 GHz
——30 GHz
— Scaled Frequncy

)
5

Specific attenuation(dB/km)
o

0 20 40

60
Rain rate(mm/hr)

80 100 120

Figure 3: Relationship Between Specific Attenuation and Rainfall Rate with Measured and
Scaled Specific Attenuation for the Whole Year of 2014, Ahmedabad

Now this Equation is used for comparing the
measured data and finally Figure 3 is obtained. In
Figure 3, Equation [17] is applied for frequency
scaling using the 20 GHz signal attenuation. The

1007

results clearly shows that prediction for higher
frequency is feasible through the scaling technique
(14), though an overestimation relative to the
measured values is evident across all point rainfall
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rate ranges in Ahmedabad during 2014.
Subsequently, the same approach is applied to the

Vol 7 | Issue 3

measured attenuation in order to evaluate its
overall usability on an event specific basis.
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Figure 4: Scaled Frequency (Using 20 GHz) vs Measured Frequency for 30 GHz

In Figure 4, the scaled value corresponding to the
14th July, 2014 event and the measured 30 GHz
attenuation are plotted together for comparison,
along with the base frequency that is used for
calculating the scaling results. There is a notably
good agreement within the 5 dB to 30 dB range,
and the outcome remains quite satisfactory on an
event-wise basis when Equation [17] is applied.
However, as indicated in Figure 4, within the 0 dB
to 5 dB region, an overestimation of the scaled
values relative to the measured data is observed.
This may occur because, for attenuation values
below 5 dB, both attenuation and scintillation

effects coexist together with DSD-related
variations that predominantly influence the lower
attenuation levels. Since the 5 dB to 30 dB range is
governed primarily by rain attenuation, the
scaling-based prediction of 30 GHz attenuation
becomes considerably reliable when Equation [17]
is employed, as demonstrated in Figure 4, although
values beyond 30 dB cannot be validated because
of system constraints and the unavailability of
measured 30 GHz data. Therefore, comparisons
are restricted to attenuation levels up to 30 dB and
the model is developed and presented accordingly.

50

45f
40t
35|
30}

Scaled frequncy (GHz)

Measured frequncy (GHz)

Figure 5: Scatter Plots to Show Estimation Accuracy

In Figure 5, the measured 30 GHz attenuation and
the corresponding scaled values are plotted
together to examine their behavior. Up to 30 dB,
the accuracy remains high, and clear linearity

appears between the measured and scaled results,
demonstrating strong agreement and satisfactory
performance.
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Figure 6: Plot of Probability Distribution of Errors

In Figure 6, the error, defined as the difference with a noticeable spike near zero at a value of 0.42.
between the scaled (estimated) attenuation for 30 To examine this characteristic further, a goodness-
GHz derived from 20 GHz data and the measured of-fit analysis is subsequently performed on the
attenuation at 30 GHz, is plotted to illustrate the estimated dataset. The result shows an Equation

probability distribution of the error. The [18] to best fit the error is
distribution exhibits an almost normal behavior,

F(x) = a(exp)®* + c(exp)d® [18]

Where at 95% confidence bounds the value of coefficients are as follows: a = 0.4892,b = 0.051,c =
0.4631 and d = —0.101. Where F(x) is function of error.

In this part of the work, the data utilized is derived 20.199 GHz from the IPSTAR (Thaicomm-4)
from experimental observations reported in a satellite, as described in the work (14).

study conducted in Delhi, India, a tropical country According to the ITU-R P.618-13 recommendation,
(14). The signal measurements supplied by ISRO the frequency scaling approach is applicable for
are restricted to 20 GHz and 30 GHz, which have the 7-50 GHz range at a fixed geographic location.

been employed for all analyses presented in the The recommendation states that when reliable
thesis so far. However, it is also necessary to measured attenuation data are available at a
examine the influence of frequency scaling on Ku- particular site, an empirical scaling relation can be
band signals for India and validate the results applied to estimate the corresponding attenuation
using the widely adopted model recommended in at other frequencies. This method predicts
ITU-R 1623-13. Because the availability of Ku-band attenuation Equation [19] directly as a function of
measurements is limited, the analysis considered frequency and the latitude of the location, enabling
here is based on 11.689 GHz from GSAT-8 and accurate site-specific performance evaluation of

Earth-space links.

)1—H((P1.(P2,A1)

A=A, (2 [19]

[0}
A,, A, both are excess rain attenuation uniformly probable values for the frequency of f,, f; (GHz)
respectively in the Equation [19].

Here,

o(f) = —L [20]

1+1074f2

H(p1, 02,41) = (1.12) X 107305 (0,41)°%° [21]
1
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According to the recommendation presented in
Equations [20, 21], estimating rain attenuation
using frequency yields more accurate results than
estimations based on local rain rates.

The mentioned analysis is carried out using data
reported in the past study (14). In this work, Ku-
band rain attenuation was measured and plotted
for different time exceedance levels, and similarly,
Ka-band attenuation was also recorded and
plotted. The experiment was conducted over two
consecutive years beginning in 2012, with
measurements collected primarily during the
rainy season.

From the figures presented in the study, the Ku-
band attenuation for various
percentages starting from 0.01% is shown. At

exceedance

Vol 7 | Issue 3

0.01% exceedance, the measured attenuation at
11.69 GHz is approximately 12 dB. Likewise, for
the Ka-band at 20 GHz, the rain fade for the same
time exceedance is observed to be 24.6 dB. In
Figure 7, the measured attenuation values at 11.69
GHz and 20 GHz are plotted together with the
estimated Ka-band attenuation obtained using the
ITU-R P.618-13 method. The computation is
performed using Equations [19-21]. The results
indicate that the ITU-R model consistently
overestimates the measured attenuation. It is
further noted that the deviation at lower
exceedance percentages is greater than the
deviation at higher exceedance levels. Specifically,
an error of 11.69% is observed between the
calculated and measured Ka-band attenuation.

35

30

Measured at 11.69 GHz
Measured at 20 GHz
Estimated for Ka band using frequency scaling

N
[43]

20

Attenuation(dB)

Time exceedence(%)

Figure 7: Comparative Study for Ku, Ka Band and Predicted Rain Attenuation (dB) Using Frequency
Scaling (Delhi)

These findings clearly demonstrate that the ITU-R
model and its associated coefficients are not
sufficiently accurate for Ku-to-Ka band frequency
scaling in rain attenuation prediction. This
discrepancy may arise from regional variations in
parameters such as rain, fog, mist, cloud structure,
and differences in drop size distribution between
temperate and tropical climates. Since the ITU-R
model is predominantly based on temperate-
region data, its performance deviates when same
data set is applied to tropical environments.
Therefore, the development of a new, locally
optimized frequency scaling model is essential for
accurate rain attenuation prediction in tropical
regions.

Conclusion

This work focuses on frequency scaling for
predicting rain attenuation when only one reliable

1010

measured attenuation dataset is available. This
prediction approach is considered more effective
than estimating directly from
measured rain rate. The chapter begins with a

attenuation

discussion of the established frequency-scaling
models reported till date, along with recent event-
based scaling techniques. The study is divided into
two major sections. The first section presents an
approach for predicting frequency scaling from 20
GHz attenuation data to corresponding 30 GHz
attenuation for Ahmedabad for the year 2014. In
this case, since measured 30 GHz data are
available, they are used for validating the scaled
estimates. The analysis begins by obtaining the
point rain rate for Ahmedabad and computing the
corresponding specific attenuation from the
measured 20 GHz signal by dividing the measured
attenuation by the effective path length (Le) using
the ITU-R P.618-13 formulation. The relationship
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between specific attenuation and point rain rate is
then established as shown in Table 1. The same
procedure is applied for 30 GHz for subsequent
use. The rain-rate term in the specific attenuation
expression for 30 GHz is then replaced, and a new
set of coefficients is derived. Using the measured
20 GHz attenuation values, the scaled 30 GHz
specific attenuation is obtained. Comparison of the
scaled and measured 30 GHz attenuation indicates
moderate overestimation. However, event-wise
application of the same Equation yields good
agreement for attenuation values between 5 dB
and 30 dB, although the matching deteriorates
below 5 dB due to scintillation effects and above 30
dB likely due to signal disruption or limited data
availability due to instrumental limitation. When
repeated for 13 rain events, strong linearity
between measured and scaled attenuation is
observed. The error probability distribution
between scaled and measured values peaks at 0
dB, and a goodness-of-fit analysis is carried out on
the estimated data. The resulting error Equation is
presented with 95% confidence bounds.

The second part of the study examines Ku-to-Ka
band frequency scaling for Delhi. Since the
available dataset from ISRO for this research
includes only Ka-band measurements, data from
the published work, were used for Ku-band
measurements. In this analysis, the Ku-band
attenuation is treated as the reference, and scaled
attenuation at 20.2 GHz is derived using the ITU-R
frequency scaling method. The scaled attenuation
is then compared with the measured Ka-band
values, and significant overestimation is observed
for Ku-to-Ka band scaling. This confirms that ITU-
R-based frequency scaling is not suitable for
tropical regions and highlights the need for
appropriate model modification.

The work is done in both Ahmedabad and Delhi for
Ka band and Ku band analysis of result. As the
noise floor level of used instrument is fixed, few
signals got redundant beyond the signal label of
30dB and more. Also, only monsoon dataset of
2014 was available for analysis both for 20 GHz
and 30 GHz and for that the data point got
restricted to only 13 events. If more data could be
arranged in future more accurate estimation and
validation could be possible to enhance the work
to make it reliable to satellite communication
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providers. Hilly terrain data of Sikkim and Shillong
is under consideration in future to complete the
tropical dataset.
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