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minimal. The prediction of rain attenuation at frequencies above 10 GHz is
required to determine a reliable fade margin. In this paper, a statistical
Keywords: frequency scaling technique has been developed as an alternative way of
estimating rain attenuation. The technique was derived based on the
correlation between the attenuation ratio of a higher and lower frequency
against the attenuation at a lower frequency. The attenuations from the
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Statis_tical frgquency scaling proposed model were compared to the proposed frequency scaling by
Tropical regions International Telecommunication Union-R (ITU-R) as well as the
V-band conventional ITU-R rain prediction model. To deliver a reliable model,

validation methods have been done using a set of data with different years
and locations in tropical regions. A dependent prediction technique with the
lowest root mean square error (RMSE) value and error was produced. This
technique is beneficial in applying suitable mitigation techniques to
moderate rain fade in tropical regions.
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1. INTRODUCTION

Rain attenuation is the foremost factor of signal loss or signal fading over satellite and terrestrial links
especially in tropical and equatorial regions such as Malaysia [1]-[5]. For application at millimeter-wave
(mm-wave) frequency, rain attenuation is a serious problem as frequencies go higher, and the wavelength
becomes shorter [6]. The shorter signal wavelength as approaches the size of the raindrops causes signal
scattering and absorption [7]-[10]. As a result, the link availability is reduced and the quality of service (QoS)
is degraded [11]. The development of a modified frequency scaling of rain attenuation model for tropical in
the satellite-earth link was inspired by the overestimation of the frequency scaling model proposed by
International Telecommunication Union-R (ITU-R) 618-13 [12]. An accurate prediction of rain attenuation is
very essential in planning for satellite-earth microwave links [13]. Frequency scaling is a non-meteorological
technique used to predict rain attenuation at desired frequency by deploying attenuation at the base frequency
when there is no rainfall data acquired [2], [14], [15]. However, research on statistical frequency scaling in
tropical regions for the satellite-earth link is not widely available. Most studies focus on the terrestrial system
but the fade margin value found on terrestrial links is much lower than on satellite-earth links [16]-[20].
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Thus, the research on frequency scaling focusing on the satellite-to-earth link in tropical regions should be
performed. Statistical frequency scaling is the use of statistics from previous measurements at a based
frequency to predict attenuation statistics at a desired higher frequency [21]. The statistical attenuation ratio
(RAS) can be derived:

0 __ Attenuation (fy,%p)
RAS (fl'fu' A]p) T Attenuation (f1,.%)) &)

RAS is denoted as statistical attenuation at upper frequencies over statistical attenuation at lower
frequencies at the same percentage time of exceedance, p [22]. When attenuation data measured at base
frequency are available, the attenuation ratio in terms of frequency and attenuation is represented by an
empirical formula. The formula used for the same path in the frequency range of 7 to 55 GHz is shown [12]:
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Where A; and A, are the equiprobable values of the surplus rain attenuation at lower frequencies f;
and upper-frequency f, (GHz), respectively. According to a previous study, Islam et al. [23] focus on the
terrestrial link instead of the satellite-earth link. Islam concluded that the results from previous frequency
scaling models show that not predict accurately in the tropical climate even though the predictions fit well the
desert climate region [23]. In [2] use Boithias’s model to apply the frequency scaling technique and there is
no validation with measurement data made. De and Maitra [24] found that frequency scaling by ITU-R
overpredicting the measurement attenuation at 31.4 GHz. Usha and Karunakar [25] applied ITU-R P.618-13
method for the frequency scaling technique and they highlighted that even though ITU-R frequency scaling
can be used in India, there is a probability of getting higher error in other locations including Malaysia. Thus,
more tests and analyses are required. Due to inadequacies in available models, new models of frequency
scaling technique are proposed in this paper to more accurately reflect the measured data in tropical regions.
The proposed model is based on rain attenuation in the year 2016 data and validated with rain attenuation
data in the year 2015. After that, the attenuation values by proposed frequency scaling from 12 GHz (Ku-band)
to 50 GHz (V-band) were plotted. The rain attenuation at V-band was validated by rain attenuation data in
Nigeria, which is also a tropical region country.

2. METHOD

C-band and Ku-band rain attenuation was retrieved from the beacon signal at 4.198 GHz and 12.201 GHz
from Malaysia East Asia Satellite-3 (MEASAT)-3. The Ka-band rain attenuation for the frequency of 20.199 GHz
was retrieved from the MEASAT-5 or previously known as IPSTAR (Thaicom-4 satellite). The configuration of
the measurement setup is shown in Figure 1.

MEASAT 3
C-band/Ku-band

MEASAT 5
Ka-band

° ° B
C-band Antenna 2 i Ka-band Antenna

Rain gauge

| C-band Rx ‘ | Ku-band Rx [ | Rain gauge data Rx | | Ka-band Rx ‘

Figure 1. Configuration of the measurement setup
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In this paper, the measured power levels during the rainy period of C, Ku, and Ka-band were
collected for one year from January to December 2016. The rainfall data were retrieved from a rain gauge
location at ASTRO Cyberjaya. The received power signals were processed to obtain statistical analysis data
in this paper which is first-order analysis statistics, cumulative distribution function (CDF). From CDF, time
exceedance at excess attenuation can be determined. The annual CDFs of rain attenuation at the C, Ku, and
Ka-band are plotted with the ITU-R predicted frequency scaling in Figure 2. The figure exhibits significant
variation between predicted frequency scaling by ITU-R values and measured values. The prediction of rain
attenuation at Ka-band by using ITU-R’s frequency scaling model shows that ITU-R underpredicts attenuation
value at a time percentage interval of 0.1% < P < 1% and overpredict attenuation value for attenuation value at
time percentage of at time percentage interval of 0.001% < P < 0.1%.

Rain attenuation is the main parameter used in frequency scaling study in the satellite-earth path.
Statistical attenuation of frequency scaling is based on the statistics of rain attenuation which is known as
CDF. The CDF of rain attenuation from the year 2016 for C, Ku, and Ka-band with their mutual time base
are plotted simultaneously with rainfall rate throughout the year 2016 in Figure 3. Figure 3 exhibits that rain
attenuations at Ku-band and Ka-band are higher as the rainfall rate increases. From the figure, it can be said
that rain attenuation at a higher frequency is proportional to the rainfall rate.

Rain attenuation at Ka-band is severe compared to rain attenuation at Ku-band. The C-band rain
attenuation is less affected by rain and cannot be used as a rain attenuation at a base frequency in the
frequency scaling technique. Figure 4 shows the graph of the RAS for the year 2016 as a function of the
lower frequency attenuation for the frequency pair of Ka-band/Ku-band. A logarithmic equation was fitted to
RAS within the percentage interval of 0.05% < P < 0.4% as shown in (5).

A
f“/Aﬂ = —1.425 xIn(4;) + C )

The variable C is referred to as a coefficient which is 2 times of ratio of upper-frequency f,,, and lower-frequency
fi- The attenuation at upper frequency, A s, was plotted against attenuation at lower or base frequency, A s,
as shown in Figure 5, and the following power equation was fitted to the plotted curve given:

Apy = (a x AgP) (6)

a and g is variable coefficient related to upper and lower frequencies value where a was derived from (7) while
B is a modified power model that fits the graph of attenuation at the Ka-band versus that at the Ku-band.

a=.f.—fi +1.38 (7)

From (6) and (7) that correlate attenuation at upper and lower frequencies, this study proposed newly
frequency scaling model. The model is useful for tropical regions which utilized Ku-band rain attenuation
data from Cyberjaya as an attenuation at a base frequency to determine attenuation at the desired frequency at
the Ka-band link. The proposed frequency scaling of rain attenuation for the Malaysia region is proposed by

given (8), where b = ;;2
1
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Figure 2. Comparison between predicted Figure 3. Measured beacon attenuation at C-band,
frequency scaling by ITU-R values and measured Ku-band, and Ka-band for the year 2016 with rainfall
values rate
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Figure 4. RAS for the year 2016 as a function of the  Figure 5. Graph of attenuation at 20 GHz versus that
lower frequency attenuation for the frequency pairs at12 GHz
of 20/12 GHz

3. RESULTS AND DISCUSSION

Attenuation prediction by using the frequency scaling method such a best alternative way to determine
rain attenuation at the desired frequency for which there is no data. The proposed model for year-wise
estimation of rain attenuation for 20 GHz is depicted in Figure 6. The proposed model fits the measured rain
attenuation of the Ka-band compared to the frequency scaling proposed by the ITU-R model.

The ITU-R frequency scaling models and proposed models are being analysed and evaluated by
performing percentage error and root mean square error (RMSE) values. At the same probability level, the
percentage errors, (P), between measured rain attenuation data (A, measured) and the model’s predictions
(Ao, predicted) are evaluated within the percentage interval of 0.001% < P < 1%, is shown in (9).
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Figure 6. The proposed model compared with ITU-R’s frequency scaling and measured rain attenuation at
the Ka-band of the year 2016

The validation step is made to strengthen the proposed model. Thus, in this paper, the model is
being validated with the Ka-band rain attenuation of the year 2015. Figure 7 represents the comparison of the
frequency scaling of Ka-band rain attenuation of the year 2015 using the proposed model as well as using
ITU-R’s frequency scaling and measured rain attenuation at the Ka-band of the year 2015. The percentage
error and RMSE values were also calculated to evaluate the model. The RMSE and percentage error for
proposed frequency scaling for rain attenuation in the years 2015 and 2016 are presented in Table 1 in
comparison with the frequency scaling model proposed by ITU-R for the years 2015 and 2016. From the table,
the proposed model has lower RMSE and percentage error for rain attenuation at Ka-band in the year 2016
which are 2.8 and 11.3% error compared to rain attenuation at Ka-band that scaled by ITU-R which are 28.3
RMSE and 28% error. When validating the proposed model with the rain attenuation data for the year 2015,
the RMSE value and percentage error are also lower than frequency scaling by ITU-R as shown in Table 1.

The derived attenuation values using the proposed frequency scaling from 12 GHz (Ku-band) to 50 GHz
(V-band) were plotted in Figure 8 in the range of 0.01% < P < 0.1%. At 0.01% of time exceedance,
the attenuation value predicted by the proposed model is 83 dB, while measured rain attenuation at V-band in
Nigeria is 75 dB. The percentage error obtained is about only 10%. The proposed model fits well with the
measured attenuation data of the V-band in Nigeria. Thus, this model can be an alternative technique to be
applied for tropical regions in predicting rain attenuation at higher frequencies with no data provided.
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Figure 7. Frequency-scaled Ka-band rain attenuation of the year 2015 using the proposed model compared
with ITU-R’s frequency scaling and measured rain attenuation at Ka-band
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Figure 8. The attenuation value by proposed frequency scaling from 12 GHz (Ku-band) to 50 GHz(V-band)

Table 1. Comparison values of the RMSE value and percentage error proposed model with the rain
attenuation data for the year 2015 and frequency model by the ITU-R

No Model of frequency scaling RMSE  Error (%)
1  Proposed model for Ka-band rain attenuation of the year 2016 2.8 11.3

2 Proposed model for Ka-band rain attenuation of the year 2015 4.9 31.7

3 ITU-R for Ka-band rain attenuation of the year 2016 28.3 28.0

4 ITU-R for Ka-band rain attenuation of the year 2015 30 58

4. CONCLUSION

Based on data analyses and scientific concern on millimetre-waves applied in tropical regions which
experienced severe rainfall, the use of rainfall rate and attenuation at the base frequency as the main
parameters for modelling frequency scaling that can be used in tropical regions. In this paper, the correlation
between rainfall and attenuation has been observed as a major contribution to constructing a new model for
statistical frequency scaling in tropical regions. The newly proposed frequency scaling model is capable of
offering higher accuracy in predicting the V-band link rain attenuation in tropical regions. Furthermore, these
analyses will provide a wide idea of rain attenuation at higher frequencies to satellite communication
engineers for designing link budgets for improved signal propagation in equatorial regions specifically.

ACKNOWLEDGEMENTS

The acknowledgement goes to MEASAT Satellite System Sdn Bhd (MEASAT), and ASTRO
Broadcast Centre (ASTRO) for providing data for this research project. The authors also acknowledge the
Research Management Centre (RMC) of the International Islamic University Malaysia (I1IUM) for the
financial assistance for this study.

Estimating losses at 40-GHz downlink using ... (Nur Hanis Sabrina Suhaimi)



716 a ISSN: 1693-6930

REFERENCES

[1] M. A. Samad, F. D. Diba, and D. Y. Choi, “A Survey of Rain Fade Models for Earth-Space Telecommunication Links—
Taxonomy, Methods, and Comparative Study,” Remote Sensing, vol. 13, no. 10, 2021, doi: 10.3390/rs13101965.

[2] W. A. Toriola, J. S. Ojo, and A. G. Ashidi, “Characterization of rain specific attenuation and frequency scaling technique for
satellite communication systems in a tropical location,” Journal of Physics: Conference Series, 2021, vol. 2034,
doi: 10.1088/1742-6596/2034/1/012019.

[3] H.Y.Lam, L. Luini, J. Din, C. Capsoni, and A. D. Panagopoulos, “Investigation of Rain Attenuation in Equatorial Kuala
Lumpur,” in IEEE Antennas and Wireless Propagation Letters, vol. 11, pp. 1002-1005, 2012, doi: 10.1109/LAWP.2012.2214371.

[4] R. Acharya, “Tropospheric impairments: Measurements and mitigation,” Satellite Signal Propagation, Impairments and
Mitigation, 2017, pp. 195-245, doi: 10.1016/B978-0-12-809732-8.00007-7.

[51 A. I O. Yussuff, G. Tavwo, and N. H. H. Khamis, “Rain attenuation models at ka band for selected stations in the southwestern
region of Nigeria,” Indonesian Journal of Electrical Engineering and Informatics (1JEEI), vol. 7, no. 1, pp. 143-150, 2019,
doi: 10.11591/JEEIL.v7il.621.

[6] S. Shrestha and D. -Y. Choi, “Rain attenuation statistics over millimeter wave bands in South Korea,” Journal of Atmospheric and
Solar-Terrestrial Physics, vol. 152153, pp. 1-10, 2017, doi: 10.1016/j.jastp.2016.11.004.

[71 R. Nalinggam, W. Ismail, and J. S. Mandeep, “Rain-induced attenuation for Ku-band satellite communications in the west coast
of Peninsular Malaysia, Penang,” annals of telecommunications - annales des télécommunications, vol. 67, pp. 569-573, 2012,
doi: 10.1007/s12243-012-0300-4.

[8] B. Maruddani, A. Kurniawan, Sugihartono, and A. Munir, “Prediction method for rain rate and rain propagation attenuation for
K-band satellite communications links in Tropical areas,” Journal of ICT Research & Applications, vol. 8, no. 2, pp. 85-96, 2014,
doi: 10.5614/itbj.ict.res.appl.2014.8.2.1.

[9]1 A. Vidyarthi, R. Biswas, B. S. Jassal, and A. K. Shukla, “Frequency scaling of slant path rain attenuation for fade mitigation in
satellite communication,” 2016 International Conference on Emerging Trends in Communication Technologies (ETCT), 2016,
pp. 1-4, doi: 10.1109/ETCT.2016.7882976.

[10] S. Shrestha and D. Y. Choi, “Diurnal and monthly variations of rain rate and rain attenuation on Ka-band satellite communication
in South Korea,” Progress in Electromagnetics Research B, vol. 80, pp. 151-171, 2018, doi: 10.2528/PIERB18020204.

[11] N. H. S. Suhaimi, K. Badron, A. F. Ismail, Y. A. Ahmad, M. R. M. Yassin, and M. H. Rahmat, “Determination of fade margin for
Ka band operating in equatorial region,” Journal of Fundamental and Applied Sciences, vol. 10, no. 2S, pp. 229-238, 2018.
[Online]. Available: https://www.ajol.info/index.php/jfas/article/view/171368

[12] ITU-R P.618-13, “Propagation data and prediction methods required for the design of Earth-space telecommunication systems,”
Recommendation ITU-R P.618-13, wvol. 12, pp. 1-24, 2017. Accessed: Jul. 7, 2021. [Online]. Available:
https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.618-13-201712-1!!PDF-E.pdf

[13] C. Olabisi and O. Adeogun, “Investigation of Rain Rate & Pathloss for Space Microwave Links Over Lagos Investigation of Rain
Rate & Pathloss for Space Microwave Links Over Lagos State Nigeria,” 2022. [Online]. Available:
https://www.academia.edu/en/74529097/Investigation_of Rain_Rate_and_Pathloss_for_Space_Microwave_Links_Over_Lagos_
State_Nigeria

[14] M. A. Samad and D. Y. Choi, “Scaling of rain attenuation models: A survey,” Applied Sciences, vol. 11, no. 18, 2021,
doi: 10.3390/app11188360.

[15] F. Cuervo, H. Y. Lam, J. B. Din, J. R. Castro, M. Schmidt, and M. Schonhuber, “The JOANNEUM RESEARCH SatCom Ka and
Q band campaigns in Europe and Malaysia,” 2017 11th European Conference on Antennas and Propagation (EUCAP), 2017,
pp. 1476-1480, doi: 10.23919/EuCAP.2017.7928869.

[16] U. Kesavan, M. R. Islam, K. Abdullah, and A. R. Tharek, “Rain Attenuation Prediction for Higher Frequencies in Microwave
Communication Using Frequency Scaling Technique,” 2014 International Conference on Computer and Communication
Engineering, 2014, pp. 217-219, doi: 10.1109/ICCCE.2014.69.

[17] M.R. Islam, J. Chebil, and A. R. Tharek, “Frequency scaling of rain attenuation from 23- to 38-GHz microwave signals measured
in Malaysia,” 1999 Asia Pacific Microwave Conference. APMC'99. Microwaves Enter the 21st Century. Conference Proceedings
(Cat. N0.99TH8473), 1999, pp. 793-796, vol. 3, doi: 10.1109/APMC.1999.833712.

[18] M. Kamruzzaman and M. S. Islam, “Rain attenuation prediction for satellite communications link at Ku and Ka bands Over
Bangladesh,” 2014 International Conference on Electrical Engineering and Information & Communication Technology, 2014,
pp. 1-6, doi: 10.1109/ICEEICT.2014.6919092.

[19] P. Sharma, “Two year rain attenuation statistics over a line of sight terrestrial microwave link operating at 30 GHz in tropical
region Amritsar (India),” 2011 XXXth URSI General Assembly and Scientific Symposium, 2011, pp. 1-4,
doi: 10.1109/URSIGASS.2011.6050804.

[20] V. Kvicera, M. Grabner, and O. Fiser, “Frequency and polarization scaling of rain attenuation on 58 and 93 GHz terrestrial links,”
2007 European Microwave Conference, 2007, pp. 759-762, doi: 10.1109/EUMC.2007.4405303.

[21] R. Acharya, “A simple real-time frequency scaling technique for rain attenuation and its performance,” International Journal of
Satellite Communications and Networking, vol. 38, no. 4, pp. 329-340, 2020, doi: 10.1002/sat.1337.

[22] J. D. Laster and W. L. Stutzman, “Frequency scaling of rain attenuation for satellite communication links,” in IEEE Transactions
on Antennas and Propagation, vol. 43, no. 11, pp. 1207-1216, 1995, doi: 10.1109/8.475092.

[23] M. R. Islam and A. R. Tharek, “Propagation study of microwave signals based on rain attenuation data at 26 GHz and 38 GHz
measured in Malaysia,” 1999 Asia Pacific Microwave Conference. APMC'99. Microwaves Enter the 21st Century. Conference
Proceedings (Cat. N0.99TH8473), 1999, pp. 602-605, vol. 3, doi: 10.1109/APMC.1999.833663.

[24] A. Deand A. Maitra, “Radiometric Measurements of Atmospheric Attenuation Over a Tropical Location,” Radio Science, vol. 55,
no. 10, 2020, doi: 10.1029/2020RS007093.

[25] A. Usha and G. Karunakar, “Preliminary analysis of rain attenuation and frequency scaling method for satellite communication,”
Indian Journal of Physics, vol. 95, pp. 1033-1040, 2021, doi: 10.1007/s12648-020-01748-w.

TELKOMNIKA Telecommun Comput El Control, Vol. 21, No. 4, August 2023: 711-717



TELKOMNIKA Telecommun Comput EI Control a 717

BIOGRAPHIES OF AUTHORS

Nur Hanis Sabrina Suhaimi © 4 B3 2 obtained her BEng in Communication Engineering
from International Islamic University Malaysia (IIUM) in 2013, and her Master of Remote
Sensing and GIS from Universiti Putra Malaysia (UPM) in 2015. She is currently one of the
Research Officers at the Science and Technology Research Institute of Defence (STRIDE) and
pursuing her PhD in Engineering at I1ITUM in the field of rain attenuation in tropical regions.
She can be contacted at email: sabrina.suhaimi@stride.gov.my.

Ahmad Fadzil 1smail © B 12 currently a Professor at International Islamic University
Malaysia (IITUM). He completed his bachelor’s degree studies in Electrical Engineering at
Gannon University, Pennsylvania, USA with Cum Laude Latin honours. He holds an MSc and
PhD from the University of Essex, and the University of Bath, UK, respectively. He is
registered with the Board of Engineering Malaysia as a Professional Engineer and a senior
IEEE member. His research interests include the development of active and passive target
tracking algorithms, satellite communications, radio frequency, wireless systems, and
microwave and millimetre-wave. He can be contacted at email: af_ismail@iium.edu.my.

Yasser Asrul Ahmad © B B3 € received his B Eng from Vanderbilt University, USA. He
attained MSc from Universiti Kebangsaan Malaysia (UKM) and a PhD from International
Islamic University Malaysia (IIUM) in 2019. Currently, he is one of the assistant Professors at
the Faculty of Engineering at the Department of Electrical and Computer Engineering
Department, International Islamic University Malaysia his research interest is in the area of
nanosatellite development and satellite communications. He is a corporate member of the
Institution of Engineers Malaysia and a Professional Engineer with a Practicing Certificate
registered with the Board of Engineers Malaysia since 2007. He can be contacted at email:
yasser@iium.edu.my.

Khairayu Badron Bl 12 received her BEng, MSc, and PhD from the International
Islamic University Malaysia (I1ITUM) in 2007, 2011, and 2016 respectively. She is currently an
Associate Professor at the Faculty of Engineering. Her research areas are Radar Radiometry
research, satellite communication and navigations, and quantifying propagation effects on
microwave and millimetre links. Khairayu is a member of MTSFB, IEM, BEM and IEEE. She
can be contacted at email: khairayu@iium.edu.my.

Estimating losses at 40-GHz downlink using ... (Nur Hanis Sabrina Suhaimi)


https://orcid.org/0000-0002-3410-8533
https://scholar.google.com/citations?user=tDNiQm4AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57467288900
https://www.webofscience.com/wos/author/record/HII-4094-2022
https://orcid.org/0000-0002-3321-8546
https://scholar.google.com/citations?hl=en&user=q_bLegwAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=36602773900
https://www.webofscience.com/wos/author/record/321012
https://orcid.org/0000-0002-7700-5577
https://scholar.google.com/citations?user=gjLvOLgAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57192166489
https://www.webofscience.com/wos/author/record/3821923
https://orcid.org/0000-0003-0123-8603
https://scholar.google.com/citations?hl=en&user=VtTuWQMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=35387519800
https://www.webofscience.com/wos/author/record/860103

