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Abstract: The increasing communications traffic demands for telecommunication, television, etc. suggest that the
implementation of satellite systems for communications in the frequency bands of 20/30 GHz will be essential in near
future. In order to take the full advantage of modern space communications technology, realization of a domestic
communication satellite systems with considerable communication capacity of 20/30 GHz bands is feasible. Any future
expansion in space communication services will involve the exploitation of these frequency bands. The major unresolved
technical problems associated with the communication links at these very high frequency radio waves are the estimates of
propagation parameters (1,2). Thus for the efficient utilization of these 20/30 GHz frequency band. It is proposed to conduct
propagation studies at these frequencies. The investigation and characterization of radio propagation within a technical
research programs would appear to be particularly appropriate. Systems design study of earth stations that may be used for
20/30 GHz satellite propagation experiment was carried out. An estimation of the atmospheric attenuation that may be
encountered in the design of satellite communications systems has to be provided using the communication systems at 20/30
GHz frequency bands. The increasing demand of the wide channel bandwidth requirements may be solved by using satellite
communication systems operating at 20/30 GHz bands. In these frequency bands the communication systems that are used
at the space and ground segments become quite compact in size. Some of the system design aspects and other relevant
system details have been worked out. The typical link budget calculation have been made for various applications. The study
conducted in this regard will be useful to design an optimum satellite communication system at these frequency bands. The
future research programme in India will also include the modeling of various atmospheric phenomenon which affect radio
propagation in that region.
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1. INTRODUCTION

There has been a rapid and steady growth in the global
communications since the advent of communications
satellites. The increasing communications traffic demands
for telecommunications, televisions and data transmission
etc. suggest that the bandwidth capacity available with the
presently used microwave frequency bands will reach a
saturation point in near future. In order to cope up with the
predicted communications growth, the large bandwidth
available at 20/30 GHz frequency bands will be used. The
use of such high frequency radio signals will be very
attractive for future satellite communications, system taking
into account the interference and bandwidth saturation
problems faced with now-a-days used microwave
communication systems. But the most fundamental obstacle,
however, encountered at these frequency bands is the
increased atmospheric attenuation and the communication
link (3-5). The propagation phenomena play a significant
part in the exploration of the 20/30 GHz frequency bands
for satellite communications. In addition to the potential of
large communication bandwidths availability, the use of

millimeter waves spectrum offers the opportunity to build
space communications systems that are light weight and
compact and that provide a high degree of directivity with
small antennas.

2. TECHNOLOGICAL EFFORTS REQUIRED

To utilize the 20 and 30 GHz frequency bands region for
satellite communications applications, it is necessary, in
addition to build sophisticated and 3-axis stabilized spacecraft,

– to develop millimeter wave components that have
specifications comparable to those presently
available at lower frequencies.

– to construct very narrow beam width antennas that
can be precisely controlled and pointed, and

– to have the exact knowledge of the limitations
imposed by the earth’s atmosphere on propagation
of these frequencies.

3. OBJECTIVES OF THE EXPERIMENTS

Communications using a relay station in space, such as
Intelsat satellites, have been used as an extremely effective



78 International Journal of Electronics Engineering

means of transmitting telephone and television messages
and other type of information. It is well known now
that the implementation of satellite communications
systems in 20 and 30 GHz will be essential, for the
presently used microwave bands will soon reach
saturation. In support of the stated objectives and to build
qualified estimation of the atmospheric attenuation that
may be encountered in satellite communication link
design or in other words the study of the propagation
influence upon earth-space paths is necessary. This is
required to define the parameters of the communications
systems with respect to the quality of the services to be
provided.

Bearing these objectives in mind for the efficient
utilization of 20/30 GHz frequency bands, some foreign
organisations had undertaken the projects of conducting
propagation studies at these frequency bands which is
extremely useful for systems planning as well as for the
optimum design of future satellite communication systems
at millimeter wave frequency bands. This is an important
technological programme in the light of the growing
demands of future communication traffic. The primary aims
of this paper is, therefore, to present in brief the systems
planning and design considerations for carrying out these
propagation experiments in our country. An enormous
amount of data is necessarily to be collected by conducting
these experiments on the following propagation parameters
as a function of weather.

1. Atmospheric attenuation

2. Differential attenuation

3. Polarization decoupling

4. Phase distortions

5. Scintillation studies

6. Space diversity performance, etc.

Together with the experimental measurements the
evaluation of such data will also be carried out and that may
be an adequate basis for the system oriented planning of
high frequency communications systems.

4. SYSTEM DESIGN PHILOSOPHY

4.1. Satellite

A K-band geostationary satellite system, for conducting
various propagation experiments as well as communication
experiments can be planned and that may be parked at
appropriate longitudinal in the geostationary orbit over our
country. The coverage zone of the satellite beacon over
Indian continuant may be decided based upon several
parameters such as antenna design, etc. The satellite beacon
may have the frequencies at 20 and three at 30 GHz. The
satellite transponder can be a two channel transponder
with two spot beams, each channel with 80 MHz bandwidth
or so.

4.2. Frequency Plan

The preliminary frequency plan for carrying out these
experiments is shown in Figure 1. Some details of the
satellite beacon signal transmissions concerning the
frequency and polarization modes are as follows:

(a) Three signals at 20 GHz

carrier - circularly polarized

sidebands - vertically and horizontally polarized
and frequency separation from carrier may be ±180
MHz.

(b) Same may be the plan for 30 GHz frequency band.

(c) The frequency stability of the beacon signal should
be better than ± 25 Hz/min.

4.3. System Configurations

The measurement can be performed at different locations
over India. A rough system description of the measuring
equipment tentatively may be as given below:

– The 20 and 30 GHz receiving earth terminals
with about 3.3 m diameter parabolic reflector
antennas for receiving the K-band satellite beacon
signals.

– The terminals will be installed in transportable
cabins of proper sizes which can be carried from
one place to another easily by different means of
transportation for performing space diversity
operation.

– The receiving systems will be capable of
supporting both the linear polarizations as well as
circular polarization.

– Systems will also consists of a network of rain
gauges under the boresight path for measuring the
precipitation along the propagation path,
radiometers, radars and other equipments may be
used in standard weather earth stations. The
electronic equipments will be properly mounted on
racks and will be housed in a cabin which can be
transported to different places. A parabolic
reflector antenna of about 3.3 m diameter will be
mounted on the cabin. The broad specifications
of the satellite beacons are given in Table 2.
These specifications are tentative ones and may
be modified depending upon the final design
requirements. It is also possible to use other
design approach of a phase locked loop system
that may be used in this receiving earth station.
The local oscillator circuit consists basically of
an array of transistor voltage controlled oscillators
which are locked on harmonic basis to a single
50 MHz master oscillator through a sampling
phase locked loop. Further the waveguide
step recovery diode multipliers follow the loop in
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order to obtain in a single step in required output
signals. The data recording must be digitally
performed by a minicomputer. The antenna will
have programmable as well as step tracking
facilities. The complete control of the antenna as
well as other earth station equipment is done by a
computer.

Table 2A
Link Budget Parameters

Parameter Value

Frequency 30 GHz

Transmit power/line 2.7 dbW

Antenna gain 34.5db

Satellite EIRP/line 37.2 dbW min.

Patch loss 214 db

Link margin 40 db

Receive antenna diameter 3.3 m

Antenna gain 57.5 db

Receive signal level -159.3 dbW

System noise temperature 460 K

C/No 42.7 dbHz min.

C/No desired 40.0 dbHz min.

Table 2B
Link Budget Parameters

Parameter Value

Frequency 20 GHz

Transmit power/line 5.0 dbW

Antenna gain 31.0 db

Satellite EIRP/line 36.0 dbW min.

 Patch loss 211 db

Link margin 30 db

Receive antenna diameter 3.3 m

Antenna gain 54 db

Receive signal level -150 dbW

System noise temperatureC/No 460 K42.0 dbHz min.

C/No desired 40.0 dbHz min.

5. PROPAGATION EXPERIMENTS

It is well known at this stage that propagation at 20/30 GHz
frequency bands is affected considerably by rain and other
atmospheric phenomena depending upon different weather
conditions. This implies that the propagation experiments
are essential for the development and implementation of
satellite communications technology in these frequency
bands. The important experiments planned and that may be
conducting in our country in this regard are discussed below:

5.1. Absolute Attenuation

The operation of communication systems above 10 GHz
frequency bands are severely affected by the presence of
heavy rain and these effects increase rapidly with frequency.
The requirements of these measurements is to have sufficient
dynamic range for signal measurements in severe fading
conditions. The dynamic range of the system should be near
about 40 dB.

Figure 1: Frequency Plan

Table 1
Satellite Beacon Specifications

Parameter Requirements

Frequency bands 30/20 GHz

L.O. frequency stability

short term ± 25 Hz/ 10 min.

long term TBD

Power/line

30 GHz 2.7 dbW

20 GHz 5.0 dbW

Antenna diameter

30 GHz 36 cm

20 GHz 36 cm

Antenna gain

30 GHz 34.5 db (3 db contour)

20 GHz 31.0 db (3 db contour)

EIRP/line

30 GHz 37.2 dbW (min)

20 GHz 36.0 dbW (min)
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5.2. Differential Attenuation

The measurements of the differential attenuation data is quite
useful information for propagation study. In order to
compare attenuation at different polarizations with sufficient
accuracy a good value of signal-to-noise ration is required.

5.3. Polarization Decoupling

It is very important to know the cross polarization level
which is useful for the frequency reuse purposes. The value
of cross-polar component may increase unfavorably by
atmospheric effects. The phase locked loop receivers have
to be used to measure the signal amplitude coherently. The
aim of the experiment is accurate characterization of the
propagation medium.

5.4. Phase Distortions

Further the phase values of co- and cross-polar components
contain valuable information. These measurements are
essential, for the phase difference must be known in order
to draw conclusions concerning the physical position of the
polarization ellipse.

5.5. Scintillation

At these high frequencies the amplitude and phase
scintillation of the signal will occur and that may vary even
considerably from day-to-day and even within the
transmission periods and such the knowledge of scintillation
is also essential. For characterizations of scintillation and
fade rate a short response time is needed.

5.6. Space Diversity Performance

It has been observed that the structure of weather formations
is such that the intense rain fall which cause the deep signal

fades tend to be physically separated from each other in
different ways. The operation of two or more receiving earth
terminals may be required in order to overcome the problem.
In this regard the study of the efficiency of space diversity
systems is very significant.

6. CONCLUSIONS

This report presents some of the systems aspects of 20 and
30 GHz receiving earth stations for carrying propagation
studies at these frequency bands. The knowledge of the
space-earth propagation path at 20/30 GHz bands is very
challenging because it is very difficult to obtain
meteorological data along the slant path. The research work
utilizing new methods for modeling slant paths or describing
novel techniques for obtaining experimental data may be
of further interest. Statistical data on attenuation,
depolarization, backscatter from precipitation, etc. are
quite essential for the optimum design of satellite
communications systems using 20/30 GHz frequency bands
in our country. The design specifications concerning the
earth terminals as well as the link budget calculations
presented herein are tentative ones. And these technical
parameters or design specifications of typical earth
stations can be worked out based on the more information
available about the beacon signal and the measurements
requirements.
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