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1. Introduction

Telecommunication market is based on a demand and supply of new more and more
attractive services. Telecommunication companies develop and offer new reliable
broadband multimedia and interactive services for users situated in urban as well as rural
and remote areas with or without robust infrastructure or whether they use a small
handheld or desktop end terminal. In order to fulfill the ever growing demand of
connectivity, satellite systems are also incorporated in global communications systems.
The opportunities in the satellite space are mushrooming at an incredible pace in military
and defense applications, broadband IP services, and ground- and space- segment
products and services. Satellite systems based on their orbital location can be classified
as GEO (Geostationary Earth Orbit), MEO (Medium Earth Orbit) or LEO (Low Earth Orbit).
Each of these systems has its own application area.

In India, the communication satellites are generally in the GEO orbit, and there are still
studies and deliberations on usage of MEO and LEO communication satellites in this field.
The Medium Earth Orbit (MEO) offers a greater width of satellite view and a greater
proximity to the earth’s surface than the geostationary earth orbit. Global positioning
systems and ionospheric sounding satellites have already operated in this orbit and the
MEO will appeal to satellite missions undertaking Earth observations, communications,
positioning, and scientific explorations. This paper explores general characteristics of
medium earth orbit satellites (MEO) communication systems, their global deployment
examples and their potential low latency applications in various segments.

> (altitude: 36,000 km})

vde orbit
250 km)




Fig 1. Various orbits under satellite communication systems

GEO: Geostationary satellite systems have few satellites covering earth. Satellites sit at an
orbit altitude of about 36,000km and as few as three may be enough to provide global
coverage. For many years, communication satellites have been maintained in GEO so that
the ground antennas could point to a fixed location. Only three or four satellites are then
needed to cover entire world for communications services. To make up for the loss of
power over sparsely populated regions due to a fixed footprint, earth stations are rather
complex and expensive. Also due to distance the propagation delays are long and may
cause echo degrading quality of the signal.

MEO: Medium-earth orbit systems are a compromise between LEO and GEO systems. The
altitude of the orbit is about 10,000km for these systems and requires fewer and less
complex satellites than the LEO systems. Signal propagation delays are more acceptable
than a GEO system and number of%atellite networks required are less compared to LEO
satellite to cover the area.

LEO: Low earth orbit sysgéms, as their name implies, have the closest proximity orbit to
S orbit the earth at about 900km. Since they do not have high view
angle, to offer adequdte global coverage these systems require a large number of satellites
(24 to 66). These/satellites then must be served by a large number of earth stations,
perhaps 200 or more. Another option for these are using satellite cross links which
requires many complex onboard processing. Low altitude may also increase the risk of
“shadowing” of the signal by vegetation, terrain and buildings, this may cause
interruptions in transmission.
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The following table compares some of the basic aspects of different types of satellite

systems:

Parameter LEO MEO GEO

Satellites Large (Typically more Medium (Typically | Low (Typically 3 to

Needed than 30 for global 10 to 15 for global 4 for global
coverage) coverage) coverage)

Satellite Life | 3 to 7 years 10 to 15 years More than 15 years

Hand-held Less complex and possible | Medium complexity | Highly complex
Terminal

Transmission | <20 ms per hop 100 to 150 ms per >200 ms per hop
Delay hop

Propagation Low Medium High

Loss

Network Complex Medium Simple
Complexity

Signal Hand- | Frequent Minimum None

off

Visibility ofa | Short Medium Almost always
Satellite

Broadcast Poor Poor Good
Capability

3. Characteristics of non-GSO satellit

» Low latency or transmission

> Higher look angle (especially in high-latitude regions)

»> Less path loss or beam

> Easier to achieve high levels of frequency re-use

> Easier to operate to low-power/low-gain ground antennas

> Larger number of satellites to build and operate

> Coverage of areas of minimal traffic (oceans, deserts, jungles, and polar caps)

> Higher launch costs and expensive than GEO systems

> More complicated to deploy and operate - also more expensive TTC&M
(Teletracking Control and Management)

» Much shorter in-orbit lifetime due to orbital degradation

> Improved look angle to ground receivers

» Improved opportunity for frequency re-use as compared to GEO

>

Increased exposure to Van Allen Belt radiation




4.1TU Frequency Ranges, Allocations and Services
= L-Band-(1-2 GHz)-Includes allocation for MobileSatellite Services (MSS)

= S-Band-(2-4 GHz)-Includes allocation for MSS, Digital ~Audio Radio Services
= C-Band -(4-8 GHz)-Included allocation for Fixed Satellite Service(FSS)

= Ku-Band-(12-18  GHz)-Includes allocations for  FSS, Broadcast
Satellite Service(BSS)

= Ka-Band-(17.7-21.2 GHz and 27.5-31 GHz)-Includes allocation for FSS
Broadband and inter satellite links

MSS: Voice and data, remote data telemetry, maritime and aeronautical
Communications /
FSS: Video distributi

; private networks/vast networks, data broadcasting.

The satellites operating in the lower frequency bands L, S, C bands have low power (EIRP)
while those in“Ku, Ka, X and V bands have high power and hence provide higher
throughputs and enhanced broadband service delivery. Medium Earth orbit satellites
(MEO) satellites generally use high frequency range for effective communications.

5.Global MEO deployments -+
NAVSTAR

In the case of MEO satellites, the constellation of from 8 to about 24 satellites is configured
in orbits that are typically 10,000 to 20,000 km above Earth’s surface. Because the
satellites are higher, fewer satellites are need to cover Earth, but the path loss due to the
spreading of the antenna beams means the flux density of the beams is less when they
reach the ground. The number of satellites in the constellation depends on not only the
altitude but also the particular mission the satellites are designed to perform. Space
navigation satellites such as the NAVSTAR Global Positioning Systems (GPS) for instance,
requires that a user access four or more satellites to get an accurate fix on location. Thus
this constellation, although in are latively high orbit, still has some 24 to 27 operational
satellites in order that multiple satellites can be seen at the same time. (See Fig. 2 )




Fig 2: The NAVSTAR GPS satellite constellation (MEQ) for space navigation

4 03D constellation deployment at 8000 Km

At an 8000 km orbital altitude, round trip latency is typically below 130 msec. and is
guaranteed to always be less than 150 msec. within the coverage region being served. This
is comparable to long haul fiber routes and about four times less than GEO satellite round
trip latency. Operation in the higher frequency satellite Ka Band and the use of small
steerable parabolic antennas on the satellites allowed the system to deliver high data rate
services into concentrated areas (700 km diameter spot beams).

Bringing the satellites closer to Earth meant that signals between satellites and ground
stations incur 13 dB less path loss. MEO satellites can deliver the same flux density at the
Earth’s surface as GEO satellites with 13 dB less Equivalent Isotropic Radiated Power
(EIRP) from the satellites and can achiéve similar receive sensitivity as GEO satellites with
much smaller aperture antennas<Operation in the commercial Ka band with shorter
wavelengths vs. C or Ku band systems also helps reduce the satellite and ground station
antenna aperture size whilg’delivering similar receive sensitivity and radiated power
levels. By operating with ¥3 dB less radiated power, it was possible to reduce the power
required by the satellite and reducing the size of the satellite’s solar panel area and
number of batteries.

Tradeoffs between coverage area and orbital altitude indicated that an initial MEO
constellation in a circular equatorial orbit 8000km above sea level would provide
contiguous coverage to territories within the underserved (but highly populated) parts of
the developing world.




Figure 3 shows the MEO satellite constellation coverage area from an Equatorial orbit

Operating at this orbit, and placing satellites only around the Equator, reduced the number
of satellites required and significantly lowered the cost of the services provided. An initial
constellation of eight satellites, at this equatorial MEO altitude, provides continuous
service to all parts of the Earth within 45 degrees of the Equator. This constellation can
also provide high bandwidth services for emergency responders, disaster relief, and fiber
restoral.

Since the MEO satellites are moving in-their orbit, they provide the same coverage over
the oceans as they do over the lafidmasses within the +/-45 degree latitudes coverage
area. This covers many of thé' world’s ocean areas of interest to navies.

Based on the above-mentioned trade-offs a study for MEO utilization should involve the
following: ‘

(a) To obtain a mission value that offsets the above-mentioned financial disadvantages.
(b) To analyze the orbital environment and the practicality and efficiency of a
radiationproof design.

(c) An orbital design that achieves a good balance between (a)and (b) is required. (If an
orbit is designed only for the advantages of the orbital environment, the mission values
may be affected negatively.)

1. 6. Applicati

Remotesensing

Agricultural observation Survey of paddy fields and rice growing
conditions.
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Forest observation ' Detection of wildfires and estimate of
global forestry biomass

Ocean observation Forecasting and management of variation
in fishery resources. Measurement of
velocities and directions of ocean wind.

Air pollution observation Technical development and demonstration
of atmosphere and weather observations.

8. Global regulations related to MEO

WP 4Ais studying rules to regulate the a) Bringing into use, and b) deployment of nonGSO
satellites systems.

Conclusion

Medium earth orbit (MEO) satellites deliver lower latency to underserved locations on
Earth. This paper describes different featurés of MEO constellation. Lower latency means
that bits transit the system quickly, thefefore supporting business applications that are
latency sensitive. The close proximity to Earth also allows MEO to concentrate more
power on its small beams. These Beams can be easily repointed to cover new areas, hence
offering flexibility to the mar
This paper is an attempt to/give a concise overview about MEQO satellite based satellite
systems and further studigs can be taken up in this direction to understand and explore
their future need and us€ in the Indian telecom scenario.
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