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EXECUTIVE SUMMARY

The worldwide utilization of the frequency range below 3 GHz for
fixed and mobile services, which is considered most suitable for
mobile applications, is extensive. The sheer number of existing and
planned geosynchronous satellite based systems (GSO/MSS) have
considerably increased the level of spectrum congestion. In addition
to ‘these, the spectrum requirements of several recent proposals in
the United States for establishing low earth orbit satellite-based
mobile/personal communication systems (LEO/MSS) to operate at
137, 148, 400 and 1610 MHz need to be addressed. There is no
doubt that this subject would be discussed in the WARC-92
conference.

As part of the preparatory work for WARC-92, Canada needs to
develop its position concerning the technical implications of spectrum
sharing between LEO/MSS, GSO/MSS and Fixed services below 3 GHz.
DOC has granted Telesat a call up against a standing offer to conduct
a study on the feasibility of spectrum sharing between LEO/GSO,
LEO/fixed services and LEO/FPLMTS.

In this report, interference analyses are performed for co-frequency
same-direction and co-frequency reverse-direction operation modes
and for three distinct scenarios : (1) between LEO/MSS systems and
GSO/MSS systems; (2) between LEO/MSS systems- and terrestrial
fixed systems; and (3) between LEO/MSS systems and the future
public mobile telephone system (FPLMTS). Sharing options are
established based on the interference analysis results.

The LEO/MSS systems chosen for the analysis are Motorola's
IRIDIUM system and, for the sake of completeness, the OSC's
ORBCOMM system. Since the mandate of the study is to look at the
various LEO and GSO systems (a representative cross section) in a co-
frequency mode of operation, the system parameters of the
ORBCOMM system are modified to represent the operation at L-band
in order to allow compatibility analysis against the majority of the
operational and planned LEO and GSO systems as known to date. For
this frequency conversion, the approach taken in this report is to
increase the transmit EIRP levels to offset the reduction in the signal
power received by the receiving antenna due to its smaller effective
aperture. Note that the antenna size is purposely reduced to keep
the gain constant in order to maintain the same coverage area. In so
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doing, the ORBCOMM EIRP levels need to be increased by about 20 dB
when the frequency is changed from the proposed 137-149.9 MHz to
L-band. This leads to a mobile transmit EIRP of about 20 dBW which
is an unrealistic figure since it is known that no practical mobile
terminal with an antenna gain of 1 to 3 dBi is capable of producing
an EIRP of 20 dBW, particularly if a low cost, compact hand-held
terminal is the primary characteristics of the business plan. It is
expected that if, due to spectrum availability considerations,
ORBCOMM is forced to operate at upper UHF or L-band, its link
design and system architecture will have to undergo a major
modification. Therefore, any conclusions derived from the
interference analysis involving ORBCOMM at the higher frequencies
with the modified emission characteristics should be interpreted
with caution as, in our view, they do not represent a practical
system. -

Four GSO/MSS systems are chosen for this study, namely MSAT,
INMARSAT II and III, ZENON and EUTELSAT II. Interference
between the proposed LEO/MSS systems and point-to-point and
point-to-multipoint fixed systems operating -at 1427-1525 MHz and
1700-2450 MHz bands are also addressed in the report. Finally, the
R2 interface (i.e. personal terminals) of the FPLMTS is selected for
the analysis. -

The general approach of the study is to compute the "C/I margin"
which is the "available C/I" minus the "acceptable C/I". By this
definition, if the value of the resulting C/I margin is positive, then
the interference power is lower than the acceptable level. If the C/I
margin is negative, then the interference power is higher than the
acceptable level and the required additional protection is equal to
the absolute value of the C/I margin. The study is carried out for
two arbitrarily chosen "acceptable" interference levels which are the
levels that would degrade the carrier-to-noise ratio by 0.5 dB and
1.0 dB. It has been assumed here that the characteristics of the
interference is white noise like and would add to the system thermal
noise on a power basis. In the analysis for interference from
LEO/MSS into the FPLMTS, the interference level is further
translated into a reduction in the useful range around the base
station.

Before discussing the interference results, it is worthwhile to note

that it has been proposed for both IRIDIUM and ORBCOMM satellites
to be equipped with radiometers to scan the activity of the shared
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frequency band. The satellites could then select the frequency slots
with little or no activity and use these frequencies for
communications with their mobiles. For convenience, this approach
will be called "interference monitoring concept" in this report. There
is another approach that can be used by the IRIDIUM satellite to
avoid mainlobe-to-mainlobe interference with a GSO satellite when
the two satellites illuminate each other over the earth. This
approach calls for the IRIDIUM satellite to turn off its outer beam
which intercepts the GSO arc and serve the service area of the
switched-off beam via an overlapping beam from an adjacent
satellite. ~ Both of these approaches seem feasible for LEO/MSS
satellites to protect themselves against interference from other
systems such as GSO/MSS which share the same frequency band.
However it may not be as effective when used by the LEO/MSS
satellites to protect the other systems since the LEO/MSS satellites
would not know the location of the receivers of the other systems.
Another concept for mitigating interference between mobile
terminals is geographical separation where mobiles from different
systems are to be located sufficiently far apart such that the terrain
blockage loss would provide the required protection.

For each of the four GSO/MSS systems mentioned above, the
interference analysis is carried out for different GSO/MSS carrier
types ranging from marine, land voice and data carrier to
aeronautical voice and data carriers. However, due to the wvast
amount of the resulting data, only the results for interference
between a voice-type carrier of the MSAT system, and the IRIDIUM
system are provided below as an example. Nonetheless, the
discussions and conclusions presented in this summary are derived
using the. entire spectrum of data and therefore are general and
applicable to other GSO/MSS systems and other carrier types. The
analysis of compatibility of the IRIDIUM system and GSO/MSS is
presented for four cases:

o IRIDIUM uses 1.6 GHz for both uplink and downlink,

o IRIDIUM uses 1.5 GHz for both uplink and downlink,

o IRIDIUM shares the 1.6/1.5 GHz bands with GSO/MSS
in the same direction,

» JRIDIUM shares the 1.6/1.5 GHz bands w1th GSO/MSS
in the reverse direction.

~Results as well as related conclusions for interference between fixed
systems and FPLMTS and the IRIDIUM are also summarized below. .
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The conclusions derived for the IRIDIUM case, in general, do not hold
in the case of ORBCOMM system with modified EIRP levels. This
discrepancy is primarily due to the assumed increase in the EIRP
levels in our hypothetical system relative to the original levels filed
with the FCC in connection with the operation of ORBCOMM system at
lower frequencies. However, as mentioned earlier, for ORBCOMM to
be able to operate commercially at L- band, the system concept will
need to be drastically altered. This design review is expected to lead
to an arrangement similar to the IRIDIUM in terms of its emission
levels toward GSO systems if the concept is ever implemented at L-
band. '

1. Interference between IRDIUM and GSO/MSS
1.1 IRIDIUM Uses the 1.6 GHz Band

C/I Margin (dB) for C/N
Degradation Objective of

Interferor Yictim 0.5 dB 1.0 dB
IRIDIUM mobile MSAT satellite 0.0 3.0
IRIDIUM satellite MSAT satellite -6.3 -3.3
MSAT mobile. IRIDIUM mobile -57.5 -54.5
MSAT mobile IRIDIUM satellite -35.6 -32.6

Interference from both IRIDIUM constellation of satellites and its
associated mobiles into the robust traffic of the GSO satellites (like
~voice), although not exactly meeting the assumed interference
objectives, is sufficiently low to leave hope for sharing. This excludes
a few very low level data carriers filed by various systems where
the carrier-to-interference ratios are about 5 to 7 dB worse than that
for voice case but still at a level which suggests a deeper look into
identifying ways and means of additional isolation. For instance, a
detailed analysis of the realistic average loading level of IRIDIUM
may in fact reveal some additional level of isolation afforded in light
of the fact that the satellites will most likely operate at levels below
their full spectrum capacity most of the time. In the case of the low
level data carriers mentioned earlier, it is- worthwhile noting that the
resulting low C/N levels cast doubt on the technical viability of such
services and lead one to suspect the proposed link budgets.
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Notwithstanding this, these carriers are generally in the minority and
as a result could be protected through detailed traffic coordination if
in fact they happen to be implemented.

The above observations indicate that co-frequency operation of LEO
systems with a transmission signature similar to IRIDIUM
could conceivably be considered as long as only the uplink GSO band
is used for LEO transmit/receive operation, and the LEO systems take
measures to protect themselves from interference from GSO mobiles.
While the mobile to mobile interference could conceivably be
mitigated by geographical segregation of the respective mobiles, the
interference from GSO mobiles to LEO constellation appears to be the
most challenging one to overcome, primarily due to the dynamic
nature of such a constellation relative to the earth-fixed frame of
reference. Notwithstanding this, it is plausible to assume that with
the planned level of on-board sophistication and resident smarts of
IRIDIUM satellites, the receive band could be dynamically
monitored for identification and utilization of the least interfered
with carrier slots. | "

1.2 IRIDIUM Uses the 1.5 GHz Band

C/I Margin (dB) for C/N
Degradation Objective of

Interferor Yictim 0.5 dB 1.0 dB
IRIDIUM mobile MSAT. mobile -48.1 -45.1
IRIDIUM satellite MSAT mobile -6.6 -3.6
MSAT satellite  IRIDIUM satellite  -33.6 -30.6
MSAT satellite  IRIDIUM mobile  -18.5 -15.5

Similar to the above case where the IRIDIUM uses 1.6 GHz,
interference from IRIDIUM mobile to GSO mobile is high but the
problem can be alleviated by geographical separation. Interference
from IRIDIUM satellite into the mobiles of high-gain -spot beam GSO
systems such as MSAT, EUTELSAT and ZENON is close to the objective
level, except the case of INMARSAT mobiles where interference from
IRIDIUM exceeds the objectives set for the study.

Interference from GSO satellites to IRIDIUM mobiles also fall into two

distinct categories. The first category is due to the GSO satellites that
feed low gain mobiles with a high level of EIRP for voice
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communications.  Invariably, this case is characterized by GSO
satellites with relatively high-gain spot beams (eg. MSAT, ZENON and
EUTELSAT). This is not surprising as only such systems could afford
low gain mobiles for voice communications. GSO systems falling in
the first category will generate excessive interference levels into
IRIDIUM mobiles, and there seems to be no means to reduce the high .
interference levels since the IRIDIUM mobile, unlike its smart
satellites, would not be able to protect itself from interference and
consequently, co-frequency sharing would not be feasible in this
case. The second category embodies GSO systems with either global
beam or relatively large spot beams. Understandably, such systems
reduce the power demand on the satellite by incorporating medium
to high gain mobiles (eg. INMARSAT and USSR networks).
Consequently, the interference from GSO satellites with global or
large beams to IRIDIUM mobiles is low enough to encourage a more
detailed scrutiny of the subject matter for defining conditions which
could allow co-frequency operation.

The interference from GSO satellites to the IRIDIUM satellites follow

the same pattern, that is, it is too excessive if originated from spot

beam based GSO satellites while marginal for global beam systems.

Unlike' the case of interference from GSO satellite into IRIDIUM

mobile, this interference situation can be avoided by making the .
IRIDIUM satellites switch off the outer edge beams when dominant .
mainlobe-to-mainlobe interference occurs. ‘

1.3 IRIDIUM Uses the 1.6/1.5 GHz Frequency Bands
1.3.1 Same Direction Mode

C/I Margin (dB) for C/N
Degradation Objective of

Interferor Victim ‘ 0.5 dB 1.0 dB
IRIDIUM mobile MSAT satellite 0.0 3.0
IRIDIUM satellite MSAT mobile -6.6 -3.6
MSAT mobile IRIDIUM satellite -35.6 -32.6

MSAT satellite IRIDIUM mobile -18.5 -15.5

The interference from IRIDIUM satellite and mobile into GSO mobile

and satellite, respectively, seems to be marginally acceptable, but the
interference from GSO into IRIDIUM is severe. Note that the C/I
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margins are based on the assumption that the IRIDIUM still uses the
proposed TDMA format for its transmission. However, if IRIDIUM
uses separate frequency bands for its uplink and downlink, the
proposed TDMA format is unlikely to be maintained. Thus, one
should expect more interference into GSO if IRIDIUM transmit slots
are more concentrated. For example, if the TDMA format is dropped,
i.e. IRIDIUM transmission is continuous, there would be about 13 dB
increase in interference from the IRIDIUM into GSO. In light of the
above and also in view of the severe interference from GSO satellite
into IRIDIUM mobile which cannot be easily mitigated, co-frequency
sharing in this case does not appear to be feasible.

1.3.2 Reverse Direction "Mode

C/I Margin (dB) for C/N
Degradation Objective of-

Interferor Yictim _ 05 dB 1.0 dB
IRIDIUM mobile MSAT mobile -48.1 -45.1
IRIDIUM. satellite MSAT satellite -6.3 -3.3
MSAT mobile IRIDIUM mobile -57.5 -54.5
MSAT satellite IRIDIUM satellite -33.6 -30.6

In this case, interference would be between IRIDIUM mobile and GSO
mobiles and between IRIDIUM satellites and GSO satellite.  The
mobile-to-mobile interference can be reduced by geographical
separation, and the problem of satellite-mainlobe-to-satellite-
mainlobe interference can be solved by switching off the IRIDIUM's
outer edge beams when such a geometry occurs. - The discussion in
Section 1.3.1 about the IRIDIUM's TDMA format is also applicable in
this case.

Co-frequency sharing between IRIDIUM and GSO could be feasible in
the reverse direction mode provided the above measures are taken
by the IRIDIUM system to protect itself as well as the GSO/MSS
system. However, the disadvantage of this scenario relative to the
case described in Section 1.1 is that the IRIDIUM network
management system will now have the addtional task of protecting
the GSO system. Furthermore, the GSO system is vulnerable to
interference from IRIDIUM and solely relies on it for protection The
acceptability of such arrangement to GSO system operators is at best’
doubtful.
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2. Interference between IRIDIUM and Fixed Services

The analysis indicates that there will be severe interferences from

IRIDIUM into fixed services and vice versa. At the 1.5 GHz band, the

worst-case interference results are shown below. Similar results are
obtained for 1.7, 1.9 and 2.2 GHz frequency. bands.

C/1 Margin (dB) for C/N
Degradation Objective of

Interferor Yietim 05 dB 1.0 dB
IRIDIUM satellite Fixed system -26.6 -23.6
IRIDIUM mobile Fixed system -64.5 -61.5
Fixed system IRIDIUM satellite  -41.3 -38.3
.Fixed system IRIDIUM mobile -72.9 -69.9

Based on the results of this study it is concluded that operation
between a LEO satellite system and the fixed terrestrial microwave
systems on a co-channel/co-geographical basis would be difficult.
Taking the interference objectives chosen in this study, unacceptable
interference would be experienced by the LEO satellites, by the LEO
mobile units, and by the terrestrial fixed system.

Geographical sharing between the mobiles and the fixed systems
could be possible if certain geographical areas were designated as
LEO mobile-only areas or fixed-only areas, however, sharing issues
between the LEO satellites and the fixed system would still be
addressed.

Severe mainlobe-to-mainlobe interference between LEO/MSS
satellites and fixed systems occurs when the satellites are
transmitting or receiving at grazing angle (ie zero degree elevation)
since the fixed systems antennas generally point at the horizon in
most cases. To reduce interference into fixed system, the LEO

satellite can limit or -avoid its emission toward the horizon. For the

IRIDIUM system, this can be achieved by turming off the outer beams

and. use the inner beams of another satellite. This scheme would

work well for higher latitude regions such as Canada because of the

high degree of overlap between the IRIDIUM satellite coverage areas.
However, it would not work as well for regions of lower latitude,

especially near the equator, where overlapping is lesser.
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3. Interference between IRIDIUM and FPLMTS

3.1 Interference from FPLMTS Terminals into IRIDIUM

Satellite
Maximum allowable FPLMTS
‘ simultaneous interferors
C/N_degradation objective Indoor Qutdoor
0.5 dB 570 | 90
1.0 dB 1200 190

Interference from FPLMTS terminals into IRIDIUM satellite is severe.
For 0.5 dB C/N degradation objective, the maximum number of
allowable interferors is only 570 for indoor and 90 for outdoor
FPLMTS. We now attempt to show that the above allowable numbers
of interferors are indeed very low by calculating the possible
number of simultaneously active outdoor FPLMTS terminals for

Ottawa and its vicinity which have a total population of about

600,000. Assuming 20% of the population use FPLMTS with a busy
hour traffic of 0.02 E per user then there could be up to 2,400
terminals simultaneously active during busy hour. This figure far
exceeds the maximum allowable number of 90.- In addition, an
IRIDIUM beam can cover Ottawa, Montreal and Toronto all together
at the same time. Interference monitoring scheme would not work
effectively in this case since the activity in the FPLMTS frequency
band would be extremely high due to a very large FPLMTS user
population with a high degree of frequency reuse within an IRIDIUM
beam. As a result, spectrum sharing between LEO/MSS and FPLMTS
would be very difficult.

3.2 Interference from FPLMTS Terminal into IRIDIUM

Mobile
Minimum allowable distance between
FPLMTS terminals and IRIDIUM mobile
C/N_degradation objective Indoor Qutdoor
05 dB 12.6 km 145 kmi

1.0 dB 12.1 km 13.6 km

It is assumed that the earth is smooth and the height of the
terminals is 1.5 m. The radio horizon for this case is about 5 km.
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Therefore, in order to keep the interference down to the acceptable
level, the interfering terminal and  the victim terminal have to be
well beyond the radio horizon of each other, i.e. about 12 to 14 km.
In reality, most terrain will not be smooth, as a result the required
separation will be dependent on the actual terrain and would likely
be larger than the distances indicated above.

3.3 Interference from IRIDIUM System into FPLMTS
Terminal

Our analysis shows that interference from the IRIDIUM satellite into
an FPLMTS terminal slightly reduces the useful range of the indoor
FPLMTS from 67 metres to 55 metres and would not effect the
outdoor FPLMTS. However, line-of-sight interference from IRIDIUM
mobile into an FPLTMS terminal would practically reduce its range to

a few metres around its base. In order to reduce the interference.

from the IRIDIUM mobile, the mobile has to be well beyond the radio
horizon of the FPLMTS terminal.

SUMMARY

Of the scenarios considered above, by far the most promising one
appears to be LEO sharing the GSO uplink band (i.e. 1.6 GHz) with the
GSO mobile systems. While the mobile-to-mobile interference issue
could be considered as a candidate for detailed coordination, the GSO
mobile to LEO satellite constellation interference is a challenging task
to be tackled. '

The following tables summarize the results for the IRIDIUM system
(denoted by IRD in the table). The codes used in the column "Sharing
Conditions" have the following meaning:

0 Interference in this scenario seems marginally acceptable.

1 Interference in this scenario is severe but additional protection
can be provided by geographical separation.

2 Interference in this scenario is severe but the IRIDIUM satellite
can turn off the outer beams to alleviate the problem.

3 Interference in this scenario is severe but the IRIDIUM satellite

can monitor the activity in the shared frequency band and uses
only the least active frequency slot.

X Interference in this scenario is severe and the proposed

interference reduction techniques are not likely to be effective.
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IRIDIUM's Interference Scenarios Sharing Remark
Frequency From To Condition
IRD mobile GSO satellite 0 Sharing could be
1.6 GHz IRD satellite = GSO satellite 0 feasible if the IRIDIUM
GSO mobile  IRD mobile 1 system can protect itself.
GSO mobile IRD satellite 3 Best scenario.
IRD mobile GSO mobile 1
1.5 GHz IRD satellite GSO mobile X Sharing is not feasible
GSO satellite IRD mobile X |
GSO satellite . IRD satellite 2,3
IRD mobile GSO satellite 0
1.6/1.5 GHz{ |rp satelite  GSO mobile X Sharing is not feasible
Same GSO mobile  IRD satellite 3
Direction | G50 satellite IRD mobile X
IRD mobile GSO mobile 1 Sharing could be
1.6/1.5 GHz | |RDp satelite  GSO sateliite 2 feasible if IRIDIUM can
Reverse | GSO mobile  IRD mobile 1 provide protection for
Direction {350 satellite IRD satellite 23 |itself & the GSO system
Table 1: Summary of Interference between the IRIDIUM

System and GSO/MSS System
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Interference Scenarios Sharing Remark
From To Condition
IRD mobile Fixed System 1 Sharing may be feasible
Share with |IRD satellite  Fixed System X only if IRIDIUM can
Fixed Fixed System IRD mobile 1 protect it self and also
System Fixed System’ IRD satellite 2,3 |the fixed system receiver
IRD mobile FPLMTS 1
Share with {IRD satellite = FPLMTS 0 Sharing is not feasible
FPLMTS  |FpiMTS IRD mobile 1
FPLMTS IRD satellite X

Table 2: Summary of Interference between the IRIDIUM
System and Fixed System and FPLMTS
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CHAPTER 1

INTRODUCTION

The World Administrative Radio Conference on Mobile Services in
1987 (WARC-MOB-87) redefined the spectrum allocation to mobile
satellite systems by explicitly recognizing the need for the
introduction of land mobile services. Noting the limited availability of
spectrum in the 1.5/1.6 GHz range, the conference requested the ITU
to convene a limited Allocation Conference in 1992 to. seek additional
spectrum for the mobile services including satellite based services.

The worldwide utilization of the frequency range below 3 GHz for
fixed and mobile services, which is considered most suitable for
mobile applications is extensive. The sheer number of existing and
planned geosynchronous satellite based systems (GSO/MSS) have
considerably increased the level of spectrum congestion. To these,

" one needs to. add several recent proposals in the United States for

establishing low earth orbit (LEO) satellite-based mobile/personal
communication systems operating at 137, 148, 400, 900 and 1610
MHz. With this outlook, spectrum sharing to the maximum extent is

needed to adequately cater to the needs of these competing systems~

for a share of spectrum in the WARC-92 conference.

As part of the preparatory work for WARC-92, Canada needs to
develop its position concerning the technical implications of spectrum
sharing between LEO/MSS, GSO/MSS and Fixed services below 3 GHz.
DOC has granted Telesat a call up against a standing offer to conduct a
study on the feasibility of spectrum sharmg between LEO/GSO and
LEO/Fixed services.

Chapter 2 summarizes the system characteristics of two LEO MSS
systems considered in this study, namely, IRIDIUM and ORBCOMM.

The general study assumptions and methodology are discussed in

Chapter 3 and Chapter 4 respectively. In Chapter 5, potential
interference scenarios between LEO MSS systems and GSO MSS
systems are identified, and C/I margins based on 0.5 and 1.0 dB
degradation to the thermal C/N value are also presented. Chapter 6
and Chapter 7 provide the analysis of interference between the
LEO/MSS and the microwave fixed systems and the future public land
mobile telephone system (FPLMTS). Detailed interference calculations
are given in Appendix A, B, and C.
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CHAPTER 2

LEO MSS SYSTEMS CHARACTERISTICS

This chapter describes the characteristics of Motorola's IRIDIUM and
Orbital Communications’ ORBCOMM systems. Only systems
characteristics and parameters which are deemed to be relevant to
this study will be presented.

2.1 IRIDIUM System

The IRIDIUM concept was first introduced by Motorola, Inc. in 1989.
The design of this system has gone through several revisions since.
CCIR document U.S. IWP 8/15 USA-4 provides a general description
of this system.- The following is a brief description of the system
characteristics based on the IRIDIUM's FCC filing.

2.1.1 System Overview

IRIDIUM is a digital, satellite-based personal communications system
to provide radiodetermination, voice and data services to individual
users using handhold terminals throughout the world. The system
includes a satellite constellation of 77 satellites in low-earth orbit
which are networked together as a packet switched digital
communications system utilizing the principle of cellular concept to
provide continuous line-of-sight communications from and to any
point on the earth's surface. The system also includes space-to-earth
gateways which interface into the public switched telephone network
(PSTN) and intersatellite links which are provided using Ka bands.

2.1.2 Satellite Constellation

The constellation uses 7 circular, polar orbital planes at a latitude of
413 nautical miles (765 km). Each plane consists of 11 satellites
equally spaced in this orbit. Satellites in planes 1, 3, 5 and 7 are in
phase with one another and are halfway out of phase with those in
planes 2, 4 and 6. All satellites travel in the same angular direction
in their respective orbital plane, i.e. the satellites will rotate
"upward" toward the north pole on one side of the earth, cross the



pole and move "downward" toward the south pole on the other side
of the earth. Figure 2.1 shows the view of the earth from a point
above the north pole and the seven orbital planes as well as the
direction of the satellites. movement. The orbital planes are
separated by 27.1 degrees with the exclusion of the seam between
planes 1-and 7 where the satellites move in the opposite direction.
The orbital plane separation in this region is 17.4 degrees.

2.1.3 Coverage

The IRIDIUM system is designed to provide coverage over the entire
surface of the earth with a minimum elevation angle of 10 degrees.
Figure 2.2 illustrated a typical coverage of the IRIDIUM satellite
constellation at a given instant of time. The coverage areas of each of
the satellites are somewhat evenly distributed over the earth's
surface near the equator, but the overlap between the coverage
areas increases as the satellites approach the south or north poles.

Each of the IRIDIUM satellites is capable of generating 37 beams
within its coverage area. The beam cluster in the satellite
coordinates is created by one large centre beam surrounded by three
rings of 6, 12 and 18 smaller beams, respectively. The footprints of
the beams on the earth's surface called cells are of approximately
equal size, about 360 nautical miles or 670 km in diameter. As the
coverage areas, hence cells, of the satellites overlap when getting
close to the north and south poles, a complex control algorithm is
employed to turn on and off the overlapping cells to avoid
interference.  As a result, at any given time, only 1628 non-
overlapping cells covering the entire surface of the earth are active.
‘Note that the 77 satellites can generate a total of 77 x 37 = 2849
cells, i.e. only 57% of the cells are active.

With the exception of the centre beam which is generated by a fixed
antenna looking at the nadir direction, the remaining beams are
generated by six scanning phased array panels each oriented with a
unique electrical boresight to optimize scanning loss associated with
each beam generated by that panel. Each phased array panel
produces six beams (cells). Cells generated within a satellite and also
those formed collectively by 77 satellites are structured in a septet
topology and are identified by say labels A through G. Such a
structure would ensure cells with the same label have sufficient




Figure 2.1-IRIDIUM's Satellites Constellation

27.1 degree separation between. orbital planes _
Seam between planes 1 and 7 separeted by 17.4 degree




Figure 2.2 IRIDIUM Satellites Coverage (10 degree elevation)




spatial isolation to permit co-frequency operation (reuse). = For cells
not having sufficient spatial isolation such as, say, adjacent cells B
and C, there are two technical alternatives, namely, frequency sub-
bandization (frequency division) similar to what is wused for
terrestrial cellar systems, or time division interleaving. The latter
scheme is used in the design of the IRIDIUM system. That is, cells
not having sufficient isolation are fed by the entire amount of
available spectrum but in a coordinated time sequence. This time
coordination is not only within the beam clusters of a single satellite,
but also a property maintained throughout the aggregate cell
structure of the entire constellation of 77 satellites. Time division
multiplexing in conjunction with a septet reuse topology , therefore,
result in co-frequency operation of cells with the same label at the
same time but over a finite portion of the TDMA frame allotted to
that label. It is also to be noted that each phased array panel of a
satellite has only one active receive or transmit beam at a. given
instant of time. The next paragraph will discuss the timing of the
signal in more detail. Figure 2.3 illustrates the beam structure of an
IRIDIUM satellite. The view of Canada as seen by an IRIDIUM
satellite is shown in the figure. The beams as generated by each
satellite are elliptical except the centre beam which is circular. One
set of six beams produced by a phased array panel is highlighted in
the figure. Note that the contours shown in the figure are generated
using data provided in the IRIDIUM's FCC filing.

2.1.4 Transmission Characteristics

IRIDIUM satellites communicate with user terminals on or near the
earth’'s surface using frequencies in L-band. - There are also
communications links between satellites at 20 to 30 GHz range and
links between satellites and gateways in the 20 to 30 GHz band. This
study only addresses the links between satellites and user
terminals.

The IRIDIUM system will use digital transmission between satellites
and users in a combined time and frequency division multiple access
techniques (TDMA and FDMA). The TDMA frame is 60 ms second
long and is divide into 14 transmit (i.e. downlink) bursts interleaved
with 14 receive (i.e. uplink) bursts, allowing the same frequency
band to be used for both uplink and downlink but at non-
overlapping time slots. The transmit and receive bursts are 1.3 ms-
and 2.9 ms long, respectively. The guard time between bursts is




0.042857 ms long. Figure 2.4 shows the timing signal at the satellite.
The transmit and receive bursts are time interleaved with a transmit
burst corresponding to a receive burst 30 ms later. This would
permit the ground terminals to carry out the required processing
before a transmission is required from them. The transmit and
_ receive bursts are single channel per carrier (SCPC) signals of 400
kbps and 180 kbps, respectively. This frequency division is not for
‘reuse purposes but rather intended to reduce the complexity of the
ground terminals, orderly growth of the system capacity in time
without the need for reformatting the time division structure as well
as easing international coordination of the spectrum. The FDMA
frequency spacing for the transmit and receive signals are 350 kHz
and 160 kHz, respectively. The modulation used by IRIDIUM is a
version of QPSK.

2.1.5 Link Parameters

The satellite-user link parameters which are to be used in our
interference analysis are shown in Table 2.1. Only parameters for
cell 1 and cell 7 are chosen since these represent the worst case
analysis (cells 1 to 6 are generated by the same phased array panel
on a given satellite and are not intended to signify cell labelling in a
septet frequency reuse structure).

2.1.6 L-band Spectrum Requirement

L-band has been identified as a suitable band for the satellite-user
link. It is proposed that the IRIDIUM would use the frequency band
from 1610 MHz to 1626.5 MHz. Note that IRIDIUM uses the same
frequency band for both transmit and receive in the satellite-user -
link. '




Figure 2.3 IRIDIUM's 37 Beams (4 dB contour) and
Cells Structure as Viewed from an IRIDIUM Satellite

(Note: The figure shows that the 4 dB contours cannot provide complete coverage.
The beam sizes used to produce this plot are obtainea' from the IRIDIUM's FCC Filing)
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LINK BUDGET FOR.
THE IRDIUM SYSTEM

Cell Number Cell 1 Cell 7
UPLINK

Up Power (dBW) 1.1 4.7
ES Tx G (dBi) 0.3 2.3
Up EIRP (dBW) 1.4 7.0
Bandwidth (kHz) 135.0 135.0
EQOC Sat Rx Gain (dBi) 21.2 6.9
Sat Rx Noise Temp. (K) 553.0 553.0
Sat G/T (dBi/K) -6.2 -20.5
Up Freq (GHz) 1.620 1.620
Range (km) 2300 850
Path Loss (dB) 163.9 155.3
(C/N)up (dB) 8.5 8.5
C/N Threshold (dB) 5.6 5.6
DOWNLINK

Dn Power (dBW) 1.9 5.6
EOQC Sat Tx Gain (dBi) 21.2 6.9
Dn EIRP (dBW) 23.1 12.5
Bandwidth (kHz) 300.00 300.00
ES Rx Gain (dBi) 1.0 3.0
ES Rx Noise Temp. (K) 300.0 300.0
ES G/T (dBi/K) -23.8 -21.8
Dn Freq (GHz) 1.620 1.620
Range (km) 2300} 850
Path Loss (dB) 163.9 155.3
(C/N)dn (dB) 9.2 9.3
C/N Threshold (dB) 5.1 5.1

TABLE 2.1: IRIDIUM's Link Parameters
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2.2 ORBCOMM

The ORBCOMM system was filed to the FCC by Orbital
Communications Corporation in early 1990. Following is a brief
description of the system characteristics based on ORBCOMM's FCC
filing.

2.2.1 System Overview

ORBCOMM is a low-earth-orbit satellite system intended to utilize
digital communication to provide RDSS and short messaging services
for emergency and distress communications as well as data
acquisition. - The system includes a satellite constellation of 20
satellites that provide near global coverage. Unlike the IRIDIUM, it
is not envisaged that ORBCOMM would provide international
connectivity, the system is used by administrations for domestic MSS
applications where traffic is entirely terminated by the regional
gateway(s) operated within an administration.

2.2.2 Satellite constellation

There are three equally spaced, circular orbital planes each
containing six satellites. The orbital planes would have an inclination
of somewhere between 40 to 50 degrees depending on the desired
service area ( yet to be determined). The altitude of the satellites is
about 950 to 1150 km. Two more satellites at the same altitude but
at 90 degree inclination are added to provide intermittent  but
frequent coverage over the polar regions. '

2.2.3 Coverage

With the orbital parameters described above, ORBCOMM can cover
better than 95% of the earth within the boundaries of 60° latitude
with a minimum of 5° elevation angle. Figure 2.5 illustrates the
coverage contours at a given instant of time for the system assuming
the altitude is 970 km and the inclination is 40 degrees. The figure
shows that there are six satellites having nearly complete overlapped
coverage areas, however, in general, partial overlap occurs and the
percentage of overlap between coverage areas is - a function of time.
There are also small gaps between coverage areas where the earth's

12




Polar Coverage

Figure 2.5 ORBCOMM Satellite Coverage



surface is not covered by any ORBCOMM satellites, but these gaps
would last only a few minute.

The satellite antenna generates a shaped beam to entirely cover its
coverage area. The beam has a moderate gain of about 7 dBi in the
direction of the horizon and a gain of -3 dBi in the nadir direction.
This antenna pattern would offset the increase in path loss due to
longer range for users located near the horizon.

2.2.4 Transmission Characteristics

ORBCOMM proposes to use SCPC/CSMA (Carrier Sensing Multiple
Access) technique for both uplink and downlink. The slotted aloha
random access at 30% loading is assumed -on the uplink. TDM is used
on the downlink. Uplinks to the satellite from user terminals and
gateways at 138-139 MHz are 2400 bps BPSK and 56 kbps BPSK,
respectively. Downlink from satellite to user terminals and gateways
at 148-149.9 MHz are 4800 bps FSK and 56 kbps BPSK, respectively.
There is also a separate downlink of 4800 bps at 400 MHz used by
the satellites to transmit the time and frequency information to the
users. It is to be noted that in the recent FCC Notice of Enquiry, FCC
proposes new frequencies in the range 930-931 Mhz (reserved band
for digital paging) and 420-421 MHz (Fixed and Mobile). on a co-
primary basis with Fixed and Mobile services. The 138-139 and
148-149.9 MHz bands originally proposed by ORBCOMM are
considered by FCC only on a secondary basis.

The sharing scheme proposed for ORBCOMM in the uplink is based on
frequency interleaving with the existing fixed and mobile services.
To increase the isolation achieved through frequency interleaving, a
complex on-board scanning receiver is used to predict the least
active channel slots seen by the satellite.  This information is
transmitted, using 4800 bps BPSK signal, to the user terminals which
in turn select a least active channel slot as known to the system for
transmission.  Furthermore, each carrier is proposed to be sub-
divided into four subbands to spread the interference.

2.2.5 Link Parameters

The satellite-user link parameters which are to be used in our
interference analysis are shown in Table 2.2.
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2.2.6 Spectrum Requirement

The frequency bands proposed for ORBCOMM are 148-149.9 MHz for
the uplink and 137-138 MHz for the downlink. ORBCOMM uses only
732 kHz and 370 kHz of the proposed uplink and downlink
frequency bands, respectively.

LINK BUDGET FOR ORBCbMM SYSTEM

Terminal Type Portable Mobile T/F Link
UPLINK

Up Power (dBW) 3.0 7.0

ES Tx G (dBi) -1.0 2.0

Up EIRP (dBW) 2.0 9.0

Bandwidth (kHz) - 3.60 3.60

EQC Sat Rx Gain (dBi)

Sat Rx Noise Temp. (K)

Sat G/T (dBi/K) -25.8 -25.8

Up Freq (GHz) 0.148 0.148

Range (km) 2750 2750

Path Loss (dB) 144.7 144.7

Polarization Loss : 3.0 3.0

(C/N)up (dB) 21.6 28.6

C/N Threshold (dB) 11.6 11.6

DOWNLINK

Dn Power (dBW) 10.0 8.3 13.0
EOC Sat Tx Gain (dBi) 6.5 6.9 5.8
Dn EIRP (dBW) 16.5 15.2 18.8
Bandwidth (kHz) 7.20 7.20 7.20

ES Rx Gain (dBi)

ES Rx Noise Temp. (K)

ES G/T (dBi/K) -36.6 -30.4 -32.5

Dn Freq (GHz) 0.137 0.137 0.400
Range (km) 27501 2750 2750
Path Loss (dB) v 144.0 144.0 153.3
Polarization Loss 3.0 3.0 3.0
(C/N)dn (dB) 22.9 27.8 20.0

C/N Threshold 15.2 15.2 11.6

TABLE 2.2: ORBCOMM's Link Parameters
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CHAPTER 3

GENERAL ASSUMPTIONS

The following are the assumptions which are universally applied to
all sections of this study. There are additional assumptions that
would be used for specific cases only and these will be stated at the
appropriate sections.

1- Since ORBCOMM uses the 148-149.9 MHz and 137-138 MHz
frequency bands for its uplink and dpwnlink respectively, it would
not cause (or receive) any interference to (or from) the L-band GSO
MSS systems. For the purpose of studying the feasibility of sharing
the same spectrum amongst various proposed systems, an.
ORBCOMM-type L-band (abbreviated OL) system, which is assumed
to have the same system characteristics as ORBCOMM system except
that it is operating at the same bands as the GSO MSS systems, is
chosen as one of our target LEO MSS systems. Hence, the system
parameters of the ORBCOMM system have to be modified to
represent the operation at L-band. The approach taken in this report
is to increase the transmit EIRP levels of the ORBCOMM system to
offset the reduction in the signal power received by the receiving
antenna due to its smaller effective aperture. Note that the antenna
size is .purposely reduced to keep the gain constant in order to

.maintain the same coverage area. From now on, this ORBCOMM-type

L-band system will be referred to as the OL system.

2- Only voice carriers of the GSO MSS systems are voice activated
with activity factor of 40%.

3- It is assumed that all L-band traffic of the INMARSAT systems are
to and from mobile terminals over the ocean regions and coastal
areas, and that all of the L-band traffic of other systems considered
are to and from mobile terminals over the land areas.

4- The discrimination of mobile isotropic antenna is 0 dB in all
directions. The discrimination of a mobile terminal's hemispherical
antenna toward the horizon is 5 dB and toward any other direction is
0 dB.

5- IRIDIUM and OL systems use only mobiles which have isotropic
antennas.

17



6- In the cases of mobile-mobile (including aeronautical terminals)
and mobile-terrestrial station interference, the C/I are computed
based on a reference distance between LEO MSS and GSO MSS mobile
terminals of 5 km. C/I results for other distance can be easily
computed by applying a scaling factor which is equal to the ratio
between the desired distance and the 5 km reference distance.

7- It is assumed that full interference power would arrive at the

input of the victim receive antenna if it is within the 3dB contour of
the interfering transmit antenna beam.
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CHAPTER 4

METHODOLOGY

The general approach of the study is to compute the "C/I margin”
which equals to the "available C/I" minus the "acceptable C/I". By

this definition, if the value of the resulting C/I margin is positive, .

then the interference power is lower than the acceptable level. If
the C/I margin is negative, then the interference power is higher
than the interference objective level and the additional protection
needed is equal to the absolute value of the C/I margin. The analysis
is carried out for two arbitrarily chosen objective interference levels
which are the levels that would degrade the carrier-to-noise ratio by
0.5 dB and 1.0 dB. It has been assumed here that the characteristics
of the interference is white noise like and would. add to the system
thermal noise on a power basis. In other words, C/(N+I) - C/N = 0.5
or 1.0 dB, thus, C/I - C/N = 9 or 6 dB, respectively. This means the
objective C/I value is 9 or 6 dB higher than the link carrier-to-
thermal noise ratio for 0.5 or 1.0 dB C/N degradation interference
objective.

In the case of the interference between LEO/MSS and terrestrial
microwave systems, we reference to the I/N ratio as our interference
objectives, which is more convenient, since terrestrial microwave
systems could have a variety of C/N ratios. The I/N ratio is directly
related to the C/N and C/I, in that C/N - C/I = I/N, where all units are
in dB. Consequently, the I/N objective will be identical to the
interference objective discussed above. For the case of interference
into FPLMTS system, the interference is translated to the reduction
in the effective range between the FPLMTS terminal and its base
station.

This study will provide a first cut interference analysis between the
targeted LEO/MSS systems and the GSO/MSS systems as well as the
fixed systems and FPLMTS. The objective of the study is first to
provide an indication to the degree of spectrum compatibility of
incompatibility of the various systems. Once this is accomplished,
technical means for reducing the potential incompatibility are
explored to decide whether or not the brute force spectrum

segmentation can be avoided. Co-frequency and co-coverage area

operation mode will be considered in the study. Frequency
interleaving is not considered due to the high speed of the LEO
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satellite resulting in relatively large Doppler shift (about 35kHz at L-
band). Thus, interleaving would result in inefficient use of spectrum,
which certainly not in line with the principles of this study, since
guard bands of many times the bandwidth of typical GSO/MSS voice
carriers are required. In addition, the IRIDIUM system utilizes
- wideband digital signals which leave little room for interleaving.
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CHAPTER § |

ANALYSIS OF INTERFERENCE BETWEEN
LEO/MSS AND GSO/MSS

5.1 GSO/MSS Systems Characteristics

This section describes the characteristics of the GSO MSS systems to
be addressed in this study namely MSAT, INMARSAT II and III,
ZENON and EUTELSAT. The information given in this section are
obtained mostly from ITU filings and some from open literature.
Only systems characteristics and parameters which are deemed to be
related to this study will be presented. .

5.1.1 MSAT

'Th-e MSAT system consists of two satellites, the first one 1s scheduled

for launch in mid-1994, to be placed in the geostationary orbit at
106.5° W. It will provide communications services to land, marine
and aeronautical mobile terminals operating at L-band with backhaul
in the 11/13 GHz frequency bands.

The target service area for the MSAT system includes the land mass
of Canada, U.S. continent, Alaska, Puerto Rico and the Hawaiian
islands, Mexico including the 200 nautical mile off-shore areas.
Figure 5.1 shows the beams configuration for the MSAT system at L-
band.

MSAT system uses 1.6315-1.6455 GHz and 1.6465-1.6605 GHz
frequency bands for its reverse uplink (i.e. from mobile to satellite)
and 1.530-1.544 GHz and 1.545-1.559 GHz bands for its forward
downlink (i.e. from satellite to mobile). The mobile terminal antenna
pattern is hemispherical and has maximum gain ranging from 3 dBi
to 10 dBi. Table 5.1 shows ‘the link budget for various MSAT
carriers. : .
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LINK BUDGET FOR MSAT AT L-BAND
Carriers: Marine V|Marine V|Marine D[Marine D| LandV| LandD{ Land D} Land DAero MRSPAero MRSPAero MTSAero MTS| Aero 4.8] Aero 4.8
: Ship Boat{ 1.2HG 1.2 LG 1.2 600 300 Com.| Private Com.| Private Com.| Private
REVERSE UPLINK
Up Power (dbW) 6.2 3.5 3.0 -1.7 8.2 1.3 -1.7 -4.7 6.2 35 6.2 3.5 6.2 3.5
ES Tx G (dBi) 8.0 8.0 8.0 3.0 8.0 3.0 3.0 3.0 8.0 8.0 8.0 8.0 8.0 8.0
Up EIRP (dBW) 14.2 11.5 11.0 1.3 16.2 4.3 1.3 -1.7 14.2 11.5 14.2 11.5 14.2 11.5
Bandwidth (kHz) 3.00 3.00 1.32 1.32 3.00 1.32 0.66 0.33 3.00 3.00 3.00 3.00 5.30 5.30
EQC Sat BRx Gain {dBi) * 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2
Sat Rx Noise Temp. (K) 660.0] 660.0 660.0] 6600/ 660.0f 660.0] 660.0 660.0f 660.0) 660.0 660.0] 660.0] 660.0f 660.0
Sat G/T (dBi/K) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Up Freq (GHz) 1.640 1.640 1.640 1.6401° 1.640 1.640 1.640 1.640 1.640, 1.640 1.640 1.640 1.640 1.640
Range (km) 39500| 39500f 39500f 39500 39500/ 39500} 39500{ 39500{ 39500| 39500{ 39500/ 39500 39500, 39500
Path Loss (dB) 188.7 188.7 188.7 188.7 188.7 188.7 188.7 188.7 188.7 188.7 188.7 188.7 188.7 188.7
(C/N)jup (dB) 23.3 20.6 23.7 14.0 25.3 17.0 17.0 17.0 23.3 20.6 23.3 20.6 20.8) 18.1
FORWARD DOWNLINK
Dn Power {(dBW) -4.9] . -4.9 -5.3 -5.3 0.1 -4.9 -7.9 -10.9 -3.9 -3.9 -1.9 -1.9 -5.3 -5.3
EQC Sat Tx Gain (dBi) * 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2
Dn EIRP (dBW) 27.3 27.3 26.9 26.9 32.3 27.3 24.3 21.3 28.3 28.3 30.3 30.3 26.9 26.9
Bandwidth {kHz) 3.00 3.00 1.32 1.32 3.00 1.32 0.66 0.33 3.00 3.00 3.00 3.00 5.30 5.30
ES Rx Gain (dBi} 10.0 10.0 10.0 10.0 10.0 3.0 3.0 3.0 10.0 10.0 10.0 10.01°  10.0 10.0
ES Rx Noise Temp. (K) 315.0 315.0 315.0f 315.0f 315.0 350.0f 350.0f 350.04/ 315.0f 315.0 315.0 315.0f 315.0| 315.0
ES G/T (dBi/K) -15.0 -15.0 -15.0 -15.0 -15.0 -22.4 -22.4 -22.4 -15.0 -15.0 -15.0 -15.0 -15.0 -15.0
Dn Freq (GHz) 1.540 1.540 1.540 1.540 1.540 1.540 1.540 1.540 1.540 1.540 1.540 1.540 1.540 1.540
Range (km) 38500{ 39500] 39500{ 39500} 398500{ 339500} 39500} 33500f 339500] 339500{ 38500 338500} 339500 33500
Path Loss {dB) 188.2 188.2 188.2 188.2 188.2 188.2 188.2 188.2 188.2 188.2 188.2 188.2 188.2 188.2
(C/N)dn (dB) 18.0 18.0 21.1 21.1 23.0} 14.1 14.1 14.1 19.0] " 19.0 21.0 21.0 15.1 15.1

* The gain figures are for beams covering Canada and continental U.S.
For beams covering Alaska, Mexicocentral America and Hawaiian Islands, the gain is 3 dB lower.

TABLE 5.1: L-band Link Budget for MSAT System




5.1.2 - INMARSAT

The INMARSAT Mobile-Satellite System is a network of
geostationary satellites which provide mobile-satellite services and
navigation services in the Atlantic, Indian and Pacific oceans and
coastal regions. Nominally, there are four satellites; 2 for the
Atlantic and one each for the Pacific and Indian Ocean Regions. The
satellites have the capability at 1.5/1.6 GHz to provide commercial,
international  land, public correspondence and aeronautical mobile
services as well as, distress and safety operations and navigation.
Feeder links and TT&C operations are provided at C-band.

The INMARSAT second generation systems have only global beam
coverage capability whereas the third generation systems have both
global beam and spot beam coverage capability. Figures 5.2 and 5.3
show typical global and spot beam coverages at L-band over the
Atlantic Ocean region, respectively.

A multitude of earth terminal antennas are employed by the
INMARSAT systems ranging from 6° 3dB beamwidth antenna for
ship earth stations to near isotropic antenna for Standard C
terminals.  The earth terminal antenna characteristics will be
discussed later.

INMARSAT system uses L-band on the downlink for forward link
(1530 to 1559 MHz for INMARSAT III) and on the uplink for reverse
link (1626.5 to 1660.5 MHz for INMARSAT III). Tables 5.2 to 5.5
provide the L-band link budgets of various carrier types of this
system for both global beam and spot beam and for the maximum
and minimum EIRP values. Additional transmission parameters are
shown in Table 5.6. The link budgets were derived based on
information obtained from the. CCIR document IWP/4/1-1619
contributed by INMARSAT.
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LINK BUDGET FOR INMARSAT SYSTEM AT L-BAND
GLOBAL BEAM, MAXIMUM EIRP
INM-A INM-A INM-A INM-A! 1NM-A INM-EI INM-B 1NM-B!| INM-M INM-M| INM-M} INM-M L] INM-M L] INM-M L]  AEROH AERCL AEROH AEROH! AEROH|  AERCH| INM-C
Carrior: voceEl ToM|  bso| whiso|  cv] vocel oAtal  tom] voce| oata|l  tom] voce| patal  tom|  vorce| oaTa 1] DaTA 2{ OATA 3| DATA 4| DATAS]  DATA
REVERSE UPLINK
, Up Power (dbW) 150 15.0] 2100 -29s| 205] 120 120] 120 150l 150l 150 130l 130] 130 9.9 9.3 0.3 3.3 5.3 8.7 7.8
ES Tx G (dBi) 210f 210l 210] 210 210 210} 210 2100 150l 1s0| 150] 150 150} 150] 15.0 30} 150l 150l 150 150 3.0
Up EIRP (dBW) 36.0] 2360 420 sos| s0s5| 330] 33.0f 330 300 30.0f 300] 260 28.00 280] 249 123] 153 18.3] 203 237 108
Bandwldth_(kHz) 28.00} 5.76] 67.20] 921.60] 921.60] 14.40} 14.40] 14.40{ 4.80] 4.80] 360| 480 4p0] 3.60] 12.60] o072 1.44] 288] 288 630 0.2
EOC Sat Rx Galn {dB}) 160] 180 16.0] 160] 160 190| 19.0] 19.0] 190 19.0] 190 19.0] 190 190 100l 190] 190 190 190 190 18.0)
Sat Ax Nolss Temp. (K) 550.0] s50.0 ss0.0] ss0.0| 550.0] ss0.0| 550.0| sso.o| s5s0.0] sso.o| sso.o] sso.ol sso.o| sso.ol sso.0] ssoo] sso.ol sso.ol ssool sso.o 550.9]
Sat G/T_(dBVK) 14l 114l o114 vva] 11a] 8] 84| 84l 54| 4| 84l .84l -84 84| 84l 84 54 -84l -84 s -114
Up Freq {GHz) 1.840] 1.640] 1.640] 1.640| 1.640] 1.640] 1.640] 1.640f 1.840] 1.640] 1.640] 1.640) 1.640] 1.640] 1.640] 1.640] 1.640] 1.640] 1640 1.640] 1.640
Range (km. 39500] 39soo| 39s500f 39500] 39500] 3gs00] 38500] 39500] 39500] 39500] 39500 39500] 38500] 39500] 39500] 39500] 39500 38500] 39500] 39500 29500
Path Loss (dB} 188.7] 18e.7] 188.7} 188.7] 188.7] 188.7] 188.7| 188.7] 18s.7] 188.7] 188.7] 188.7] 188.7] 188.7] 188.7| 188.7] 18a.7] 188.7] 188.7] 188.7] 1887
(CNjup _(dB) 20.0f 26.9 zz.gL 193] 193] 22.0] 22.0] 220 2a7| 247 25| 2290 22.7] 239 154 52| 152 1s2| 172 172 102
Dn Power (dBW) 10.4 15|  18.4] 249] 249 2.8 21  -a.7 3.8 3.0 2.2 58] 5.0 4.2 7.4 7.8  -2.2 0.8 2.8 8.2 7.3
: o EQC Sal Tx Gain (dBI} 170] 170 170l 170 170] 1s0] 18.0] 180 1@' 180 180 isol' vs.o 180 150l 1eol ieol teol 180 1s0f s7.0f
f ~ Dn EIRP (dBW) 274] 85| 33.4] 419 418] 208] 20.1] 14.3] 21.8] 210l 202 238 23.0] 222 254] 258 58] 188 208] 242 243
' Bandwidth_(kHz) 28.00]  1.44] 67.20} 921.60] 921.60} 14.40] 1440] 720 480 480 720 4.80] 480 720 12.60] 072 1.44] 2.88] =2.88] 6.40] o.72
ES Rx Gain (d8]) 210l 210l 210] 210 210l 210 210] 210] 150 150 1so] 150 s} 150 150 30] 15.0] 15.0] 15.0] 15.0 3.0
ES Rx Nolse Temp. (K) 350.0] 350.0 350.0_[ 3s0.0] 350.0] 3s50.0] 2350.0] 350.0] 350.0] 3s0.0] 350.0] 3s0.0] 3s0.0f 3s0.0} 3s0.0] 3so.0f a3sc.0] 3so.ol 3so.cl 3s0.0] 3s0.0
ES G/T {dBVK) -4.4] 44| a4 -4.:‘ 4.4l -aa]  -4.4] 44| -10.4] -10.4] -10.4] -10.4] -10.4] -10.4] -10.4] -22.4] .10.4] -10.4] -10.4] -10.4] .22.4
Dn Freq (GHz) 1.540] 1.540] 1.540] 1 .su_)] 1540 1.540] 1.540f 1.540 1.540 1.540] 1.540f 1.540f 1.540] 1.540] 1.540| 1.540] 1.540] 1.540] 1.540] 1.540] 1.540
R km assQLagsoo 39500 39500] 39500] 29500] 39500 39500] 39500] 39500] 39500| 39500] 39500] 39500f 39500] 39500] 39500} 39500) 39500] 39500] 239500
Paih Loss (dB) 188.2] 1882] 18e2| 188.2) 1882| 1ss.2] 1se2| 1882 1882 1882| 1882 1882 188.2] 188.2| 1882 1ss2| 1s8.2] 1882 188.2] 1ss2] 1ssz
(C/N)dn _(dB) 18.9] 22.9] 213} 18.20 18.2] 152 14.5i 11.7 15.0] 14.2] 11.6] 17.0] 16.2] 13.6] 1a.4] 152] 1a42] 142] 1s.2] 18.2] 3.7

TABLE 5.2: Link Budget for INMARSAT's Global Beam, Maximum EIRP Carriers At L-band
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LINK BUDGET FOR INMARSAT SYSTEM AT L-BAND
GLOBAL BEAM, MINIMUM EIfP

INM-A] INM-AL INmeA] INMA] iNmeAl nmes)  inmes|  inmes| M) ewem]  inmeml inmem] sl name]  asnon]  asrou]  aeron| amon] asmon| aeacn]  inmec
Carrler: VOICE TOM HD| VHSO CTV! VOICE DATA TOM VOICE DATA TOM VOKE .DATA TOM VOICE| DATA 1| DATA 2] DATA 3] DATA 4| DATA S DATA
REVERSE UPLINK .
Up Powar (dbW) 15.0] 150} 210 205 295 84 7.7 7.7 7.5 6.7 1.9 75| 67 1.8 -3s] -aa] -139) 10f 8| -az 7.5
ES Tx G (dBi) 21.0] 21.0] 210 21.0f 210 210l 210 210 150 1s50] 150l 15| 150 150| 150 a0l 15.gj 15.0] 150|150 3.0
Up EIRP (dBW) 3s0l 360l 420f so5| sosl 204] 287 287 225 2170 169 22| 21.7] 1s9l 118l 14 1.9) 49 69| 10.3] 105
Bandwldth_{kHz) 28.00] 5.78] 67.20} 921.60f 921.60] 14.40] 14.40] 14.40] 4.80f 4.80] 3.60} 4.80] 480l 3.60] 1260 0.72] 1.44] 288 288} .30 0.72{
EOC Sat Ax Galn (d8) 18.0] 18.0] 1eol 180l 80| 190l 190] 190 15.0] 100 1s0] 190 190l 19.0] 180l 100l 120 150 190 18.0] 160
Sat Ax Nolss Temp. (K) 550.0] 550.0f 550.0f 550.0] 550.0] ss50.0f 550.0] 5500| 5s50.0] s50.0| s50.0f sso.0| 550.0f ss0.0] 5s50.0] 550.0] ss0.0] ss0.0] sse.o| sso.e| sso.0
[Sar G/T (dBUK) S11.4) -11.4) -91.4] -v1.4] 114 -8af 6.4f -84 -84 -84 -8af 84| -sal 84| .84l 84|l a4l 8.4l -84l b4 -11.4
Up Freq (GH2) 1.640f 1.640| 1.640] 1.640] 1.640 1.640] 1.840 1.640] 1.640| 1.640f 1.840] 1.640! 1.640] 1.640] 1.640| 1.s40f 1.840 1.s4tﬁ 1.640f 1.640] 1.840
|Range (km) 39500] 39500 39500} 30500f 39500 395001 39500f 39500} 39500f 39500| 39500| 39500| 39500| 39500) 39500] 39500| 39s00| 38500| 39500 39500 39500
Path Loss (dB} 188.7) 188.7| 188.7] 188.7] 188.7] 188.7| 188.7] 188.7] 188.7| 188.7] 18870 188.7] 1se.7| 188.7} t1es.7] 188.7] 1ss.7} 1se.7] 186.7] 188.7] 188.7
(CMNup _(dB) 20.0] 26.8] 2230 1sal 103 s3] is.el 15.6] 17.2] 164l 12.8] 17.2] 1s.4] 128 2.0 1.8 1.8 18 38 38 10.4
FORWARD DOWNLINK
Dn_Power (4BW) 59| -3.0| 11.9] 204 204 57 -84 -122] .47} .55] .83 -2.7] 35| .43 29| .25 125 -8l -7l -4 2.8
EOC Sat Tx Galn {d8§) 170y 1700 170l 17.0f 170 1s8o] 180| 180 18.0] 180 80| 18.0] 180 180 180 180] 18.0] 180 1s0] 1s0f 170
Dn EIRP (dBW) 229 4.0 28.9f 374] 374 123] 116 58| 133 125 t1.7] 153] 148 13.72] 15a] 15s s5i  8s| 105 139 198
Bandwidth_(kHz) 28.00] 144} 67.20] 921,60} 921.60] 1440} 14.40] 7.20] 4.80] 4.80] 7.20| 480 480) 7v.20] 12.80] 0.72] 1.44] 288 288 a30] o072
£S Rx Galn (d8)) 210 210 210 210 210 . 21.0] 210 210 150l 1s0] 150 150 15.0] 150 150 3.0] 150 150 150 150 3.0
ES Rx Noise Temp. (i} 350.0f 350.0] 350.0] 350.0f 350.0| 350.0] 350.0f 350.0| 350.0] aso.0| 3so.0] 350.0] 350.0f 350.0] 350.0] 3s0.0] 350.0{ aso.0] 350.0] 350.0] 350.0
ES G/T (dBIK) 44l caal a4l -adl a4l ca4] -44]  -44] 10.4] -104] -104) -10.4] -10.4] -10.4] -10.4] -22.4] -10.4] -10.4] -104] -10.4] -22.4
Dn Freq (GHr) 1.540] 1.540] 1.540] 1.540| 1.540| 1.540) 1.540| 1.540] 1.540] 1.540f 1.540} 1.540 1549{ 1.540 1.5@ 1.540] 1.540] 1.540] 1.540] 1.540] 1.540
Range (km) 39500} 39500| 39500| 39500] 39soo| 39500} 39500| 39500 39500| 39500 395021 39500] 39500| 39500| 39500} 39500] 38500| 29500 3950(;1 39500 39500
Paih Loss (dB) 188.2) 188.2| 188.2| 188.2] 188.2] 188.2| 188.2] 188.2] 188.2| 188.2 ma.zl 188.2| 188.2 188.2] 1882 1882 1s8.2| 1882 1882 1802 1882
(CN)dn _(dB) 18.4] 18.4] 1s.8] 13.7] 137 s.;l 8.0 a2l es| sl sl ss] 7a] s 4.1 49 39| 39 5.9l 5.9 9.2

TABLE 5.3: Link Budget for INMARSAT's Global Beam, Mimimum EIRP Carriers At L-band
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TABLE 5.4: Link Budget for INMARSAT's Spot Beam, Maximum EIRP Carriers At L-band

|LINK BUDGET FOR INMARSAT SYSTEM AT L-BAND

SPOT BEAM, MAXIMUM EIRP
INM-B INM-B! INM-B INM-M INM-M INM-ME INMM L] INM-M L] INMM L] AEROH AEROL AEROH ASACH AEAOH AEROH INM-C

Carrier; - VOICE DATA TDM VOICE DATA TOM VOICE DATA TOM VOICE| DATA 1| DATA 2] DATA 3] DATA 4 DA:I'A 5| DATA
REVERSE UPLINK
Up Power (dbW) 8o 80 120 90| 90| 150 70 70l 130] 30 24 -66 .36 .15 19 75
ES Tx G (dBi) 21.00 210 210l 150 150 1s0] 150] 1s50] 50| 1s.0] 30 150l 150l 150l 150 30
UpEIRP (dBW) 29.0] 29.0] 330] 240] 240 300 2200 220f. 280 180 s4 84 114 135 169 105
Bandwidth_(kHz) 1440 14.40] 1440] a80] as80] 360l 480 4so] 360 1260 0720 144 268] 288 6.30 0.72
EOC Sat Rx Gain (dBi) 270 270 270 270 270 270 270] 270{ 270 270l 270 270l 270 2700 2700 230
Sat Rx Noise Temp. (K) 550.0| 550.0] 550.0] 550.0] 550.0] s550.0| 550.0] s50.0] s50.0] 550.0] 550.0] 550.0] s50.0] s50.0] ss0.0] ss50.0
Sat G/T (d_Bl/K) -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -4.4
Up Freq (GHz) 1.640] 1.640| 1.640| 1.640| 1.640| 1.640] 1.640] 1.640| 1.640] 1.640] 1.640| 1.640] 1.640] 1.640| 1.640] 1.640
Range (km) 39500] 395000 39500 39500] 39500| 39500| 39500] 39500] 39500 39500| 39500] 39500] 39500| 39500] 39500 39500
Path Loss (dB) 188.7] 188.7| 188.7] 188.7| 188.7] 1887 1887 188.7] 1es.7| 188.7] 18e.7| 1es.7| 1887 188.7] 1887 1887
{C/N)up_{dB) 26.9| 26.9] 309| 26.7] 267 339 24.7] 2470 31.9] 16| 16.3] 16.3] 16.3] 18.4] 184 17.4
FORWARD DOWNLING:
Dn Power (dBW) -3.2| -40 -9.9] 24 32| 41| .04 32 214 12 15| .84 .54 .33 04 40
EOC Sat Tx Gain (dBj) 27.0) 270 270 270} 270 270] 270 270 27.0] 270 270 270l 27.0] 270 270 230
Dn EIRP (dBW) 238 230] .17.1] 246| 238 229] 26.6] 238 240 282 285 186l 216l 237 274 270
Bandwidth (kitz) 14.40| 14.40] 7.20] 480 480 720 a4.80] 480 720 1260 o072] 144] 288 288 630 072
ES Rx Gain (dBi) 2100 210l 210 150 150 150 150 1s0] 150l 150  sol 1s0] 150 150 150 30
ES RAx Noise Temp. (K) 350.0| 350.0f 350.0] 350.0] 3s50.0] 350.0] as0.0] 3s50.0f 350.0] 3s0.0| 3s0.0l 3s0.0f 350.0] 3s0.0] 350.0] 350.0

. ES G/T (dBVK) -4.; -4.4 -4.4 -10.4 -10.4 -10.4 -10.4 -10.4 -10.4 -10.4 -22.4 ~'10.4 -10.4 -10.4 -10.4 -22.4
Dn Freq (GHz) 1.540] 1.540| 1.540] 1.540] 1.540! 1.540] 1.540] 1.540| 1.540] 1.540] 1.540| 1.540] 1.540] 1.540! 1.540| 1.540
Range (km) 39500] 39500 39500] 39500 39500 39500 39500 39500] 39500 28500] 39500 39500| sss00| 39500| 39500 29500
Path Loss (dB) 188.2| 188.2| 1882l 188.2| 1882 186.2| 188.2) 188.2| 188.2] 188.2] 188.2] 188.2] 18s.2| 188.2] 1882 1882
(C/Njdn  (dB} 18.2) 17.4] 14.5] 17.8] 17.0f 14.3] 19.8] 17.0] 16.3] 17.2] 17.3] 17.0] 17.0] 19.1] ‘19.14] 16.4
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LINK BUDGET FOR INMARSAT SYSTEM AT L-BAND

SPOT BEAM, MINIMUM EIRP

INM-8 INM-8 INM-B INM-M INM-M INM-M{ INM-M L] INM-MLE INMM L] AEROH AERCL] AEROH| AERCH| AFROH AEROH INM-C!

Carrier; VOCE| DATA] ToM| vocE| DATA]  Tom|  voice| DATA|  ToM| voice] DATA 1] DATA 2] DATA 3| DaTA 4| DATA 5|  DATA
\

REVERSE UPLINK
Up Pawer (dbW) 04/ -0.4 -0.4f -0 -1.5 -6.4] -06] -1.5] -6.4] -11.5] -12.4] -21.1) -18.1 -18.0] -12.6 0.9
ES Tx G (dBi) 21.0) 21.0f 2100 150} 150 15.0] 1s.0] 150 150 1s.0 30l 150 1s.0] 150l 1s.0 3.0
Up EIRP (dBW) 21.4] 206l 20.6] 14.4] 135 86l 14.4 135 8.6 as| 0.1l -6.1] -3 -10 2.4 39
Bandwidth_(kHz) 14.40] 14.40] 14.40] 4.80] 4.80] 3.60] 4.80] 480 360 12600 0720 1.44 288l 288 s.30f o0.72
EOC Sat Rx Gain (dBi) 27.0f 270] 270 270! 270f 270f 270f 270 270 27.0] 27.0] 270l 270 270l 270 230
Sat Rx Noise Temp. (K) 550.0 550.0} 550.0] 550.0f 550.0 550.0] 550.0f 550.0] 550.00 550.0] ss0.0] ss0.0l 550.0] ss0.0] ss50.0] s50.0
Sat G/T (dBiK) 0.4 -0.4] -04] -04f -04 -04 -0.4 -0.4 -04 -04 -04 .04 04 -04 -04 -44
Up Freq (GHz) 1.640] 1.640] 1.640] 1.640] 1.640] 1.640] 1.640] 1.640] 1.640| 1.s401 1.640l 1.s40l .1.640] 1.640! 1.540l 1.540
Range (km} 39500] 39500 39500; 38500; 35500 39500 39500{ 39500f 39500] 39500/ 39500] 39500 39500] 39500} 39500] 39500
Path Loss {dB} 188.7| 188.7] 188.7] 188.7] 188.7] 188.7] 188.7] 188.7| 188.7| 188.7] 188.7] 188.7] 1887l 18s.7l 188.7] 188.7
(C/Njup _ (dB) 19.3] 18.5] 18.5] 17.1] 16.2] 12.5] 17.14] 162 125 200 1.8 1.8 1.8 3.9 3.9 0.8
FORWARD DOWNLINK
Dn Power (dBW) -13.2) -14.0] -18.9] -12.4f -13.2] -14.1] -10.4 -11.2] -12.4] -11.2] -10.9] -20.8] -17.8] -15.7] -12.3] -3.0
EOC Sat Tx Gain (dBi) 27.0] 27.0f 27.0f 270] 270 270] 270] 270 270] 270l 2700 270f 2700 270 270 230
Dn EIRP (dBW) 13.8] 130 7.9 148] 13.8] 129] 168 15.g| 14.9]  15.8]  16.1 6.2 9.2 113 147] 200
Bandwidth (kHz) 14.40| 1440]  7.00] as0] aso| 720 aso| 480 720l 1260 o0.72d 144l 288l 208l 30| o0.72
ES Rx Gain (dBi) 21.00 210 210 1s0] 150l 150f 1s.0] 150 150} 150 3.00 150l 150 1s.0] 150 3.0
ES Rx Noise Temp. (K) 3s0.0f 3s0.0] 3so.0] 3s0.0| 3s0.0] 3so.ol 3s0.0] 3so.0| 3sool 3so.0] 3so.0l 3so.of 3so.ol asoo| 3se.0 350.0
ES G/T (dBVK) a4l 44l -ad -104] -104] 104 -104 -10.4] -10.4 -10.4) -22.4] -10.4] -10.4] -10.4] -10.4] -22.4
Dn Freq (GHz) 1.540f 1.540] 1.540] 1.540] 1.540] 1.540] 1.540] 1.540] 1.540] 1.540{ 1.540] 1.540] 1.540| 1.540] 1.540] 1.540
Range (km) 39500 39500] 39500] 38500| 38500 39500| 39500| 39500 35500] 39500 39500 39500] 39500 39500) 39500} 35500
Path Loss (dB) 188.2] 188.2| 188.2] 188.2| 188.2] 188.2| 188.2] 188.2] 188.2] 188.2) 188.2] 188.2] 188.2| 1882 1882 1ss.2
(C/N)dn_(dB}) 8.2 7.4 a5 78 7.0 43 9.8 9.0 6.3 4.8 5.5 4.6 4.6 6.7 6.7 9.4

TABLE5.5: Link Budget for INMARSAT's Spot Beam, Mimimum EIRP Carriers At L-band




Carrier Bit Rate
(dB)
(kbps)

. Bequired
INM-AV 12
INM-A TDMF 1.2
INM-A TDMR 4.8
INM-A HSD 112.0
INM-A VHSD 1536.0
INM-A CTV 1536.0
INM-BV 24.0
INM-B D 24.0
INM-B TDMF 6.0
INM-B TDMR 24.0
INM-M V 8.0
INM-MD 8.0
INM-M TDMF 6.0
INM-M TDMR 3.0
INM-M LV 8.0
INM-M LD 8.0
INM-M L TDMF 6.0
INM-MLTDMR 3.0
AEROH V 21.0
AEROL D1 0.6
AEROH D2 1.2
AEROH D3 2.4
AEROH D4 4.8
AEROH D5 10.5
INM-C D 0.6

TABLE 5.6: Transmission Parameters for INMARSAT 2 and 3

FEC Mod-
Rate ulation
FM
1/2 BPSK
1/2 BPSK
1/2 QPSK
1/2 -QPSK
1/2 QPSK
3/4 OQPSK
1/2 OQPSK
1/2 BPSK
1/2 OQPSK
OQPSK
3/4 OQPSK
1/2 BPSK
1/2 BPSK
OQPSK
3/4 OQPSK
1/2 BPSK
1/2 BPSK
1/2 ~ OQPSK
1/2 BPSK
1/2 BPSK
1/2 BPSK
1/2 OQPSK
“1/2  OQPSK
1/2 BPSK

31

Alloc BW

Occ BW

(kHz) (kHz)
28.0 50.0:
1.44 50.0
5.76 -50.0
67.2 100.0
921.6 1100.0
921.6 1100.0
14.4 20.0
14.4 20.0
7.2 20.0
14.4 - 20.0
4.8 10.0
4.8 -10.0
7.2 10.0
3.6 10.0
4.8 10.0
4.8 10.0
7.2 10.0
3.6 10.0
12.6 17.5
0.72 ~ 2.5
1.44 2.5
2.88 5.0
2.88 - 5.0
6.3 10.0
0.72 5.0

C/No

53.0
43.5
48.6
58.5
67.0
67.0

45.9
45.2
39.4
45.2

41.0
40.2
39.4
35.4

41.0
40.2
39.4
35.4

44.4
31.8
34.8
37.8
39.8
43.2

32.3




5.1.3 ZENON

The ZENON systems were filed by the French Administration in 1987.
This system comprises of three satellite networks, ZENON-A, ZENON-B
- and ZENON-C located at geostationary longitude of 8°W, 15°W and
19°W, respectively. The ZENON satellite networks - are intended to
provide aeronautical mobile services.

ZENON systems employ spot beam over its intended service area
which is mainly Europe. Figure 5.4 shows the L-band coverage
pattern. Like the INMARSAT systems, ZENON uses various types of
mobile terminal antennas whose patterns are shown in Figure 5.5.

The network will use the 1.545-1.559 and 1.6465-1.6605 GHz
frequency bands for its downlink and uplink with . the aerondutical
mobile stations, respectively, and the 11/14 GHz frequency band for
the feeder links. Telemetry and command carriers may be
transmitted in the bands 12/14 GHz or 2 GHz.

The maximum satellite transmit power spectral density is -41.7
dBW/Hz at 1.5 GHz and -42.0 dBW/Hz at 2 GHz and the maximum
earth station transmit power spectral densities at 1.6 GHz ranging
from -42.9 dBW/Hz to -35.9 dBW/Hz depending on the terminal
type. L-band link budgets for various mobile terminals of the ZENON
system is given in Table 5.7.
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Figure 5.4 ZENON L-Band Beam Coverage |
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Figure 5.5
Earth Station Antenna
Patterns for ZENON Systems
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L-BAND LINK BUDGET FOR ZENON SYSTEMS
Earth Station: TM1 TM2 TM3 TM4 TM5 TM6
REVERSE UPLINK
Up Power (dBW) -42.9 -44.,9 -45.5 -33.4 -33.9 -35.9
ES Tx G (dBi) 0.0 3.5 7.0 7.0 10.0 12.0
Up EIRP (dBW) -42.9 -41.4 -38.5 -26.4 -23.9 -23.9
Bandwidth (kHz) 0.001 0.001 0.001 0.001 0.001 0.001
EOC Sat Rx Gain (dBi) 31.5 31.5 31.5 31.5 31.5 31.5
Sat Rx Noise Temp. (K) - 550.0 550.0 550.0 550.0 550.0 550.0
Sat G/T (dBi/K) 4.1 4.1 4.1 4.1 4.1 4.1
Up Freq (GHz) 1.640| 1.640] 1.640| 1.640| 1.640| 1.640
Range (km) 39500 39500} 39500] 39500] 39500 39500
Path Loss (dB) 188.7 188.7 188.7 188.7 188.7 188.7
(C/N)up (dB) 1.1 2.6 5.5 17.6 20.1 20.1
FORWARD DOWNLINK
Dn Power (dBW) -41.7 -41.7 -41.7 -41.7 -41.7 -41.7
EQC Sat Tx Gain (dBi) 34.5 34.5 34.5 34.5 34.5 34.5
Dn EIRP (dBW) -7.2 -7.2 .-7.2 -7.2 -7.2 -7.2
Bandwidth (kHz) 0.001 0.001 0.001 0.001} - 0.001 0.001
ES Rx Gain (dBi) . 0.0 3.5 7.0 7.0 10.0 12.0
ES Rx Noise Temp. (K) 500.0 350.0 320.0 300.0 300.0 300.0
ES G/T (dBi/K) -27.0 -21.9 -18.1f - -17.8 -14.8 -12.8
Dn Freq (GHz) 1.540 1.540 1.540 1.540 1.540 1.540
Range (km) 39500 39500 39500 39500 395001 39500
Path Loss (dB) 188.2 188.2 188.2 188.2 188.2 188.2
(C/N)dn 6.2 11.3 15.2 15.4 18.4 20.4
TABLE 5.7: L-band Link Budget for the ZENON System.
* Note: The uplink C/N for TM1, TM2, TM3 and the downlink C/N for

TMI1 seem to be extraordinary low for mobile environment at L-band
using conventional modulation techniques. However, for the
purposes of this study, it is assumed that the system can operate
with these C/N values.
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5.1.4 EUTELSAT II

The European Telecommunications Satellite Organization EUTELSAT
has filed to the ITU for its second generation satellites EUTELSAT II
to provide a pan-Europe land mobile satellite services in the L-band
in addition to the fixed services at Ku band.

EUTELSAT II's coverage area is over the European continent. Figure
5.6 shows the L-band coverage area. The system uses the frequency
bands from 1.6265 to 1.6455 GHz and from 1.6565 to 1.6605 GHz for
the uplink at L-band and the bands 1.530-1.544 GHz and 1.555-
1.559 GHz for the downlink.

The maximum uplink power spectral density is -22 dBW/Hz at L-
band and that for the downlink is -31 dBW/Hz. The mobile antenna
pattern is hemispherical and the maximum antenna gain is 3 dBi.
Table 5.8 shows the link budget for the EUTELSAT II system at L-
band. ' i
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LINK BUDGET FOR EUTELSAT |l
SYSTEM AT L-BAND

REVERSE UPLINK

Up Power (dBW) -22.0
ES Tx G (dBi) 3.0
Up EIRP (dBW) -19.0
Bandwidth (kHz) 0.001
EQC Sat Rx Gain (dBi) 24.0
Sat Rx Noise Temp. (K) 525.0
Sat G/T (dBi/K) -3.2
Up Freq (GHz) 1.640
Range (km) 39500
Path Loss (dB) 188.7
(C/N)up (dB) 17.7
FORWARD DOWNLINK

Dn Power (dBW) -31.0
EOC Sat Tx Gain (dBi) 24.0
Dn EIRP (dBW) -7.0
Bandwidth (kHz) 0.001
ES Rx Gain (dBi) 3.0
ES Rx Noise Temp. (K) 350.0
ES G/T (dBi/K) -22.4
Dn Freq (GHz) ' 1.550
Range (km) 39500
Path Loss (dB) 188.2
(C/N)dn  (dB) 10.9

“TABLE 5.8: Link Budget for the EUTELSAT Il System.at L-band.
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5.2 Approach in Computing C/I

The approach taken in this study is to compute the so-called
"aggregate, long-term time averaged carrier-to-interference ratio",
denoted by (C/I)A, and based on this C/I value it is determined that
whether a LEO MSS system would cause harmful interference to an
GSO MSS system or a fixed services system or vice versa. For ease of
computing (C/I)A for various signals, antenna characteristics and
geometrical arrangement of wanted and interference systems, it is
broken up into four terms as shown in the expression below:

(C/T)a = (C/D1F - 10log(DF) - 10logQ - 10log(P) Eqn. 5.1
where

(C/T)1¥ is the single entry, full power C/I. It is computed
by the sum of the difference between the EIRP
levels and the difference between the path losses of
the wanted and interfering slgnals

DF is a parameter called "discrimination factor"
(abbreviated DF) which is the factor which account
for the effects of antenna discrimination as well as
the multiple interference entry if the interfering
system employs frequency reuse (i.e. multiple
interferors come from beams using the same
frequency). This parameter is computed based on
the orbital parameters and the beam patterns of
the interfering and wanted systems, hence its value
will be different for each interference scenarios.
Exact evaluation of DF will be an impractical task as
will be shown later. For the purpose of this study,
it is reasonable just to approximate DF based on the
principles of the equations for DF and the typical
geometrical layout for each interference scenario.

Q is a parameter which takes into account the
‘ difference in bandwidths and spectrum
characteristics of the wanted and interfering
signals.  Evaluation of this parameter can be an
elaborated process in which the effects of wanted
and interfering signal bandwidths, carrier
frequency spacing, amplitude response of receiver
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filter and the shape of the interferor spectrum are
all taken into account. For the purpose of this study
which is aiming at providing a first cut analysis of
the sharing between LEO MSS and GSO MSS and
fixed services systems, a simplified method is
employed to determine the value of Q. It is
assumed that the wanted filter is a brickwall filter
with bandwidth equal to the occupied bandwidth of

the signal; that the interfering signals are equally

spaced by its allocated bandwidth; and that the
spectral shape of the interfering signal is flat if the
signal is not of FM type (e.g. BPSK, QPSK, ACSSB) ,
otherwise, the interfering signal is unmodulated.
Base on these assumptions, Q is can be computed as
below.

If the noise (or occupied) bandwidth of the wanted
signal (WNBW) is greater than the allocated
bandwidth of the interfering signal. (IABW) then

Q = (WNBW) / IABW) for both FM and

non-FM
interferors
otherwise
Q (WNBW) / (INBW) ° for non-FM interferors

Q=1 for FM interferors
INBW is the noise bandwidth of the interfering
signal.

is the fraction of the time that the interference
exists. This factor would include the voice activity
factor of 40% if the interfering signal is voice
activated. '

Egn. 5.1 describes just the principle or approach that will be taken
throughout this study. It may not be specific enough for reader to
relate it to any particular interference scenarios. However, the next
section will provide more information to how this equation is used.
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5.3 Interference from LEO/MSS into GSO/MSS

This section addresses the potential interference mechanisms
between the above LEO MSS systems and the GSO MSS systems. This
section also formulates the "discrimination factor" (DF) and the
"aggregate, long-term time averaged C/I" for each of the interfering
scenarios. Cases for co-channel and overlapped coverage areas are
discussed here.

5.3.1 IRIDIUM to GSO Satellite at 1.6 GHz

If the IRIDIUM uses the GSO's uplink band then the interference into
GSO satellite receiver comes from both IRIDIUM satellites and mobile
terminals. Base on the TDM signal shown in Figure 2.4 and ignoring
the difference in propagation delay, there would be interference
from IRIDIUM satellites for 4.3% of the time and from the mobile
terminals for 9.7% of the time. At any given instant of time, the GSO
satellite receives interference from either the IRIDIUM satellites or
the mobiles due to the fact that the interfering signal is TDM. There
would be no interference for the rest of the time because of the
TDMA format and guard time of the IRIDIUM system.

The IRIDIUM mobile terminals have negligible discrimination toward

the GSO satellite. Any mobile terminals which are within the
coverage area of the GSO satellite, therefore, interfere with GSO
satellite at near full power. Interference from mobiles away from
the coverage area will be attenuated by the discrimination of the GSO
satellite receive antenna. Let M be the number of mobile terminals

that have visibility = toward the GSO satellite and use the same

frequency with the GSO satellite signal; and Gsr(8i) be the relative
gain (numeric value from 0.0 to 1.0) of the GSO satellite receive
antenna toward to the i-th mobile terminal where qiis the off-axis
angle.  Then the discrimination factor which is defined as the
equivalent number of interference entries can be computed by:

M

DFiIm =2 Gsr(0i) Eqn. 5.2

i=1
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Although Eqn. 5.2 was derived from the discussion of uplink
interference from the IRIDIUM  mobile terminals into a GSO
satellite's receiver, it can be generalized for other cases. Exact
evaluation of Eqn. 5.2 will be a impractical task since the value of
Gsr(0i) is dependent on the exact location of the mobile terminals.
Furthermore, DF will be time varying since the interfering sources
are moving around (the movement of the mobile terminals can be
neglected but the movement of the LEO satellites would be much
faster). For the purpose of this study, however, it is reasonable to
just approximate DF based on the principles of the equations for DF
and the typical geometrical layout for each interference scenario.
Computation of DF for all interference scenario considered is given in
Appendix A .

Base on a computer program at Telesat, the average number of
satellites in the IRIDIUM constellation that are visible to a GSO
satellite is 57. Not all of these satellites will cause the same level of
interference to the GSO satellite since a large number of the IRIDIUM
satellites will have their sidelobes and backlobes toward the GSO
satellite, only a very few satellites will have the GSO satellite directly
inside their main lobes. In addition, the GSO satellite's receive
antenna has its own discrimination, too. Therefore, the
discrimination factor in this case is:

M
DFis =Z Gt (¢i) Gsr (0i) Eqn. 5.3
i=1
where
M is the number of IRIDIUM beams illuminating the

GSO satellite.
G1t (i) is the relative gain of the i-th IRIDIUM satellite
. transmit antenna toward the GSO satellite.
G sr (01) is the relative gain of the GSO satellite receive
antenna toward to the i-th IRIDIUM satellite.

The aggregate, long-term time averaged uplink interference from the

IRIDIUM system into a GSO satellite receiver can be computed as
follows:
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(C/Ma = -10 log [10-0-1(C/Mis 4+ 10-0-1(C/im] Eqn. 5.4

where

(C/lYis = (C/M)1ris - 10 log (DFs) -10 log (Qus) - 10 log (0.043)

contains the interference contribution from the IRIDIUM s_atellites.

(C/im = (C/)1Fim - 10 log (DFym) -10 log (Qum) - 10 log (0.097)

contains the interference contribution from the IRIDIUM mobiles.

(C/M)1Fis and (CM1Fim are the single entry, full power C/I
values for interference from IRIDIUM satellites and
mobiles into GSO satellite.

Qis and Qis are to be computed base on the bandwidths of the
wanted and interfering signals as described in Section 5.2.

5.3.2 IRIDIUM to GSO Mobile at 1.5 GHz

If the IRIDIUM system uses the GSO's downlink frequency band then
the GSO system's mobile terminals would experience interference
from the IRIDIUM satellites and mobile terminals. Due to the fact
that each of the IRIDIUM cell is allocated only two out of 14 bursts
per TDM frame, the GSO mobile terminals receives interference from
IRIDIUM satellites for 4.3% of the time and from the IRIDIUM mobile
terminals for 9.7% of the time and negligible or no interference for
86% of the time.

The discrimination factor for the interference from a IRIDIUM mobile
terminal into a GSO mobile terminal is given by:

- Discrimination of GSO mobile antenna
toward horizon.
0 dB for isotropic antenna _
-5 dB  for hemispherical antenna Eqn. 5.5

10 log (DFim)

Since only one active IRIDIUM satellite is visible .to the GSO mobile
terminal at a time and in view of the IRIDIUM's septet structure for
frequency reuse, the dominant source of interference from the
IRIDIUM satellite is the beam illuminating the GSO mobile terminal.
Other interferors are more than 2 beamwidths away and hence at
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"least 20 dB down in level based on the roll off characteristics of the
IRIDIUM antenna pattern. Because almost all GSO mobile terminals
have isotropic or hemispherical antenna patterns (probably the only
exception is the ship earth station antenna in the INMARSAT systems
whose 3 dB beamwidth is about 6°), the IRIDIUM satellite will
remain in the main beam of the GSO mobile terminal antenna. for
some time despite its relative speed. This exposure of a few minutes
is long enough to cause objectionable interference. Thus the
discrimination factor for this case would be 1 (i.e. 0 dB):

10 log (DFis) = 0 dB Eqn 5.6

The aggregate, long-term time averaged downlink interference from
the IRIDIUM system into a GSO mobile terminal can be computed
using Eqn. 5.4 with the discrimination factors DFim and DFis given by
Eqn. 5.5 and Eqn. 5.6. B

5.3.3 OL System to GSO - Same Direction Mode:

If the ORBCOMM becomes a reality, it would not cause (or receive)
any interference to (or from) the L-band GSO MSS systems since it
uses the 148-149.9 MHz and 137-138 MHz frequency bands for its
uplink and downlink, respectively. However, for the purpose of the
interference study, we choose an ORBCOMM-type L-band
(abbreviated OL) system for our analysis and from now on this
system will be referred as OL system. It is assumed that the OL
system has the same system characteristics as the ORBCOMM system,
but would use the 1.5/1.6 GHz frequency band for its operation. In
order to offset the reduction of received signal level due to the use of
smaller receiving antenna aperture, it is assumed that the transmit
power level given in Table 2.2 increased by 18 dB and the gain of the
antennas increased by 1 dB. Since this system uses separate bands
for its operation, interference from the OL system into GSO MSS
hence occurs on both uplink and downlink. Two scenarios will be
investigated in this study: same direction and reverse direction
operation mode.

In this scenario, OL utilizes the 1.6 GHz band for its uplink and 1.5
GHz band for its downlink. ' Interference on the uplink into the GSO
satellite receiver comes from the OL's portable and mobile terminals
~ (called mobile terminals from here on). This case is similar to uplink
interference from the IRIDIUM mobile terminals, thus the
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discrimination factor can be computed using Eqn. 5.2. Slotted aloha

random access technique at 30% loading is used on the OL's uplink.
Thus the GSO satellite would experience interference from OL mobile
terminals for 30% of the time on average.

“Interference on the downlink into the GSO mobile terminals comes .

from the OL satellites. Similar to the case of downlink interference
from the IRIDIUM satellites, there would be only one interference
entry and the discrimination factor is 1 (0 dB). The OL downlink
signal is a continuous, TDM signal, thus potential interference into
GSO mobile terminals exists for all time.

The aggregate, time averaged C/I for this case is given by:

(C/M)a = -10 log [10-0-1(C/Mom 4+ 10-0.1(C/l)os] Eqn 5.7

where

(C/Mom = (C/M1rom - 10 1og (DFom) -10 log (Qom) - 10 log (0.3)

1s the interference from OL mobile terminals.

(C/Mos = (C/)1ros - 10 log (DFos) -10 log (Qos)

is the interference from the OL satellites.
DFom and DFos are given by Eqn. (2) and (6), respectively.

(C/M1rom and (C/D)1Fos are the single entry, full power C/I
values for interference from OL mobile terminals and satellite
into GSO satellite and mobile terminals, respectively.

, Qom and Qos are to be computed based on the bandwidths of
the wanted and interfering signals as described in Section 5.2.

5.3.4 OL System to GSO - Reverse Direction Mode

In this case, OL uses the 1.5 GHz band for its uplink and 1.6 GHz band
for its downlink. Uplink interference (i.e. into GSO satellite receiver)
comes from OL satellites and downlink interference (i.e. into- GSO
mobile terminals) comes from OL mobile terminals. Analogous to the
cases of uplink interference from IRIDIUM satellites and downlink
interference from IRIDIUM mobile terminals, this interference
scenario can be analyzed using Eqn. 5.7 with the discrimination
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factors DFom and DFos are given by Eqn. 5.5 and 5.3, respectively.
5.4 Interference from GSO/MSS into LEO/MSS

If the IRIDIUM system uses 1.6 GHz band, then the GSO mobile
terminals are potential interferors to both the IRIDIUM satellites and
mobile terminals.and if IRIDIUM uses 1.5 GHz band, the interference
comes from the GSO satellite. Since the IRIDIUM satellites use on-
board generation technique which isolates the noise on the uplink
from that on the downlink, the interference on the links have to be
treated separately. As a result, there would be four different cases -
(1) interference from GSO mobile terminals into an IRIDIUM mobile
terminal, (2) interference from GSO mobile terminals into an
IRIDIUM satellite, (3) interference from GSO satellite into an
IRIDIUM satellite, (4) interference from GSO satellite into an
IRIDIUM mobile terminal. Formulas which to be used to evaluate the
carrier-to-interference ratios and brief descriptions of the
interference mechanisms for the four cases are given below.

5.4.1 GSO Mobile to IRIDIUM at 1.6 GHz

m Interference from GSO Mobiles into an IRIDIUM Mobile
Terminal '

This case is similar to interference from IRIDIUM mobile terminals
into a GSO mobile terminal discussed above. The aggregate, time
averaged C/I is given by:

(C/Dmm = (C/D)1Fmm - 10 log (DFmm) -10 log (Qmm) - 10 log (AV)

Eqn. 5.8
where
DFmm i1s the "discrimination factor computed in the same
manner as in Eqn. (5)
Qmm is to be computed based on the bandwidths of the
wanted and interfering signals.
AY = 0.4 if the interféring signal is voice activated,

otherwise = 1.
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m Interference from GSO Mobiles into an IRIDIUM Satellite

Due to the relatively larger coverage areas of GSO systems as
compare to the IRIDIUM spot beam coverage, and due to the fact that
~any IRIDIUM satellite is not visible to all GSO mobile terminals, then
only the GSO mobile terminals which are located within or near an
IRIDIUM spot beam coverage would be potential interferors to a
communications link in that beam. Assume that we can-ignore the
discrimination of the victim spot beam antenna toward the
interfering GSO mobile terminals (i.e. all GSO mobile terminals are
within the victim spot beam; worst case assumption). In addition, it
is reasonable to say that the GSO mobile terminal antenna provide no
discrimination toward the victim IRIDIUM satellite since almost all
GSO mobile terminals antenna are either isetropic or hemispherical.
Thus the discrimination factor in this case is 0 dB.

The carrier-to-interference ratio is therefore given by:

(C/ms = (C/)1rms -10 log (Qms) - 10 log (AV)  Eqn. 5.9

Qms and AV are defined in a similar manner as those in Eqn. 5.8.

5.4.2 GSO Satellite to IRIDIUM at 1.5 GHz
m Interference from GSO Satellite into an IRIDIUM Satellite

The worst case interference from a GSO satellite into an IRIDIUM
satellite occurs when the GSO satellite is within a receiving beam of
the IRIDIUM satellite which also falls within the transmitting beam
of the GSO satellite. This scenario can happen due to the spillage of
the beam coverage over the limb of the earth. Since the IRIDIUM
satellite and hence its coverage on the earth's surface is moving at a
speed of about 100 minutes per revolution around the earth, the GSO
satellite would be within the IRIDIUM receiving beam only for a
short duration. - It can be assumed that this duration is
approximately equal to the time it takes the IRIDIUM beam which is
about 670 km in diameter on the earth's surface to traverse the GSO
satellite beam. This time duration is at least about 1.7 minutes

which is in the order of that of an average telephone conversation,”

hence an entire duration of a voice link on the IRIDIUM system can
be affected by this worst case interference scenario.
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The discrimination factor in this case would be 0 dB. The C/I ratio is
given by:

(C/ss = (C/M1rss - 10 log (Qsgs) - 10 log (AV)  Eqn 5.10
Qss and AV are defined in a similar manner as those in Eqn. 5.8.
m Interference from GSO Satellite into an _IRIDIUM Mobile

This case is similar to the case of interference from an IRIDIUM
satellite into a GSO mobile terminal in which the discrimination factor
is 0 dB. The C/I ratio can be computed using Eqn. 5.9.

5.4.3 GSO to OL - Same Direction Mode:

Interference from a GSO MSS system into the OL system would bear
the similar rationale of interference from OL into GSO MSS as
described in Section 5.3.3 above. For same direction mode, the
uplink interference into the OL satellite receiver comes from the GSO
mobile terminals and the downlink interference into a OL mobile
terminal comes from the GSO satellite. The aggregate C/I ratio is
made up of two terms, one is the uplink C/I and one is the downlink
C/1, similar to Eqn. 5.7:

(C/Ma = -10 log [10°0-1(C/Mam 4 10-0.1(C/l)as] Eqn.5.11

where

(C/Mam = (C/)1ram - 10 log (DFgm) -10 log (Qgm)

is the interference contribution from the GSO mobile terminals.

(C/Mas = (C/M)1ras - 10 log (DFgs) -10 log (Qas)

is the interference contribution from the GSO satellite.

Qem and QGs are to be computed based on the bandwidths of
the wanted and interfering signals as described in Section 5.2.

The values of the discrimination factors DFGm and DFGs for same

direction operation mode are both equal to O dB since the mobile
terminal antennas have no discrimination toward the satellites.
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54.3 GSO to OL - Reverse Direction Mode

For the reverse direction mode, - uplink interference comes from GSO
satellite and downlink interference comes from GSO mobiles. The C/I
ratio can be calculated in the same manner as described in above
section. DFam is given by Eqn. 5.5 and DFGs is O dB.
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5.5 Summary of Results

The following tables summarize the results oof the analyses of
intersystem interference between LEO/MSS and GSO/MSS. It is to be
noted that to control intersystem interference between two
independent systems, all modes of interference have to be quantified
and cleared by the assumed interference objective before the two
systems are declared compatible in terms of sharing the same
spectrum. Depending upon the technical design characteristics of the
systems under scrutiny and transmit receive arrangements
(unidirectional or bidirectional operations), the actual interference
modes could be a subset of mobile-to-mobile, mobile-to-satellite(s),
satellite(s)-to-mobile and satellite(s)-to-satellite(s). With this
introductory note, Table 5.9 lists the carrier-to-interference ratios
while Tables 5.10 and 5.11 show the C/I margin for 0.5dB and 1.0dB
C/N degradation, respectively. The C/I margin for a communication
link with a given C/N ratio and X dB degradation allowance for
interference is defined as the difference between the available C/I
and the C/I ratio which would degrade the C/N value by XdB (we
assume here that the interference has - the same statistical
characteristics as additive white gaussian noise). If the margin is
positive, the available C/I is above the interference objective, and if
negative then the absolute value of the margin is- the additional
protection needed to bring the interference down to the acceptable
level. All the calculations involving IRIDIUM system are based on
the parameters of Cell 1, since the interference between IRIDIUM's
Cell 1 and GSO system is the worst case among all interfering
scenario.  Of all the IRIDIUM's cells, Cell 1 has the highest

transmission power, and is the most outer edge beam which .can

cause mainlobe-to-mainlobe interference into GSO satellitc;.

Each table is divided into two parts; the upper part representing
interference from LEO/MSS into GSO/MSS and the lower part for
interference from GSO/MSS into LEO/MSS. The entries of the two
parts are arranged in such a way that there is an one-to-one

mapping between the interference from LEO to GSO and vice versa.

For example, assuming that the IRIDIUM system uses the same band
as the MSAT uplink band, the interference into the MSAT satellite is
from the IRIDIUM mobiles and satellites (C/I of 32.3 and 26.0 dB as
shown in the shaded area of Table 5.9), whereas the interference into
the IRIDIUM satellites and mobiles will be from the MSAT mobiles
(C/T of -18.1 and -39.3 dB in the shaded area of Table 5.9).
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C/l (dB) for Interference from }Q§Q[M§§ (Voice) intg LEQ/MSS

T@f@ﬂ@ 5.9:

Cll Results

Note: The entries of the table are arranged in such a way that there Is an one-to-one mapping between the Interference from LEO to GSO and vice versa.

VICTIM
INTERFEROR MSAT SYSTEM INMARSAT (GLOBAL) INMARSAT (SPOT) ZENON SYSTEM EUTELSAT SYSTEM
MOBILE |SATELLITE] MOBALE |SATELLITE| MOBILE SATELLITE MOBILE |SATELLITE . MOBILE | SATELLITE
IRIDIUM MOBILE -21.1 -40.1 31.7 -35.5 27.7 -25.9 21.2 -25.1 25.7
IRIDIUM SATELLITE 20.4 1.0 28.1 -5.2 35.6 24.3 38.0 24.5 21.6
ORBCOMMMOBILE -54.6 2.2 -64.8 8.9 -73.9 2.4 -55.9 -3.9 -58.7 2.2
ORBCOMM SATELLITE -21.5 -13.9 -38.9 -7.1 -45.1 -14.6 -25.9 -20.8 -26.1 -15.9
INTERFEROR
VICTIM MSAT SYSTEM INMARSAT (GLOBAL) INMARSAT (SFOT) ZENON SYSTEM EUTELSAT SYSTEM
. SATELLITE] MOBHE |SATELLITE] MOBILE |SATELLITE! MOBILE |SATELLITE] MOBILE ISATELLITE ‘MOBIIJE
IRIDIUM SATELLITE -16.1 9.6 -25.0 9.3 -19.3 -12.7 1.8 -15.9 2.6
IRIDIUM MOBILE -0.3 14.6 -59.1 ‘14.3 V -52.1 0.1 -37.9 -0.2 -61.1
ORBCOMM SATELLITE 15.4 4.8 20.3 -12.0 29.9 1.0 18.4 10.9 15.2 3.5
ORBCOMMMOBHE 27.7 -27.5 34.2 -41.4 40.8 -37.3 26.3 -27.5 27.9 -32.3



VICTIM _
INTERFEROR MSAT SYSTEM | INMARSAT (GLOBAL)| INMARSAT (SPOT) | ZENON SYSTEM | EUTELSAT SYSTEM
MOBILE |SATELLITE| MOBIE |SATELLITE| MOBILE |SATELLITE| MOBIE |SATELUITE| MOBILE |SATELLITE
IRIDIUM MOBILE -48.1 0.0 -63.5 2.7 -52.7 -0.7 -50.3 -5.4 -44.8 -1.0
IRIDIUM SATELLITE -6.6 -6.3 -22.4 -0.9 -22.4 7.3 -0.1 11.4 4.8 -5.1
ORBCOMM MOBILE -81.6 -30.1 -88.2 -20.1 -91.1 -25.9 -80.3 -30.5 -78.4 -24.5
ORBCOMM SATELLITE -48.5 -46.2 -62.3 -36.1 -62.3 -42.9 -50.3 -47.4 -45.8 -42.6
Margin_for_Interference from LEO/MSS into GSO/MSS (Voice)
INTERFEROR
N VICTIM MSAT SYSTEM | INMARSAT (GLOBAL)| INMARSAT (SPOT) ZENON SYSTEM | EUTELSAT SYSTEM
(C/N) |SATELLITE| MOBILE |SATELLITE| MOBLE |SATELLITE| MOBILE |SATELLITE| MOBLE |SATELLITE| MOBIE
IRIDIUM SATELLITE 8.5 -33.6 -35.6 -7.9 | -a2.5 -8.3 -36.8 -30.2 -15.7 -33.4 -14.9
IRIDIUM MOBILE 9.2 -18.5 -57.5 -3.6 -77.3 .| -3.9 -70.3 -18.1 -56.1 18.4 | -79.3
ORBCOMMSATELLITE | 21.6 | -15.2 -25.8 -10.3 -42.6 -0.7 -29.6 -12.2 -19.7 -15.4 -27.1
ORBCOMM MOBLE 22.9 -4.2 -59.4 2.3 -73.3 8.9 -69.2 -5.6 -59.4 -4.0 -64.2
Margin for Interference from M Voi into LEQ/M

Table 5.103

Margin for 0.5dB GIN Degradation
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VICTIM

INTERFEROR MSAT SYSTEM INMARSAT (GLOBAL) INMARSAT (SPOT) ZENON SYSTEM ' EUTELSAT SYSTEM
| MOBILE |SATELLITE] MOBILE |SATELLITE| MOBILE |SATELLITE}] MOBILE |SATELLITE| MOBILE SATELLITE
IRIDIUM MOBILE -45.1 3.0 -60.5 5.7 -49.7 2.3 | -47.3 -2.4 -41.8 2.0
IRIDIUM SATELLITE -3.6 -3.3 - -19.4 2.1 -19.4 10.3 2.9 14.4 7.8 -2.1
dRBCOMMMOBH.E -78.6 -27.1 -85.2 -17.1 -88.1 -22.9 -77.3 -27.5 -75.4 -21.5
ORBCOMM SATELLITE -4‘5.5 -43.2 -59.3 -33.1 -59.3 -39.9 -47.3 -44.4 -42.8 -39.6
Margin_for Interference from LEO/MSS into GSO/MSS (Voice)

INTERFEROR

VICTIM MSAT SYSTEM INMARSAT (GLOBAL) INMARSAT (SPOT) ZENON_ SYSTEM EUTELSAT SYSTEM
{C/N) |SATELLITE] MOBHLE SATELLITEl MOBILE |SATELLITE|] MOBILE }SATELLITE| MOBILE |SATELLITE|] MOBILE

IRIDIUM SATELLITE 8.5 -30.6 -32.6 -4.9 -39.5 -5.3 -33.8 -27.2 -12.7 -30.4 -11.9
IRIDIUM MOBILE 9.2 -15.5 -54.5 -0.6 -74.3 -0.9 -67.3 | -15.1 -53.1 -15.4 -76.3
ORBCOMM SATELLITE 21.6 -12.2 -22.8 -7.3 -39.6 2.3 -26.6 -9.2 -16.7 -12.4 -24.1
ORBQOMMNDBILE 22.9 -1.2 -56.4 5.3 -70.3 11.9 -66.2 -2.6 -56.4 -1.0 -61.2

Margin_for Interference from GSQ/MSS (Voice) into LEQ/MSS

Table 5.11: Margin for 1.0dB C/IN Degradation



It should be noted that since IRIDIUM system uses the same
frequency band for both uplink and downlink then the interference
from the IRIDIUM mobile and satellites into either GSO mobile or GSO
satellite have to be summed together. Table 5.9 shows both entries
~in terms of time-averaged C/Is for ease of identifying the
interference contribution from a given IRIDIUM mobile terminal and
satellites separately. In this example, the carrier-to-total
interference from the IRIDIUM system into the MSAT satellite would
be 25.2 dB, ie. 32.3 dB "plus" 26.0 dB.

The results shown in the tables are for the worst-case co-channel,
overlapped coverage scenario for voice traffic.  Furthermore, the
analysis was carried out for different GSO/MSS carrier types ranging
from marine, land voice and data carrier to aeronautical voice and
data carriers. However, due to the vast amount of the resulting data,
only the values for a voice-type carrier are provided in this
summary. The results for other carrier types, which are in most
cases similar to those presented in Tables 5.9 to 5.11, are provided in
Appendix B. Thus, the conclusions given below, which are derived
from observation of Tables 5.9 to 5.11, are fairly general and can be
applied to other carrier types. '

Before starting to analyze the results, the following note on the OL
system is in order. Since the mandate of the study was to look at the
various LEO and GSO systems ( a representative cross section) in a
co-frequency operation mode, the system parameters of OL were
defined to represent an ORBCOMM-type L-band operation system in
order to allow compatibility analysis against a great majority of the
operational and planned LEO and GSO systems as known to date.
Consequently, in our hypothetical OL system, the EIRP levels are 18
dB higher than ORBCOMM's EIRP levels. As a result, the mobile
transmit EIRP of OL system was 20 dBW instead of 2 dBW in the real
ORBCOMM system, which is an unrealistic figure since it is known
that no practical mobile terminal with an antenna gain of 1 to 3 dBi
is capable of producing an EIRP of 20 dBW, particularly if a low cost,
compact . hand-held terminal is the primary characteristics of the
business plan. Therefore, any conclusions derived from the
interference analysis involving OL system should be interpreted with
caution. as, in our view, they do not represent a practical system.

With this cautionary note in mind, we now proceed to analyze the
results. We start off , by way of .an example, to show how the

54




interference tables should be interpreted. For this. we will
concentrate on the intersystem interference between INMARSAT
(global beam) system and IRIDIUM system. Let us suppose, for the
sake of argument, that the IRIDIUM system will need to use the
INMARSAT downlink frequency band (ie. 1.5 GHz band) for its
transmit/receive operatlon in a time multiplexed mode. =~ With_ this
hypothetical assumption of the operational band, the interference
from the IRIDIUM mobiles and the satellite constellation will be into
the INMARSAT mobile terminals. The C/I ratios for this scenario are
listed below:

Interference from IRIDIUM mobile into INMARSAT mobile: -40.1 dB
Interference from IRIDIUM satellite into INMARSAT mobile:___1.0 dB
TOTAL.: -40.1 dB

The C/I criteria for 0.5 dB and 1.0 dB C/N degradation are 23.4 dB
and 20.4 dB resulting in C/I margins of -63.5 dB and -60.5 dB,
respectively (see Tables 5.10 and 5.11). Note that the dominant
interference contributor in this case is the IRIDIUM mobile.

On the other hand, interference into the IRIDIUM system will come
from the INMARSAT satellite (s). The C/I ratios are:

Interference from INMARSAT satellite into IRIDIUM satellite: 9.6 dB
Interference from INMARSAT satellite into IRIDIUM mobile: 14.6 dB

The interference from INMARSAT into IRIDIUM mobile and satellite
are not added together since the IRIDIUM satellite utilizes on-board
re-generation which means the interference into the IRIDIUM
,satellite can be isolated from that into the mobile. The C/I margins
are -7.9 dB and -3.6 dB for 0.5 dB C/N degradation and -4.9 dB and
-0.6 dB for 1 dB C/N degradation (see Tables 5.10 and 5.11).

It can be seen from the above example that the intersystem
interference between INMARSAT and IRIDIUM systems in the 1.5
GHz band exceed the objectives specified for this study. Now let us
assume that the IRIDIUM system uses the 1.6 GHz band for its
transmit/receive operation in a time multiplexed mode (ie. the actual
arrangement proposed by MOTOROLA). With this assumption, the
interference from the IRIDIUM mobiles and the satellite constellation
will be into the INMARSAT satellite. The C/I ratios for this scenario
are listed below:
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‘Interference from IRIDIUM mobile into INMARSAT satellite: 31.7 dB
Interference from IRIDIUM satellite into INMARSAT satellite:28.1 dB
TOTAL: 26.5 dB

The C/I criteria for 0.5 dB and 1.0 dB C/N degradation are 29.0 dB
and 26.0 dB resulting in C/I margins of --2.5 dB and 0.5 dB,
respectively (see Tables 5.10 and 5.11).

On the other hand, interference into the IRIDIUM system will come
from the INMARSAT mobiles. The C/I ratios are:

Interference from INMARSAT mobile into IRIDIUM satellite:-25.0 dB
Interference from INMARSAT mobile into IRIDIUM mobile: -59.1 dB

The C/I criteria for 0.5 dB C/N degradation are.17.5 dB and 18.2 dB
resulting in C/I margins -42.5 dB and -77.3 dB. The C/I criteria for

1.0 dB C/N degradation are 14.5 dB and 15.2 dB resulting in C/I
margins of -39.5 dB and -74.3 dB (see Tables 5.10 and 5.11).

¢
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5.6 Observations and Conclusions

While the interference tables indicate that the systems under study
could not clear the assumed objectives, a close examination reveals a
few interesting characteristics:

« High Mobile to Mobile Interference

By far, the most dominant mode of intersystem interference is
mobile to mobile where mobiles of the various systems need to
share the spectrum in a reversed transmit/receive
arrangement (for example IRIDIUM as proposed versus other
planned or. operational L-band systems). In view of the fact
that the inter-mobile distance assumed in this study is 5 km,
the severity of interference for such a distance indicates that a
geographical segregation criterion much larger than 5 km will
have to be carefully planned, coordinated and adhered to by
the operators serving common or adjacent areas if this mode of
interference is to be brought down to acceptable levels. Such
segregation may not be practicable due to the envisaged wide
roaming component of the planned mobile systems and the
foreseen difficulty in establishing real time dynamic
~coordination between various emerging systems on a large
scale basis. If after further detailed studies indeed this proves
to be a real practical obstacle, then spectrum segmentation will
most likely be the only practical approach to deal with this
problem. ‘

« IRIDIUM Uses 1.6 GHz Band

If IRIDIUM uses the same spectrum as that of the GSO uplink
(IRIDIUM's present design concept), the interference from both
IRIDIUM constellation of satellites and its associated mobiles
into the robust traffic of the GSO satellites (like voice), although
not exactly meeting the assumed interference objectives, is
sufficiently low to leave hope for sharing. This excludes a few
very low level data carriers filed by various systems where the
carrier-to-interference ratios are about 5 to 7 dB worse than
that for voice case but still at a level which suggests a deeper
look into identifying ways and means of additional isolation.
For instance, a detailed analysis of the realistic average loading
level of IRIDIUM may in fact reveal some additional level of
isolation afforded in light of the fact that the satellites will
most likely operate at levels below their full spectrum capacity
most of the time. In the case of the low level data carriers
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mentioned earlier, it is worthwhile noting that the resulting
low C/N levels cast doubt on the technical viability of such
services and lead one to suspect the proposed link budgets.
Notwithstanding this, these carriers are generally in the
minority and as a result could be protected through detailed
traffic coordination if in fact they happen to be implemented.

In the case of OL, the above trend does not appear to hold.
This discrepancy is primarily due to the assumed increase in
the EIRP levels in our hypothetical system relative to the
original levels in ORBCOMM system filed with the FCC in
connection with the operation at lower frequencies. However,
as mentioned earlier, for ORBCOMM to be able to operate
commercially at L- band, the system concept will need to be
drastically altered. This design review is expected to lead to an
arrangement similar to the IRIDIUM in terms of its emission
levels toward GSO systems if the concept is ever implemented
at L-band.

The above observations indicate that co-frequency operation of
LEO systems with a transmission signature similar to
IRIDIUM could conceivably be considered as long as only the
uplink GSO band is used for LEO transmit/receive operation,
and the' LEO systems have to take measures to protect .
themselves from interference from GSO mobiles. While the
mobile to mobile interference could conceivably be mitigated
by geographical segregation of the respective mobiles, the
interference from GSO mobiles to LEO constellation appears to
be the most challenging one to overcome primarily due to the
dynamic nature of such a constellation relative to the earth-
fixed frame of reference. It is plausible to assume that with
the planned level of on-board sophistication and  resident
- smarts of IRIDIUM satellites, the receive band could be
dynamically monitored for identification and utilization of the
least interfered with carrier slots.

* IRIDIUM Uses 1.5 GHz Band

Similar to the above case where the IRIDIUM uses 1.6 GHz,

interference from IRIDIUM mobile to GSO mobile is high but

the problem can be alleviated by geographical separation.

Interference from IRIDIUM satellite into the mobiles of high-

gain spot beam GSO systems such as MSAT, EUTELSAT and
ZENON is close to the objective level, except the case of
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INMARSAT mobiles where interference from IRIDIUM exceeds
the objectives set for the study.

Interference from GSO satellites to IRIDIUM mobiles also fall
into two distinct categories. The first category is due to the GSO
satellites that feed low gain mobiles with a high level of EIRP
for voice communications. Invariably, this case is characterized
by GSO satellites with relatively high-gain spot beams (eg.
MSAT, ZENON and EUTELSAT). This is not surprising as only
such systems could afford low gain mobiles for voice
communications. GSO systems falling in the first category will
generate excessive interference levels into IRIDIUM mobiles,
and there seems to be no means to reduce the high
interference levels since the IRIDIUM mobile, unlike its smart
satellites, would not be able to protect itself from interference,

therefore, co-frequency sharing would not be feasible in this
case. The second category embodies GSO systems with either

global beam or relatively large spot beams. Understandably,
such systems reduce the power demand on the satellite by
incorporating medium to high gain mobiles (eg. INMARSAT and
USSR networks). Consequently, the interference from GSO

satellites with global or large beams to IRIDIUM mobiles is low .

enough to encourage a more detailed scrutiny of the subject
matter for defining conditions which could allow co- -frequency
operation.

The interference from GSO satellites to the IRIDIUM satellites
follow the same pattern, that is, it is too excessive if originated
from spot beam based GSO satellites while marginal for global
systems. Unlike the case of interference from GSO satellite into
IRIDIUM mobile, this interference situation can be avoided by
making the IRIDIUM satellites switch off the outer edge beams
when dominant mainlobe to mainlobe interference occurs.

« JRIDUM Using 16/15 GHz Frequency Bands -Same
Direction Mode ‘
The interference from IRIDIUM satellite and mobile into GSO
mobile and satellite, respectively, seems to be marginally
acceptable, but the interference from GSO into IRIDIUM is

severe. Note that the C/I margins are based on the assumption .

that the IRIDIUM still uses the proposed TDMA format for its
transmission. However, if IRIDIUM uses separate frequency
band for its uplink and downlink, the proposed. TDMA format is
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unlikely to be maintained. As a result, one should expect more
interference from IRIDIUM to GSO if IRIDIUM transmit slots
are more concentrated. For example, if the TDMA format is
dropped, i.e. IRIDIUM transmission is continuous, there would
be about 13 dB increase in interference from the IRIDIUM into
GSO. In the light of this and also the severe interference from
GSO satellite into IRIDIUM mobile which cannot be easily
mitigated, co-frequency sharing in this case seems not feasible.

« IRIDUM Uses 1.6/1.5 GHz Frequency Bands - Reverse
Direction Mode

In this case, interference would be between IRIDIUM mobile
and GSO mobiles and between IRIDIUM satellites and GSO
satellite. - The mobile-to-mobile interference can be reduced by
geographical separation, and the problem of satellite-mainlobe-
to-satellite-mainlobe interference can be solved by switching
off the IRIDIUM's outer edge beams when such a geometry
occurs.  The discussion in the above paragraph about the
IRIDIUM's TDMA format is also applicable in this case.

Co-frequency sharing between IRIDIUM and GSO could be

feasible in the reverse direction mode provided the above
measures are taken by the IRIDIUM system to protect itself as

well as the GSO/MSS system. However, the disadvantage of

this scenario relative to the case described in -Section 1.1 is that ’
the IRIDIUM network management system will now have the
addtional task of protecting the GSO system. Furthermore, the

GSO system is vulnerable to interference from IRIDIUM and

solely relies on it for protection. The acceptability of such
arrangement to GSO system operators is at best doubtful.

Of the scenarios considered above, by far the most promising one
appears to be LEO sharing the GSO uplink band with the GSO mobile
systems.  While the mobile-to-mobile interference issue could be
considered as a candidate for detailed coordination, the GSO mobile to
LEO satellite constellation interference is a challenging task to be
tackled.
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CHAPTER 6

ANALYSIS OF INTERFERENCE BETWEEN LEO/MSS
AND MICROWAYVE FIXED SYSTEMS

6.1 Summary of Systems Characteristics

The terrestrial system characteristics are summarized in the
following table:

« Terrestrial System Characteristics

System | Frequency | EIRP |Noise Temp. | Rx Ant. Gain B.W.
(MHz) (dBW)| _(dBK) (dBi) (MH?z)
A 1427-1525 35 34.6 20.9 3.5
B 1700-1710 35 34.6 22.1 3.5
C 1710-1900 35 | © 34.6 22.6 . 7.0
D 1900-2290 45 34.6 ~ 23.9 29.0
E 2290-2450 45 34.6 24.9 1 6.0

. IRIDIUM System Characteristics

Noise Temp.| Rx Ant. Gain | B.W. (kHz)

System I EIRP

(dBW) | (dBK) (dBi) Uplink{ Downlink
Satellite| 23.1 27.4 21.2 135 300
Mobile 1.4 24.8 0.0 135 300
« OL System Characteristics
System | EIRP Noise Temp.| Rx Ant. Gain| B.W. (kHz)

(dBW)| (dBK) (dBi) Uplink | Downlink
Satellite| 34.5 32.8 7 3.6 7.2
Mobile | 20.0 36.6 0 3.6 7.2

" (Note: OL system is an ORBCOMM-type L-band system. It has the same system

characteristics as ORBCOMM system except that it uses L-band, and its transmit
power level is 18 dB higher than that of ORBCOMM)
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6.2 Approach to Interference Analysis
6.2.1 General

The general approach- was to establish worst-case interference levels
assuming co-channel/line-of-sight operation between the LEO and
the terrestrial fixed microwave systems. Then these worst case
levels were adjusted to account for different bandwidths, antenna
discrimination, number of possible interferors, etc. This necessitated
the selection of some arbitrary interference objectives, however,
once the actual interference objectives are established the results of
this study can be scaled by the difference of the actual interference
objectives and our arbitrary chosen interference objectives.

6.2.2 Methodology

First we determined the reference worst-case interference levels
assuming both systems commonly shared the frequency bands and
operated in a co-channel mode. A number of assumptions were
made with respect to the IRIDIUM and OL systems to establish our
references. These assumptions are described in Chapter 3.

As previously stated no fixed systems currently operate in the bands
for the proposed IRIDIUM and ORBCOM systems therefore for the
purposes of hypothetical study we assumed the technical parameters
for fixed systems as given in Section 6.1. Having established our
worst-case interference levels these were then compared against our
objective interference levels and the difference was established. as
our reference for any further analysis. ' '

Our arbitrarily chosen interference objectives were taken as a 0.5
and a 1.0 dB reduction in the system's C/N ratio due to the noise
caused by the interference. We assume that the interference was
white noise like and would add to the system noise on a pure power
basis. Furthermore, since terrestrial microwave systems could have
a variety of C/N ratios we decide to reference to the I/N ratio since it
is directly related to the C/N & C/I as is shown below:

CN-CI=C-N-(C-1 ; C,I,N are in dB

=C-N-C+1
=I-N
= I/N.
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It can be shown that given our interference objective is:
C/(N+I) = C/N - (0.5 or 1.0) dB,

this translates to: '
C/N - C/T. -9.0 dB for the 0.5 dB change, and

- 6.0 dB for the 1.0 dB change.

Thus, although C/I will not be computed in this case but the results
can be expressed as C/I margins since the I/N objectives are exactly
the same as the C/I objectives.

Once our references were established for. the co-channel case then
further analyses was carried out to include the affects of different
channel bandwidths, antenna discriminations, etc. Note that the C/I
margin result shown below do not take the TDMA format of IRIDIUM
into ‘account, thus the interference level from IRIDIUM presented
below is at the maximum level, not the time-averaged level.
However, as will be discussed in Section 6.5 below, because of the
large additional protection required for fixed system from IRIDIUM,
even if the the average interference power is considered, it is still
not sufficient to make spectrum sharing feasible.
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6.3. Interference between IRIDIUM and Fixed Systems

For our hypothetical study we assumed interference into the
terrestrial microwave system can occur from the IRIDIUM satellites
or from the mobiles accessing the IRIDIUM satellite system. To
establish our reference case, for the mobiles, we assumed that the
mobiles would operate 5 km from the terrestrial station's boresight.
To establish our reference case, for IRIDIUM's satellites, we assumed
that the IRIDIUM satellite and the terrestrial microwave system
would align .only where the elevation angle from the terrestrial
system to the satellite would be zero (0°) degrees. This is a valid
assumption since the elevation angles for a terrestrial system is
usually very close to 0° unless there is extenuating circumstances
such as a short hop to a mountain top but even here the elevation
angles will be relatively small therefore our results will generally be
valid.

For the purposes of our analysis we assumed that the terrestrial
microwave systems utilize the 2 frequency plan which implies that
they will transmit the same frequency from a repeater station on -
every second hop and in both directions from that hop. Figure 6.1
shows a sketch giving this configuration

As also can be seen, in the Figure, the assumed hop length is 50 km,
therefore, we know that any frequency we are interested in will
reoccur every 100 km. Therefore, the maximum number of
terrestrial stations (on one terrestrial system) visible to a LEO
satellite can be estimated by dividing the satellite beamwidths by
this 100 km factor. This, in fact, was what was done in the study.

The Q-factor and the DF factor are described in Section C.1 of
Appendix C .Section C.2 of Appendix C contains the results of the
worst-case analysis. The distances are as given by the geometric
overview in Section C.3 of Appendix C. The results are summarize in
Table 6.1.
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SCENARIO SYS. C/t MARGIN G/ MARGIN
From To 0.5 dB 1.0 dB
IRID. Satellite Terr. System A -26.6 -23.6
B -26.3 -23.3
C -26.7 -23.7
D -27.1 -24.1
E -26.5 -23.5
Terr. System IRID. Sateliite A -41.3 -38.3
B -39.8 -36.8
C -36.7 -33.7
D -39.7 -36.7
E -44.9 -41.9
IRID. Mobile Terr. System A -64.5 -61.5
B -64.2 -61.2
C -64.7 -61.7
D -65.0 -62.0
E -64.4 -61.4
Terr. System IRID. Mobile A -72.9 -69.9
) B -71.4 -68.4
C -68.3 -65.3
D -71.2 -68.2
E -76.4 -73.4

Table 6.1: C/l Margin for IRIDIUM and Terrestrial Systems
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6.4 Interference between OL System' and Fixed Systems

Similar scenarios were assumed for the OL case as was in the
IRIDIUM case, however, the OL system has a much wider beamwidth

(6600 km) and consequently is exposed to more terrestrial stations

in a given terrestrial microwave system.

In reality, the ORBCOM system is proposed to operate in the region of
140 MHz so for our hypothetical study we have to upscale some of
the parameters if we were to assume our hypothetical OL system to
operate in the 1 to 3 GHz range. The technical details assumed are
found in Section 6.1.

The detailed results of our worst-case analysis, geometric

considerations and the Q & DF factor results can be found in
Appendix C. Table 6.2 summarizes the results.
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SCENARIO $YS. C/l MARGIN | C/I MARGIN

From To 0.5 dB 1.0 dB
QL Satellite Terr. System A -53.1 -50.1
B -52.8 -49.8

C -53.3 -50.3

D -53.7 -50.7

E -53.0 -50.0

Terr. System QL Satellite A -25.2 -22.2
B -23.7 -20.7

C -20.6 -17.6

D -23.5 -20.5

E -28.7 -25.7

QL Mobile Terr. System A -98.9 -95.9
B -98.5 -95.5

C -99.0 -96.0

D -99.4 -96.4

E -98.8 -95.8

Terr. System QL Mobile A -61.1 -58.1
B -59.6 -56.6

C -56.5 -53.5

D -59.4 -56.4

E -64.6 -61.6

Table 6.2:

C/l Margin for OL and Terrestrial Systems

68




6.5 .Discussion

Firstly, the assumed allowable interference levels chosen in this
~study are not overly pessimistic and consequently any actual
acceptable interference would not differ too greatly to what we have
used in this study.

This study necessarily made worst-case assumptions and judging
from the results consequently painted a bleak picture. In particular
the mobile/terrestrial results show high levels of unacceptable
interference. It should be kept in mind that the separation distance
in our study was only 5 km and assumed line-of-sight boresight to
boresight conditions. In reality, local blockage, terrain blockage, and
the terrestrial system's antenna discrimination will come into play
which may permit spectrum sharing with some ' minimum
geographical separation. = As will be shown in the next chapter where
interference between LEO/MSS and FPLMTS is evaluated, of the
mobile and terrestrial station are beyond the radio horizon of each
other, the terrain blockage could be sufficient to facilitate sharing.

The satellite to terrestrial condition and vice versa would not enjoy
the same terrain blockage benefits as could the mobile to terrestrial
scenario but would enjoy the benefits of the terrestrial station's
antenna discrimination. This factor was accounted for in the study.

The . Q-factors tended to be high because of the large bandwidth
differences between the proposed LEO systems and the terrestrial
systems operating in the 1 to 3 GHz band. On the other hand, the DF
factors tended to be almost nonexistent due to the omni-directional
antennas used on the mobiles and due to the LEO satellite beams
illumination of the earth. Where . there was any antenna
discrimination as in the terrestrial system into the OL system case
significant reductions in interference power were noted.

The OL system shows up worse as compared to the IRIDIUM system.
This is due to two reasons: one being the difference in the carrier
bandwidths between these two systems and the second reason being
due to the upscaling of some of the ORBCOMM's operating parameters
to adjust from the proposed operating band to the 1 to 3 GHz band in
our hypothetical system. Removing these two' factors show that the
two systems would experience and cause similar interference despite
the - difference in beamwidths. This would lead one to conclude that
the LEO system's beamwidth is really not a major factor in LEO/fixed
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terrestrial interference.

Another factor that must be taken into consideration is a time factor.
Interference into a given mobile or a given terrestrial microwave
receiver will not occur 100 % of the time. Mobiles will move and the
LEO satellites are in constant motion thus the interference
experienced by a given receiver will vary with respect to time,
although, because of the almost continuous coverage proposed by the
IRIDIUM and the ORBCOM systems this would not be a factor for a
given terrestrial station receiving interference from a LEO satellite.
To a lesser degree propagation conditions change with respect to
time thus changing the actual interference levels into a given
receiver. Most communication systems that share spectrum allot
interference  based on percentage of time to account for these
factors. In general, the time factor affects the interference objective
and not the interference level being experienced by a system
therefore it is not addressed as part of this study.

This study assumed that a least one of a terrestrial microwave
system's microwave hops will face directly at the LEO satellite at one
given moment in time. It is highly probable that in a given
terrestrial microwave system no hop will directly face a given LEO
satellite. This will depend on the particular geometry of the given
terrestrial system to the given LEO satellite. Conversely, although no
more than one hop of a given terrestrial microwave system 1is
envisaged as pointing directly at a LEO satellite at one time it is quite
possible especially in the US that more than one terrestrial
microwave system will affect a given LEO satellite.

Because the IRIDIUM system proposes to transmit and receive on the
same frequency and use a. TDMA/FDMA access technique the
interference level would vary at any given terrestrial station. Thus
the average interference power would drop by about 10 d