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RECOMMENDATION ITU-R S.1526-1

Methodology to assess the interference environment in relation
to Nos. 9.12, 9.12A and 9.13 of the Radio Regulations when
non-geostationary-satellite orbit fixed-satellite
service systems are involved”

(Question ITU-R 231/4)

(2001-2002)

The ITU Radiocommunication Assembly,

considering

a) that some non-geostationary-satellite orbit fixed-satellite service (non-GSO FSS) systems
are at the early stage of development and as a result some modifications to their design are likely;

b) that changes to one non-GSO FSS system may affect other operational or planned FSS
systems;
c) that other operational or planned FSS systems affected by changes to a non-GSO FSS

system must retain the flexibility to operate within the limits of their notifications;

d) - that Recommendation ITU-R S.1431 describes several mitigation techniques to enhance
sharing between non-GSO FSS systems;

e) that it is desirable for the designers of non-GSO FSS systems to have metrics that permit an
assessment of the impact of these various mitigation techniques on the system design;

f) that it is common for administrations coordinating their FSS systems to change system
parameters of their filed system as a result of their coordination efforts;

g) that provision No. 11.43B of the Radio Regulations (RR) and the associated Rules of
Procedure allow for changes in the system characteristics of recorded frequency assignments,
including those of non-GSO FSS systems, while retaining the original date of entry in the Master
Register, as long as the changes do not increase the probability of harmful interference to
assignments already recorded;

h) that resolves 2 of Resolution 132 (WRC-97) states that in the bands 18.8-19.3 GHz and
28.6-29.1 GHz for non-GSO FSS systems notified before 18 November 1995 when coordination
was not required (before that date) no coordination is required when the characteristics of the
modified frequency assignment are within the limits of those of the original notification;

*

Further study is required concerning the applicability of this Recommendation to non-GSO FSS sharing
with GSO FSS (RR Nos. 9.12A/9.13) in the bands 19.3-19.7 GHz and 29.1-29.5 GHz.
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1) that, in the bands in considering h), RR Nos. 9.12, 9.12A and 9.13 apply;

k) that, in some other bands non-GSO FSS, epfd| and epfd? limits have been adopted in
RR Article 22 to limit the interference into GSO FSS and BSS systems, and RR No. 9.12 applies
between non-GSO FSS systems;

1) that, in the sharing situations in considering j), Recommendation ITU-R S.1323 provides
the maximum permissible levels of interference in an FSS satellite network;

m) that it is desirable to have a methodology in the ITU-R to determine whether modifications
to the characteristics of a non-GSO FSS system will improve the sharing situation with another FSS
system or will worsen this situation,

recommends

1 that the methodology in Annex 1 can be used to assist non-GSO FSS system designers in
the evaluation of the impact of various mitigation techniques;

2 that the methodology in Annex 1 may be used (by administrations and system designers) as
a way to determine whether a modification introduced to the design of a non-GSO FSS system will
improve or worsen the interference environment with respect to another FSS system sharing the
same frequency band.

ANNEX 1

Methodology to assess the interference environment
generated by a non-GSO FSS system

1 Introduction

A procedure is proposed here for the assessment of how modifications introduced to a non-GSO
FSS system (System A) affect the interference environment created by this system with respect to
another FSS system (System B). It is recognized that the affected system has a wide degree of
operational freedom within the filed parameters of the system, taking into account constraints
imposed by previously filed systems. To draw general conclusions about changes to a system, the
procedure below would be applied separately using all available transmission parameters for the
two systems. In addition, both systems may employ mitigation strategies involving a variety of
mitigation techniques in various combinations in order to deal with each of the four interference
scenarios. Possible mitigation strategies for consideration include: avoidance leading to loss of
service during in-line events, satellite diversity, earth station site diversity, satellite selection
strategies, frequency channelization, link balancing, alternate polarization, and improved antenna
characteristics. The procedure can be summarized by the following steps:

Step 1: Determine the mitigation strategies (e.g. avoidance angle values) to be used by the given
systems to protect all relevant scenarios of interference to System A (with its parameters prior to the
modification).
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Step 2: Calculate relevant performance statistics (e.g. visibility, satellite handoffs, satellite track
time, availability, etc.) throughout the service area of System B, employing the mitigation strategies
determined in Step 1.

Step 3: Repeat Steps 1 and 2, substituting the new system parameters for System A.

Step 4: Compare the performance statistics of System B before and after the change to System A.

Step 5: If all statistics have improved, conclude that the design change in System A has made
sharing easier for System B.

Step 6: 1f all statistics have worsened, conclude that the design change in System A has made
sharing more difficult for System B.

Step 7: If some statistics have improved and some have worsened, no immediate conclusions about
the sharing situation can be made. Consideration may be given to additional factors affecting the
distribution of the interference variations for the various earth station locations of System B, such as
weighted averaging.

However, it would ultimately be necessary for the parties involved (i.e. the operators of Systems A
and B), in any resultant coordination agreement, to agree on the details of the approach to be used,
specifically, the calculation/simulation assumptions used in the analysis and the application of any
weighted averaging technique.

The four interference scenarios referred to above are described in Fig. 1. The angle 67 represents
the transmit discrimination angle (i.e. the angle off-boresight between the transmitter's signal path
and the interference path), and the angle O represents the receive discrimination angle.

Examples of the application of the methodology, including statistics characterizing visibility,
satellite handoffs, satellite track time and availability are described in § 2 and 3.

More details on how visibility statistics can be weighted by population or GDP can also be obtained
from these examples.

The impact of modifications introduced to a non-GSO FSS system on the sharing with another non-
GSO FSS system assumed to be using satellite diversity is considered in § 2. The impact of these
modifications on the sharing with a GSO FSS system is addressed in § 3.
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FIGURE 1

Four interference scenarios
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NOTE 1 — Dotted lines indicate interference paths. Solid lines indicate wanted signal paths.

2 Example for the sharing between non-GSO FSS systems: Impact of
modifications to LEOSAT-1 on USAMEO-1

The following illustrates through a particular example an application of the methodology in a
situation where USAMEO-1 is assumed to mitigate using satellite diversity and both systems have
chosen to use Recommendation ITU-R S.1323 to determine the avoidance angles. The performance
statistics considered here are visibility, satellite handoffs, and satellite track time. Other
performance statistics could also be considered.

Other examples may include the case where the mitigating non-GSO FSS system does not employ
satellite diversity and suffers loss of service during in-line events. In that case the performance
statistics relating to the loss of service can be calculated as illustrated in § 3.3.
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2.1 LEOSAT-1 system parameters and assumptions
The basic modelling characteristics for LEOSAT-1 are summarized in Table la.
TABLE la
LEOSAT-1 system characteristics
Characteristic LEOSAT-1

Constellation parameters

Number of satellites 288

Number of planes 12

Number of satellites per plane 24

Plane spacing (degrees) 15.36

Walker phase factor Not available

Inclination (degrees) 84.7

Orbit altitude (km) 1375

Inter-plane phasing (degrees) Random

Elevation mask angle (degrees) 40

Uplink transmission parameters

Access method MF/TDMA

Carrier bandwidth (MHz) 3.096

Power control Yes

Power control value (dB) 13.5

Earth station transmit peak gain (dB) 35.2

Earth station transmit antenna pattern RR Appendix 8

Earth station transmit antenna diameter (m) 0.3

Satellite receive peak gain (dB) 33.2

Satellite receive antenna pattern -3 EoC,
—25 near side lobe
—30 far side lobe

Receive beam adapted for constant cell size? Yes

Noise temperature (K) 832

Number of receive beams 364/polarization

Downlink transmission parameters

Access method ATDMA

Carrier bandwidth (MHz) 500

Power control No

Earth station receive peak gain (dB) 34.1

Earth station receive antenna pattern RR Appendix 8

Documents

Copyright International Telecommunication Union/ITU Radiocommunication Sector

Provided by IHS Markit under license with ITU-R

Licensee=/, User=,

No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ITU-R S.1526-12002

Document Sharing Hub


http://www.avadocuments.com/doc/itu-r-s-1526-1-2002
http://www.avadocuments.com/doc/itu-r-s-1526-1-2002

Rec. ITU-R S.1526-1

TABLE la (end)

Characteristic

LEOSAT-1

Downlink transmission parameters (cont.)

Earth station receive antenna diameter (m)

0.3

Satellite transmit peak gain (dB)

34.7 to 35.7

Satellite transmit antenna pattern

—0.5 EoC,
—25 near side lobe
—30 far side lobe

Satellite transmit e.i.r.p. at EoC (dB)

53.9

Transmit beam adapted for constant cell size?

Yes

Noise temperature (K)

288

Number of transmit beams

16

ATDMA: adaptive TDMA

e.l.r.p.: equivalent isotropically radiated power

EoC: edge of coverage

TDMA: time division multiple access

Table 1b shows the basic system parameters for two hypothetical variations of the LEOSAT-1
system, designated as LEO-XX and LEO-YY. These modifications each contain less than half the
number of satellites of the LEOSAT-1 system. This reduction in the number of satellites is
accomplished in LEO-XX by maintaining the minimum elevation angle and near-polar
configuration, while raising the altitude to 2500 km. The decrease in the number of satellites is
accomplished in LEO-YY by maintaining the altitude while decreasing the elevation mask angle
to 25° and changing to a Walker Delta orbit configuration.

TABLE 1b
LEO-XX and LEO-YY system characteristics
Characteristic LEO-XX LEO-YY
Constellation parameters
Number of satellites 128 120
Number of planes 8 10
Number of satellites per plane 16 12
- | Plane spacing (degrees) 23 36
Walker phase factor Not available 1
| Inclination (degrees) 84.7 58
Orbit altitude (km) 2500 1375
Inter-plane phasing (degrees) Random 3
Elevation mask angle (degrees) 40 25
Uplink transmission parameters
Access method MF/TDMA FDMA/TDMA
Carrier bandwidth (MHz) 3.1 3.1
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TABLE 1b (end)

Characteristic LEO-XX LEO-YY
Uplink transmission parameters (cont.)
Power control Yes Yes
Power control value (dB) 13.5 13.5
Earth station transmit peak gain (dB) 394 394
Earth station transmit antenna pattern RR Appendix 8 RR Appendix 8
Earth station transmit antenna diameter (m) 0.4 0.4
Satellite receive peak gain (dB) 37.1 with adjusts for 36.0 with adjusts for
free space loss and free space loss and
scan loss scan loss
Satellite receive antenna pattern Rec. ITU-R S.672, Rec. ITU-R S.672,
Ly=-25dB, Ly=-25dB,
Beamwidth = 2° Beamwidth =2.3°
Receive beam adapted for constant cell size? No No
Noise temperature (K) 832 832
Number of receive beams 364/polarization 364/polarization
Downlink transmission parameters
Access method ATDMA ATDMA
Carrier bandwidth (MHz) 500 500
Power control No No
Earth station receive peak gain (dB) 36.6 36.6
Earth station receive antenna pattern RR Appendix 8 RR Appendix 8
Earth station receive antenna diameter (m) 0.4 0.4
Satellite transmit peak gain (dB) 37.2 with adjusts for 36.1 with adjusts for
free space loss and free space loss and
scan loss scan loss
Satellite transmit antenna pattern Rec. ITU-R S.672, Rec. ITU-R S.672,
Ly=-25dB, Ly=-25dB,
Beamwidth = 2° Beamwidth =2.3°
Satellite transmit e.i.r.p. at EoC (dB) 57.7 54.6
Transmit beam adapted for constant cell size? No No
Noise temperature (K) 288 288
Number of transmit beams 16 16
FDMA: frequency division multiple access
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2.2 USAMEQO-1 system parameters and assumptions

2.2.1 Basic characteristics

In this example, a particular link from USAMEO-1 has been selected for analysis. Its basic
modelling characteristics are summarized in Table 2.

TABLE 2

USAMEO-1 system characteristics

Constellation parameters

Number of satellites 32

Number of planes (for each of 2 subconstellations) 4 (X 2 subconstellations)

Number of satellites per plane 4

Plane spacing (degrees) 90

Walker phase factor 3

Inclination (degrees) 50

Orbit altitude (km) 10352

Inter-plane phasing (degrees) 67.5

Delta phase between subconstellations (degrees) 30

Delta ascending node between subconstellations 0

(degrees)

Elevation mask angle (degrees) 20

Uplink transmission parameters

Access method TDMA/FDMA

Carrier bandwidth (MHz) 0.562

Power control Yes

Power control value (dB) 20.7

Earth station transmit peak gain (dB) 44.16

Earth station transmit antenna pattern Rec. ITU-R S.465

Earth station transmit antenna diameter (m) 0.65

Satellite receive peak gain (dB) 37.48

Satellite receive antenna pattern Rec. ITU-R S.672,
Beamwidth = 2.3°,

Ly=-25dB

Receive beam adapted for constant cell size? No

Noise temperature (K) 577.98

Number of receive beams 20

Downlink transmission parameters

Access method TDM/FDM

Carrier bandwidth (MHz) 96.162

Power control No

Earth station receive peak gain (dB) 40.78
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TABLE 2 (end)

Downlink transmission parameters (cont.)

Earth station receive antenna pattern Rec. ITU-R S.465
Earth station receive antenna diameter (m) 0.65
Satellite transmit peak gain (dB) 37.5
Satellite transmit antenna pattern (Same as uplink)
Satellite transmit e.i.r.p. at EoC (dB) 52.3
Transmit beam adapted for constant cell size? No

Noise temperature (K) 249.41
Number of transmit beams 20

FDM: frequency division multiplex
TDM: time division multiplex

2.2.2 Frequency usage

The USAMEO-1 system proposes to use 1 GHz of spectrum in the bands 28.6-29.1 GHz and
29.5-30.0 GHz for the uplink, and 1 GHz of spectrum in the bands 18.8-19.3 GHz and
19.7-20.2 GHz for the downlink. The frequency bands are divided into 125 MHz channels. It is
assumed that multiple channels, to cover the 500 MHz overlapping with LEOSAT-1 (XX, YY)
spectrum, can be assigned to the same spot beam for worst-case peaking conditions.

2.2.3 Satellite antenna and earth station model

The satellite uses fixed transmit and receive spot beams. The antennas and beams are maintained in
a fixed orientation relative to the spacecraft to allow the beams to move across the surface of the
Earth as the satellite moves. Even though the beams are fixed relative to the satellite, the simulation
uses tracking beams with each earth station, so that the worst potential interference is caught. The
satellite antenna is modelled using Recommendation ITU-R S.672, with a half power beamwidth of
2.3° and side lobe level of —25 dB.

Twenty user stations are modelled in the footprint for uplink interference. The separation distance
between earth stations is approximately 728 km.

The downlink interference is computed using a random distribution of earth station locations within
each satellite's footprint. These earth station locations are randomly distributed each iteration of the
simulation run. The number of stations distributed is the maximum number of simultaneous
downlink beams possible for the satellite. In the case that the satellite would be chosen to serve the
location of interest for the interference computation (i.e. highest elevation satellite), one earth
station location is assigned to this co-located position.

The earth station antenna is modelled using Recommendation ITU-R S.465, which has a side lobe
level of 32 — 25 log1o(®), where @ = angle off-boresight (degrees).
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2.2.4 Link budget and rain degradation assumptions

The link budget shown in Table 3 applies to the USAMEO-1 system model.

TABLE 3

USAMEO-1 link budget

Minimum elevation (degrees) 20
Slant range (km) 13438.27
Uplink Downlink

Frequency (GHz) 28.85 19.05
Bandwidth (MHz) 0.56 96.16
Channel spacing (MHz) 0.69 125.00
Power — backoff/losses (ABW) 7.07 14.82
Transmit gain (dB) 44.16 37.50
e.i.r.p. (dABW) 51.23 52.32
Transmit pointing loss (dB) 0.65 0.50
Free space loss (dB) 204.22 200.61
Atmospheric loss (dB) 1.57 2.10
Total propagation loss (dB) 206.44 203.21
System temperature (K) 577.98 249.41
Receive gain (dB) 37.48 40.78
Receive loss (dB) 0.98 0.50
Edge of beam loss (dB) 4.10 4.10
G/T (dB/K) 4.78 12.21
Received carrier (C) (dBW) —122.81 —114.71
N (dBW) —143.48 —124.80
C/N (dB) 20.67 10.09
Self interference degradation (dB) 8.21 1.13
C/(N + I) required (dB) 12.05 8.8
Margin (dB) 0.41 0.16

The self interference degradation (C/N — C/(N + L)) is based on C/I; = 13.17 dB for the uplink and
15.34 dB for the downlink, where [ is the self interference. This self interference degradation value
is applied to the external interference degradation values (1 + I,/N) computed from the interference
values collected during the simulation runs (/y is the external interference). This is needed because
the //N distribution used in the convolution method of Recommendation ITU-R S.1323 should be
based on /(N + I) rather than I,/N (N = Ngermal)-
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From the link budgets provided, the external margin for the uplink is 0.41 dB in clear sky and
1.2 dB in rain (rain loss = 7.2 dB), with adaptive coding being used. In addition, the C/I; under
fading is 9.77 dB, which is less than the 13.17 clear sky value. This value of C/I under fading is
accounted for by the fact that desired carrier and overall interference are faded differently. The
parameter 0, fraction of / not faded, defined in Annex 2 addresses this effect. For this link, = 0.28.
In ‘effect, the uplink is treated as being able to take 7.2 dB of rain fade before the link starts to
degrade, with a margin of 1.2 dB. This rain fade value corresponds to X = 4.24 dB, which defines
the impulse at 0 in the probability density function (pdf) for X’ (X’is the rain degradation
accounting for power control, see Annex 2).

For the downlink, the external margin is 0.16 dB in clear sky and 1.1 dB in rain (rain loss = 3.3 dB),
again with adaptive coding being used. The downlink is treated as being able to take 3.3 dB of rain
fade before the link starts to degrade, with a margin of 1.1 dB. This rain fade value corresponds to
X =4.46 and this value is used to determine the impulse value at 0 in the pdf of X’ (see Annex 2).

Table 4 summarizes the assumptions used to generate the pdf of the rain degradation. The rain and
interference degradation pdf’s are convolved to determine whether or not the interference is at an
acceptable level. The parameter o represents the percentage of noise increase due to self
interference (/y/N + I5) and is used to relate the rain degradation with the rain fading from the
indicated rain model.

TABLE 4

Assumptions for generation of pdf of rain degradation

Start of link degradation
Link : Margin . .
. Rain Link location
oo o in
direction Ra(lglg‘de degradation (dB)
(dB)
Uplink 0.85 7.2 4.24 1.2 New York City
Downlink 0.23 33 4.46 1.1 New York City
2.3 Simulation results

Separate simulation runs were performed for the USAMEO-1 system operating with each of the
following systems:

— LEOSAT-1 (288 satellites, polar constellation, 40° minimum elevation).
- LEO-XX (128 satellites, polar constellation, 40° minimum elevation).
— LEO-YY (120 satellites, Walker Delta constellation, 25° minimum elevation).

Within each set of simulation runs, data was collected for all four interference cases, where each
case is defined in Table 5.
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TABLE 5

Interference case definition

Case Link direction Role of USAMEO-1 system
1 Uplink Interferer
2 Downlink Interferer
3 Uplink Desired system
4 Downlink Desired system

Except where noted differently, simulation runs were for 2 days at 1 s intervals (172 800 iterations).
Multiple satellites were assumed to serve each location, where coverage allowed. For the
interference and coverage capability (visibility) simulations, the constellation positions for both
systems were randomized each iteration; for the satellite hand-offs and satellite tracking time
simulations, the constellations were propagated continuously at the 1 s intervals.

Each plot below shows the [I/(N+ I5) cumulative distribution functions (cdf's) for various
avoidance angles and the corresponding results of the convolution of the rain and interference
degradation pdf's. Multiple runs were conducted to determine the avoidance angle necessary to pass
the Recommendation ITU-R S.1323 criteria, assuming 10% of the link outage is allowed for
external interference.

2.3.1 Results of USAMEO-1 with LEOSAT-1

Because the mitigating system is a MEO and the other system is a LEQO, it is appropriate to use a
space station based avoidance angle for Cases 2 and 3 and an earth station based avoidance angle
for Cases 1 and 4, to provide the necessary protection. The angle values reflected in Figs. 2 and 3
are for space station based or earth station based angles, correspondingly.

In order to protect all four interference cases, the mitigating system would need to employ an earth
station based avoidance angle of 16.0° and a space station based avoidance angle of 0.5°.

The impact on the mitigating system is shown in Fig. 4 — the plot for the visibility (i.e. the number
of usable satellites satisfying elevation mask and mitigation criteria), and in Fig. 5 — the plots for
satellite handoffs (connections) to new satellites, and the average earth station to satellite track time
(dwell) of a beam on a satellite.
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FIGURE 2

13

cdf of I/N, USAMEO-1 into LEOSAT-1 uplink and downlink
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