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RECOMMENDATION ITU-R S.1759

Analysis of interference from HEO system space operation transmissions
in FSS bands into GSO networks and corresponding guidelines to be
used for designing and operating TT&C for HEO-type FSS system

(2006)

Scope

This Recommendation provides an analysis of interference from HEO-type FSS system space operation
transmissions into GSO networks in FSS bands subject to Article 22 of the Radio Regulations (RR) epfd
limits. It also presents techniques that may be taken into consideration in the design and operation of the
TT&C links of HEO-type FSS systems in a manner that ensures adequate protection of co-frequency GSO
links in accordance with RR Article 22.

The ITU Radiocommunication Assembly,

considering
a) that all FSS satellites have telemetry, tracking and command (TT&C) requirements;
b) that TT&C operations are carried out on FSS satellites while in transfer orbit as well as
during regular (on-station) operations in various non-geostationary-satellite orbits (non-GSOs);
c) that telecommand signal transmissions originate and terminate under satellite operator
control;
d) that TT&C carriers need higher performance reliability objectives than normal traffic

carriers, which is recommended in Recommendation ITU-R S.1716;

e) that loss of the uplink command carriers to a satellite and downlink telemetry and ranging
carriers during orbital manoeuvres, or when a critical malfunction occurs on-board a spacecratft,
could result in the loss of a satellite;

) that TT&C operation functions will normally be provided within the service band in which
the space station is operating instead of within the space operation service (SOS) bands, and some
space stations with service bands above 17 GHz may use TT&C in bands below 17 GHz;

g) that HEO-type FSS operators should be given some flexibility to operate TT&C in the most
appropriate frequency band;

h) that most HEO-type FSS satellites transmit and receive service carriers only while they are
within their “active” arcs having large angular separation from GSO links, but it would not be
practicable to limit TT&C operations to those active arcs;

1) that there may be several possibilities to overcome the challenges of operating TT&C links
for HEO-type systems in FSS bands subject to Article 22 of the Radio Regulations (RR) epfd limits
while affording appropriate protection to GSO systems operating in these bands,
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recognizing

a) that in frequency bands subject to RR No. 22.2 it is necessary to ensure that HEO-type
uplink and downlink TT&C transmissions do not cause unacceptable interference into GSO FSS
and BSS networks;

b) that in certain frequency bands identified in RR Article 22, HEO-type satellites are required
to meet epfd limits;
c) that in FSS frequency bands other than those identified in recognizing a), sharing between
HEO-type FSS systems and GSO FSS networks is subject to the relevant provisions of Section II of
RR Article 9,

recommends
1 that the technical and operational analysis and techniques given in Annex 1 may be taken
into consideration by operators of HEO-type FSS systems in the design and the operation of their
TT&C systems.

Annex 1

Analysis of interference from HEO system space operation transmissions in FSS
bands into GSO networks and some interference mitigation techniques

Summary

Whereas a typical HEO (references to HEO system in this Annex denote HEO-type FSS system)
satellite transmits and receives service carriers only while it is within its “active” arc or arcs, its
TT&C carriers must remain active even outside that arc (or arcs) and are therefore likely to have
difficulty in satisfying RR No. 22.2 including, where applicable, the RR Article 22 epfd limits.
Computer simulations of the TT&C links in an example HEO system lead to an identification of
possibilities for overcoming the problem.

1 Introduction

In recent years ITU-R Study Groups have received the results of numerous studies of interference
between HEO systems and GSO networks, and in general these results showed that the epfd; and
epfdr limits in Tables 22-1A, B, D and E and Table 22-2 of RR Article 22 would be met by the
HEO systems concerned. In those studies the interference was calculated for the service links of the
HEO systems, each of which is designed so that all its satellites sequentially follow a repeated
ground track with the apogee at or near the highest latitude point, and each satellite transmits and
receives only while it is within an “active” arc containing the apogee. One consequence of such
configurations is that, insofar as the service links are concerned, no satellite is transmitting or
receiving while it is passing through or near to the line between any geostationary satellite and any
point on the Earth’s surface. In a recent review of twelve different HEO orbital configurations it
was found that the minimum off-axis angle to any GSO link at which any HEO service link
transmission occurred was greater than 25°. This characteristic of typical HEO systems generally
enables them to meet the epfd limits without the application of additional interference-mitigation

techniques. Documents

Document Sharing Hub

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.1759 2006


http://www.avadocuments.com/doc/itu-r-s-1759-2006
http://www.avadocuments.com/doc/itu-r-s-1759-2006

Rec. ITU-R S.1759 3

Typically the “active” arc of a HEO system comprises only a quarter or a third of each orbital
period; during the remaining portion continuity of the service links is maintained by the other
satellites following the repeated ground track. But each and every satellite in a system requires its
own telemetry and telecommand carriers, on frequencies exclusive to itself (within the system), and
these carriers need to be able to be transmitted at any time during the life of the satellite in orbit.
This is true for all types of geostationary and non-geostationary satellite, and is not a feature unique
to HEO satellites. Clearly it would not be practicable to operate a satellite whose telemetry and
telecommand carriers could be transmitted only during one quarter or one third of each period of
12, 18 or 24 h, and it is probable that, unlike the service links of HEO systems, there may be a need
for the TT&C links to transmit during “in-line” transitions of GSO links. Hence it is considered to
be necessary to make a separate assessment of the HEO TT&C links in the context of RR No. 22.2
including, where applicable, the RR Article 22 epfd limits. Furthermore, the following points
should also be noted:

— This Annex is focused primarily on performing TT&C operations within the service band
of the HEO system, instead of within the space operation service (SOS) bands, since it is
common to adopt this method for the modern satellite system design. RR No. 1.23 also
defines the SOS as follows: “1.23 space operation service: A radiocommunication service
concerned exclusively with the operation of spacecraft, in particular space tracking, space
telemetry and space telecommand. These functions will normally be provided within the
service in which the space station is operating.” This Annex briefly explores the possibility
of performing TT&C operations within the SOS bands.

- Although the example HEO system is based on TT&C operations in the 12-18 GHz band
(Ku-band), results in this Annex would also be applicable to TT&C operations in other
frequency bands subject to the epfd limits of RR Article 22.

— In cases of TT&C operations in FSS frequency bands which are not subject to epfd limits,
this Annex will also be helpful in the analysis of interference and the identification and
assessment of techniques to mitigate the interference to GSO networks.

2 TT&C links of example HEO system

In order to make an assessment of the nature of the problem outlined in the Introduction a software
model was constructed, enabling the statistics of interference from the TT&C links of an example
HEO system to a variety of GSO uplinks and downlinks to be computed. The essential
characteristics of the example HEO system, known as N-SAT-HEO?2 in ITU-R parlance, are as
follows:

— 3 satellites follow the same ground track, in planes inclined at 45° to the Equator and whose
ascending nodes are spaced at 120° intervals in the Equatorial plane;

— the apogee height is 39 970 km, its latitude is 45° N and its longitude, common to all three
planes, is 135° E;

— the perigee height is 31 602 km, and the orbit eccentricity is 0.099; this low eccentricity
results in each of the satellites being above geostationary altitude throughout the “active”
arc, and only about 412 km below geostationary altitude when crossing the Equator;

— while travelling North to South, the HEO satellites’ ground track crosses the Equator at
123.7° E, and crosses at 146.3° E while travelling South to North;

— for the service links the “active” arc extends from 4 h before apogee to 4 h after apogee
(i.e. for satellite latitudes above 26.5° N);
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— there are four circularly polarized telemetry carriers, i.e. one per satellite plus a fourth for
back-up, on separate frequencies in the 12 GHz FSS band, and each in a bandwidth of
605 kHz, although for most of the time the majority of the power falls within £20 kHz of
the carrier centre frequency; the overall downlink bandwidth is thus about 2.5 MHz; the
satellite e.i.r.p. per telemetry carrier is 7 dBW; the system is designed so that each satellite
can transmit its telemetry carrier continuously;

— there is one circularly polarized telecommand carrier on a separate frequency in the 14 GHz
FSS band for each of the three satellites, in a bandwidth of 600 kHz, although again the
majority of the power normally falls within £20 kHz of the carrier centre frequency; the
overall uplink bandwidth is thus about 2 MHz; the e.i.r.p. per telecommand carrier in
normal mode is 50 dBW (80 dBW in emergency mode); the system is designed so that each
of the three telecommand carriers may be transmitted at any time; for most of each orbit the
telecommand carrier to each satellite is transmitted (when necessary) from a TT&C earth
station in Japan (36.53° N/140.39° E) but, since perigee is not visible from that earth
station, a TT&C earth station in Australia (33.9° S/151.17° E) assumes responsibility for
telecommand transmission to (and telemetry reception from) each satellite while it is within
14 h of perigee;

— the TT&C earth stations have antennas of 10 m diameter, designed to meet the antenna
pattern in Recommendation ITU-R S.580, and track the satellite to which they are
transmitting telecommand signals; as Recommendation ITU-R S.580 only provides the
pattern from 1° or 100*(A/D), whichever is smaller (in this case 100*(A/D) is smaller), the
main-lobe pattern from a different Recommendation needs to be used. The analysis
performed for this example used a modified Recommendation ITU-R S.1428 pattern for the
main-lobe.

- on each satellite the beam for transmission of the telemetry carrier and the reception of the
telecommand carrier has a peak gain of 16 dBi, which corresponds to a half-power
beamwidth of about 30°, and is modelled as meeting Recommendation ITU-R S.672; each
satellite’s TT&C antenna is fixed on the spacecraft and points to the subsatellite point
except during the active arc when the satellite orientation is controlled to keep it pointing to
Japan.

[Nlustrations of the system are given in Figs. 1 and 3, in which the three HEO satellites are seen to
follow a single repeating ground track, and the TT&C earth stations in Japan and Australia are
shown. Figure | illustrates a telecommand carrier interfering with three GSO uplinks, uplink A
representing the worst case due to main beam-to-main beam interference (HEO TT&C earth station
into GSO satellite) during the HEO equator-crossing; uplink B representing a link from a GSO earth
station at 10° elevation to a satellite at worst-case longitude; and uplink C representing a link to a
GSO satellite just far enough away from one of the two worst-case longitudes to enable the epfdt
limit to be met. Note that for uplinks A and C, the GSO earth station is co-located with the HEO
TT&C earth station. For uplinks A and B the GSO longitude = 146.3° E. For Uplink C the GSO
earth station is located 3.7° to the East at 150.0° E.

Similarly, Fig. 3 illustrates a telemetry carrier interfering with three GSO downlinks, D, E and F of
similar nature to the three uplinks. Downlink F has a GSO satellite and corresponding earth station
on the equator, both located at longitude = 121.4° E calculated to be just far enough away (2.3°)
from 123.7° E (one of the two worst-case longitudes) to enable the epfd, limit to be met. For
downlinks D and E the GSO satellite longitude = 123.7° E. The GSO earth station for downlink D
is on the equator also at longitude = 123.7° E. The GSO earth station for downlink E is located at
a point where its elevation angle towards its GSO satellite is 10°. Note that links D and F each have
90° elevation angle.
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FIGURE 1

GSO orbital positions and earth station locations for uplink epfd analysis
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Note that the idea behind the selection of the three example GSO links for each case is to span the
circumstances under which the epfd limits would be exceeded by the TT&C carriers of the HEO
system concerned unless steps were taken to avoid it. Hence:

— Link A is worst-case for the uplink because the GSO satellite is located at an Equator-
crossing longitude for the HEO system and this will result in the GSO satellite periodically
being in the mainbeam of the high gain HEO TT&C earth station;

— similarly, Link D is worst-case for the downlink due to the HEO satellite periodically
entering the mainbeam of the GSO earth station receive antenna;

— Links B and E involve GSO satellites in worst-case longitudes insofar as interference from
the HEO system is concernned, but the interference path length is a maximum for Link E
and in both links the GSO earth stations are operating at minimum elevation; and

— Links C and F involve GSO satellites that are just far enough away in longitude from an
HEO Equator crossing points for the corresponding epfd limit to be met on the shortest
interference path

Figure 2 is a time plot of the epfdr in uplinks A, B and C as one of the HEO satellites traverses the
Equatorial plane, showing that the limit is substantially exceeded in the first two for limited
durations but is just met in the case of Link C. Figure 4 is a CDF of the epfd, statistics for the three
GSO downlinks over a complete orbit period, and here again the limit mask can be seen to be
exceeded in links D and E but just met in Link F.
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FIGURE 2
Variation of epfd+ during “in-line”transitions
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3 Impacts of interference from TT&C of example HEO system

The impacts of the telecommand carrier are described by Fig. 1 and quantified in Fig. 2, and are
summarized as follows:

The epfdr limit would be exceeded in certain 40 kHz sub-bands within an overall bandwidth of
about 2 MHz. Only uplinks to GSO satellites at longitudes within two ranges of 8.0° would be
affected, comprising about 14% of available orbit slots in the region. In these cases the limits would
be exceeded for two periods of up to 37.7 min per orbit period, comprising a maximum of 5.25% of
the time. In the worst cases the limit would be exceeded by several tens of dB for durations of
several tens of minutes, and although the proportion of earth stations whose uplinks would be
affected would be limited, those earth stations could be at any geographical location in the region.

The impacts of the telemetry carrier are described by Fig. 3 and quantified in Fig. 4 and Appendix 1
to Annex 1 (see Fig. 5 and Table 1), and summarized as follows:

The epfd; limit masks would be exceeded in certain 40 kHz sub-bands within an overall bandwidth
of about 2.6 MHz. Only downlinks from GSO satellites at longitudes within two ranges of 4.6°
would be affected, comprising about 9% of available orbit slots. In these cases the epfd; limit mask
for 1.2 m antennas would only be exceeded for two periods of up to 16.5 min per orbit period,
comprising a maximum of 2.3% of the time. In the worst cases the maximum epfd, level in the
limit mask (i.e. the short-term end) would be exceeded by several dB, and the medium term part of
the mask would be exceeded by 10-20 dB. Although the proportion of earth stations whose
downlinks would be affected would be limited, those earth stations could be at any geographical
location in the region.
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