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Working Party 4A

CONTRIBUTION FROM WORKING PARTY 4A TO RAPPORTEUR GROUP SC-5

Rapporteur Group SC-5 has been set up, under the direction of Mr. Hauck, Chairman of Study Group 4, to address issues resulting from Resolution 18 of the Kyoto Plenipotentiary Conference (1994), as can be seen from Document SC96-2/10, Annex 1, and to report to the Special Committee on Regulatory/Procedural Matters.

Recognizing that the terms of reference of WP 4A include studies on the efficient use of FSS orbit/spectrum resources, and that Question 230-4, which calls for studies on technical aspects of Resolution 18, was assigned to WP 4A, it is appropriate for the Working Party to prepare an input to Rapporteur Group SC-5.

Noting that the schedule in Document SC96-2/10 invites contributions by 15 June 1996, a WP 4A input was prepared during the March 1996 meeting. WP 4A took into consideration contributions to that meeting which relate to Question 230-4, and also the texts prepared in earlier meetings of WP 4A which were relevant.

A preliminary draft new Recommendation was prepared at the March 1996 meeting dealing with a possible method of reducing inhomogeneity among carriers during the coordination phase. Other potential Recommendations are suggested but need further study.

This contribution addresses the technical aspects of the six issues assigned to SC-5 in the sequence listed in Annex 1 of SC96-2/10. While the work is preliminary, WP 4A will discuss these issues further at its next two meetings.

Working Party 4A suggests that SC-5 considers inter alia the possible regulatory/procedural implications of the technical options given in this contribution, which are being developed in Working Party 4A.

Working Party 4A is planning to prepare an input document for Study Group 4 at its January 1997 meeting to send to the Director, BR.

�A	Efficient use of the orbit/spectrum resource

1	Review of current ITU-R Study Group 4 Recommendations relating to orbit/spectrum efficiency

The current ITU-R SG 4 Recommendations are classified according to the following structure:

ITU-R S-series

Section 4A	-	Definitions

Section 4B1	-	Systems aspects

Section 4B2	-	Performance and availability

Section 4C	-	Earth station and baseband characteristics - Earth station antennas - Maintenance of earth stations

Section 4D1	-	Permissible levels of interference

Section 4D2	-	Coordination methods

Section 4D3	-	Spacecraft station�keeping - Satellite antenna radiation pattern - Pointing accuracy

Section 4E	-	Frequency sharing between networks of the fixed-satellite service and those of other space radiocommunications systems

ITU-R SNG�series

Satellite News Gathering.

ITU-R SF�series

Section 4/9A	-	Sharing conditions

Section 4/9B	-	Coordination and interference calculations

While all of these Recommendations may have some indirect impact on the efficient use of the FSS Orbit/Spectrum resource, those which have a direct impact are within the ITU-R S�series and more specifically within 4B1, 4C, 4D1, 4D2 and 4D3.

Section 4B1 - System aspects

Generally, satellite networks with inhomogeneous system parameters will require larger satellite spacing than networks with homogeneous systems parameters. Several Recommendations have been adopted to limit the inhomogeneity of FSS networks by constraining parameters of the networks which are most extreme. Two areas of inhomogeneity which are of most importance in coordinating satellite networks and have been found to be acceptable for constraints are earth station off�axis e.i.r.p. density and these e.i.r.p. density variations in time due to atmospheric attenuation.

Recommendations for VSAT networks

Recommendations ITU-R S.725, 726, 727, 728 and 729 are related to the performance of VSAT networks. Since VSAT networks generally use small antenna earth stations and narrow bandwidth transmissions, they are generally the networks which are most sensitive to interference.  By limiting the off�axis e.i.r.p. density from transmitting VSAT earth stations as contained in Recommendation ITU-R S.726, VSAT network inhomogeneity can be reduced. Interference into VSAT networks can be reduced by reducing the off�axis gain of the small antenna, reducing the sensitivity of the signal to certain types of interference, coordinating carriers using macro or �microsegmentation techniques, and by increasing the size and consequently the directivity of the antenna.

Limiting minimum antenna size does not seem to be practicable, in fact there are economic and market pressures which are driving antenna sizes even smaller in order to provide direct satellite access to the user. However, this may limit the number of satellites in a portion of the orbital arc. Therefore, it would be desirable to focus orbit/spectrum efficiency efforts on other categories such as signal sensitivity and coordination techniques. An approach which has been successfully implemented by one administration is to require a system design to be compatible with a minimum satellite spacing of 2 degrees.

Recommendations for fade countermeasure strategies

Large inhomogeneities resulting from power margins will generally require larger spacing of satellites. In networks which operate in frequency bands where atmospheric rain fades must be overcome, uplink power control or some other fade countermeasure strategies can be employed to reduce the inhomogeneity of two networks. These strategies are discussed in Recommendation ITU�R S.1061.

Options for new system design Recommendations

During the WP 4A meeting of March 1996, an input contribution proposed to institute a mechanism to check the inherent orbit/spectrum efficiency of a network. A "x° self-compatibility" concept, i.e. the obligation of a network not to create excess interference into an identical network located x° away on the orbital arc or to accept the same level of interference that it would create. In the input contribution, the view was expressed that application of this criterion would ensure that satellite networks are not placing on others constraints that they would not be ready to accept from themselves. Limited results had been provided indicating that, with different degrees of effort, some representative GSO FSS networks would be able to satisfy, in a purely digital mode, a 4° self�compatibility, and possibly a 3° self-compatibility compliance. It was however recognized that the proposed concept does not ensure compatibility between networks. This concept is being studied further.

Section 4C - Earth station and baseband characteristics

The off�axis performance of earth station antennas is one of the most important parameters in determining adjacent satellite spacing requirements since it is directly related to the power of the interfering signal. The characteristics of the transmitted signal can also have an impact on orbit/spectrum efficiency. FM-TV carriers, for example, can have a strong residual carrier component which can interfere with a narrow bandwidth carrier on an adjacent satellite. This example of non�uniform frequency spectral density can be made less interfering by using artificial carrier energy dispersal.

Earth station off�axis performance

Recommendations ITU-R S.465 and ITU-R S.731 specify the off�axis reference patterns for co� and cross�polarization to be used in coordinating satellite systems. Recommendation ITU-R S.580 specifies design objectives for the off�axis performance of new antennas. Recommendation ITU�R S.734 proposes the use of certain interference cancellation techniques. 

�Energy dispersal

Recommendation ITU-R S.446 specifies energy dispersal techniques for both analogue and digital carriers to enhance frequency sharing.

Options for new earth station and baseband characteristics Recommendations

–	With offset�fed antennas, it may be possible to achieve off�axis performance better than the current Recommendations; even for relatively small antennas.

–	Recommendation for the use of less sensitive modulation types and use of advanced FEC could be developed.

–	Recommendation for the use of more uniform carrier frequency spectrum density modulation methods could be developed.

–	e.i.r.p. density limits which vary with bandwidth might be developed.

Section 4D1 - Permissible levels of interference

Maximum permissible levels of interference

The following Recommendations relate to the maximum permissible levels of interference into various carrier types:

–	ITU-R S.466 - FDM-FM telephony;

–	ITU-R S.483 - FM-TV;

–	ITU-R S.523 - 8 Bit PCM voice;

–	ITU-R S.735 - ISDN;

–	ITU-R S.671 - SCPC protection ratios.

In the first four cases the levels are based upon a percentage of total noise for a single entry interference and an aggregate level of interference. In the last case the level is given as a protection ratio which is based upon measurements of interference from FM�TV signals.

Off-axis e.i.r.p. density limits from transmitting earth stations

Recommendation ITU-R S.524 specifies off�axis e.i.r.p. density limits which depend upon the carrier type.

Options for new interference level Recommendations

Higher intersystem interference noise allocations may be recommended for some more sensitive carrier types which currently limit satellite spacing.

Section 4D2 - RF carrier coordination methods

Coordination methods and techniques

Recommendation ITU-R S.737 describes the relationship of the technical coordination methods used in the FSS. ITU-R S.738 and 739 describe methods for determining whether coordination is required, and ITU-R S.740 and 741 describe methods of coordination.

�Orbit management approaches

ITU-R S.742 describes methodologies which can be used in system planning that might help eliminate some coordination difficulties. ITU-R S.743 describes the coordination process for satellites using slightly inclined orbits. ITU-R S.744 describes considerations which should be taken into account when satellites have more than one service in one or more frequency band. ITU�R S.1002 describes orbit management techniques for the FSS.

Options for new coordination method Recommendations

–	Recommendation for more dynamic and uniform coordination practices, such as progressive coordinations with periodic meetings to revise agreements based upon actual traffic situations, multilateral coordinations, more effectively using new items to be included in the AP 3 data and informal planning activities. Consideration might be given to using an interference analysis programme as the first step in a coordination exchange.

–	Regional coordination agreements.

–	Operational agreements in coordination.

–	Single type of coordination methodology.

Section 4D3 - Spacecraft characteristics

Spacecraft station-keeping

ITU-R S.484 describes nominal station�keeping requirements. ITU�R S.670 recommends that a satellite be designed to accommodate a small move in orbital position to enhance flexibility.

Satellite antenna radiation patterns

ITU-R S.672 specifies roll�off characteristics for satellite antennas to allow the coverage area reuse of an orbital arc segment.

Satellite antenna pointing accuracy

ITU-R S.1064 specifies a satellite antenna pointing accuracy design objective.

Options for new spacecraft characteristics Recommendations

–	Possible Recommendation on a minimum number of transponders and power levels for satellites taking into account the purpose and requirements of satellite systems.

–	Possible Recommendation on the use of polarization frequency reuse.

–	Possible reuse of frequency by means of networks employing satellites in orbits of the high apogee elliptical type (HEO).

2	FSS allocations for application of Resolution 18

Introduction

The Radiocommunication Assembly-95 adopted a new Question for Study Groups concerned with studies for Efficient Use of FSS Orbit/Spectrum Resources resulting from Resolution 18 �(Kyoto 94). decides 3 states:

	"In which parts of the geostationary orbit and in which sub-bands have there been technical and operational difficulties in coordinating new FSS networks, what have been the nature of such difficulties, and to what extent would they ultimately reduce the achievable orbit/spectrum capacity if no steps were taken to overcome them?"

This section responds to this Question.

Information on use of the GSO by FSS systems

A principle source of information on the present and potential areas of congestion of the FSS are the space network lists published by the ITU-BR regarding the status of satellite networks. The most recent quarterly publication was issued on 5 December 1995. Of particular interest are:

Part A, Section 1, and

Section 9.

The first is a list of geostationary space stations for which information has been communicated in application of the provisions of Article 11 (Sections 1 and II) and/or 13 of the Radio Regulations.

Part A, Section 1 includes (1) orbit position; (2) regulatory status; (3) administration; (4) network name; and (5) frequency bands.

There are 42 pages of this section, with each page containing approximately 38 listings.

Section 9 is a list of advance publication requests not yet published by the Radiocommunication Bureau. This list contains (1) date of receipt; (2) administration, make of network, (3) orbital position; (4) frequency bands, and (5) class of station.

There are 59 pages of these listings, each with 35 entries.

Analysis of lists

A brief analysis of the lists described above can give a reasonable estimation of where the problem areas are regarding use of the GSO by the FSS.

In the Part A, Section 1 list, a majority of the listings on each of the 29 pages are in frequency bands 4, 6, 11, 12, 13, and 14. These bands correspond to the frequency ranges below:

Frequency range (MHz)��3 400 - 4 800��5 925 - 7 025��10.600 - 11.700��11.700 - 12.750��12.750 - 14.000��14.000 - 14.800���There are approximately 1 100 entries in list A of Section 1. Many have the same orbit location, frequency, and administration. They represent multiple networks of the same satellite system. A further analysis of the networks, and frequencies in this list indicate at least one network at each of the 360° of orbit arc. The listings between 50°W - 145°W are spread at intervals of approximately 2.5°, due in part to the informal management of the GSO FSS systems serving North America.

It has been shown in the issue of 8 January 1996 of Aviation Week Magazine that in reality there are considerable unoccupied orbit positions. Thus, a major difficulty in certain FSS bands is knowing which among the many ITU-BR entries are the actual satellite networks which will be implemented and when.

Summary/Recommendation

In dealing with Resolution 18 issues it is important to identify the FSS allocations in which there is congestion and coordination problems. As this brief analysis indicates the problem areas are in the bands identified above. A further refinement of the analysis indicates that the particular frequency bands of concern are those identified in Resolution 110-3, "Improved procedures for certain bands". This Resolution identifies certain allocations for which the use of multilateral arrangements could be beneficial in the resolution of coordination difficulties. They include:

	3 700 - 4 200 MHz

	5 850 - 6 425 MHz

	10.95 - 11.2 GHz

	11.45 - 11.7 GHz

	11.7 - 12.2 GHz (R.2)

	12.5 - 12.75 GHz (R1 & 3)

	14.0 - 14.5 GHz

These are the bands within the bands above where the coordination and congestion problems exist.

A review of the section 9 information indicated above indicates a large number of proposed 20/30 GHz FSS GSO networks, while the FSS bands in this region of the spectrum have not yet experienced coordination difficulties, such can be anticipated as a consequence of the large number of advance publications awaiting to be published. A further examination of the bands of concern indicate that the allocations of concern are:

	17.7 - 20.2 GHz

	27.5 - 30.0 GHz

Thus, it is also recommended that these bands be added to those above.

3	Relevant texts prepared at earlier meetings of WP 4A

Document 4A/65�February 1995�pp. 16-18�Experience of the BR in applying the provisions of the FSS Allotment Plan in RR Appendix 30B.��"�pp. 59-64�Maximum permissible levels of interference in a GSO network for an HRDP operating at or above the primary rate in the FSS caused by other co�directional networks below 30 GHz.���

"�pp. 85-104�Maximum permissible level of interference in a TV channel of a GSO network in the FSS employing FM, caused by other networks of this service.��"�pp. 105-150�Interference allowances and the capacity of the GSO in an inhomogeneous environment.��"�pp. 151-165�Results of theoretical studies and measurements on the radiation characteristics of microstrip patch antennas.��"�pp. 166-186�Characteristics of a proposed Ka-band GSO FSS antenna system to provide global two-way digital service between VSATs.��"�pp. 187-209�Characteristics of a LEO FSS network for operation in the bands 27.5 - 29.5 GHz and 17.7 � 19.7 GHz.��"�pp. 248-308�Maximum permissible level of FM/TV interference to SCPC and IDR digital transmissions in networks of the FSS.��"�pp. 334-336�Working Party 4A thoughts for consideration by CPM�95 on the possible improvement of frequency coordination procedures.��Document 4A/2�November 1993�pp. 195-196�Long-term interference criteria for a satellite HDRP in the FSS above 15 GHz.��"�pp. 197-203�Study of the impact on the efficient use of the GSO of the use of small TVRO dishes in the FSS frequency bands.��"�pp. 204-229�Interference considerations of ultra-small earth station antennas used in the FSS.��Document 4A/181�July 1992�pp. 75-76�Use of stochastic and/or statistical considerations in coordination.��"�pp. 90-94�A study on interference allowance in digital carriers based on a homogeneous system.��B)	Equitable access to the orbit and spectrum resource

Pages 16-18 of Document 4A/65 contain a discussion of the experience of the RB in applying the provisions of the FSS Allotment Plan contained in Appendix 30B to the Radio Regulations. This document points out difficulties in applying the procedures for the addition or modification to the Plan. Further study is suggested.

C)	DTH use of FSS bands

Recommendation S.672 provides some technical information on the ability to achieve off-axis satellite antenna performance outside the service area. Study Group 4 is addressing a question on the impact of TVRO systems (Q.203-1/4).

�D)	Role of governments, system operators, the Radio Regulations Board, the Radiocommunications Bureau and the international organizations operating satellite systems in keeping the ITU regulatory regime adapted to the varying technologies

Within the ITU-R study groups, administrations submit information on new technologies and their applications. This information is used in developing Recommendations on interference and sharing criteria. These Recommendations are used in developing inputs to the CPM as appropriate for preparation for WRCs.

E)	Aspects of regional coordination

Coordination of new satellite networks may be facilitated when their implementation is carried out on a subregional basis, and after multilateral arrangements. These arrangements having been developed and agreed to in advance by the administrations involved in a given geographic area, expedites the implementation of their networks.

F)	Multiple procedures

Recommendation S.744 deals with this subject.
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