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1
Introduction

The 1997 World Radiocommunication Conference (WRC-97) reviewed the Broadcasting-Satellite Service (BSS) planning principles proposed by several administrations and those adopted by the 1995 World Radiocommunication Conference (WRC‑95) in Resolution 531 (WRC-95). WRC‑97 agreed to establish an Inter-Conference Representative Group (IRG) to study the feasibility of increasing the minimum capacity for countries in Regions 1 and 3 to around the equivalent of ten analogue channels.

Pursuant to Annex 2 of Resolution 532 (WRC-97), the IRG was established and structured to include a Group of Technical Experts (GTE) working under the guidance of the IRG. As a result, Administrative Circular letters were sent to all Member States and Sector Members, regional broadcasting organizations and regional telecommunications organizations inviting them to participate in the activities of the GTE. The GTE held four meetings during 1998 and 1999.

This report details the actions that were performed by GTE to implement Resolution 532 (WRC‑97).

2
Resolution 532

Resolution 532 (WRC-97) provides the basis for the BSS replanning studies. Annex 1 of Resolution 532 (WRC-97) sets forth eight planning principles to be used as a basis for the studies to be undertaken in regard to the feasibility of achieving the goal referred to in resolves 2 of Resolution 532 (WRC-97). That is, examination of the feasibility of increasing the minimum assigned BSS capacity for countries in Regions 1 and 3 to around ten (10) analogue-equivalent channels.

The IRG examined each of the eight listed principles and provided clarification, where necessary, for the GTE in using these principles in its work.

3
Administrative matters and organization of the work

3.1 
IRG-1

The first meeting of the Inter-conference Representative Group (IRG) was convened from 2 to 4 February 1998 in response to Circular-letter CR/83 of 15 December 1997. The meeting was attended by 41 representatives of 24 administrations and international organizations. Mr Robert W. Jones, Director of the Radiocommunication Bureau, noted that the IRG had been established as a result of Resolution 532 (WRC‑97). That Resolution established the primary mandate of the IRG and the Group of Technical Experts (GTE).

Mr Ralph Zeitoun (CAN) was unanimously elected Chairperson of the IRG. The Vice-Chairpersons elected to represent different areas were:

Africa




Mr I. Samake (Mali)

Arab Group



Mr N. Kisrawi (Syria)

Asia & Asia Pacific

Mr Behdad (Iran)

Europe




Mr A. Frederich (Sweden)

Region 2



Mr E. Reinhart (United States of America)

It was agreed that Mr K. Arasteh of the Radiocommunication Bureau would be the Chairperson of the GTE and it was expected that the GTE would operate in a manner similar to the BSS Planning Exercises Team (PXT) which prepared the draft revised Region 1 and 3 Plans for WRC-97. The 

IRG requested that the Bureau send a circular-letter inviting all administrations, Sector Members, regional broadcasting organizations and regional telecommunications organizations to participate in the activities of the GTE. In particular, the participants were encouraged to submit their contributions to the first meeting of the GTE. It was noted that in accordance with Resolution 532, ITU was requested to provide financial assistance to facilitate the participation in the work of the GTE by developing nations.

JWP 10-11S formed a Special Rapporteur Group (SRG-1) to, inter alia, assist the work of the IRG and GTE. Mr C. Dosch (Germany) was appointed as Chairperson of the SRG. 

In the conclusions of the first IRG meeting (IRG-1), three approaches to replanning the Region 1 and 3 BSS Plan were defined (Approaches A, B and C). 

3.2 
GTE-1

The first meeting of the GTE (GTE-1) was convened from 6 to 9 April 1998 in Geneva in response to Administrative Circular CA/52 of 15 December 1997. This meeting was attended by 46 representatives of 32 Member States and Sector Members. Mr K. Arasteh of the Radiocommunication Bureau chaired the meeting. The work of the meeting was divided amongst issues that were dealt with in Plenary session and issues dealt with in Working Groups. Four Working Groups were convened. The names of the groups and their Chairperson are listed below:

WG 1 to deal with Approach A

Mr C Dosch (Federal Republic of Germany)

WG 2 to deal with Approach B

Mr Z. Mendas (EUTELSAT)

WG 3 to deal with Approach C

Mr T O'Leary (European Broadcasting Union)

WG 4 to review Annex 7 of AP30/S30
Mr E. Reinhart (United States of America)

GTE‑1 examined the feasibility of replanning based on Approaches A, B and C, examined a proposal for another replanning approach based on allotment of channels (Approach D) and dealt with other issues such as the review Annex 7 of Appendix S30, liaison with ITU-R Study Groups, consideration of the study of DTH/BSS and consideration of avoidance of monopolization of the BSS resource.

3.3 
IRG-2

The second meeting of the IRG (IRG-2) was convened in Geneva from 1 to 4 September 1998 in response to Circular-letter CR/98 of 3 July 1998. The meeting was attended by 55 representatives of 34 administrations and international organizations. At IRG-2, the Bureau presented results of replanning studies on "Approach A" and possible requirements needed to implement Approaches B and C. During the IRG-2 meeting, an attempt was made to reduce the number of study approaches by the GTE as far as possible. Consequently, the IRG-2 concluded that Approaches A and B should not be further pursued. It reviewed a modified "Approach A" and concluded that this approach and "Approach C" should be merged to create a new approach, "Approach 1". The IRG-2 also reviewed an alternative approach, "Approach 2" proposed by a group of Arab and African Administrations at the meeting, and concluded that a number of clarifications/modifications were required to this approach before it could be investigated further. 

3.4 
GTE-2/IRG-3

The second meeting of the GTE (GTE-2) was held in Geneva over four days during the period 15‑16 and 18-19 February 1999 in response to Administrative Circular CA/56 of 4 December 1998. This meeting was attended by 124 representatives of 67 Member States, Sector Members and other organizations The first two days of GTE-2 considered the results of studies on "Approach 1" and 

contributions on "Approach 2". After consideration of these inputs, the GTE further refined "Approach 2" and more precisely defined the technical parameters to be used in replanning based on that approach.

GTE-2 reported its findings on Approaches 1 and 2 to the third meeting of the IRG (IRG‑3). IRG-3 was convened in Geneva on 17 February 1999 in response to Circular-letter CR/111 of 8 December 1998. It was attended by 89 representatives of 49 administrations and international organizations. Mr Yoshio Utsumi, the Secretary-General of ITU, addressed the meeting and highlighted the importance of modernizing the BSS Plans for Regions 1 and 3. IRG‑3 considered both planning approaches and concluded that a new planning approach that combined elements from both Approaches 1 and 2 should be pursued. In the absence of an alternative suggestion, it was named the "Planning Approach". 

The third and fourth days of the GTE-2 meeting (18 and 19 February 1999) considered the new "Planning Approach". The GTE-2 made a number of comments on the report from IRG-3 to GTE-2 and developed the new technical assumptions and a methodology to carry out initial studies based on the "Planning Approach". 

3.5 
GTE-3

The third meeting of the GTE (GTE-3) was held in Geneva during the period 28‑30 June 1999 in response to Administrative Circular CA/65 of 15 April 1999. The meeting was attended by 88 representatives of 58 Member States, Sector Members and other organizations. The GTE-3 considered input documents on preferred orbital positions, channel raster study, technical assumptions and methodology for the "Planning Approach", results on initial replanning studies for the downlink conducted by the Bureau, results of another initial study conducted by the AGTE, and results of preliminary compatibility analyses with other services and the Region 2 Plan. 

A summary of the conclusions of the GTE-3 studies was submitted to the IRG-4 for its consideration. A number of policy issues were raised during the Bureau's consultations on orbital positions and composite beams and whilst conducting the initial replanning studies. These required clarification/advice of IRG-4 in order to further carry out replanning studies and were also submitted to IRG-4 for consideration.

3.6 
IRG-4

The fourth meeting of the IRG (IRG-4) was held in Geneva on 1‑2 July 1999 in response to Circular-letter CR/121 of 31 March 1999. The meeting was attended by 89 representatives of 49 administrations and international organizations 

IRG-4 reviewed the GTE-3 findings on the initial studies based on the Planning Approach. As a result of deliberations, three documents were produced that provided the conclusions of IRG-4 on the methodology and basic technical assumptions to facilitate the further implementation of the "Planning Approach". IRG-4 also addressed the specific requests from other administrations and provided conclusions on them in Attachment D of the IRG-4 Report.

3.7 
GTE-4

The fourth meeting of the GTE (GTE-4) was held in Geneva during the period 27 September - 1 October 1999 pursuant to Administrative Circular CA/68 of 16 August 1999. This meeting was attended by 81 representatives of 51 Member States, Sector Members and other organizations (see Attachment 2 for further details).

In approving the agenda (Attachment 1), the fourth meeting considered the report of the GTE‑3 and approved it without modification.

The work of the GTE-4 meeting was divided amongst issues that were dealt with in Plenary session and issues dealt with in Working Groups. Three Working Groups were convened. The names of the groups and their Chairpersons are listed below:

WG 1
to further develop and refine the assumptions and methodology to be used in replanning studies
Mr C. Dosch (Federal Republic of Germany)

WG 2
to address issues associated with compatibility with other services
Mr Z. Mendas (EUTELSAT)

WG 3
to address issues related to Annex 7 of Appendix S30
Mr E. Reinhart (USA)

The GTE-4 considered thirteen contributions from the Radiocommunication Bureau, administrations and regional organizations. Eleven of those documents concerned BSS-BSS compatibility issues. Two concerned compatibility with other services. The three Working Groups produced 11 temporary documents in their deliberations. A list of the meeting's documents is provided at Attachment 3.

4
Initial planning approaches

The IRG initially defined three approaches to replanning the Region 1 and 3 BSS Plan. IRG-1 concluded that the GTE should initially consider the three approaches in sequence. However, the GTE could also consider other appropriate planning approaches. A fourth replanning approach based on the allotment of channels (Approach D) was proposed to the GTE. The four initial approaches were:

Approach A

Incremental approach

Approach B

Additional orbital position approach; and

Approach C

Complete replanning approach

Approach D

Allotment Approach

4.1
Approach A

Approach A is an incremental approach based on maintaining the current 1997 Plan structure as it evolves and studying the possibility of adding more channels one by one up to 10 channels to serve each Test point/Service area while maintaining the same proportionality principle adopted by WARC BS-77.

Initial studies found that the strict application of Approach A would, over a large portion of the orbital arc (37° W to 74° E except for two orbital positions), not allow even one additional channel to be added for every candidate beam at a given orbital position. The GTE extended the definition of Approach A to include the possibility of selecting additional channels at other nominal orbital positions of the Plan as it evolves.

However further work was not conducted as the IRG concluded that the modified Approach A should be merged with Approach C to create a new approach, Approach 1.

4.2
Approach B

Approach B is based on maintaining the current 1997 Plan structure as it evolves and studying the possibility of providing additional channels from another orbital position (might be the same orbital position for some countries) to form a subregional coverage instead of national coverage while maintaining the same proportionality principle adopted by WARC BS-77. The total number of channels for both national and regional coverage should be greater than or equal to 10 channels. This approach could be based on uniform or non‑uniform orbital spacings different from the current 6º nominal orbital separation for additional channels.

Initial work on Approach B was conducted but further work was not performed as the IRG concluded that this approach should not be further pursued.

4.3
Approach C

Approach C is a complete replanning approach based on maintaining "existing" systems and reshuffling the rest of the available capacity in order to provide a minimum of 10 channels to each Test point/Service area while maintaining the same proportionality principle adopted by WARC BS-77.

Initial work on Approach C was conducted but further work was not performed as the IRG concluded that this approach should be merged with the modified Approach A to create a new approach, Approach 1.

4.4
Approach D

Approach D is complete replanning approach based on maintaining "existing" systems and alloting in a band of 400 MHz a minimum of 10 channels to each Test point/Service area while maintaining the same proportionality principle adopted by WARC BS-77.

Initial work on Approach D was not conducted by the GTE.

Details on the four initial replanning approaches are at Attachment 4.

5
Further planning approaches

In view of the limited resources available to perform replanning studies, the IRG reduced the number of study approaches to be examined by the GTE as far as possible. The IRG-2 concluded that Approaches A and B should not be further pursued. The modified "Approach A" and "Approach C" were merged to create a new approach, "Approach 1". The IRG-2 also considered an alternative approach, "Approach 2" that was proposed by a group of Arab and African Administrations. 

5.1
Approach 1

Approach 1 is based on maintaining the WRC-97 Plan as it evolves. In necessary cases, changes to orbital positions (including additions) and/or assignments are to be explored provided that compatibility with the Region 2 BSS Plan and with services having allocations in the planned bands is ensured. Additional channels are assigned in order to bring the total number of channels to 10 per test point for countries with between 5 and 10 channels per test point in the WRC-97 Plan, and to 8 channels per test point for countries with 4 channels per test point in the WRC-97 Plan. In this second case, a subsequent study which increases the number of channels for countries with 4 channels per test point to 10 channels per test point (instead of 8) is performed, if possible.

5.2
Approach 2

Approach 2 is based on an allotment Plan splitting the planned band in Region 1 into sub-bands of 400 MHz each, and 500 MHz in Region 3. The replanning consists in allotting to each country/coverage area a sub-band (or band) of 400 MHz with one polarization in Region 1, and 500 MHz with one polarization in Region 3. The replanning is based on the principles contained in Resolution 532 and uses the characteristics and criteria defined for Approach 1.

IRG-2 concluded that a number of clarifications/ modifications were required to this approach before it could be investigated further. The GTE further refined "Approach 2" and more precisely defined the technical parameters to be used in replanning based on that approach. Further work was not conducted as the IRG concluded that a new planning approach that combines elements from both Approaches 1 and 2 should be pursued.

6
The "Planning Approach"

The "Planning Approach" was defined by the IRG at its third meeting. It is based on elements from Approach 1 and Approach 2. 

6.1
Description of the "Planning Approach"

Replanning is performed on the basis of 10 defined channels grouped in a continuous band for each country in Regions 1 and 3. There are two options:

i)
10 defined channels, with a spacing of 38.36 MHz, grouped in a continuous band of 400 MHz with one predetermined polarization; and

ii)
10 defined channels, with a spacing of 38.36 MHz between co-polarized channels, grouped in a continuous band of 200 MHz with two predetermined polarizations.
If studies in Region 3 utilizing 500 MHz demonstrate that more channels could be assigned for some Region 3 countries without creating undue constraints on BSS in Region 1, the results of these studies are to be taken into account. 

6.2
Preferred orbital positions

In accordance with Resolution 1129 of Council-98, the IRG requested that the Bureau consult with administrations regarding the orbital positions to be used in studies based on the "Planning Approach". 

A Circular-letter, CR/117 dated 1 March 1999 (and a reminder), was sent to all administrations requesting them to inform the Bureau of their preferred orbital position(s) for their beam(s). The Bureau received replies from 52 administrations in response to Circular-letter CR/117.

A list providing all preferred orbital positions and the orbital positions used as a starting point in the replanning studies is in Document GTE99-4/1.

6.3
Technical assumptions

The basic technical assumptions for the "Planning Approach" were initially developed by GTE-2 and further refined by the GTE-3, IRG-4 and GTE-4. The basic technical assumptions as amended by GTE‑4 are at Attachment 6.
6.4
BSS/BSS replanning studies (downlink and feeder link)

6.4.1
Methodology

The methodology to implement the "Planning Approach" was initially developed by GTE-2 and further refined by the GTE-3, IRG-4 and GTE-4. The methodology as revised by GTE‑4 is at Attachment 5.
6.4.2
Summary of results

The GTE conducted initial replanning studies on the "Planning Approach" for the downlink based on analogue emissions with 10 channels in Regions 1 and 3 utilizing channel raster b). The results found that 80% of the beams considered were successfully allotted 10 channels in a continuous band of 400 MHz at Step 3. The Step 4 process accommodated most of the remaining beams at other orbital positions.

Another initial study was conducted by the AGTE. It was generally based upon raster b) with 10 channels for Region 1 and 12 channels for Region 3. In considering the results of the example downlink exercise, AGTE concluded that it was possible to conduct a satisfactory planning exercise on the basis of 10 channels for Region 1 and 12 channels for Region 3.

Details of the results of the replanning studies conducted for GTE-4 is detailed in section 7 below.

6.5
Studies of compatibility with other services and the Region 2 Plan

According to Principle 8 of Annex 1 to Resolution 532 (WRC-97), compatibility should be ensured between BSS in Regions 1 and 3 and services having allocations in planned bands in all three Regions. Principle 8 of Annex 1 states that the integrity of the Region 2 Plan should be ensured.

6.5.1
Methodology

The methodology used for compatibility analysis is detailed in Document GTE99-3/19.
6.5.2
Summary of results

A preliminary compatibility analysis was conducted on the downlink results presented to GTE-3. A more detailed analysis was conducted for GTE-4, the results were provided in Document GTE99‑4/12. 

The results of the study indicated that there are no particular problems with interference to Region 2 BSS Plan assignments as well as to terrestrial stations in Region 2 (limits in sections 3 and 4 of Annex 1 of Appendix S30). However, there are incompatibilities with the protection of terrestrial stations in Regions 1 and 3 and FSS assignments in Regions 2 and 3. Possible technical and regulatory measures to overcome these incompatibilities were discussed during GTE-4. A report outlining the issues and the practical measures proposed is at Attachment 8.

Compatibility analyses with respect to feeder-link assignments and the analyses of potential interference from terrestrial services and Region 2 BSS Plan into proposed Region 1 and 3 downlink assignments have not yet been conducted.

7
Further development and implementation of the "Planning Approach" by GTE-4

The following was performed by GTE-4 on the "Planning Approach".

7.1
Bureau's studies

The Bureau reported that it had received three additional responses to Circular-letter CR/117 since the GTE-3 meeting. An updated list summarizing all preferred orbital positions and the orbital positions used as a starting point at Step 3 was presented to the meeting (see Document GTE99‑4/1).

The Bureau reported that, in accordance with IRG-4 conclusions, it had conducted a replanning study for the downlink based on the revised "Planning Approach" using the new digital protection ratios. The results were provided in Document GTE99-4/3 and found that 95% of the 198 beams considered were successfully allotted 10 channels in a continuous band of 400 MHz at Step 4. The Step 5 process could not resolve incompatibility problems associated with the remaining 10 beams These beams were located in the region of "Europe" with the major source of incompatibility being existing systems At Step 6, none of the 10 multinational beams considered could be accommodated with the required number of channels. 

The Bureau also reported preliminary results of its replanning studies on the feeder-link assuming primarily the 17 GHz frequency band, as decided by IRG-4 (see Document GTE99-4/11).

7.2
Technical assumptions and methodology

GTE-4 further refined the technical assumptions and methodology on which the downlink and associated feeder-link planning studies are based. Several possible solutions to assist in resolving the remaining incompatibilities in the downlink were considered. Those to be applied on a general basis were: 

•
ignore interference beyond a certain orbital separation;

•
increase the threshold value of EPM for "being affected by" Plan entries from 0.25 dB to 0.45 dB; and

•
use improved earth station receive antenna characteristics if available through JWP 10-11S.

Solutions that could be applied on a specific case-by-case basis were:

•
spread the 10 channels over 800 MHz instead of 400 MHz;

•
invite the administration of an affected existing system to accept a small theoretical e.i.r.p. increase up to 1 dB or accept a degradation in EPM up to 1 dB. 

A number of changes were made to the methodology to be applied in the replanning studies.
Additional detail was added to the Step 3 methodology for the treatment of downlink "planned" beams not included in the initial "Draft Step 3 Plan" in order to accommodate orbital position preferences as much as possible. A new Step 6 was included for the treatment of multinational beams after Step 5. Similarly, the methodology for the feeder-link (Step 7) was further refined by GTE-4. For further details, refer to Attachments 5 and 6.

7.3
AGTE study
The AGTE reported that it had conducted ongoing studies to investigate the feasibility of replanning under Resolution 532. An example of a trial downlink and feeder-link plan for Region 3 assuming analogue modulation was presented (see Document GTE99‑4/9). In considering the results of the example exercise, AGTE indicated that the task of Resolution 532 may be feasible, on the basis of providing at least 12 national assignments to all administrations in Region 3.

At the request of the AGTE from Region 3, GTE will use the default orbital positions proposed by AGTE in Document GTE99-4/9, 24 September 1999, as default orbital positions for Region 3 in the GTE replanning studies, unless a different preferred orbital position had been requested by an 

administration in that Region in response to CR/117. The Region 3 administrations for which a default orbital position was proposed by the AGTE which is different from that of Appendices S30 and S30A, will be consulted by the Bureau in order to confirm or otherwise this course of action, noting that absence of reply will mean agreement with the choice of orbital position indicated in Document GTE99-4/9. A Circular-letter will then be issued by the Bureau in order to inform all administrations of the orbital positions used as a starting point in the replanning studies.

7.4
Study related to the request made by Region 3 at IRG-4

In accordance with an IRG-4 request, the Bureau conducted a study on the impact of adding two additional channels to the beams of Region 3 countries at the orbital positions determined at the end of Step 4 (see Document GTE99-4/8). Due to lack of time only the effect in the downlink was studied. The study concluded that it was possible to add two additional channels for each Region 3 country for the downlink if the orbital positions and channel blocks of some beams determined at the end of Step 4 are properly adjusted.

7.5
Multinational beam study for Germany, Austria, Switzerland and Liechtenstein

The IRG-4 requested the GTE to perform a study to determine the impact of a proposal from the Administrations of Germany, Austria, Switzerland and Liechtenstein to include a new multinational beam covering their territories with 10 channels per country in the replanning studies in place of their national beams. The Bureau conducted a study to assess the impact of the multinational beam proposal. The results of the study found that it was not possible to accommodate the proposed multinational beam for Germany, Austria, Switzerland and Liechtenstein with 10 channels per country into the draft plan without negative EPM. In light of the new technical measures made to the "Planning Approach", the study would be conducted again with the revised assumptions and methodology and the results reported to IRG-5 for its consideration.

7.6
Request from HISPASAT

At the request of the HISPASAT expert, the following words were requested to be included in this report: "Regarding the new planning exercise presented to GTE-4 by the Bureau, HISPASAT expresses that the channel arrangement assigned to the Administration of Tunisia is not practical at 30º W due to HISPASAT having a new satellite which will be launched at the end of 1999, and the new satellite will make use of the frequency assignments of the HISPASAT-2 network included in Part B of the WRC-97 BSS Plan, which are the same as those assigned to Tunisia in the downlink replanning exercise presented to GTE-4". The issue will be studied in accordance with the conclusions reached at preceding IRG meetings, the guidance given to GTE, and the relevant principles contained in Annex 1 to Resolution 532 (WRC-97). The results will be reported to IRG‑5.

8
Issues to be reported to IRG-5 which were raised at GTE-4

A number of submissions were put to the GTE proposing modifications to the "Planning Approach" as follows: 

•
Japan requested the GTE perform a replanning exercise with a bandwidth of 34.5 MHz for Japanese channels (see Document GTE99-4/2). The results of a separate study conducted by Japan using the example replanning exercise for Region 3 showed that the Japanese beams with 34.5 MHz bandwidth do not cause significant interference to other beams. The GTE considered the request and would perform a separate study to examine the impact of the proposal and report the findings to IRG-5.

•
The Bureau reported that it had received a request from the Republic of Seychelles for the inclusion of a beam in the replanning studies under Resolution 532 (see Document GTE99‑4/10). The GTE considered the request and had no objections with it.

•
China requested that the beam CHN18000 be merged into the CHN16100/CHN17500/17900 composite beam at 92º E. The proposal was supported by the GTE.

•
The experts from India, Iran, and the Democratic People's Republic of Korea specifically requested the consideration of the 14 GHz band in addition to/alternatively to the 17 GHz band in the feeder-link studies.

The GTE concluded to submit these proposals in the replanning study for IRG-5. The results of the studies will be reported to IRG-5 for its consideration and any follow up action, as appropriate.

9
Liaison with ITU-R Study Groups

Annex 2 of Resolution 532 (WRC-97) lists a number of technical studies to be undertaken by ITU‑R. ITU-R Study Groups performed a number of studies to assist the IRG and GTE in this regard. 

9.1
Protection ratios for digital BSS systems

In addition to the Annex 2 studies, GTE-1 requested JWP 10-11S to study to what extent the co‑channel protection ratios may be reduced for digital emissions. A liaison statement from JWP 10‑11S advised that the overall co-channel protection ratio could be relaxed from 23 dB to 20 dB for 27 MHz digital emissions. A second liaison statement from JWP 10-11S (see Document GTE99‑3/6) confirmed that 20 dB is a suitable overall co-channel protection ratio value for digital emissions (i.e. 21 dB for the downlink and 27 dB for the feeder-link). A formula was also provided for the determination of the co-channel protection ratio as a function of frequency offset.

GTE-2 requested the overall, feeder-link and downlink adjacent channel protection ratios for 27 MHz digital BSS transmissions, in the case of interference from analogue emissions, when the adjacent channels are spaced at 19.18 MHz. It also requested the associated protection masks for other frequency spacings. JWP 10-11S reported that although significant studies had been performed on this issue, it had not yet developed a generic mask for this type of interference and remains a subject for further study. It suggested that in the meantime, the "analogue" worst-case approach that has been applied since WRC-97 will still need to be applied when assessing frequency offset analogue interference into digital emissions, together with the relevant protection ratios in force at that time.

9.2
Technical assumptions for Approach B studies

GTE-1 requested JWP 10-11S to study the technical assumptions for Approach B studies. This request was not studied because IRG decided to discontinue further consideration Approach B. 

9.3
Use of channel spacings other than that used in the current Plan (19.18 MHz)

GTE-1 requested JWP 10-11S to study whether a different channel spacing other than that used in the current Plan (19.18 MHz) could be used. JWP 10-11S reported that interference calculation methods are currently under study and that the worst-case approach could be used as a starting point in the meantime.
9.4
Fast roll-off antennas for BSS space stations

GTE-2 requested that JWP 10-11S review the "fast roll-off" reference antenna patterns described for Regions 1 and 3 in Annex 5 of Appendix S30 (WRC-97) and advise the suitability of these reference patterns for use in replanning studies. GTE-3 was advised that JWP 10-11/S had prepared a draft new Recommendation providing the co-polar and cross-polar antenna patterns (see GTE99‑3/14). However, the GTE-3 was not sure how to apply the antenna patterns to composite beams consequently, a liaison statement to JWP 10-11S was adopted seeking guidance on the issue.

9.5
Sharing criteria for inter-service compatibility analyses

In order to perform compatibility analyses between digital BSS assignments and FSS networks, GTE-2 requested the advice of WP 4A regarding the protection ratio requirements of such networks subject to interference in the BSS planned bands from both 27 MHz and 33 MHz digital BSS carriers. More generally, WP 4A, WP 8A, WP 9D, and JWP 10-11S were requested to review the existing sharing criteria of Annexes 1, 4 and 6 of Appendix S30 and Annex 1 and 4 of Appendix S30A in terms of their applicability to digital BSS carriers. 

GTE-3 received a liaison statement from WP 9D replying to the request (see Document GTE99‑3/2). WP 9D advised that it would like to review the issue in detail and did not have sufficient time to do so at its meeting in April 1999. It would however progress the work by correspondence.

9.6
Coordination between co-located BSS and FSS satellites

A potentially serious interference problem can arise in the frequency band 17.7‑17.8 GHz in which the allocation to the FSS can be used both for downlink transmissions by FSS networks and for feeder links to BSS space stations. GTE-2 requested that WP 4A and JWP 10-11S study the inter-satellite separation distances that should be maintained to avoid harmful interference between an FSS transmitting space station and a BSS receiving space station located at the same nominal orbital position. 

GTE-3 received a liaison statement from JWP 10-11S replying to the request (see Document GTE99‑3/4). JWP 10-11S recommended that the GTE uses the criteria of Annex 4 of Appendix S30A in order to ensure that existing and planned FSS and BSS systems are not adversely affected. JWP 10‑11S also noted that a trigger level (Ts/Ts of 6% with a 600 K wanted satellite receive temperature was more practical/realistic than the 4%/900 K value specified in Annex 4 of Appendix S30A.

9.7
Annex 7 

A number of liaison statements were prepared concerning Annex 7 of Appendix S30. A summary of actions on these liaison statements is contained in the progress report at Attachment 7.

9.8
Liaison statements prepared by GTE-4

GTE-4 prepared 3 liaison statements to ITU-R Study Groups (see Attachment 9) as follows.

The first liaison statement requested JWP 10-11S to send the results of any studies of inter-service and inter-Regional sharing issues involving Annexes 1, 4, and 7 of Appendix S30 to the IRG-5 meeting (29 November - 3 December 1999).

The second liaison statement requested JWP 10-11S to investigate, as a matter of urgency, the following issues:

•
Is it possible to improve the receiving space station fast roll-off antenna patterns which are contained in Figure C of Annex 3 to Appendix S30A to assure that the performances match or exceed, at any angle, that of the standard roll-off antenna patterns contained in Figure B of that Annex.

•
Is it possible to improve the patterns of the receiving earth station antenna contained in Recommendation ITU-R BO.1213, in particular with respect to the cross-polar discrimination and the side-lobes suppression, considering the new types of antenna now available on the market.

•
Is it possible to give more precise indications on the application of the general default values to be used for the implementation of the draft revised Recommendation ITU-R BO.1293.

The third liaison statement requested WP 9D and JWP 10-11S to investigate the possibility of revising the limits contained in section 5 of Annex 1 of Appendix S30. The GTE felt that a possible revision of section 5b) limits of Annex 1 of Appendix S30 to make it more consistent with section 5c) limits in Annex 1 of Appendix S30 could improve the situation with respect to terrestrial stations affected by BSS emissions.

10
Review of Annex 7 of Appendix S30

Annex 2 of Resolution 532 requests the IRG to study Annex 7 of Appendix S30. The request can be separated into two issues:

1)
the relevance of Annex 7 in providing protection to all services sharing the Plan bands, and particularly the Region 2 BSS Plans; and

2)
examine Annex 7 with respect to the decisions taken by WRC-97, such as the reduction of downlink e.i.r.p.

The GTE-4 formed a working group to consider studies of Annex 7 of Appendix S30. As a result of deliberations, the progress report previously prepared by GTE-3 was updated by GTE-4 for submission to IRG-5 (see Attachment 7).

11
Schedule of meetings

There are no further meetings proposed for the GTE. However, there is one further meeting of the IRG (IRG‑5) scheduled to be held at ITU in Geneva, Switzerland on 29 November - 3 December 1999.
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ATTACHMENT 4

Summary of replanning approaches investigated by GTE

A4.1
Investigations into the feasibility of replanning based on Approach A

Approach A is an incremental approach based on maintaining the current 1997 Plan structure as it evolves and studying the possibility of adding more channels one by one up to 10 channels to serve each Test point/Service area while maintaining the same proportionality principle adopted by WARC BS-77.

A4.1.1
Assignments considered in the investigations

The method of investigation for Approach A (incremental addition) was to attempt to add additional channels to beams within the structure of the existing Plan. Therefore the analyses were performed including, and protecting, all assignments of the existing WRC-97 Plan according to the protection ratios defined by WRC-97.

A4.1.2
Method of planning study 

A4.1.2.1
Technical parameters and protection ratios
To perform initial investigations of Approach A the technical parameters and assumptions made for additional channels were assumed to be those of the standard parameters of the WRC-97 Plan unless specifically mentioned. In addition, further series of more detailed assumptions were made:

1)
new additional channels were located at same orbital position as existing channels of beam(s) in the WRC-97 Plan;

2)
circular polarization was used for new additional channels;

3)
if possible, new additional channels will use the same polarization as those already used by existing channels of the beam in the WRC-97 Plan;

4)
the downlink e.i.r.p. of any additional channels was 58.9 dBW (this is the same value of downlink e.i.r.p. that was used for the "new country" beams which were adopted at WRC‑97);

5)
downlink test points and coverage ellipse shapes of the WRC‑97 Plan were used (i.e. ellipses were not recalculated and test points were not changed);

6)
protection of new additional channels were based on a downlink co-channel protection ratio of 24 dB and downlink adjacent channel protection ratios of 16 dB;

7)
except for "assignments in operation", protection of the current channels in the WRC-97 Plan were based on a downlink co-channel protection ratio of 24 dB and downlink adjacent channel protection ratios of 16 dB. For "assignments in operation" the applicable protection ratios were downlink co-channel protection ratio of 31 dB and downlink adjacent channel protection ratios of 15 dB;

8)
protection of new additional channels of "assignments in operation" were based on a downlink co-channel protection ratio of 24 dB and downlink adjacent channel protection ratios of 16 dB;

9)
for new additional channels, antenna patterns for new uplink transmit and downlink receive earth stations were MODTES and MODRES. (This applied even for additional channels of "assignments in operation" that are operating with R13TES and R13RES antenna patterns.);

10)
for new additional channels, antenna patterns for the uplink receiving and downlink transmitting space station antennas were assumed to be MODRSS and R13TSS. (NOTE - The MODRSS antenna pattern were assumed for the additional channels of "assignments in operation" of the WRC-97 Plan even if the current channels use the R13RSS pattern.);

11)
to simplify the initial work only the downlink was considered. (NOTE - If this Approach is studied further, the feeder-link should also be considered. Also during such studies, if possible, an attempt to choose new additional channels that meet the frequency translation rules described in Annex 3 of Appendix S30A would be made).

Below is tabular description of Approach A including a listing of its Advantages and Disadvantages.

Approach
Description
Advantages/Disadvantages

A)
Incremental approach
Maintain the current 1997 Plan structure as it evolves and study the possibility of adding, if possible, more channels one by one up to 10 to serve each Test point/Service area while maintaining the same proportionality principle adopted by WARC BS-77.
1)
Current channels and orbital positions are preserved.

2)
Compatibility difficulties with other services and Region 2 Plan are limited to additional channels.

3)
High fill factor is avoided (because general 6º orbital separation is preserved).

4)
Availability of channels depends on orbital position.

5)
10 channels or doubling of capacity may be difficult if not impossible to achieve for all countries.

A4.1.2.2
Analysis method

In initial investigations into Approach A performed by the Bureau and reported to GTE-1, a method of analysis was followed which has been summarised in the following paragraphs and diagrams The stages studied were as follows:

"Stage 0": 
apply the proportionality principles to define a set of beams for which an attempt to provide additional channels would be made

Stage 1: 
for each of these beams generate a complete set of possible candidate channels for each polarization and then test these as "victims" with respect to the WRC-97 Plan. This provides information about which candidate channels beams would receive interference (negative EPM) values from assignments of the current WRC-97 Plan. From this a (reduced) "set of candidate channels requiring further investigation" can be found.

In the event that, for one or more beams at a given orbital position, no candidate channels with positive EPMs with respect to receiving interference from the Plan could be found, the EPM criteria was relaxed (to a minimum of an EPM of (10 dB) to allow candidate channels to receive more interference from the Plan (i.e. to allow candidate channels to have negative EPMs). 

Stage 2: 
remove candidate channels which would cause interference to assignments of the WRC-97 Plan from the "set of candidate channels requiring further investigation".

Stage 3: 
from the reduced set of candidate channels attempt to find a mutually compatible set of candidate channels for the orbital position in question.

Stage 4:

(Not implemented in studies performed so far.) In the event that multiple solutions are available at Stage 3, especially if some of them involve negative EPMs with respect to receiving interference from the WRC-97 Plan, an Assessment Algorithm would be applied to select an "optimum" set of channels. An example of such an Assessment Algorithm is described below.





Generation of channel/polarization test cases

For those beams in the Plan requiring additional channels, Test entries are derived from the data of the existing beam entry in the Plan, but include all possible channel and polarization combinations, except those already in the existing Plan beam.



Channel selection guidelines
Select sets of channels by applying the following guidelines as necessary:

•
if any beams have one only possible channel/polarization pair, choose that pair

•
if possible, choose channels with the same polarization as that of channels of the same beam in the existing Plan

•
where it is equally possible to select CR/CL or LE polarization, the CR or CL should be chosen in preference to LE in order to maintain as much consistency and simplicity as possible in the Plan

•
if possible, choose channels which follow the same numbering sequence as that of channels of the same beam in the existing Plan

•
to maximize use of orbit/spectrum resource, where possible, try to reuse channel and polarization combinations between beams that are geographically separated.



Possible ASSESSMENT ALGORITHM

1
If all beams needing channels have positive EPMs choose the solution with the smallest variance (i.e. smallest spread of EPM values).

2
If there is at least one negative EPM choose the solution with the least negative EPM for the worst test point of the beam (i.e. least negative = the absolute value of the negative EPM is the smallest. That is if one solution has values of -2, -4, -6, (6 and an alternative has -3, -3, -3, (3 we prefer the second alternative because -3 dB is less negative EPM than -6 dB).

2bis
If there are 2 solutions with the same least negative EPM value in addition to item 2 above, choose the solution which has the least negative EPM for the worst test point of the beam of the second worst channel.

A4.1.3
Results of investigations

Initial studies undertaken by the Bureau have shown that the strict application of Approach A would, over a large portion of the orbital arc (37° W to 74° E except for two orbital positions), not allow even one additional channel to be added for every candidate beam at a given orbital position. In the report of its investigations the Bureau especially noted that there are three orbital positions (19° W, 1° W, 68° E) at which no channels with EPM values better than -10 dB could be found for at least one beam. A number of other nominal orbital positions were also identified where the additional channels would cause interference to the assignments of the Plan. On the other hand, the GTE noted that there are parts of the orbital arc (79.8° E to 220° E) where Approach A might work 

(to the extent that studies were carried out, i.e. at least for the addition of one channel). It was also noted that for the southern part of Region 1 the situation is generally less problematic than for the northern part of that Region.

In reviewing the results of these initial investigations two problem areas where identified:

•
Problem Area 1 relates to the constraints imposed by the definition of the Approach;

•
Problem Area 2 relates to the constraints imposed by the current assignments of the Plan including the underlying bases/parameters of each individual assignment.

For Problem Area 1, there are two main elements contributing to the negative findings:

•
Additional channels for a given country must be available on the same orbital position as the current assignments of that given country.

•
The criteria for interference to the assignments in the Plan and the corresponding protection ratios were taken in accordance with the Radio Regulations and associated Rules of Procedure.

For Problem Area 2, there were also two main elements which contributed to the negative findings:

•
At some orbital positions there is, due to the structure of the Plan, simply no spare capacity.

•
Some assignments apply technical and other parameters substantially different from those usually chosen for Plan assignments:

–
there are assignments where the associated test points are located beyond the -3 dB contour;

–
there are some assignments in the Plan with very low e.i.r.p. (e.g. around 53.0 dBW).

Note that for the systems in operation the "old" protection ratios shall apply (i.e. for downlink 31 dB for co-channel and 15 dB for adjacent channel and for feeder-link 40 dB for co-channel and 21 dB for adjacent channel).

A4.1.4
Further studies

The GTE suggested to further investigate Approach A as this approach keeps the complexity of the planning process to a minimum and does not necessarily require the provision of a sophisticated synthesis computer program, which is currently not available. In addition the influence of some changes in parameters/plan bases should be investigated.

A4.1.4.1
Extension of Approach A

GTE also concluded to extend the definition of Approach A to include the possibility of selecting additional channels at other nominal orbital positions of the Plan as it evolves
. As a satellite broadcasting service for a given service area from two (or more) different orbital positions may not be economically attractive, the following procedure should be followed:

Approach A-mod:

In cases where the additional capacity for a given country cannot be provided at its current orbital position, an attempt should be made to shift (for the purpose of an exercise), the Plan assignments of a given country to another orbital position where additional channels could be provided.

NOTE 1 - There may be some cases which require special consideration, presumably in consultation with the concerned administrations. In general, administrations will have to be invited to comment on any move of orbital position.

NOTE 2 - In addition to the BSS-BSS compatibility, the compatibility with terrestrial and FSS services sharing the band and with the Region 2 Plan need to be assessed (similarly as for the "new" countries incorporated into the Plan of WRC-97). 

NOTE 3 - Coordinated advice from administrations is needed (preferably through regional telecommunications organizations) in order to be able to determine which countries/groups of countries should, for the purpose of planning feasibility studies in accordance with Approach A‑mod, move to new orbital positions. 

Below is tabular description of Approach A-mod including a listing of its advantages and disadvantages.

Approach
Description
Advantages/Disadvantages

A-mod: Incremental approach including another orbital positions, and possibly relaxed criteria.
Maintain the current 1997 Plan structure as it evolves and study the possibility of adding if possible more channels, one by one, up to ten to serve each test point/service area while maintaining the same proportionality principle adopted by WARC BS‑77. If a solution cannot be found, try to accommodate all channels, including the additional ones, on another nominal orbital position of the Plan (in exceptional cases on a new orbital position).
1)
Current channels and orbital positions are preserved to the extent possible.

2)
All channels for a given service area are on the same or different orbital positions, according to the solution found.

3)
Dependency on availability of channels on a specific orbital position is overcome with respect to Approach A.

4)
Complexity of Approach A-mod is somewhat increased compared to that of Approach A but still limited.

5)
There is no need for a sophisticated synthesis computer program.

6)
There is a substantially higher chance to find a satisfactory solution than with Approach A strictly.

7)
Compatibility difficulties with other services and the Region 2 Plan may arise for those channels which were added and in particular, for channels which are moved between orbital positions.

8)
Compared to Approach A there is a need for decisions on which countries need to relocate their orbital positions.

9)
High fill factor may be avoided (because generally a separation of 6( should be maintained).

A4.1.4.2
Consideration of relaxed protection ratios and/or other criteria

For Approach A (and possibly Approach A-mod), GTE asked the Bureau to present a further detailed analysis of interference so that GTE could assess the order of magnitude of a possible relaxation and/or the protection ratios of the interference criterion (without any detriment to assignments in operation). According to the available resources, the Bureau could also investigate the possible (or otherwise) improvement if only test points within the ‑3 dB contour were maintained and/or if all assignments would be associated with the MODRES home receive antenna performance. Also the effect of reduced e.i.r.p. (e. g. from, on average, 58.9 dBW to 56 dBW) could be investigated.

Digital transmissions may well operate with co-channel protection ratios which are lower than those upon which the WRC-97 Plan was based. JWP 10-11S was requested to comment on the extent to which co-channel protection ratios may be reduced for digital transmission.

For the benefit of getting more channels assigned in the Plan, administrations might not only be prepared to move orbital positions, but also to accept a somewhat larger EPM degradation than the conventional 0.25 dB (if EPM is already zero or negative). Given the agreement of the administrations concerned, an additional interference criterion could be introduced for the purpose of replanning feasibility studies and would be applied to both the new channels and the current assignments in the Plan (with due protection of the operating assignments). There could also be different values of this relaxed interference criterion for the new assignments and for the current planned assignments; and there could be ceiling values in order not to further degrade unnecessarily assignments which already have significant negative margins.

It was proposed that GTE selects these relaxed interference threshold(s) when the requested, more complex, analysis of Approach A is available.
A4.2
Investigations into the feasibility of replanning based on Approach B

Approach B is based on maintaining the current 1997 Plan structure as it evolves and studying the possibility of providing the additional channels from another orbital position (might be the same orbital position for some countries) to form a subregional coverage instead of national coverage while maintaining the same proportionality principle adopted by WARC BS-77. The total number of channels for both national and regional coverage should be greater than or equal to 10 channels. This approach could be developed based on uniform or non‑uniform orbital spacing different from the current 6o nominal orbital separation for additional channels.

A4.2.1
Assignments considered in the investigations

GTE concluded that Principle 3 of Resolution 532 as interpreted by IRG-1 should be applied.

A4.2.2
Definition of coverage

A4.2.2.1
Identification of large/wider beam(s) with subregional coverage

In order to start studies on the feasibility of the Approach B as adopted by the IRG at its first meeting, the IRG Chairperson has sent a telefax, dated 20 February 1998, to the Regions 1 and 3 IRG Vice-Chairpersons, inviting them to initiate consultations in their respective Regions with the appropriate and concerned Telecommunications and Broadcasting authorities to identify the configuration/coverage of the large/wider beam(s) with Regional/Subregional coverage in their area.

The Radiocommunication Bureau has sent a reminder, dated March 1998, to the IRG Vice‑Chairpersons recalling that information on the ongoing consultations within their regional area will be needed to ensure that good progress on Approach B is made at the first GTE meeting.

Although some consultations have been initiated in some regional areas, no information was reported to the first GTE meeting.

Therefore, as a starting point or as a default situation to design the large/wider beam with Regional/Subregional coverage, GTE concluded to use the groups of neighbouring countries currently co-located in the WRC-97 Plan. The IRG was invited to confirm the above course of action.

A4.2.2.2
Generation of large/wider beam(s) with subregional coverage

Once a group of countries has been identified by GTE or preferably by the concerned administration in each Region, to form a subregional coverage, GTE agreed on several possibilities to generate the associated large/wider beam with subregional coverage:

A)
a grouping
 of the existing or recalculated
 coverage ellipses of the countries involved; or

B)
a shaped beam covering all the service areas of the countries involved; or

C)
a grouping2 of several new elliptical beams, with the minimum size (i.e. 0.6( beamwidth), covering all the service areas of the countries involved.

GTE agreed provisionally to start the feasibility studies by assuming the generation of large/wider beam(s) with subregional coverage as defined under item A above. This assumption is expected to be confirmed at the second GTE meeting. The IRG was also invited to specify the most appropriate possibility.

A4.2.2.3
Number of additional channels associated to large/wider beam(s) with subregional coverage

In accordance with Principle 1 of Annex 1 of Resolution 532 (WRC-97), Approach B has to maintain the proportionality principle embodied/contained in WARC BS‑77 Plan in adding new channels to form large/wider beam(s) with subregional coverage.

To this aim, several possibilities were proposed:

1.a
to use the same ratio/multiplier, as defined for each "national" beam under Approach A (e.g. in Figure 1, for beams A1 and A2 of the same administration A the ratio/multiplier of the associated large/wider beam(s) with subregional coverage would be equal to 10/6, and for beams B, C and D it would be equal to 10/5); or

1.b
to use the highest ratio/multiplier, in order to assign a maximum number of channels (e.g. in Figure 1, the ratio/multiplier of the associated large/wider beam(s) with subregional coverage would be equal to 10/5); or

1.c
to use the lowest ratio/multiplier, in order to assign a minimum number of channels (e.g. in Figure 1, the ratio/multiplier of the associated large/wider beam(s) will subregional coverage would be equal to 10/6).







FIGURE 1

Example of beams overlapping and associated assigned channels

GTE agreed provisionally to start the feasibility studies by assuming the application of the proportionality principle as defined under 1.a above.

A4.2.2.4
Assignment of additional channels to large/wider beam(s) with subregional coverage

Once the numbers of additional channels have been defined, by applying the ratio/multiplier to each "national" beam of a given group of administrations, GTE concluded to assign to the large/wider beam(s) with subregional coverage only the highest number of additional channels among these "national" beam numbers (e.g. for the 3 cases above, the number of additional channels would be 5 in both cases 1.a and 1.b and 4 in the case 1.c).

The additional channels assigned to the large/wider beam(s) with subregional coverage have to be shared by the group of administrations.

A4.2.3
Method of planning study 

A4.2.3.1
Technical characteristics of future Plan

The technical parameters and assumptions made for additional channels added in Approach B will be those of the standard parameters of the WRC-97 Plan unless specifically mentioned. The GTE further concluded that the following assumptions could be appropriate to initiate the assessment of the feasibility of the replanning using Approach B:

I)
Reuse of the exiting test points
 of all the countries deciding to form a large/wider beam or beams with subregional coverage, or creation of a new set of test points for each new large/wider beam or beams with subregional coverage.

II)
In any case, the associated space station antenna patterns should be as good as, or better than, those adopted for planning by WRC-97 for both the transmitting and receiving space station antennas (i.e. MODRSS and R13TSS respectively, even for additional channels of 

"assignments in operation" that represent implementation of national assignments and are operating with the WARC-Orb-88 R13RSS transmitting space station antenna patterns), or based on fast roll-off antenna patterns.

III)
Use the new antenna patterns adopted for planning by WRC-97 for both transmitting and receiving earth station antennas (i.e. symbol MODTES and MODRES respectively, even for additional channels of "assignments in operation" that represent implementation of national assignments and are operating with the WARC-Orb-88 R13TES or the WARC BS‑77 R13RES antenna patterns respectively).

IV)
Use for each additional channel of each new large/wider beam or beams with subregional coverage a downlink e.i.r.p. value of 58.9 dBW (this is the same value of downlink e.i.r.p. that was used for "new country" beams that were added to the Plan at WRC-97), as an alternative an e.i.r.p. of 56 dBW should be tested.

V)
As a starting point, circular polarization will be used.

For initial studies, GTE concluded that the modulations of WRC-97 Plan assignments should be retained and that digital modulation should be applied to the new channels added under Approach B. Until new protection criteria are established by relevant Radiocommunications Study Groups, the following protection ratios will be applied:

VI)
Except for "assignments in operation", protect the current channels in the WRC-97 Plan on the basis of a downlink co-channel protection ratio of 24 dB and a downlink adjacent channel protection ratio of 16 dB. For "assignments in operation", the applicable protection ratios will be a downlink co-channel protection ratio of 31 dB and a downlink adjacent channel protection ratio of 15 dB.

VII)
Protect additional channels on the basis of a downlink co-channel protection ratio of 24 dB and a downlink adjacent channel protection ratio of 16 dB.

VIII)
Protect additional channels to "assignments in operation" on the basis of a downlink co‑channel protection ratio of 24 dB and a downlink adjacent channel protection ratio of 16 dB.

It was also mentioned that in order to further facilitate the feasibility of replanning using Approach B, the use of digital modulation for all assignments in the Plan, except those already in operation with analogue modulation, might be also appropriate.

JWP 10-11S/SRG-1 was invited to comment upon the technical assumptions described above.

Below is tabular description of Approach B including a listing of its advantages and disadvantages.

Approach
Description
Advantages/Disadvantages

B)
Additional orbital position approach
Maintain the current 1997 Plan structure as it evolves and study the possibility of providing the additional channels from another orbital position (might be the same orbital position for some countries) to form a subregional coverage instead of national coverage while maintaining the same proportionality principle adopted by WARC BS-77. Total number of channels for both national and regional coverage should be greater than or equal to 10 channels.

This approach could be developed based on uniform or non‑uniform orbital spacing different from the current 6º orbital separation for additional channels.
1)
Current channels and orbital positions are preserved. 

2)
Compatibility difficulties with other services and Region 2 Plan are limited to additional channels.

3)
It might be difficult to define regional beams (test points etc.). It would require the agreement among administrations for the establishment of subregional system.

A4.2.4
Results of investigations

Further work was not performed by the GTE as the IRG concluded that this approach should not be further pursued.
A4.3
Investigation into the feasibility of replanning based on Approaches C and D

Approaches C and D can be described as complete replanning approaches based on maintaining "existing" systems and reshuffling the rest of the available capacity in order to provide a minimum of 10 channels to each Test point/Service area while maintaining the same proportionality principle adopted by WARC BS-77.

A4.3.1
Preliminary consideration

A4.3.1.1
Technical aspects of Approach C 

The following factors were taken into account in deciding on whether to pursue this approach:

•
More capacity would be available for replanning.

•
BSS-BSS compatibility analysis method is well defined in Annexes 5 and 3 to Appendices S30 and S30A.

•
Current channels and orbital positions are no longer preserved except for systems referred to in § 3.2 of the IRG-1 Report.

•
Compatibility difficulties with other services and with the Region 2 Plan exist for all channels. (Practically all channels of all countries will most probably have compatibility problems with other services.).

•
It might be difficult to avoid a high fill factor.

•
It might be difficult to accommodate subregional systems after the establishment of the Plan because neighbouring countries may no longer be at the same orbital position.

•
Methods/tools for selection of orbital positions/channels are required if not specified by administrations.

A4.3.1.2
Another way for complete replanning

A4.3.1.2.1
Another replanning approach (Allotment Approach)

Experts from Saudi Arabia, Benin, Burkina Faso, Cameroon, Ghana, Morocco, Syria made a proposal contained in Document GTE98-1/14. This alternative approach, was tentatively called Approach D.

A4.3.1.2.2
Technical aspects of an alternative complete replanning approach 

The following points should be taken into account when deciding whether to pursue this approach in the future work of the Group:

•
More capacity would be available for replanning.

•
400 MHz allotment bandwidth may not be relevant for Region 3.

•
Criteria for identification and prioritization of the "existing systems" systems in operation or entered into the Plan to be included in this Approach needs to be determined.

•
Compatibility analyses method between new Plan allotments, as well as between new Plan allotments and the "existing systems", is to be defined.

•
Changes of technical parameters (e.g. increased earth receiving antenna size) and reduction of protection criteria may be required to increase the amount of orbit/spectrum resources available for each administration.

•
Current channels and orbital positions are no longer preserved except for the "existing systems" once defined in accordance with the third bullet above.

•
Compatibility difficulties with other services and Region 2 Plan exist for all channels. (Practically all channels of all countries are likely to have compatibility problems with other services.)

•
It is difficult to avoid high fill factor.

•
It might be difficult to accommodate subregional systems after the establishment of the Plan because neighbouring countries may no longer be at the same orbital position.

•
Method/tool for selection of orbital locations is required if not specified by administrations.

•
This Plan will consist of allotments and assignments of the "existing systems" at the same time.

•
The current Regulatory Procedures would have to be re-written to serve the resulting Allotment Plan.

A4.3.2
Assignments considered in the investigations

A4.3.2.1 
Assignments considered in the investigations for Approach C

GTE concluded that Principle 3 should be applied.

A4.3.2.2
Assignments considered in the investigations for Approach D

In Approach D a selective way of the above was proposed. 
A4.3.3
Method of study to be employed in complete replanning approaches

A4.3.3.1 
Technical assumptions to be employed in Approach C

In addition to the application of the broad principles discussed above, a further series of more detailed assumptions could be made:

i)
the space station antenna patterns should be as good as or better than those adopted for planning by WRC-97 for both the transmitting and receiving space station antennas (i.e. MODRSS and R13TSS respectively);

ii)
use the new antenna patterns adopted for planning by WRC-97 for both transmitting and receiving earth station antennas (i.e. MODTES and MODRES respectively) or better;

iii)
except for the "existing systems", a downlink e.i.r.p. value of 58.9 dBW would be used for each channel. As an alternative an e.i.r.p. of 56 dBW should be tested;

iv)
at an initial stage a circular polarization will be used preferably to a linear polarization;

v)
except the "existing systems", all assignments of the Plan will use standard "WRC-97" parameter values unless improved values adopted by GTE, IRG and/or JWP 10-11S;

vi)
to simplify the initial work only downlink will be considered during initial studies;

vii)
if possible attempt to choose channels that meet the frequency translation rules described in Annex 3 of Appendix S30A.

Below is tabular description of Approach C including a listing of its advantages and disadvantages.

Approach
Description
Advantages/Disadvantages

C)
Complete replanning approach
Maintain the systems referred to in § 3.2 and reshuffle the rest of the available resources in order to provide a minimum of 10 channels to each Test point/Service area while maintaining the same proportionality principle adopted by WARC BS-77.
1)
More capacity would be available for replanning.

2)
Current channels and orbital positions are no longer preserved except for systems referred to in § 3.2.

3)
Compatibility difficulties with other services and Region 2 Plan exist for all channels. (Practically all channels of all countries will most probably have compatibility problems with other services.)

4)
It is difficult to avoid high fill factor.

5)
It might be difficult to accommodate subregional systems after the establishment of the Plan because neighbouring countries may no longer be at the same orbital position.

A4.3.3.2 
Technical assumptions to be employed in Approach D

To be developed if necessary.

A4.3.3.3
Simplified planning approach

Because of the lack of available planning software, it was felt that a simplified planning approach should be adopted initially. Thus, at the beginning, the planning work should be based upon:

•
the assumption of one beam (with 10 channels) for each country, with a few exceptions for large countries;

•
elliptical beams fitted to test points as in the current WRC-97 Plan
 (later modifications to take account of entire countries and efficient partitioning of large countries). Shaped beams are to be used at a later stage if it leads to a better use of orbit/spectrum resources;

•
the possible number of orbital positions will be limited to one per administrations except a few large countries;

•
a uniform downlink e.i.r.p. of 58.9 dBW for all entries, other values would be used at lather stages of study except the "assignments in operation";

•
only downlink Plan is to be studied;

•
digital modulation with the most advanced parameters (e.g. protection masks, protection ratios, etc.) should be used for all entries, except the "existing systems These parameters should be defined by the GTE. GTE participants are invited to provide contributions on this issue.

It was hoped that by utilizing this simplified model it would be possible for some GTE participants to provide data and/or to develop an elementary software which can form a structure for more sophisticated software development later. Once the preliminary studies have been completed, it may be possible to consider more complicated scenarios, reflecting individual administration's wishes to some extent.

A4.3.4
Planning software

No suitable software has yet been made available for use by the complete replanning approach. It was indicated that very limited resources will prevent extensive software development being carried out by the Bureau all alone. It is crucial for further progress that GTE experts make every effort to develop and supply software for automatic or semi-automatic (computed-aided) synthesis purposes. This is a specialised task that would require a small expert "task force" to work closely with the Bureau to develop the software. Unless volunteers that are able to make strong commitments to the task could be found, desirably before GTE-2, there was little likelihood that software needed to properly investigate some Approaches would be available. 

A4.3.5 
Preparation of MSPACE input file

At present the MSPACE input data structure is still up-to-date with respect to WRC-97 Plan and the feasibility of replanning. GTE experts are invited to supply the results of their analyses using the MSPACE input data structure.

A4.3.6 
Conclusion related to complete replanning approaches

Several experts requested the IRG-2 to consider whether the proposed "Approach D" is also to be studied by the GTE and to identify the order of studies with respect to various approaches.

It was not obvious to Region 3 experts present at GTE-1 that "Approach D" would be appropriate for Region 3 countries.

Many experts considered that the alternative "Approach D" was not in conformity with Principle 1 of the Resolution 532 (WRC-97), while others considered that it was in conformity.

The question of intra-proportionality
 and its applicability to either Approach C or to "Approach D" needs to be addressed by the IRG.

Both Approaches C and D require selection of orbital positions and, if they should be specified by administrations, then administrations should be requested to provide this information.

It should be also mentioned that significant resources are required for both Approaches in the area of software development (if planning software is not provided from outside the Bureau) and feasibility studies by the experts from administrations and the Bureau.

Further work was not performed by the GTE as the IRG concluded that both approaches should not be further pursued.
A4.4
Investigation into the feasibility of replanning based on Approach 1

A4.4.1
Description of Approach 1

A4.4.1.1
Taking Annex 1 to Resolution 532 as a basis, maintain the WRC-97 Plan as it evolves
. In necessary cases, changes to orbital positions (including additions) and/or assignments should be explored. In so doing compatibility with the Region 2 BSS Plan and with services having allocations in the planned bands should be ensured.

A4.4.1.2
While protecting assignments covered by principle 3 of Annex 1 of Resolution 532, assign additional channels in order to bring the total number of channels to 10 channels per test point
 for countries with between 5 and 10 channels per test point
 in the WRC-97 Plan, and to 8 channels per test point for countries with 4 channels per test point in the WRC-97 Plan. In this second case, a subsequent study which increases the number of channels for countries with 4 channels per test point to 10 channels per test point (instead of 8) should also be performed if possible.

A4.4.1.3
The test points of the WRC-97 Regions 1 and 3 Plan shall be used. 

A4.4.1.4
The ellipses of the WRC-97 Regions 1 and 3 Plan shall be used unless:

(
a different orbital position is used; 

(
two or more WRC-97 beams are combined in the replanning studies; or 

(
if both of these conditions apply. 

In such cases the ellipse will be calculated using the WRC-97 ellipse calculation software.

A4.4.2
Implementation of Approach 1

A seven step procedure was defined as follows. Further details can be found in Document GTE99‑2/5-E.

Step 1: Creation of composite beams

The e.i.r.p. is adjusted so that all channels of a beam have the same level of e.i.r.p. The values of EPM of all assignments in WRC-97 Plan is subsequently updated.

A set of "composite" beams according to the guidance given by IRG-2 is then created. Channels for each composite beam are selected in order not to affect assignments in the Plan and other composite beams (see Document GTE99-2/6). Possible additional channels for composite beams are selected for composite beams at this stage prior to other beams because of compatibility problems with other services that can be minimised by selecting channels used for the same administration in WRC-97 for the composite beams of that administration.

Positive EPM values are updated in order to reflect the latest situation but negative EPM values are preserved to maintain the degree of acceptance of the interference at the time of WRC‑97 Plan.

Step 2: "Victim" (Receiving interference) study

This step involves evaluating levels of interference from assignments in the "starting point Plan" (i.e. assignments in composite beams and Plan assignments except for assignments now included in composite beams mentioned above) to new channels which could possibly be added.

The sets of candidate channels are then treated as "victims" in an MSPACE study that runs all of these candidate channels as a grouped addition to the "starting point Plan". This provides information about which candidate channels beams would receive an excess of interference (negative EPM) from the "starting point Plan".

It should be noted that in the case of composite beams, the only channels that would be considered as valid candidate channels would be those that were available for all subsidiary beams of a given composite beam.

Step 3: "Culprit" (Causing interference) study

This step involves evaluating levels of interference from new channels which could possibly be added to assignments in the "starting point Plan".

In addition to the "starting point Plan", potential new channels determined in Step 2 are included as "additions" in an MSPACE study. Then values of single entry C/I are calculated for each beam/polarization/channel/test point of the "starting point Plan" with respect to potential new channels.

By comparing the Single Entry C/I Criterion/Limit for each beam/polarization/channel/test point of the "starting point Plan" with calculated Single Entry C/I, potential new channels that cause unacceptable interference to assignments of the "starting point Plan" are removed from the list of candidate channels.

Step 4: Prepare a list of orbital positions where beams will have to move

From the results of Step 3, a list of orbital positions where at least one beam cannot get the required number of extra channels is prepared by checking the interference levels among candidate channels. For the orbital position where all beams can get the required number of extra channels, channels are selected for those beams based on the following criteria (taken in order):

a)
assign the channel with the same polarization used for the channels in the current Plan;

b)
select channels that provide the highest sum of EPM of the worst test point of each channel.

Once this is completed for all beams at a given orbital position, perform an MSPACE study to check that the full set of channels for the beams that remain at the orbital position are mutually compatible.

Step 4a: Sensitivity review of the list

If time permits, Steps 2, 3 and 4 will be repeated to see if there is any great sensitivity to a change in the co-channel protection ratio (i.e. change 24 dB to 20 dB), particular sensitive test points, beams with low e.i.r.p., etc.

Step 5: Determination of beams which will move to other orbital position

This step involves determining beams/countries that have to move from the current orbital position by taking them away from an orbital position until it is possible to provide the required number of channels for the beams/countries that remain at the orbital position.

For each orbital position, eliminate one beam at a time from an orbital position based on the following provisional criteria (taken in order):

a)
countries/beams that have an Article 4 assignment in the Plan at a different orbital position;

b)
when number of channels available after Step 3 which are mutually compatible is less than required for some countries/beams:

1)
country/beam whose replacement provide required channels for all other countries remaining in that orbital position;

2)
countries with the least number of candidate channels available as a result of Step 3 (This implies that if more than one country has to be moved, the country which has adjacent channels to that already moved will be moved subsequently.);

3)
countries with the lowest sum of EPM at the worst test point of the candidate channels;

4)
countries with the least number of candidate channels available as a result of Step 2;

5)
countries with the lowest sum of EPM at the worst test point of the candidate channels of Step 2;

6)
countries with the lowest sum of EPM in the WRC-97 Plan;

c)
when number of channels available after Step 3 is more than required but they are shared by several countries:

1)
country/beam whose replacement provide required channels for all other countries remaining in that orbital position;

2)
countries with the least number of candidate channels available as a result of Step 3;

3)
countries with the lowest sum of EPM at the worst test point of the candidate channels;

4)
countries with the least number of candidate channels available as a result of Step 2;

5)
countries with the lowest sum of EPM at the worst test point of the candidate channels of Step 2;

6)
countries with the lowest sum of EPM in the WRC-97 Plan.

The above-mentioned process is repeated until the required number of channels can be found for the beams/countries that remain at the orbital position. The channels for those countries should be selected according to the following criteria (taken in order):

d)
minimize the number of beams/countries which have to move;

e)
assign the channel of the same polarization that is used for the channels in the current Plan; and

f)
select channels that provide the highest sum of EPM of the worst test point of each channel.

Once this is completed for all orbital positions, perform an MSPACE study to check that the full sets of channels for the beams that remain at the orbital position are mutually compatible.

Step 6: Update the reference situation of the new channels added after Step 5

By default, all required channels should be assigned to countries which move to the orbital position where they have Article 4 system. Positive values of EPM will then be updated in order to reflect the latest situation with new assigned channels under Step 5 and 6.

Step 7: Victim and Culprit study at adjacent orbital positions

This step involves identifying the orbital position and channels for the beams which are moved from the original orbital positions under Step 5. The following sub-steps are taken.

a)
All countries/beams that cannot stay at their original nominal orbital position are relocated at the adjacent nominal orbital position (starting in general with x-6() to preserve compatibility with other services as much as possible and to treat each nominal position equally.

b)
Victim and culprit studies are implemented for those relocated countries/beams

c)
If all required channels for a country/beam are available at a new nominal orbital position, assign those available channels to that country/beam in accordance the following criteria:

–
maximize the countries which can stay in the tested orbital position;

–
assign the same polarization for all channel; and

–
select channels which provide the highest sum of EPM of the worst test point of each channel.

d)
Positive values of EPM will be updated in order to reflect the latest situation with new assigned channels under c) above.

e)
Steps a) to d) will be repeated until all countries/beam receive the require channels by trying the next adjacent nominal orbital position, e.g. x+6(, then x-12(, then x+12(,…..

f)
If counties/beam remains without required number of channels after e), Steps a) to d) should be repeated by trying no-nominal orbital positions.

NOTE - The IRG decisions on the orbital position constraints (e.g. sections 3.3 and 4.1.a) of Attachment C of IRG-2 report) should be observed under items e) and f) above, as well as the service arc limitation which is associated with each beam and which is usually defined by a minimum elevation angle in the service area (e.g. paragraph 3.12 of Annex 5 of Appendix S30).

Figure 2: Method of study performed for Approach 1 




A4.4.3
Technical assumptions for Approach 1

The technical assumptions for Approach 1 were provided in Document GTE99-2/4 and are given below:

A4.4.3.1
Assumptions identical to the planning exercises for WRC-97

A4.4.3.1.1
MSPACE input file assumptions

MSPACE calculations are performed with the inclusion of default values of:

•
0.1( for station keeping error;

•
1.0( for rotation error; and

•
0.1( for mis-pointing error,

except for:

a)
notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau before 27 October 1997; and 

b)
assignments which are included in the Plan under Article 4 for which tighter values for these parameters are specified.

A4.4.3.1.2
Emission type

Initial studies are based on assumption that all beams will use 27 MHz analog emissions, except for:

a)
the WRC-97 Plan assignments for Koreasat-1 27 MHz digital and RST 27 MHz digital (and any digital assignments which are included in the Plan after successful application of Article 4 procedure e.g. HISPASAT-1 27 MHz digital); and

b)
any analog assignments which are included in the Plan after successful application of Article 4 which have a bandwidth different from 27 MHz (e.g. Radiosat-3).

A4.4.3.1.3
Antenna types

Except for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau and assignments which entered the Plan as a result of successful completion of Article 4 procedure and which use antenna different types different from those described below the following default antenna types are used: 

•
downlink receiving earth station antenna according to Figure 7bis of Annex 5 of Appendix S30 (Recommendation ITU-R BO.1213) (see also section 3.2 of this document);

•
downlink space station transmitting antenna according to Figure 9 of Appendix S30 (i.e. the R13RSS pattern);

•
uplink transmitting earth station antenna according to Curves A' and B' of Figure A of Annex 3 of Appendix S30A (Recommendation ITU-R BO.1295);

•
uplink receiving space station antenna according to Curves A' and B' of Figure B of Annex 3 of Appendix S30A (Recommendation ITU-R BO.1296).

A4.4.3.1.4
Polarization

Circular polarization - CR or CL are used except for cases of any assignments with linear polarization which are included in the Plan as a result of successful completion of Article 4 Procedures.

A4.4.3.1.5 
Ellipse calculations 

Ellipses are recalculated only if orbital positions change or if test points are changed. If there are no changes in orbital positions or test points, ellipses of the WRC-97 Plan are used.

The ITU/EBU computer program will be used for any necessary calculations and, in accordance with practice of WRC-97, a satellite antenna pointing accuracy of 0.1( will only be used in calculating ellipses. 

A4.4.3.2
New assumptions in studies under Resolution 532

A4.4.3.2.1
Protection ratios

Studies are performed with the following assumptions concerning protection ratios (identical to those used in Article 4 procedure after WRC-97):

a)
separate uplink and downlink planning (i.e. EPM approach)

except for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau before 27 October 1997, the following protection ratios will apply:

b)
downlink co-channel protection ratio: 24 dB

c)
downlink upper and lower adjacent channel protection ratio: 16 dB

d)
uplink co-channel protection ratio: 30 dB

e)
uplink upper and lower adjacent channel protection ratio: 22 dB

for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau before 27 October 1997, the following protection ratios apply:

f)
downlink co-channel protection ratio: 31 dB

g)
downlink upper and lower adjacent channel protection ratio: 15 dB

h)
uplink co-channel protection ratio: 40 dB

i)
uplink upper and lower adjacent channel protection ratio: 21 dB

Later studies with all digital 27 MHz assignments (except for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau) could be performed following the advice of JWP 10-11S, i.e. the overall co-channel protection ratio to be used for the "non-existing" digital assignments in this study would be 20 dB.

The GTE should study and suggest to the IRG the priority of this study with digital assignments over the current studies with analogue assignments. If a 20 dB co-channel protection is accepted by the GTE/IRG, the worst-case approach described in paragraph 2.2.2.1 of Attachment 1 of Document GTE99-2/2 needs to be reviewed in order to provide adequate protection of digital assignment from existing analogue assignments.

A4.4.3.2.2
Antenna types

In case where the BSS-BSS compatibility problem arise from test points outside 3 dB contours, antenna patterns of antenna larger than 60 cm of Recommendation ITU‑R BO.1213 is intended to be used in order to compensate for the lower gain of satellite antenna to that direction.

A4.4.3.2.3
e.i.r.p. levels 

Except for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau and assignments which entered the Plan as a result of successful completion of Article 4 procedure, the e.i.r.p. to be used for each channel of a beam will be the minimum e.i.r.p. of any channel of that same beam which existed in the WRC-97 Plan.

For additional channels which are added to the beams whose assignments have been notified and brought into use and for which the date of bringing into use has been confirmed to the Bureau before 27 October 1997 (F and J), the e.i.r.p. level will be the minimum level of the WRC-97 Plan reduced by 5 dB (see paragraph 2.3 of Attachment C of the IRG-2 report).

This measure is taken in order to avoid having inconsistent values for e.i.r.p. of different channels and to facilitate the replanning studies. The minimum e.i.r.p. is chosen in order to assure compatibility with other services.

A4.4.3.2.4
Issues related to beam selection and number of additional channels

In addition to the creation of composite beams (see Document GTE-2/5) the following measures were taken in selecting beams to be included in the study. Detail of the application is described in the attachment to Document GTE99-2/4.
a)
In accordance with the decision of IRG-2 concerning "WARC-77 multinational" beams, the study includes (and protect) the beams TUN27200, DNK09000, DNK08900, FIN10400, ISL05000, NOR12101, NOR12102, S13900, S13902, CVA08500, SYR33900 and ARS34000 but does not assign additional channels to these beams (see paragraph 2.4 of the Attachment C of the IRG-2 report). (Additional channels, if required, would be added to "national" coverage beams rather than these beams which are larger than other "national coverage" beams which also exist in the Plan.) When the 3 dB contour of the larger beam covers more than 75% of the area of the national territory covered by the 3 dB contour of the smaller beam, number of channel provided by both beams are considered as the number of channel of that country (see paragraph 2.1 of the Attachment C of the IRG-2 report).

b)
Some countries/administrative regions (D, PNG, NZL, CHN/HKG) are covered by channels from two orbital positions in the WRC-97 Plan. To improve the economic viability of providing services to these countries/administrative regions, without assigning an excessive amount of spectrum/orbit resource, assignments for those countries will be provided by selecting only one of the two possible orbital positions. The principle used for choosing one orbital position, instead of the other possibility, was to minimise the number of channels which might be subject to new coordination requirements with other services. If two orbital positions are kept, intra-proportionality adopted by IRG-2 will apply (see paragraph 5.4.2 of the IRG-2 report and paragraph 2.1 of the Attachment C of the same report).

c)
In accordance with the decision of IRG-2 concerning "counting the number of channels", the assignment of KOR12101/KO12101D are counted as part of 10 channels for KOR.

A4.4.4
Issues raised within GTE concerning Approach 1

The following issues were raised within the GTE-2 concerning Approach 1. The GTE requested that the IRG deal with them and advise the outcome of its considerations.

A4.4.4.1
Composite Beams

Several Administrations (China, India, Australia) expressed concern over the creation of a single large composite beam that covers the entire land mass of their country. Contrary to a GTE-2 proposal, China requested that smaller composite beams be created and that 10 channels are assigned for each of those smaller composite beams In Region 3, it is not possible to assign 10 channels per beam if the number of beams used in each country exceeds certain values (say 2) at one orbital position. This can only be achieved from one beam or from two beams at two different orbital positions. With respect to China, smaller composite beams may be possible but only with minimal beam overlap. Efficient spectrum utilization only results from the minimization of the num​ber of beams and from the minimization of overlap areas between beams.

The IRG was requested to decide on the number of beams per orbital position per country and review the definition of the degree of overlap. IRG-3 agreed to continue with the principle adopted by IRG-2. However, the IRG will take into account the concerns expressed by administrations (see Document IRG99-3/6 section 4) with a view to arrive at a compromise solution without imposing undue constraints on the planning process. Accordingly, BR was requested to consult with the concerned administrations.

A4.4.4.2
Hong Kong

China expressed its concern about the IRG principles, if applied to Hong Kong. For Hong Kong, China has requested 10 channels for that national beam. Studies carried out by the Asia-Pacific Telecommunity (APT) indicated that Hong Kong may need to move to another orbital position in order to get 10 channels (134( E) and not become part of a Chinese composite beam. 

IRG-3 guidance on how to proceed was sought. IRG advice was that the GTE should carry out technical studies that maintain a separate Hong Kong beam at 122 E.L., and assign 10 channels to this beam, to determine if this request causes any difficulty for the planning. The GTE should then report the results of its studies to the IRG.

A4.4.4.3
Iceland

Iceland had requested that 10 channels be found for its national beam and 10 channels be found for its multinational beam. The GTE could not proceed with the proposal as it does not conform to one of the main IRG principles as detailed in the report of the second meeting of the IRG (IRG-2/10), Attachment C, paragraph 2.4. The principle states that the 10 channels must come from both the national beam and from the multinational beam. As this principle appears to be unacceptable to Iceland, IRG consideration of the issue was requested.

The IRG reviewed its previous conclusion with respect to multinational beams. During the process of counting the number of channels currently assigned to an administration, the IRG agreed not to count channels assigned to multinational beams The IRG also decided to maintain the multinational beams as contained in the WRC-97 Plans. All multinational beams are to be treated similarly.

A4.4.4.4
Starting Point for Number of Channels

The GTE also received comment about whether the Approach 1 study should attempt to initially find 8 channels for Region 3 and then 10 channels or whether it should attempt to first find 10 channels and if they cannot be found, then 8 channels for that Region. The GTE sought the advice of the IRG on this matter. IRG-3 advice was that the number of channels for Region 3 countries should be at least 10 per test point.

A4.4.4.5
Orbital Arc for Region 3

The GTE received a contribution from the APT proposing the creation of a "Region 3 Arc" extending from 34( E to 200( E. Currently there is no provision in the ITU Radio Regulations relating to the restriction or definition of a "Regional Arc". IRG advice on this issue was sought. The IRG advice was that such a proposal would require a decision from a World Radio Conference and thus could not be addressed by the IRG (nor GTE). 

A4.4.4.6
Steps 4, 5 and 7

In order to further proceed on the implementation of Steps 4, 5, and 7 some criteria were suggested in particular for the implementation of Step 5 on which the advise/instruction of IRG was sought. The IRG generally agreed with Steps 4, 5 and 7 as outlined in Document IRG99-3/6. The GTE was asked to review these steps further and refine them as necessary.

A4.4.5
Progress on Approach 1 Studies

Activities on Steps 1-4 were performed and the results were discussed at the GTE-2 meeting. Some actions under Step 5 were also conducted. Further studies were not conducted because of the decision to merge Approach 1 with Approach 2.

A4.5
Investigation into the feasibility of replanning based on Approach 2

A4.5.1
Introduction

Approach 2 is based on an allotment Plan splitting the Planned bands in sub-bands of 400 MHz each. The planning will consist in allotting to each country/coverage area a sub-band of 400 MHz. The planning is to be based on the principles contained in Resolution 532 and assumes many of the characteristics and criteria developed for Approach 1.

A4.5.2
Technical parameters and principles for Approach 2

A4.5.2.1
Orbital location

•
Not restricted to nominal Plan orbital locations, without any predetermined arc.

•
No predefined orbital spacing.

•
The Radiocommunication Bureau (BR) will publish a list of orbital locations to be used to start the planning process. That list will be based on specific requests from administrations, or otherwise on appropriate location(s) that may be selected from the current Appendix S30 Plan.

A4.5.2.2
Beam allocation 

Same as in Approach 1 (based on national coverage, as indicated in Principle 2 of Resolution 532).

A4.5.2.3
Capacity per beam for Region 1

•
Modulation as in Approach 1.

•
400 MHz per beam (with one polarization) except in instances where more than 4 neighbouring countries request the same orbital location. If more than 4 countries are requesting the same orbital location, the capacity per country should be 1 600 divided by the number of countries. The allotment of that capacity to each of the countries concerned shall result from the planning process.

•
Polarization as in Approach 1.

•
Initially, no channelization assumed.

A4.5.2.4
Capacity per beam for Region 3

•
Modulation as in Approach 1.

•
500 MHz per beam (with one polarization). However, that spectrum may be reduced to 400 MHz to avoid interference with Region 1.

•
Polarization as in Approach 1.

•
Initially, no channelization assumed.

A4.5.2.5
Protection ratios and other relevant parameters

As in Approach 1. However some parameters may need to be expressed in terms of density instead of absolute value, and further studies may be required in order to define protection ratio values as a function of the bandwidth of the carriers transmitted within the allotted bands.

A4.5.2.6
Protection of notified assignments in the replanning

As per principle 3 of Annex 1 of Resolution 532. However, further studies may be required in order to define the applicable interference calculation methods.

A4.5.2.7
Treatment of successful additions to the Plan

As in Approach 1.

A4.5.2.8
Compatibility with other services

As in Approach 1.

A4.5.3
Implementation of Approach 2 Studies

Studies based on Approach 2 were not conducted because of the decision to merge it with Approach 1.
A4.6
Investigation into the feasibility of replanning based on the "Planning Approach"

A4.6.1
Introduction
The "Planning Approach" is based on elements from Approach 1 and Approach 2.

A4.6.2
Description of the Approach

•
Replanning is performed on the basis of 10 defined channels grouped in a continuous band for each country in Regions 1 and 3. There are two options to be investigated:

i)
10 defined channels, with a spacing of 38.36 MHz, grouped in a continuous band of 400 MHz with one predetermined polarization; and

ii)
10 defined channels, with a spacing of 38.36 MHz between co-polarized channels, grouped in a continuous band of 200 MHz with two predetermined polarizations.
The GTE is to determine the reference channel bandwidth to be used in the planning process. Should studies in Region 3 utilizing 500 MHz demonstrate that more channels could be assigned for some Region 3 countries without creating undue constraints on BSS in Region 1, the results of these studies are to be taken into account. 

A4.6.3
Technical assumptions and methodology to carry out studies on the new Planning Approach

The methodology and basic technical assumptions for the "Planning Approach" are at Attachments 5 and 6 of this report respectively.

ATTACHMENT 5

Source:
Revision 3 to Document GTE99-4/TEMP/9-E
Revised methodology to implement the Planning Approach

Based on its recent experience in performing the new replanning studies, GTE-4 (27 September - 1 October 1999) agreed on some amendments to the methodology for the implementation of the "Planning Approach", which was adopted by IRG‑4 (1-2 July 1999). 

1
Preliminary studies

The Bureau conducted a preliminarily theoretical study to assess whether the four channel rasters defined by GTE-2 could be implemented or not in the sequence they were defined (see Document GTE99‑3/7).

This study showed that it would be more appropriate to start with channel raster b).

GTE-4 agreed to develop the methodology, which is provided below, based on the use of channel raster b).

2
Step 1 implementation: Definition of a priori selected orbital position

As a result of IRG-3 conclusions, the Radiocommunication Bureau sent a Circular-letter, CR/117 dated 1 March 1999, to all administrations requesting them to kindly inform the Bureau of their preferred orbital position(s) for their beam(s) as an alternative to existing one(s) in order for the GTE to start its replanning studies.

If in response to CR/117, an administration requested to move its assignments at an orbital position different from that mentioned in the Appendices S30/S30A, which is the orbital position proposed by default, then the Bureau recalculated the beam parameters (antenna gain and ellipse parameters) associated with those assignments by using the WRC-97 ellipse software.

At the request of the APT Group of Technical Experts (AGTE) from Region 3, GTE will use the default orbital positions proposed by AGTE in Document GTE99-4/9, 24 September 1999, as default orbital positions for Region 3 in the GTE replanning studies, unless a different preferred orbital position had been requested by an administration in that Region in response to CR/117. The Region 3 administrations for which a default orbital position was proposed by the AGTE which is different from that of Appendices S30 and S30A, will be consulted by the Bureau in order to confirm or otherwise this course of action, noting that absence of reply will mean agreement with the choice of orbital position indicated in Document GTE99-4/9. A Circular-letter will then be issued by the Bureau in order to inform all administrations of the orbital positions used in the GTE replanning studies.

3
Step 2 implementation: Creation of composite beams

In accordance with IRG-3 instructions, the Bureau consulted with all relevant administrations subject to use a Composite Beam.

Following from this consultation, the Bureau created a set of Composite Beams to be used in replanning studies (see Addenda 1 and 2 to Document GTE99-4/5, 24 September 1999).

4
Step 3 implementation

4.1
Introduction

As concluded by the GTE-2, Step 3 is described by a list of general criteria to be implemented to define the order list of the downlink "existing"
 and "planned"
 beams to be introduced in the revised Plan (see section A6.4.3 of Attachment 6 to Document GTE99-2/20).

In order to implement these criteria, further considerations were needed and are presented in the following sections. A flow-chart in Annex 2 summarises the algorithm used to implement Step 3.

Once the "Step 3 Starting Point Plan" (downlink only) has been defined as indicated under section 4.2 below, the first Step 3 beam to consider is analysed with respect to this "Step 3 Starting Point Plan". Then if the results of the analysis meet the criteria, the first Step 3 beam is included in that "Step 3 Starting Point Plan" which is then called the "Draft Step 3 Plan" (downlink only). The "Draft Step 3 Plan" is thus updated after each inclusion into it of a Step 3 beam which passed successfully the Step 3 analysis and meet the criteria. This "Draft Step 3 Plan" as it evolves is then used to analyse the subsequent Step 3 beams

4.2
Implementation of the 1st criterion: downlink "existing" beams

In order to define the "Step 3 Starting Point Plan", all the "existing" assignments of all the downlink "existing" beams are included in the "Step 3 Starting Point Plan".

For each plan downlink "planned" beam falling in this category, 10 "new" channels with new parameters are added in the sub frequency band already assigned to "existing" assignments as contained in Appendices S30 and S30A of the corresponding downlink "existing" beam. An MSPACE "group" is created between the new channels and their corresponding "existing" assignments, so as not to exceed a total number of 10 channels per country or the number of channels of an "existing system" which is greater than ten.

A BSS-BSS compatibility analysis is then conducted in order to check if these 10 "new" channels are acceptable or not, i.e.: these 10 "new" channels are acceptable if their EPM is positive and if they do not degrade
 by more than 0.45 dB the EPM, if already negative, of the other "existing" assignments (see also Annex 1).

In case where there are many beams falling in this category, the order of treatment of the beams is defined on the basis of:

I)
beam with minimum service-arc size (high latitude countries with low elevation angles);

II)
maximum beam size.

However, in case where there are only few beams falling in this category and if these beams are likely to be mutually compatible, they are treated simultaneously.

If a beam cannot get 10 "new" channels in the sub-frequency band already assigned to its corresponding downlink "existing" beam, it is then not included in the "Draft Step 3 Plan" at that stage and will be considered together with other beams under section 4.3 below.

After a successful introduction of one or all beams into the "Draft Step 3 Plan", according to the case of treatment, all the positive reference situations of the "Draft Step 3 Plan" are updated in order to prepare for the treatment of the next beam or the implementation of section 4.3 below, according to the case.

4.3
Implementation of national single or composite downlink "planned" beams

Taking into account the preferred orbital positions expressed by administrations in response to Circular-letter CR/117, the downlink "planned" beams in the new Planning Approach are considered as follows.

The first action to be done is to define the order of treatment of the downlink "planned" beams. This order is defined on the basis of:

I)
beam with minimum service-arc size (high latitude countries with low elevation angles);

II)
composite beams;

III)
maximum beam size.

Then, for each downlink "planned" beam falling in this category, a Victim Study and a Culprit Study (see Annex 1) are conducted in order to assign the most suitable sub-frequency band.

The selection of the sub-frequency band is based on the same criterion which was used for Approach 1 Step 4, i.e. select the sub frequency band which has the highest EPM sum of all the channels at the worst test-point.

In cases where a single criterion could not be enough to select between two sub frequency bands, a second criterion will be introduced in the future, i.e. select the sub-frequency band which has the smallest (mathematical) standard deviation of EPM.

If one downlink "planned" beam cannot be included in the "Draft Step 3 Plan", it will be considered under 4.3.1 or section 5 (Step 4) below.

After a successful introduction of one downlink "planned" beam into the "Draft Step 3 Plan", all the positive reference situations of the "Draft Step 3 Plan" are updated in order to prepare for the treatment of the next downlink "planned" beam or the implementation of section 4.3.14 or section 5 (Step 4) below, according to the case.

In order to reduce the excess of interference with the same and other services sharing the same frequency band, an alternative implementation is carried out where the first criterion to select the most appropriate sub-frequency band is to reuse to the extend possible the same sub frequency band where corresponding assignments were assigned by WRC-97.

This alternative implementation is then selected if it allows the introduction of more downlink "planned" beams in the "Draft Step 3 Plan".

However, for orbital positions specifically requested, this order of treatment may be different. administrations are free to choose orbital positions and channels, subject to not putting undue constraints on the replanning process.

4.3.1
Treatment of downlink "planned" beams not included in the "Draft Step 3 Plan" but for which at least one specific orbital position was requested

In order to implement paragraph 4.3 above (to accommodate as much as possible the preferred orbital position(s) specifically requested by administrations), the following steps are to be implemented in sequence as listed below. These steps are to be applied to all those downlink "planned" beams not included in the "Draft Step 3 Plan" but for which at least one specific orbital position was requested.

A)
Change the order of treatment

Partly repeat Step 3 with a different order of treatment in order to process the downlink "planned" beam under consideration (e.g. beam A) before other downlink "planned" beams (e.g. beams B1, B2, B3, B4) for which a specific orbital position was not requested and which, because of their treatment before beam "A" as done in section 4.3 above, were included successfully in the "Draft Step 3 Plan". The identification of beams "B1, B2, B3, B4" is done on the basis that beam "A" together with beams "B1, B2, B3, B4" are likely to be incompatible around the orbital position preferred for beam "A" (generally, beams "B1, B2, B3, B4" are located at the orbital position preferred for beam "A" or at a next adjacent orbital position).

B)
Use the ITU/EBU program to generate a smaller ellipse

Considering that, in the worst situation, the downlink "planned" beam under consideration would have to move to another orbital position (i.e. if considered at step 4), where it would get a recalculated ellipse which would be generally smaller than that generated at WARC‑77, GTE-4 agreed to check whether or not a new ellipse recalculated at the preferred orbital position can ease the inclusion of this downlink "planned" beam in the "Draft Step 3 Plan".

C)
Use of fast roll-off antenna

GTE-4 agreed to check whether the use of a fast roll-off space station antenna for the downlink "planned" beam under consideration would allow for its inclusion in the "Draft Step 3 Plan" at its preferred orbital position.

D)
Power adjustment

Considering that most of the "existing systems" use higher or lower power level than that of the "planned" assignments, GTE-4 agreed to check whether some increase or reduction in the power level of the downlink "planned" beam under consideration would allow for its inclusion in the "Draft Step 3 Plan" at its preferred orbital position, noting that the adjustment of the power level should be considered on a case by case basis and should not put any unacceptable constraints on the possible operation of that beam.

E)
Use of fast roll-off antenna and/or apply power adjustment to the beams which are putting undue constraints because of their national preference, noting that the adjustment of the power level should be considered on a case by case basis and should not put any undue constraints on the possible operation of that beam.

If all means described above do not resolve the situation, the downlink "planned" beam under consideration has to be assessed at another preferred orbital position specifically requested by the responsible administration, if any, or has to be processed at Step 4 below where it would have to move to another orbital position.

After a successful inclusion in the "Draft Step 3 Plan" of one downlink "planned" beam, for which a specific orbital position was requested, all positive reference situations of the "Draft Step 3 Plan" are updated in order to process the next downlink "planned" beam, for which a specific orbital position was requested, or for the implementation of section 5 (Step 4) below, according to the case.

4.4
Implementation of Multinational Beams

4.4.1
"Existing" multinational beam from those appearing in the WARC-77 Plan are to be treated under section 4.2.

4.4.2
Other multinational beams from those appearing in the WARC-77 Plan are to be treated after Step 5 (see Step 6 described in section 7 below). See also section 2.12.7 of Document IRG99‑4/19.

4.5
Verification if required of any undue constraints on the replanning process

The purpose of this action is to check whether there is any downlink "planned" beam, among those which were not included in the Plan after Step 3, which is subject to undue constraints imposed by other beams which were included successfully in the Plan under Step 3 before it. administrations are free to choose orbital positions and channels, subject to not putting undue constraints on the replanning process.

If it is the case for a given beam, the undue constraints (e.g. request for multiple overlapping beams instead of a composite beam and/or request for multiple orbital positions instead of one) will then be removed (e.g. use of a composite beam instead of multiple overlapping beams and/or use one position instead of multiple orbital positions) and another Step 3 study will be conducted.

5
Step 4 implementation

5.1
Introduction

The methodology defined below is to be applied to each single or composite downlink "planned" beam not entered in the "Draft Step 3 Plan". The "Draft Step 3 Plan" at the end of Step 3 is thus used as the "Step 4 Starting Point Plan" (downlink only). The first Step 4 beam to consider is analysed with respect to this "Step 4 Starting Point Plan". If the results of the analysis meet the criteria, the first Step 4 beam is included in that "Step 4 Starting Point Plan" which is then called the "Draft Step 4 Plan" (downlink only). The "Draft Step 4 Plan" is thus updated after each inclusion into it of a Step 4 beam which passed successfully the Step 4 analysis and meet the criteria. This "Draft Step 4 Plan" as it evolves is then used to analyse the subsequent Step 4 beams

A flow-chart in Annex 3 summarises the draft algorithm used to implement Step 4.

5.2
Definition of the beam order list

The order of treatment of the downlink "planned" beams which were not included in the plan at Step 3 is defined on the basis of:

I)
national beam co-located with "existing" beam, if any (rest of section 4.2 above);

II)
beam with minimum service-arc size;

III)
composite beams;

IV)
maximum beam size.

NOTE - An administration with an "existing" system that ceased or is about to cease operation may request the Bureau to change the orbit position of its "existing" system. In this case, the system will no longer be considered as an existing systems It will receive a new orbital position and would have the new parameters used for replanning studies.

5.3
Step 4 methodology description

For each downlink "planned" beam under consideration at Step 4, apply the following sub-steps:

5.3.1
Step 4 Culprit study

Perform a Culprit study (see Annex 1) against the "Draft Step 4 Plan" of the selected beam at its orbital position used at Step 3 in order to obtain the level of the Single Entry C/I values between this beam and the "Draft Step 4 Plan" beams/assignments.

5.3.2
Step 4 Orbital spacing study

Determine the required increase in the orbital spacing(s) in order to be compatible with respect to the "Draft Step 4 Plan" beams/assignments.

A - For each possible sub frequency band (8 in Region 1, 4 in Region 3) for the selected beam, perform the three following actions:

A.1 - For each "Draft Step 4 Plan" beam for which there is at least one Single Entry C/I value below the associated C/I limit*, convert this Single Entry C/I excess in term of a required eastward or westward increase of the orbital spacing between the "Draft Step 4 Plan" beam and Step 4 beam under consideration, using for that purpose the discrimination provided by the Equivalent Antenna Gain which is generally dominated by the receiving earth station antenna off‑axis discrimination.

A.2** - For each "Draft Step 4 Plan" beam convert its Single Entry C/I margins, i.e. Single Entry C/I value above the associated C/I limit*, in term of a required eastward or westward minimum orbital separation between the "Draft Step 4 Plan" beam and Step 4 beam under consideration, using for that purpose the discrimination provided by the Equivalent Antenna Gain which is generally dominated by the receiving earth station antenna off-axis discrimination.

A.3*** - Check whether the downlink single entry C/I limits of 25 dB (co-channel) and 20 dB (adjacent channel) to protect the Step 4 beam under consideration are met, to the extent possible, if time and resources permit.

A.4 - Considering the required orbital spacing increases and minimum orbital separations calculated under A.1, A.2 and A.3 above, define the nearest eastern and the nearest western suitable orbital positions for this sub frequency band within the service arc.

NOTE - Annex 4 to this attachment provides an example of the Equivalent Antenna Gain functions (as defined in Recommendation ITU-R BO.1212, which combine the effects of transmitting and receiving antenna co-polar and cross-polar patterns as per section 2.3 of the "assumptions" document).

B - Move the selected beam to a suitable orbital position considering eastern and western suitable orbital positions of all sub-frequency bands as identified under A above, and considering the guidelines of IRG-2 under B.1 below, and then re‑calculate the beam parameters accordingly.

B.1 - In selecting orbit positions during the replanning studies the following priority sequence should be observed:

a)
take to the extent possible the existing nominal orbital positions of the WRC-97 Plans;

b)
if necessary, create new orbital positions outside the prohibited arc of Annex 7;

c)
then if unavoidable and further positions are still required, next try orbital positions within the prohibited arc of Annex 7 to Appendix S30 taking into account principle 8 of Annex 1 to Resolution 532 (WRC-97).

C - Perform a new Culprit study (see Annex 1) against the "Draft Step 4 Plan" with for the Step 4 beam under consideration the suitable orbital position selected under B above and all sub frequency bands. This analysis is necessary in order to assure that the all Single Entry C/I limits of the "Draft Step 4 Plan" beams/assignments are met***.

D - Repeat A, B and C above until a position is found within the service arc, or until the service arc boundaries are reached.

If for a given beam no suitable orbital position can be found under the studies above, i.e. the service arc boundaries have been reached, it means then that this beam cannot be included in the "Draft Step 4 Plan", and thus that it will be considered under Step 5 below.

5.3.3
Step 4 Victim study

Perform a Victim study (see Annex 1) of the Step 4 beam under consideration from the "Draft Step 4 Plan" at the orbital position selected under section 5.3.3 above in order to check whether the reference situation of this Step 4 beam is positive or not.

If it is not the case, some adjustments to the orbital position are needed. For that purpose, the "Draft Step 4 Plan" Beams which produce the lowest co-channel and/or adjacent channel C/I values have to be identified and the EPM excess, plus 1 dB margin to compensate the aggregate effect, has to be converted in term of a required increase of the orbital spacing between the "Draft Step 4 Plan" Beams thus identified and the Step 4 beam under consideration. Then actions described from section 5.3.2 have to be repeated.

However, if for the Step 4 beam under consideration all the EPM values are positive, then this beam is added to the "Draft Step 4 Plan", and all the positive reference situations are updated in order to prepare for the treatment of the next Step 4 beam.

In cases where more than one sub frequency band at a new orbital position passed both the Culprit and the Victim studies and all have positive EPM values, then the selection of the sub frequency band will be based on the same criterion which was used for Approach 1 Step 4 and in section 4.3 above, i.e. select the sub frequency band which has the highest EPM sum of all the channels at the worst test-point.

In cases where a single criterion could not be enough to select between two sub frequency bands, a second criterion will be introduced in the future, i.e. select the sub frequency band which has the (mathematical) smallest standard deviation of EPM.

After a successful introduction of one Step 4 beam into the "Draft Step 4 Plan", all the positive reference situations of the "Draft Step 4 Plan" are updated in order to prepare for the treatment of the next beam.

6
Step 5 implementation

6.1
Definition of the beam order list

The order of treatment of the downlink "planned" beams which were not included in the plan at Steps 3 and 4 is defined on the basis of:

I)
national beam co-located with "existing" beam, if any (rest of section 4.2 and Step 4 above);

II)
beam with minimum service-arc size;

III)
composite beams;

IV)
maximum beam size.

6.2
Description of the Step 5 methodology

Two situations might occur after implementation of both Step 3 and Step 4:

i)
only few beams remain not included in the "Draft Step 4 Plan" at the end of Step 4;

ii)
a significantly high number of beams remain not included in the "Draft Step 4 Plan" at the end of Step 4.

Under the first situation i) above, it is proposed to apply one of the three following practical methods, either:

a)
to modify manually the blocks and/or orbital positions assigned to the beams causing difficulties to introduce in the Plan the Step 5 beam under consideration; or

b)
to repeat the implementation of Step 3 and to try to find a solution to each beam by applying when necessary the Step 4 methodology, and then to continue Step 3 other remaining Step 3 beams; or

c)
to repeat the implementation of both Step 3 and Step 4 but with a different order of treatment of the beams, where the beam under consideration at Step 5 will be treated before the beams causing difficulties to introduce it in the "Draft Step 3 Plan".

As an optional measure to resolve particular specific cases of remaining incompatibilities in Region 1, and on an exceptional basis, the use of different channel repartition may be envisaged (e.g. spreading the 10 channels over the 800 MHz instead of 400 MHz in one polarization). In such a case, the concerned administration(s) should be informed.

If at the end the study, there is still remaining interference excess into "existing" systems, the Bureau will request the responsible administration(s) of that "existing" system(s) if they were prepared to either accept a small e.i.r.p. increase in the order of a maximum of 1 dB, or alternatively to accept the respective EPM degradation. In the absence of a reply within 15 days from the date of the Bureau's Telefax, it will be understood that this administration agrees with either the e.i.r.p. 

increase or the EPM degradation. Such e.i.r.p. increase is only for the purpose of replanning exercises and should be understood as not having any impact on the status of coordination already undertaken by the responsible administration(s) of such "existing" system(s).

Under the second situation ii) above, it is proposed to repeat the implementation of both Step 3 and Step 4 with a reduced number of channels.

It might also be required, if necessary, to adjust appropriately other beam parameters such as e.i.r.p. on a case by case basis.

In both situations, when test-points with very low EPM (less than about -10 dB) receive excess of interference, such test-points can be ignored for the purpose of the replanning exercises, if necessary, on a case by case basis. In such cases, the concerned administration(s) are informed accordingly, and the issue will be reported to IRG-5.

NOTE - See also the conclusions of the IRG regarding Alternative Region 3 Channel arrangements in section 2.4.2 of Document IRG99-4/19-E.

7
Step 6: Implementation of Multinational downlink "planned" Beams

The order of treatment of the multinational downlink "planned" beams is defined on the following bases:

i)
beam with minimum service-arc size (high latitude countries with low elevation angles);

ii)
maximum beam size.

Step 6 includes elements of Steps 3, 4 and 5 described respectively in sections 4, 5 and 6 above for application to multinational downlink "planned" beams However, for these multinational beams, the selection of channels is limited to the maximum number of channels already assigned to these multinational beams contained in the WRC-97 Plans.

8
Establishment and compatibility analysis of the feeder-link Plan

8.1
Introduction

IRG-4 suggested that initial studies relating to the feeder-link replanning exercises should primarily consider the 17 GHz band. GTE-4 concluded from preliminary feeder-link replanning studies undertaken by the Bureau at 17 GHz, that limitation to the 17 GHz frequency band may not provide all assignments with the required number of channels and protection.

As a consequence, the feeder-link replanning studies should consider both the 14 GHz and 17 GHz frequency bands. Furthermore, some administrations expressed their specific preferences to use the 14 GHz frequency band in addition or alternatively to the 17 GHz frequency band.

8.2
Action 1: Establishment of the "draft new feeder-link Plan" at both 14 GHz and 17 GHz

The first action is to create the "draft new feeder-link Plan" by using the "existing" feeder-link systems with their "existing assignment(s)" which were notified, which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau.

All feeder-link "planned" beams are included in the "draft new feeder-link Plan" at the same time.

In order to simplify the establishment of the "draft new feeder-link Plan", GTE-4 agreed to start with assigning to each of the feeder-link "planned" beams the block of channels selected for their corresponding downlink "planned" beam at the end of the implementation of the "draft new downlink Plan" (i.e. result of Steps 3, 4, 5 and 6 above).

In the 14 GHz frequency band, only 14 channels are available (7 channels per circular polarization). GTE-4 concluded to assign channels in the 14 GHz frequency band in case an administration already has assignments for their feeder-links in this band. The assignment of channels should start from the top of the band (i.e. from channel 14 downwards on both hands of polarization).

For the implementation of this course of action, it is also required to move to a new orbital position each feeder-link "planned" beam for which the corresponding downlink "planned" beam has been moved at that new orbital position. The ellipse parameters of the moved feeder-link "planned" beam is then recalculated with the ITU/EBU program.

8.3
Action 2: Analysis of the interference situation

Once the "draft new feeder-link Plan" has been established, as described in section 8.2 above, a first MSPACE run is performed in order to assess the interference situation of this "draft new feeder-link Plan".

EPM degradations are identify as follows: 

a)
in case of "existing" systems, identifying positive reference EPM degraded below ‑0.45 dB or negative reference EPM degraded by more than 0.45 dB. The reference EPMs are those of the WRC-97 reference situation as it evolves.

b)
in case of "planned assignments", identifying negative EPMs below -0.45 dB.

For each feeder-link "planned" beam having an EPM degradation, identify its major interfering beam(s) based on the level of the corresponding Single Entry C/I value (generally, the other beams located at the same orbital position are major interfering beams).

In order to resolve this situation, GTE-4 agreed to apply the following measures in any appropriate order:

•
reverse the polarization direction,

•
assigned different channels in the same or the alternative frequency band if allocated,

•
apply fast roll-off receiving space station antenna patterns (e.g. as described in Annex 3 to Appendix S30A).

As a last resort, a shift of (0.2 degree around the nominal orbital position, in both the feeder-link and downlink plans, can be envisaged between the beams involved in the incompatibility situation. Such orbital shifts will necessarily imply to reassess the downlink plan.

However, none of the above-mentioned measures are applied to the "existing" feeder-link systems In addition, every effort will be made to accommodate a national "planned" beam at the orbital position of the "existing" system.

8.4
Action 3: Second run of interference calculation

In order to confirm that the measures described in section 8.3 above have been effective, a second MSPACE run is performed.

Any remaining incompatibilities which could not be resolved by iterations of Action-2 measures will be reported for further appropriate actions.

Annex 1

Detailed description of victim and culprit studies

A1.1
"Victim" (Receiving interference) Study

This study involves evaluating levels of interference from assignments in the "starting point Plan" (i.e. assignments previously successfully included in the draft new plan) to new channels which could possibly be added for a given beam(s) under consideration.

In addition to the "starting point Plan", for each beam that will receive additional channel(s) a complete set of possible candidate channels (40 for Region 1, 24 for Region 3) for each polarization (Circular Right-hand, Circular Left-hand) is generated. These sets of candidate channels are then treated as "victims" in an MSPACE study that runs all of these candidate channels as a grouped addition to the "starting point Plan". This provides information about which candidate channels/beams would receive an excess of interference (negative EPM) from the "starting point Plan".

The result of this step is a table which lists the channels/blocks, for all beam and polarization combinations, that would not receive negative EPM values from the "starting point Plan". It should be noted that in the case of composite beams, the only channels that would be considered as valid candidate channels would be those that were available for all subsidiary beams of a given composite beam. (Candidate channels that are not available for all subsidiary beams should be removed from the table.)

A1.2
"Culprit" (Causing interference) study

This study involves evaluating levels of interference from new channels which could possibly be added to assignments in the "starting point Plan".

This study can be implemented by many MSPACE runs for each candidate channel. However, in order to shorten the MSPACE calculation time the following method was developed.

In addition to the "starting point Plan", potential new channels determined after a Victim Study are included as "additions" in an MSPACE study. Then values of single entry C/I are calculated for each beam/polarization/channel/test point of the "starting point Plan" with respect to potential new channels.

By comparing the Single Entry C/I Criterion/Limit for each beam/polarization/channel/test point of the "starting point Plan" with calculated Single Entry C/I, potential new channels that cause unacceptable interference to assignments of the "starting point Plan" are removed from the list of candidate channels.

The definition of the Single Entry C/I Criterion/Limit, denoted as C2Ilimit, is as follows:






where:

PR

is the co-channel or the adjacent channel protection ratio associated with the wanted assignment in the case of a co-channel or adjacent channel interfering assignment, respectively; and

Ref.EPM

is the Reference EPM associated with the wanted assignment.

This definition means that a separate Single Entry C/I Criterion/Limit needs to be associated with each Reference EPM of the "starting point Plan".

A1.2.1
Definition of artificial Reference EPM for culprit study purposes

In order to provide appropriate protection of the Plan assignments during the Culprit Study (i.e. no more than what was provided by any starting point Plan), the Reference situation of these Plan assignments should be updated as follows:

Assumptions:

•
R is the Reference EPM of the Starting point Plan as contain in the MSPACEG scenario/input file (e.g. could be calculated after the successful addition of each beam during Step 3 implementation).

•
E is the new and last calculated EPM as contained in the MSPACEG reference situation/output file.

•
NR is the New Reference EPM to be used to update the R value.

The definition of NR is done according to the following criteria:

If R < 0

if E < -10 Log[1-100.045(1-10(-R/10))]

NR = -10 Log[100.045(1-10(-R/10))+10(-E/10)]

else

NR = -10 Log[10(-R/10)100.045-10(-E/10)] + 10 Log(100.045-1)

end if

else

NR = E

end if

A1.3
Interference calculation in both "Victim" and "Culprit" studies

As a practical measure to better simulate the real situation, the GTE-4 concluded not to take into account interference generated by assignments located at orbital position distances greater than S degrees from the nominal orbital position of the wanted assignment, where S is defined in order to provide an orbital position discrimination at the receiving earth station antenna greater than 35 dB. The formula for S takes into account the difference in e.i.r.p. between interfering and wanted signals and allows for correction if the receiving earth station antenna diameter of the wanted assignment is not in conformity with Recommendation ITU-R BO.1213 (60 cm). Provisionally
, S is defined as follows:

S = 15 + 10((|(e.i.r.p.| + 20*Log(d/60) - 29)/25) degrees in a co-polar situation
S = 9 + 10((|(e.i.r.p.| + 20*Log(d/60) - 29)/25) degrees in a cross-polar situation
Where:



(e.i.r.p. is the difference in dB between the maximum e.i.r.p. of the interfering signal and the maximum e.i.r.p. of the wanted signal.



d is the receiving earth station antenna diameter of the wanted assignment.

This GTE-4 conclusion was included as a practical measure to improve the replanning exercises. Considering that the configuration of the BSS plan is rather homogenous, it is understood that the plateau effects of the receiving earth station antenna patterns is negligible compared to the other sources of interference. Indeed, interference received from BSS satellites beyond a certain orbital distance is in practice negligible.

If such interference was taken into account, it could result in an unrealistically high level of interference in the replanning exercises.

As indicated in Annex 4 to this Attachment, all receiving earth station antennas include in their patterns a slope (29 - 25 log () and a plateau as a mask for the high-order side-lobes. It is considered that interference levels below -35 dB correspond to this negligible area. As can be seen from Annex 4, and to be on the safe side, the co-polar and cross-polar distances of 15 and 9 degrees respectively, which were chosen, provide almost 40 dB of discrimination. This value is further qualified by taking into account differences in e.i.r.p.s and receiving earth station antenna diameter as defined above.

Annex 2

Automated software process implemented for Step 3
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Annex 3

Automated software process implemented for Step 4
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Annex 4

Example of equivalent antenna gain as a combined functions of space station transmit antenna and earth station receive antenna
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ATTACHMENT 6

Source:
Revision 3 to Document GTE99-4/TEMP/10-E

Amended basic technical assumptions for the studies 
performed by the GTE

1
Introduction

During the third meeting of the IRG (IRG-3), a study approach referred to as the "Planning Approach" was defined. The second meeting of GTE (GTE-2) then developed the technical assumptions and methodology associated with this new approach. Initial replanning studies commenced in accordance with Resolution 532. The results were presented to GTE-3. Based on a review of these results, IRG-4 made further refinements to the technical assumptions.

GTE-4 made further amendments to the technical assumptions in order to:

•
include IRG-4 decisions on other issues as contained in Attachment D to the IRG-4 Report;

•
update previous assumptions (e.g. list of "existing" systems);

•
define new assumptions to carry out replanning studies of the feeder-link Plan.

2
Technical assumptions to carry out studies on the Planning Approach

2.1
MSPACE input file assumptions

MSPACE interference calculations are performed with the following default values:

•
0.1° for the station keeping error;

•
1.0° for the rotation error; and

•
0.1° for the mis-pointing error,

except for: 

assignments, notified with specific values, which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau. 
2.2
Emission type and channel bandwidth

So far, studies have been carried out with analogue emissions except for notified digital assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau.

However, future studies are to be based on digital emissions with a reference bandwidth of 27 MHz using the protection ratios described in paragraph 7. However, other bandwidths such as 33 MHz have to be considered before final adoption of the Plan (e.g. 34.5 MHz as suggested by Japan at GTE-4 (Document GTE99-4/2, 20 September 1999) for their assignments).

Japan requested to use 34.5 MHz of bandwidth for their assignments in the replanning exercises. This request will be studied at the end of the basic study as it is the case for other national preferences, provided that all necessary elements for such a study (e.g. protection ratios) are 

available in the draft revised Recommendation ITU-R BO.1293 or in any other draft new Recommendation from JWP 10-11S.

NOTE - For notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau, the parameters notified are used.

2.3
Antenna types

Except for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau and which use antenna types different from those described below, the following default antenna types are to be used: 

•
downlink receiving earth station antenna according to Figure 7bis of Annex 5 of Appendix S30 (Recommendation ITU-R BO.1213);

•
downlink space station transmitting antenna according to Figure 9 of Annex 5 of Appendix S30 (i.e. the R13TSS pattern)1;

•
uplink transmitting earth station antenna according to Curve A' and B' of Figure A of Annex 3 of Appendix S30A (Recommendation ITU-R BO.1295); and

•
uplink receiving space station antenna according to Curve A' and B' of Figure B of Annex 3 of Appendix S30A (Recommendation ITU-R BO.1296)2.

In the initial studies conducted by GTE-3, there are two cases where downlink BSS-BSS compatibility problems arise from downlink test points located outside the ‑3 dB contour. GTE-3 reported that receive antenna diameters larger than 60 cm in accordance with Recommendation ITU-R BO.1213 may be used in order to compensate for the lower gain of the satellite antenna in that direction, as follows:

Beam ID
Adm.
Test point location
(downlink)
Contour where test points are located
Compatibility problem at Step 3 (beam not included)
Ant. Diameter used

MCO11600
MCO
46N00 5E60
-7.4 dB
One beam
0.99 m

RSTRSA11
RSTRSA12
RSTRSD11
RSTRSD12
RUS
54N33 22E88
55N07 22E74
55N11 20E78
54N44 20E00
41N20 47E82
46N40 48E90
-8.1 dB
Two beams
1.09 m

Alternatively, the GTE-3 determined the following options that could be applied for the purposes of the replanning studies:

For MCO:

a)
do not consider the downlink test point located outside the -3 dB contour; or

b)
increase the size of the downlink beam provided that it remains in the territory of the administration or include a minimum sized downlink spot beam so that it includes the test point within the -3 dB contour.

IRG-4 decided to apply the approach described in a) above in the MCO case.

For RUS:

a)
increase the size of the downlink beam or include a minimum sized spot beam so that it includes the test points within the -3 dB contour.

IRG-4 decided that this is a technical issue that can be solved between Russia and the GTE.

After IRG-4, the Administration of Russia requested to use a receiving earth station antenna diameter of 0.9 m at the following downlink test-points: 41.20( N - 47.82( E, 46.40( N - 48.90( E, 54.33( N - 22.88( E, 55.07( N - 22.74( E, 55.11( N - 20.78( E and 54.44( N - 20.00( E. This request was implemented in the replanning studies. For that purpose, these six test-points were removed from downlink beams RSTRSD11 and RSTRSD12 and added to new downlink beams RSTRSD13 and RSTRSD14 at the orbital position 36( E.

2.4
Polarization and channel spacing

Circular polarization, CR or CL, will be used except for cases where assignments have linear polarization and are:

"notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau".

2.4.1
Possible Region 1 and 3 channel arrangements

Following IRG-3 conclusions, GTE-3 derived four channel arrangements utilizing a continuous band of 400 MHz:

a)
10 defined channels, with 38.36 MHz frequency spacing, grouped in a continuous band of 400 MHz with one pre-determined type of polarization. The channel scheme is based on co-channels only;

b)
10 defined channels, with 38.36 MHz frequency spacing, grouped in a continuous band of 400 MHz with one pre-determined type of polarization. The channel scheme assumes adjacent-channels;

c)
10 defined channels, with 38.36 MHz frequency spacing between co-polarized channels, grouped in a continuous band of 200 MHz with two pre-determined types of polarization (i.e. cross-polarized channels assigned to the same beam will be co-channels). The channel scheme is based on co-channels only; and

d)
10 defined channels, with 38.36 MHz spacing between co-polarized channels, grouped in a continuous band of 200 MHz with two pre-determined types of polarization (i.e. cross-polarized channels assigned to the same beam will be adjacent-channels with a frequency spacing of 19.18 MHz).

The four corresponding channel rasters are shown in Figure 1.1 below.
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Figure 1.1

Studies (see Document GTE99-3/18) were generally based upon raster b) of Figure 1.1.

GTE-4 concluded to assume both the 14 GHz and the 17 GHz frequency bands in the feeder-link replanning studies in order to provide all assignments with the required number of channels and protection and also in order to cope with specific preferences expressed by some administrations.

With respect to the 14-GHz feeder-link band, it was concluded to use the WRC-97 channel raster, i.e.: similar to rasters b) or d) above, according to the case, but reduced to the 14 available channels in that band (7 channels per circular polarization). It was also concluded, that, to begin with, to assign channels from the top of the band whilst not taking into account the internal adjacent channel interference effect.

2.4.2
Alternative Region 3 channel arrangements

Following IRG-3 conclusions, GTE-3 derived four channel arrangements utilizing a continuous band of 500 MHz:

a)
12 defined channels, with 38.36 MHz frequency spacing, grouped in a continuous band of 500 MHz with one pre-determined type of polarization. The channel scheme is based on co-channels only;

b)
12 defined channels, with 38.36 MHz frequency spacing, grouped in a continuous band of 500 MHz with one pre-determined type of polarization. The channel scheme assumes adjacent-channels;

c)
12 defined channels, with 38.36 MHz frequency spacing between co-polarized channels, grouped in a continuous band of 250 MHz with two pre-determined types of polarization (i.e. cross-polarized channels assigned to the same beam will be co‑channels). The channel scheme is based on co-channels only; and

d)
12 defined channels, with 38.36 MHz spacing between co-polarized channels, grouped in a continuous band of 250 MHz with two pre-determined types of polarization (i.e. cross-polarized channels assigned to the same beam will be adjacent-channels with a frequency spacing of 19.18 MHz).

The four corresponding channel rasters are shown in Figure 1.2 below.

[image: image6.wmf]Channel Raster a)

   

¬

38.36 MHz

®

                            

Country “A”

 CL

  1

     3

       5

          7

   9

     11

                 13

 15

    17

       19                21                 23

 CR

 

 1’

     3’

       5’

          7’

   9’

     11’

        13’

15’

   17’

       19’ 

         21’               23’

                          Country “B”

          11. 7 GHz

           12.2 GHz

Channel Raster b)

   

¬

38.36 MHz

®

 

                              

Country “A”

 CL

  1

     3

       5

           7

   9

     11

                  13

  15

    17

       19                21                23

 CR

 

   2

      

4

        6

  8

    10

      12

14

  16

      18

        20                 22                24

                           Country “B”

          11. 7 GHz

           12.2 GHz

Channel Raster c)

   

¬

38.36 MHz

®

 CL

  1

     3

       5

          

 7

   9

     11

                 13

 15

    17

       19                21                 23

 CR

  1’

     3’

       5’

 7’

   9’

     11’

        13’

 15’

    17’

       19’ 

         21’                23’

   

                   Country “A”

                     Country “B”

           11. 7 GHz

           12.2 GHz

Channel Raster d)

    

¬

38.36 MHz

®

 CL

  1

     3

       5

                    7

   9

     11

                 13

 15

    17

       19                 21                23

 CR

 

   2

      4

        6

  8

    10

      12

14

   16

     18

                 20         

        22               24

              Country “A”

                   Country “B”

           11. 7 GHz

           12.2 GHz


Figure 1.2

Another initial study (see Document GTE99-3/17) was generally based upon raster b) of Figure 1.2 for Region 3 and raster b) of Figure 1.1 for Region 1. The results of this initial study indicate that it is possible to conduct a satisfactory replanning exercise on this basis.

In regards to the number of channels to be used in Region 3, APT members have discussed the issue. It is very important to Region 3 countries to achieve an efficient usage of the 500 MHz of BSS spectrum. As a compromise to advance the work of the meeting, Region 3 administrations agreed with the general approach outlined by the distinguished delegate of the Kingdom of Morocco described below:

Stage 1:
Further replanning should be conducted on the basis of 10 channels for each country in Regions 1 and 3, as described in the Report of the IRG-3 meeting.

Stage 2:
At the end of Step 4 (see Document IRG99-4/[11]), the GTE will attempt to add two additional channels for each Region 3 country at the orbital positions determined at the end of Step 4. In determining the feasibility of these additional two channels, the GTE will also perform studies to identify any undue constraints on Region 1 BSS resulting in the border area between Regions 1 and 3.

2.4.3
Preferred channel rasters

Raster b) is considered to better accommodate "existing" assignments compared with raster d) and is, for the parameters (frequency spacing, channel bandwidth, protection ratios etc.) more efficient than rasters a) and c). Considering that emphasis should be placed on channel raster(s) that give the greatest chance of achieving a successful result, the IRG determined that Raster b) should be used (see Document GTE 99-3/7). Channel raster d) may be used in certain circumstances on a case by case basis.

2.4.4
Agreement on channels specifically preferred by administrations

2.4.4.1
Channels preferred by AUS

The Administration of Australia requested that the beam and channels arrangement of the current WRC-97 Plans should be used (see also Documents GTE99-3/11 and GTE99-3/12).


Downlink channels introduced from WRC-97 Plan for AUS 

Orb.
Beam
Channel
Pol
Emission

152° E
AUS00600
2, 6, 10, 14, 18, 22
CL
digital


AUS00400
3, 7, 11, 15, 19, 23
CR
digital


AUS0040A
3, 7, 11, 15, 19, 23
CR
digital


AUS0040B
3, 7, 11, 15, 19, 23
CR
digital


AUS0040C
3, 7, 11, 15, 19, 23
CR
digital


AUS00500
4, 8, 12, 16, 20, 24
CL
digital

164° E
AUS00900
1, 5, 9, 13, 17, 21
CR
digital


AUS0090A
1, 5, 9, 13, 17, 21
CR
digital


AUS0090B
1, 5, 9, 13, 17, 21
CR
digital


AUS00800
2, 6, 10, 14, 18, 22
CL
digital


AUS00700
3, 7, 11, 15, 19, 23
CR
digital


AUS0070A
3, 7, 11, 15, 19, 23
CR
digital


Feeder-link channels introduced from WRC-97 Plan for AUS 

Orb.
Beam
Channel
Pol
Emission

152° E
AUS00600
28, 32, 36, 40, 26, 30
CR
digital


AUS00400
3, 7, 11, 15, 19, 23
CL
digital


AUS0040A
3, 7, 11, 15, 19, 23
CL
digital


AUS0040B
3, 7, 11, 15, 19, 23
CL
digital


AUS0040C
3, 7, 11, 15, 19, 23
CL
digital


AUS00500
4, 8, 12, 16, 20, 24
CR
digital

164° E
AUS00900
27, 31, 35, 39, 25, 29
CR
digital


AUS0090A
27, 31, 35, 39, 25, 29
CR
digital


AUS0090B
27, 31, 35, 39, 25, 29
CR
digital


AUS00800
2, 6, 10, 14, 18, 22
CL
digital


AUS00700
3, 7, 11, 15, 19, 23
CR
digital


AUS0070A
3, 7, 11, 15, 19, 23
CR
digital

The Administration of Australia also requested that the extra capacity should be provided for that administration by an additional national coverage beam at two orbital positions (152( E and 164( E) with two channels per beam (see also Documents GTE99-3/11 and GTE99-3/12). This involves beams at multiple orbital positions covering the same area in the replanning studies.

The IRG decided to pursue these requests of Australia in the further replanning studies.

2.4.4.2
Channels preferred by RUS 3

Channels in the WRC-97 Plan for RUS at orbital positions 36( E, 56( E, 86( E and 140( E

Orb.
Beam
Channel
Pol
Emission

36° E
RST-1
25, 27, 29, 31, 33, 35, 37, 39
CL
digital & analogue



26, 28, 30, 32, 34, 36, 38, 40
CR
digital & analogue

56° E
RST-2
25, 27, 29, 31, 33, 35, 37, 39
CL
digital & analogue



26, 28, 30, 32, 34, 36, 38, 40
CR
digital & analogue

86° E
RST-3
25, 27, 29, 31, 33, 35, 37, 39
CL
digital & analogue



26, 28, 30, 32, 34, 36, 38, 40
CR
digital & analogue

140° E
RST-5
25, 27, 29, 31, 33, 35, 37, 39
CL
digital & analogue



26, 28, 30, 32, 34, 36, 38, 40
CR
digital & analogue

The Administration of Russia requested that the beam and channels arrangement of the current WRC-97 Plan be used at orbital positions 36( E, 56( E, 86( E and 140( E, as referred to in paragraph 2.12.5 and paragraph 4.4 of Documents GTE99-3/12 and 11, respectively. The IRG decided to pursue this request of Russia in the further replanning studies.

Further to IRG-4, the Administration of Russia notified with analogue and digital modulations 8 channels (27, 28, 31, 32, 35, 36, 39, 40) of the RST-1 network asking not to group odd and even channels.

Considering also the IRG decision to use only digital modulation for the "planned" assignments introduced in the draft new plan during the replanning studies, GTE-4 agreed to assume the following channels for Russia in doing the replanning studies:


Channels assumed in the replanning studies for RUS

Orb.
Beams (Network)
Channel
Pol
Emission

36° E
RSTREA11 (RST-1)
27, 31, 35, 39
CL
analogue


RSTREA12 (RST-1)
28, 32, 36, 40
CR
analogue


RSTRED11 (RST-1)
27, 31, 35, 39
CL
digital


RSTRED12 (RST-1)
28, 32, 36, 40
CR
digital


RSTRSD11
25, 27, 29, 31, 33, 35, 37, 39
CL
digital


RSTRSD12
26, 28, 30, 32, 34, 36, 38, 40
CR
digital

56° E
RSTRSD21
25, 27, 29, 31, 33, 35, 37, 39
CL
digital


RSTRSD22
26, 28, 30, 32, 34, 36, 38, 40
CR
digital

86° E
RSTRSD31
25, 27, 29, 31, 33, 35, 37, 39
CL
digital


RSTRSD32
26, 28, 30, 32, 34, 36, 38, 40
CR
digital

140° E
RSTRSD51
25, 27, 29, 31, 33, 35, 37, 39
CL
digital


RSTRSD52
26, 28, 30, 32, 34, 36, 38, 40
CR
digital

Where MSPACE grouped have been created between the following beams:

–
RSTREA11, RSTRED11 and RSTRSD11

–
RSTREA12, RSTRED12 and RSTRSD12

–
RSTRSD21, RSTRSD22

–
RSTRSD31, RSTRSD32

–
RSTRSD51, RSTRSD52

After IRG-4, the request of the Administration of Russia to use for its beam at 110( E channels 25, 27, 29, 31, 33, 35, 37, 39 CL and channels 26, 28 CR was implemented.

2.4.4.3
Channels preferred by IND

(See section 2.10.2.3 below.)

2.4.4.4
Channels preferred by IRN

The Islamic Republic of Iran requested to study their feeder-links at both the 14 GHz and 17 GHz frequency bands. The 17 GHz frequency band will be assumed in the basic study, whereas the 14 GHz frequency band will be studied at the end of the basic study as it is the case for other national preferences.

2.4.4.5
Channels preferred by KOR

The Republic of Korea requested to study their feeder-links at both the 14 GHz and 17 GHz frequency bands. The 17 GHz frequency band will be assumed in the basic study, whereas the 14 GHz frequency band will be studied at the end of the basic study as it is the case for other national preferences.

2.5
Test points

By default, the test points of the WRC-97 Regions 1 and 3 Plan shall be used (see also paragraph 2.10.2).

2.5.1
Revised downlink test-points for MRC

The Administration of Morocco requested the following new downlink test points to be used for the creation of the elliptical beam for Morocco (see also Document GTE99-3/11). This request would align the downlink beam of Morocco with its WARC Orb-88 feeder link beam. The IRG decided to pursue this request from Morocco in the further replanning studies.

Latitude (( N)
Longitude (( W)

20.40
17.00

23.50
12.80

23.70
15.90

26.40
9.60

27.20
13.20

29.90
5.80

30.40
9.60

32.30
1.30

34.90
2.10

35.80
5.90

The new downlink test-points of Morocco were implemented in the replanning studies and used for the recalculation of its downlink beam.

2.5.2
Revised downlink test-points for MCO

For the reason mentioned in section 2.3 above, IRG-4 decided to remove from the downlink Plan one test-point of Monaco located at 46N00 5E60.

2.5.3
Revised downlink test-points for RUS 

The Administration of Russia requested two new downlink test points (42.42( N, 130.62( E and 46.02( N, 143.42( E) to be added to its beam RUS-4 in order to cover its territory (Primorsky) more properly (see also Document GTE99-3/11). The IRG agreed that this proposal should remain in the replanning studies. Japan, China and Korea agreed with this proposal under the following conditions:

1)
No unacceptable interference to Japanese FSS, Chinese FSS, and Korean FSS.

2)
Simulated shaped beam or other means should be used for reducing, to the maximum, the radiation over the territory of other countries.

After IRG-4, the Administration of Russia confirmed its request which was implemented in the replanning studies. The elliptical beam RUS00400 was thus recalculated.

2.6
Ellipse calculations 

Ellipses are recalculated only if orbital positions change or if test points are changed. If there are no changes to orbital positions or test points, ellipses of the WRC-97 Plan are used.

The ITU/EBU computer program will be used for any necessary calculations including the maximum co-polar antenna gain and, in accordance with WRC-97 practice, a satellite antenna pointing accuracy of 0.1° will only be used in calculating ellipses and a minimum half-power beamwidth of 0.6° is assumed as specified in Appendices S30 and S30A.

2.6.1
Calculation of ellipse parameters for the Monaco downlink beam

The Administration of Monaco requested the new orbital position (13° W) for the study. In order not to change the beam dramatically, one of the downlink test points (5.60° E 46.0° N) which is located outside the beam area of the downlink beam in WRC-97 Plan (i.e. close to the -9 dB gain contour) was not taken into account when new ellipse parameters were calculated as described in paragraph 2.6.

This course of action is in line with the IRG-4 decision to delete this downlink test point (5.60° E 46.0° N) as indicated in section 2.5.2.

2.7
Protection ratios

Studies which were performed up to GTE-3 used the following assumptions concerning protection ratios (identical to those used in Article 4 procedure after WRC-97):

a)
separate uplink and downlink replanning (i.e. EPM approach)

except for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau before 27 October 1997, the following protection ratios will apply:

b)
downlink co-channel protection ratio: 24 dB

c)
downlink upper and lower adjacent channel protection ratio: 16 dB

d)
uplink co-channel protection ratio: 30 dB

e)
uplink upper and lower adjacent channel protection ratio: 22 dB

for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau before 27 October 1997, the following protection ratios apply:

f)
downlink co-channel protection ratio: 31 dB

g)
downlink upper and lower adjacent channel protection ratio: 15 dB

h)
uplink co-channel protection ratio: 40 dB

i)
uplink upper and lower adjacent channel protection ratio: 21 dB

The interference calculation were performed according to the calculation methods adopted by the RRB, as described in Document GTE99-2/3.

The IRG determined that further studies using 27 MHz all digital emissions (except for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought 

into use and for which the date of bringing into use has been confirmed to the Bureau before 27 October 1997) should be performed using the advice of JWP 10-11S (see Document GTE99-3/6) i.e.:

•
an overall co-channel protection ratio between digital emissions of 20 dB (i.e. 21 dB for the downlink and 27 dB for the feeder link) except for "existing" assignments mentioned above,

•
an overall co-channel protection ratio for digital emissions with respect to "existing" analogue emissions of 23 dB (i.e. 24 dB for the downlink and 30 dB for the feeder link) and an adjacent protection ratio of 15 dB (i.e. 16 dB for the downlink and 22 dB for the feeder link) using the worst-case approach (see paragraph 2.2.2.1 of Attachment 1 of Document GTE99-2/2).

The protection ratios to be applied to "existing" systems (i.e., notified assignments that are in conformance with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau) are provided in Annex A. This in no way prejudices a decision of the Conference related to use of this criteria for future systems intended to replace these existing systems

2.7.1
Negative equivalent protection margin for "existing" systems in the WRC-97 Plan

Negative Equivalent Protection Margins of WRC-97 Plans for "existing" systems were kept because it is considered that those negative EPM were accepted together with the protection margins at that time when those assignment were successfully included in the plans or were brought into use.

2.8
Downlink e.i.r.p. levels and power density

Except for notified assignments which are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau, the downlink e.i.r.p. to be used for each channel of a beam will be the minimum downlink e.i.r.p. of any channel of that same beam which existed in the WRC-97 Plan. For composite beams, the downlink e.i.r.p. in the directions of the test points relating to the envelope of such a beam should be that or close to that of the corresponding subsidiary beam4.

For additional channels which are added in the course of the replanning exercise to the downlink beams whose national plan assignments (J) and modified national plan assignments (KOR) have been notified and brought into use and for which the date of bringing into use has been confirmed to the Bureau before 27 October 1997 (KOR11201, KO11201D and J 11100), the downlink e.i.r.p. level will be the level of the nearest channel of the WRC-97 Plan reduced by 5 dB (see paragraph 2.3 of Attachment C of the IRG-2 report).

This measure is taken in order to avoid having inconsistent values of e.i.r.p. for different channels and to facilitate the replanning studies. The minimum e.i.r.p. is chosen in order to assure compatibility with other services.

The power density value is determined assuming a uniform power-density over a 27 MHz bandwidth.

2.9
Minimum elevation angle

As defined in section 3.12 of Annex 5 of Appendix S30.

The minimum elevation angle to be met within the downlink service area is assumed to be 20° in the replanning studies. In cases where a country has a lower elevation angle in the WRC-97 Plan, the actual elevation is taken and the possible service arc for the purposes of the replanning exercise is determined by any positive increase in elevation angle. A minimum elevation angle of 40° should be assumed for those downlink test points located in areas subject to high precipitation (rain-climatic zones M, N, P and Q).

2.10
Composite beams in replanning studies

Based on the conclusions of the IRG-2 and IRG-3, in general, composite beams are created for administrations which have more than one beam at a given orbital position in the current WRC-97 Regions 1 and 3 BSS Plan. According to the conclusions of IRG-3 and IRG-4, administrations' preferences were generally taken into account in the studies for Australia5, China, India, Saudi Arabia, the United States of America/American Samoa, and France/New Caledonia and Walis and Futuna Islands. Attachment 1 to this document contains the diagrams illustrating the -3 dB beam areas for administrations which had downlink composite beams created for the initial studies. Attachment 2 provides the diagrams of the feeder-link composite beams created for the feeder-link studies.

In order to evaluate whether or not these national preferences impose undue constraints to the replanning process, a comparison with respect to the Bureau's original suggestions was conducted. In regards to composite beams, the IRG decided to proceed with the requests of administrations, and to evaluate the results on a case-by-case basis, where required.

2.10.1
General definition of composite beams:

Composite beams ("simulated shaped beams") have been formed by combining the existing elliptical beams of the relevant administration at the orbit position in question.6
The orbital positions which were requested by administrations or the default orbital positions of the WRC-97 Plan were used for the ellipses that make up the composite beam. 

Because a "composite beam" is a "de facto" single beam ("simulated shaped beam"), the same set of channels will be used throughout the area covered by the composite beam.

For the downlink C/I calculation, the highest downlink e.i.r.p. of the composite beam will be assumed in the direction of each visible receiving earth station. In the feeder-link Plan, the highest receiving space station antenna gain value of the composite beam will be assumed in the direction of each visible transmitting earth station.

2.10.2
Specific considerations concerning composite beams

2.10.2.1
Downlink situation of AUS

Taking into account a request from Australia, the beam and channel arrangement (6 channels per beam) in the WRC-97 Plan were included in the initial studies. In addition, Australia requested that its additional channels should be provided in national coverage beams.

However, this request has been referred to the IRG for its consideration. In the studies performed before GTE-3, two composite beams were derived from the WRC-97 beams (as shown in Attachment 1 of Document GTE99-3/12), one at each of the two orbital positions, with 4 channels per beam were included (see paragraph 3.3 of Document GTE99-3/11).

In line with the IRG-4 decision referred to in section 2.4.4.1 above, and after further clarifications from Australia, two new composite beams with national coverage are created for Australia, one at 152( E using feeder-link beam AUS0040A and downlink beams AUS0040A, AUS0040B, AUS0040C, AUS0070A, AUS0090A and AUS0090B, and one at 164( E using feeder-link beam AUS0070A and downlink beams AUS0040A, AUS0040B, AUS0040C, AUS0070A, AUS0090A and AUS0090B (see Attachment 1).

2.10.2.2
Downlink situation of CHN

Taking into account a request from China, the composite beams and elliptical beams as shown in Attachment 1 were used in the initial studies. There is one composite and one elliptical beam at orbital position 62° E, one composite and one elliptical beam at orbital position 79.8° E, and two composite beams at orbital position 92° E (see paragraph 3.4 of Documents GTE99-3/11 and GTE99-4/13).

In order to reduce excessive overlaps between the different composite beams at each of the different orbital positions and to cover the Chinese territory appropriately, some of test points of a number of beams (CHN15400, CHN15500, CHN15600, CHN15700, CHN15800, CHN15900 and CHN16100) have been modified and the orbital position of one beam (CHN15700) was changed from 62° E to 79.8° E. 

•
Test points at 42.8° N and 96.3° E, 34.3° N and 79° E, and 36.3° N and 90° E of beam CHN15400 were replaced with those at 44.29° N and 95.36° E, 35.3° N and 79° E, and 
36.5° N and 89° E, respectively.

•
A test point at 36.3° N and 90° E of beam CHN15500 were replaced with a test point at 
35.3° N and 90° E and a new test point 33.5° N and 79.5° E was added to that beam.

•
Test points at 35.4° N and 108.5° E, 32.6° N and 105.2° E, and 31.7° N and 95.9° E of beam CHN15600 were replaced with those at 35.4° N and 105.5° E, 32.6° N and 100.2° E, and 34.7° N and 95° E, respectively.

•
A test points at 33° N and 105.8° E of beam CHN15700 was replaced with a test point at 
30° N and 105.8° E. Test points at 32.9° N and 105.8° E, and 31.5° N and 115.3° E of beam CHN15800 were replaced with those at 34.9° N and 105.8° E, and 33.5° N and 115.3° E, respectively.

•
Test points at 31.5° N and 115.3° E, and 33.1° N and 109.5° E of beam CHN15900 were replaced with those at 29.5° N and 115.3° E, and 30.1° N and 109.5° E, respectively.

•
Test points at 39.6° N and 120.2° E, 36° N and 115.4° E, and 37.4° N and 122.6° E of beam CHN16100 were replaced with those at 36.6° N and 120.2° E, 35.5° N and 115.4° E, and 35.4° N and 122.6° E, respectively. 

The Administration of the People's Republic of China requested that a feeder-link beam covering China Mainland should be provided from three orbital positions. China then accepted BR's proposal as conveyed to them in a correspondence (see resulting composite beams in Attachment 2).

2.10.2.3
Feeder-link and downlink situation of IND

Taking into account of a request from India, the composite beams and elliptical beams as shown in Attachment 1 were used in the initial studies. There are two composite beams at orbital position 
56° E and one composite beam and two elliptical beams at orbital position 68° E (see paragraph 3.6 of Document GTE99-3/11).

In order to reduce excessive overlaps between the different composite beams at each of the different orbital positions and to cover the Indian territory appropriately, some test points of a limited number of beams have been modified (IND04100, IND04200, IND04500 and IND04600). The orbital positions of beam IND04200, IND04600 and IND4800 was changed from 68° E to 56° E and those of beam IND03800 and IND04000 was changed from 56° E to 68° E. 

•
A test point at 19.0° N and 84.9° E of beam IND04100 was replaced with a test point at 17.8° N and 81.4° E of beam IND04600.

•
A test point at 29.9° N and 74.5° E of IND04200 was replaced with a test point at 31.2° N and 79.0° E of beam IND03800.

•
A test point at 21.6° N 80° E of beam IND4500 was deleted from that beam and added to beam IND04600. 

GTE-4 concurred with India's request to use for the above described beams both the 14 GHz and 17 GHz frequency bands, either alternatively or in combination for their feeder-links.

h2.10.2.4
Downlink situation of the United States

According to a request from the United States of America, one downlink composite beams was modified by adding a downlink spot beam for American Samoa in order to reduce the sensitivity derived from a downlink test point outside the downlink beam area (i.e. 14 dB gain contour) (see paragraph 3.11 of Document GTE99‑3/11).

The IRG agreed that this arrangement will be used in the further replanning studies.

2.10.2.5
Downlink situation of F

According to a request from France, two downlink elliptical beams (WAL and NCL) in the WRC‑97 Plan were included in the initial studies instead of the downlink composite beam.

The IRG agreed that this arrangement will be used in the further replanning studies.

2.11
Orbital positions7
Based on the responses received from administrations with respect to Circular-letter CR/117 of 1 March 1999, and/or the reminder of 15 March 1999, the orbital positions shown in Document GTE99‑3/11 were used for Steps 1 to 3. Orbital positions of some beams were modified during initial Step 4 studies in order to accommodate these beams in the Plan. 

Some administrations strongly disagreed with the results after Step 4 and requested that their preferred orbital positions be maintained. All administrations whose specific requests can not be met in the replanning exercise will be contacted by the Bureau individually. If the request is maintained, every effort will be undertaken in order to satisfy the requirements of the administration concerned.

This course of action was implemented in the replanning studies prior to GTE-4.

At the request of the APT Group of Technical Experts (AGTE) from Region 3, GTE will use the default orbital positions proposed by AGTE in Document GTE99-4/9, 24 September 1999, as default orbital positions for Region 3 in the GTE replanning studies, unless a different preferred orbital position had been requested by an administration in that Region in response to CR/117. The Region 3 administrations for which a default orbital position was proposed by the AGTE which is different from that of Appendices S30 and S30A, will be consulted by the Bureau in order to confirm or otherwise this course of action, noting that absence of reply will mean agreement with the choice of orbital position indicated in Document GTE99-4/9. A Circular-letter will then be issued by the Bureau in order to inform all administrations of the orbital positions used in the GTE replanning studies.

2.11.1
Countries/administrative regions covered by channels from two orbital positions in the WRC-97 Plan

Some countries/administrative regions (CHN/HKG, D, NZL, PNG,) are covered by channels from two orbital positions in the WRC-97 Plan. In accordance with the IRG-3 conclusion, a separate beam for Hong Kong at 122° with 10 channels was included in the initial studies to determine if this beam causes any difficulties for the replanning. In case of Germany, New Zealand and Papua New Guinea, an ellipse and associated test points at one of their orbital positions were taken (D:19° W, NZL:158° E and PNG:110° E).

2.11.2
Case of CHN/HKG

IRG-4 considered the report of the GTE on this issue, and advised that the GTE continue to take account of the request of China together with other requests from this administration under the various steps of the replanning process. If there are any problems, the GTE should consult with the administration concerned.

2.11.3
New multinational beam and multiple orbital positions for D8
The Administrations of Germany, Austria, Switzerland and Liechtenstein requested to include 10 channels per country with 4 new identical multinational beams covering their territories while deleting their national beams (see also Document GTE99-3/11). The Administration of the Federal Republic of Germany requested that in addition to the beam D 08700 at 19( W, the beam D2‑216000 at 1( W continue to be taken into account in the replanning study until the final clarification of the inclusion of the multinational beams proposed by the Administrations of Germany, Austria, Switzerland and Liechtenstein.

The IRG reviewed this request, and decided to continue with the existing planning approach. In addition, before the next meeting of the IRG, the IRG requested that the GTE perform the study outlined in the Annex B to determine the impact of the request from Germany, Austria, Switzerland and Liechtenstein on the replanning process. This study in no way should prejudice the decision of IRG that it may take at its next meeting. The IRG will review the results of this study at its next meeting and determine how to proceed. IRG also agreed that any process within ITU should be open, transparent and non-discriminatory.

As for the multiple orbital positions for Germany under the existing planning approach, the IRG decided that the basic study will be carried out using one orbital position for Germany with 10 channels covering its national territory.

2.11.4
Request for collocation of orbital positions

In response to Circular-letter CR/117, some administrations expressed their wishes to collocate their beams with the beams of the certain other administrations. If it is necessary to move one of these administrations to another orbital location, the other administrations who wish to be co-located should also be moved to the new location. 

If a given number of administrations insist on a given orbital position in which they are incompatible with one another, this shall in no way impose constraints on the replanning process or limit the capacity of other countries. The concerned countries have to accept any resulting interference or reduction in capacity.

2.12
"Existing systems"9 3
Where an administration has an "existing system" in the Plan and the administration wishes to collocate its national beam with the "existing system", a new national beam with 10 channels is created and grouped with the "existing system". 

2.12.1
Case of E

A new national downlink beam arrangement for Spain, E 12900 and CNR13000, with 10 channels (ch. 21, 23, 25, 27, 29, 31, 33, 35, 37, 39 CL) with WRC-97 e.i.r.p., new protection ratios, digital modulation and MODRES receiving earth station antenna type, were created at orbital position 
30°W. In order not to exceed a total of 10 channels and to be compatible with the "existing" beams HISPASA4 and HISPA27D (ch. 23, 27, 31, 35, 39 CL) all Spanish beams were grouped.

A similar course of action was taken with respect to the feeder-link beam arrangement for Spain, E 12900 and CNR13000, which were created at orbital position 30°W with 10 channels (ch. 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 CR), with new protection ratios, digital modulation and with MODRSS receiving space station antenna type and MODTES trasnsmitting earth station antenna type.

2.12.2
Case of J

A new national downlink beam for Japan, J 11100, with 10 channels (ch. 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 CR) with reduced e.i.r.p., new protection ratios, digital modulation and MODRES receiving earth station antenna type, was created at orbital position 110° E. In order not to exceed a total of 10 channels and to be compatible with the "existing" beam J 11100, now renamed J 1110E, at 
110° E (ch. 1, 3, 5, 7, 9, 11, 13, 15 CR) and with "existing" beam 000BS-3N at 109.85° E, all Japanese beams were grouped.

A similar course of action was taken with respect to the feeder-link beam for Japan, J 11100, which was created at orbital position 110° E with 10 channels (ch. 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 CR), with new protection ratios, digital modulation and with MODRSS receiving space station antenna type and MODTES trasnsmitting earth station antenna type.

2.12.3
Case of KOR

A new national downlink beam for the Republic of Korea, KOR11200, with 10 channels (ch. 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 CL) with reduced e.i.r.p., new protection ratios, digital modulation and MODRES receiving earth station antenna type, was created at orbital position 116° E (see also section 2.8 above). In order not to exceed a total of 10 channels and to be compatible with the "existing" beams KO11201D and KOR11201 (ch. 2, 4, 6, 8, 10, 12 CL) all beams were grouped. Because the orbital position of the national beam was changed from 110° E to 116° E, new ellipse parameters were calculated as described in section 2.6 above.

Despite the fact that the feeder-link parts of the KOREASAT-1 system are using the 14 GHz frequency band, a similar course of action was taken with respect to the feeder-link beam for the Republic of Korea, KOR11200, which , was created at orbital position 116° E with 10 channels (ch. 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 CL at 17 GHz), with new protection ratios, digital modulation and with MODRSS receiving space station antenna type and MODTES transmitting earth station antenna type (see also section 2.4.4.5 above).

2.12.4
Case of S

As the "existing" downlink beam S 13902 (ch. 40 CL) is a multinational beam and the orbital position 5.2° E of "existing" downlink beams SIRIUS01 (ch 4, 8 CR) and SIRIUS02 (ch. 12, 16, 20 CR) are different from that preferred by the Administration of Sweden (5° E), the national downlink beam S 13800 of Sweden at 5° E is treated together with national beams of other administrations with WRC-97 e.i.r.p., new protection ratios, digital modulation and MODRES receiving earth station antenna type.10
A similar course of action was taken with respect to the feeder-link beam for Sweden, S 13800, which was treated at 5( E, with 10 channels, with new protection ratios, digital modulation and with MODRSS receiving space station antenna type and MODTES trasnsmitting earth station antenna type.

The e.i.r.p. of the "existing" downlink beam S 13902 (ch. 40 CL) was reduced from 68.2 dBW to 63.2 dBW which is the value notified by the Administration of Sweden.

2.12.5
Case of NOR

Downlink beam NOR12102 is no longer considered as "existing" orbital position 5° E as agreed by the Administration of Norway.

According to the request from the Administration of Norway, a new national beam NOR12000 was created at orbital position 0.8° W. This beam has been assigned 10 channels (ch. 22, 24, 26, 28, 30, 32, 34, 36, 38, 40 CR) with WRC-97 e.i.r.p., new protection ratios, digital modulation and MODRES receiving earth station antenna type. In order not to exceed a total of 10 channels within a sub-frequency band of 400 MHz, and in order to be compatible with some channels (ch. 24, 28, 32, 36, 40 CR) of the "existing" system BIFROST-2 at 0.8° W, beam of BIFROS22 of BIFROST-2 and beam NOR12000 were grouped. Because the orbital position of the national beam NOR12000 was changed from 5° E to 0.8° W, new ellipse parameters were calculated as described in section 2.6 above.

A similar course of action was taken with respect to the feeder-link beam for Norway, NOR12000, which was created at orbital position 0.8° W with 10 channels (ch. 22, 24, 26, 28, 30, 32, 34, 36, 38, 40 CL) with new protection ratios, digital modulation and with MODRSS receiving space station antenna type and MODTES trasnsmitting earth station antenna type.

2.12.6
Case of F

Beam F 09300 is no longer considered as "existing" orbital position 19.0° W as agreed by the Administration of France. According to the request from that Administration, a new national beam F 09300 was created at orbital position 7.0° W and was treated together with national beams of other administrations with reduced e.i.r.p., new protection ratios, digital modulation and MODRES receiving earth station antenna type. Because the orbital position of the national beam F 09300 was changed from 19.0° W to 7.0° W, new ellipse parameters were calculated as described in section 2.6 above.

A similar course of action was taken with respect to the feeder-link beam for France, F 09300, which was created at orbital position 7.0°W with 10 channels, with new protection ratios, digital modulation and with MODRSS receiving space station antenna type and MODTES trasnsmitting earth station antenna type.

2.12.7
Case of LUX

Although the Administration of Luxembourg has not request to move beam LUX11400 from orbital position 19.0° W to orbital position 19.2° E where its "existing" system DBL is located, for the replanning studies, beam LUX11400 has been moved to orbital position 19.2° E in order to be included successfully in the draft new Plan with 10 channels (ch. 21, 23, 25, 27, 29, 31, 33, 35, 37, 39 CL), WRC-97 e.i.r.p., new protection ratios, digital modulation and MODRES receiving earth station antenna type. In order to be compatible with the same channels used by the "existing" system DBL, all beams of DBL and beam LUX11400 were grouped. Because the orbital position of the national beam LUX11400 was changed from 19.0° W to 19.2° E, new ellipse parameters were calculated as described in section 2.6 above.

Despite of the fact that the feeder-link part of the DBL system is not yet considered as an "existing" feeder-link system, a similar course of action was taken with respect to the feeder-link beam for Luxembourg, LUX11400, which was created at orbital position 19.2° E with 10 channels (ch. 21, 23, 25, 27, 29, 31, 33, 35, 37, 39 CL) with new protection ratios, digital modulation and with MODRSS receiving space station antenna type and MODTES trasnsmitting earth station antenna type.

2.12.8
Case of RUS

New national downlink beams for Russia, RSTRSD11, RSTRSD12, with 8 channels each (ch. 25, 27, 29, 31, 33, 35, 37, 39 CL and 26, 28, 30, 32, 34, 36, 38, 40 CR respectively) and with WRC-97 e.i.r.p., new protection ratios, digital modulation and MODRES receiving earth station antenna 

type, were created at orbital position 36° E. In order to be compatible with beams RSTRSA11 and RSTRSD11 (ch. 27, 31, 35, 39 CL), and RSTRSA12 and RSTRSD12 (ch. 28, 32, 36, 40 CR) of the "existing" system RST-1, now renamed RSTREA11, RSTREA12, RSTRED11 and RSTRED12 respectively, all Russian beams at 36° E were grouped (see section 2.4.4.2 above).

A similar course of action was taken with respect to the feeder-link beams for Russia, RSTRSD11, RSTRSD12, which were created at orbital position 36.0° E with 8 channels each (ch. 25, 27, 29, 31, 33, 35, 37, 39 CR and 26, 28, 30, 32, 34, 36, 38, 40 CL respectively) with new protection ratios, digital modulation and with MODRSS receiving space station antenna type and MODTES trasnsmitting earth station antenna type.

The Russian Administration has requested to create beams RSTRSD11 and RSTRSD12, with only 4 channels each (ch. 25, 29, 33, 37 and 26, 30, 34, 38 respectively) and with reduced e.i.r.p., new protection ratios, digital modulation and MODRES receiving earth station antenna type.

GTE-4 agreed with the first assumption mentioned above.

2.12.9
National beams collocated with assignments that are included in the Appendix S30/S30A Plan resulting from the successful completion of the Article 4 procedures3
According to the request from the Administrations of France and Norway, new national beams F 09300 and NOR12000 were created at orbital positions 7° W and 0.8° W, respectively. The channels and polarization that were the same as those in the collocated assignments (those included in the Appendix S30/S30A Plan resulting from the successful completion of the Article 4 procedures) are considered first as candidate channels11. However, the IRG concluded that in the follow-up studies, these requests for co-location should no longer be pursued.

2.13 
Multinational beams 12 

In accordance with the conclusion of the IRG-3, multinational beams for the following administrations are maintained in the studies with the following number of channels. The "existing" (as defined in section 4.2 of Document IRG99-4/18) multinational beams will be treated in Step 3. The other multinational beams in the WRC-97 Plan will be treated in Step 4, or later steps.13
 
No. of Channels of WRC-97 Plan
No. of Channels in replanning studies


National beam
Multinational beam
National beam
Multinational beam

ARS
5
1
10
1

CVA
4
1
10
1

DNK
3
2
10
2

DNK/FRO
-
2
10
2

FIN
3
2
10
2

ISL
5
3
10
3

NOR
3
2
10
2

S
3
2
10
2

SYR
4
1
10
1

TUN
4
1
10
1

2.14
Application to feeder link studies

In the absence of further guidance, technical assumptions and methodologies adopted for the downlink replanning exercises should be applied in a similar way and as far as practical to the subsequent feeder-link replanning exercises. Initial studies relating to the feeder-link replanning exercises will consider primarily the 17 GHz band.

GTE-4 concluded from preliminary feeder-link replanning studies undertaken by the Bureau at 17 GHz, that limitation to the 17 GHz frequency band may not provide all assignments with the required number of channels and protection.

As a consequence, GTE-4 concluded that the feeder-link replanning studies should consider both the 14 GHz and 17 GHz frequency bands. Furthermore, some administrations expressed their specific preferences to use the 14 GHz frequency band in addition or alternatively to the 17 GHz frequency band.

Unless otherwise specified in the other sections of this document, the technical assumptions assumed are valid for both the feeder-link and the downlink studies.

Several beams have the same ellipse characteristics in the WRC-97 Plan. In order to simplify the replanning studies, only one version of them has been kept and renamed in order to avoid confusion, as shown in the following table (see also Attachment 3):

Name of WRC-97 beams
Corresponding proposed new name

AFG24500 and AFG24600
AFG24546

ALG25100 and ALG25200
ALG25152

ARS00300 and ARS00275
ARS00375

INS02800 and INS03000 and INS03200
INS02832

INS03500 and INS03600
INS03536

LBY28000 and LBY32100
LBY28021

ANNEX A

Protection ratios applicable to "existing" systems in the replanning studies


Type of
Applicable



emission
Protection ratios (Overall/Down/Up in dB)
"Existing" systems


of wanted
Interfering analogue
Interfering digital
included in the


"Existing"
system
Co-channel
Adjacent channel
Co-channel
Adjacent channel
replanning studies

"Existing" systems 
prior to WRC‑97 
Analogue
30/31/40
14/15/21
30/31/40
14/15/21
1)

(i.e. prior to 27/10/97)
Digital
30/31/40
14/15/21
30/31/40
3)
2)

"Existing" systems after WRC‑97
Analogue
23/24/30
15/16/22
23/24/30
15/16/22
4)

prior to WRC-2000
Digital
23/24/30
15/16/22
23/24/30
3)
5)

1)
BS-3N, HISPASAT-1 (27 MHz bandwidth, analogue modulation), Beam J 11100, KOREASAT-1, Beam S 13902, SIRIUS.

2)
KOREASAT-1.

3)
Value automatically determined, as a function of frequency difference, by the method of the draft revision of Recommendation BO.1293 (see Document GTE99-3/6 Annex 2).

4)
RST-1, BIFROST-2.

5)
RST-1, DBL (downlink only), HISPASAT-1 (27 MHz bandwidth, digital modulation).

Annex B

The Administrations of Germany, Austria, Switzerland and Liechtenstein requested to include 10 channels per country with 4 new identical multinational beams covering their territories while deleting their national beams (see also Document GTE99-3/11).

IRG agreed that these new multinational beams be included in the studies if this inclusion does not have any impact on the replanning itself, i.e. if this inclusion will not create more interference nor request more protection than the four national beams with 10 channels.

In order to determine if the inclusion of these beams impact replanning, the GTE was requested by IRG to perform the following studies. 

1)
Continue the replanning exercises based on national coverages with 10 channels (Principles 1 and 2 of Annex 1 of Resolution 532) at the same orbital position. 

2)
At the end of this exercise, four identical multinational beams covering the territory of Germany, Austria, Switzerland and Liechtenstein, each with 10 channels will be substituted to the national beams of Germany, Austria, Switzerland and Liechtenstein and the e.i.r.p. of these multinational beams may be reduced if necessary to a level which does not create more interference than the previous situation (i.e. the four national beams with 10 channels). The result of this modification i.e. the level of e.i.r.p. and the EPM associated with these new multinational beams is proposed to the Administrations of Germany, Austria, Switzerland and Liechtenstein for agreement or otherwise.

ATTACHMENT 7

Source:
Document GTE99-3/TEMP/5-E

GROUP OF TechNICAL EXPERTS

REPORT FROM GTE-4 TO IRG-5

Progress report on IRG/GTE studies of Annex 7 of Appendix s30

1
Introduction

This document reports on the progress to date of studies by the Group of Technical Experts (GTE) regarding the orbital position (and other) limitations set forth in Annex 7 of Appendix S30. These studies were initiated in response to Annex 2 of Resolution 532 (WRC‑97) which requested the Inter-Conference Representative Group (IRG) "to examine Annex 7 in the light of its studies for the possible revision of the BSS Plans and with respect to the decisions taken by WRC‑97, such as the reduction of downlink e.i.r.p." Annex 2 also requested that the IRG report to WRC‑99 (now WRC‑2000) " its advice on the relevance of that Annex in providing protection to all services sharing the Plan bands, and particularly the Region 2 BSS Plan."

The Report of the first meeting of the IRG(1) requested that the GTE collaborate with Special Rapporteur Group 10‑11S/SRG-1 in the desired studies of Annex 7 and provide the IRG with initial advice. The first meeting of the GTE (Geneva, 6‑9 April 1998) reviewed the text of Annex 7 in conjunction with relevant contributions to that meeting from BR(2), Germany (on behalf of CEPT(3), and ITU‑R Working Party 9D(4). Based on this review, the GTE drew certain conclusions and formulated a number of proposed studies. These were reported to the IRG and forwarded in a liaison statement(5) to 10‑11S/SRG1 and ITU‑R Study Groups 4, 8 and 9.

In particular, the studies requested in this liaison statement can be summarised in terms of the following three questions.

•
Considering the inter-service and inter-Regional sharing situations that could arise in their absence, can the limits of sections A1 and A2 of Annex 7 (which respectively constrain the BSS Plans of Regions 1 and 2 to specified segments of the GSO arc) be relaxed or eliminated?

•
Considering the desire to protect terrestrial services in all three Regions and to preserve future access by Region 2 FSS to the arc segment 37o W to 10o E in the band 11.7‑12.2 GHz, can the limits of section A3 of Annex 7 (which constrain the orbital positions and e.i.r.p. levels that can be used in this arc for new or modified assignments in the Region 1 Plan) be relaxed or eliminated?

•
How does the need for the orbital position restrictions in sections A1-A3 of Annex 7 depend on the sharing criteria of Annexes 1 and 4 of Appendix S30 (either with or without possible revisions)?

As noted above, Annex 2 of Resolution 532 (WRC 97) requested study of Annex 7 from two points of view.

•
How should the IRG take the Annex 7 restrictions into account in its studies of possible revisions to the BSS Plans for Regions 1 and 3?

•
What advice should the IRG provide to WRC‑2000 regarding the relevance of Annex 7 in protecting all services sharing the planned bands?

Partial answers to the first question were provided by the second and third meetings of the IRG, as described in section 2 below.

The answer to the second question is not yet complete, but contributions to the meetings of the GTE provide partial answers, as summarised in section 2 below.

2
Summary of contributions to the GTE regarding the relevance of Annex 7 limitations

There were no contributions to the fourth meeting of the GTE regarding Annex 7. The relevant contributions to the first three meetings of the GTE are summarised below.

2.1
Contribution of Radiocommunication Bureau to GTE-1: "Annex 7" (Reference 2)

This contribution reviews the Radio Regulations Board's Rule of Procedure (ROP) concerning the 8 dB reduction in e.i.r.p. specified in the second paragraph of section A3 of Annex 7 for Region 1 Plan modifications using a position other than a nominal positions in the Plan. It notes that, under this ROP, such a modification to the WRC‑97 Plan may need to provide protection to services at levels below the limit of ‑111 dBW/m2 specified in Annex 1 to Appendix S30.

The contribution also discusses the derivation at WARC‑77 of the limits of section A3 of Annex 7 and their relation to the pfd limits of Annexes 1 and 4 of Appendix S30.

2.2
Contribution of Federal Republic of Germany to GTE-1: "CEPT comments on some conclusions of the first meeting of the IRG" (Reference 3)

With regard to Annex 7 of Appendix S30, this contribution cites the CEPT view contained in the European common proposal to WRC‑97. This view was that the orbital position and e.i.r.p. reduction limits of section A of Annex 7 were no longer necessary, but that there was still as need to study the relevance of the limitations appearing in Annexes 1, 4, and 7 of Appendix S30.

2.3
Liaison statement from Working Party 9D to JWP 10‑11S and the IRG: "Frequency sharing between the fixed service and the broadcasting-satellite service in the 12 GHz band (Annex 7 to RR Appendix S30)" (Reference 4)

In this liaison statement, WP 9D concluded that, because the BSS Plan incorporated a general 5 dB reduction in satellite e.i.r.p. compared with the WARC‑77 Plan, the provision of Annex 1 to RR Appendix S30 will adequately protect operational and planned fixed service systems In view of this, it concluded that the 8 dB reduction in Annex 7 to RR Appendix S30 is no longer necessary as far as the fixed service is concerned.

2.4
Liaison Statement from Study Group 9 to GTE-2 (Reference 8)

In this liaison statement, SG 9 reviewed and confirmed the conclusion of WP 9D that the 8 dB e.i.r.p. reduction clause in Annex 7 to RR Appendix S30 is no longer necessary as far as the fixed service is concerned.

2.5
Liaison Statement from JWP 10‑11S to GTE-2 (Reference 9)

In this comprehensive reply to the liaison statement from the first meeting of the GTE, JWP 10‑11S provided its response to the GTE request for specific studies of Annex 7 issues. JWP 10-11S also 

explained its understanding of Annex 7 as it relates to the replanning of the BSS for Regions 1 and 3, and the protection criteria in Annexes 1 and 4 of Appendix S30. In particular, JWP 10‑11S stated the following conclusions.

•
JWP 10‑11S considers that removing the orbital limitations of section A1 and A2 of Annex 7 may not be critical to successful replanning exercises. The existence of criteria in Annexes 1 and 4 to protect co-frequency operation of BSS and FSS networks does not justify per se proposals to eliminate Annex 7.

•
JWP 10‑11S recommends that every effort to increase the capacity assigned in the Regions 1 and 3 Plan, while complying with the orbital limitations of section A3 of Annex 7 should be made before addressing the possibility of not complying with these orbital position limitations.

•
JWP 10‑11S considers that the selection of new nominal orbital locations should not have any implications on whether or not to maintain Annex 7, but may have consequences on the Annex 1 sharing criteria which are based on a minimum separation between BSS and FSS space stations.

•
JWP 10‑11S is of the view that the GTE should avoid as much possible adding new nominal orbital positions to the Plan in the concerned arc of the GSO because this will affect the balance between the BSS and FSS sharing the same frequency bands in their respective Regions.

2.6
Liaison statement from WP 8A to GTE-3: "Frequency sharing between the mobile service and the broadcasting-satellite service in the 12 GHz band (Annex 7 to RR Appendix S30)" (Reference 11)

In this liaison statement, WP 8A concluded that the 8 dB reduction in Annex 7 to RR Appendix S30 is no longer necessary, as far as the mobile service is concerned. However, WP 8A also noted that the implication of the relaxation of BSS e.i.r.p. limits on mobile service allocations for future technologies is unknown.

2.7
Liaison statement from WP 4A to IRG-4 and GTE-3: "Adhering to provisions of Annex 7 to Appendices S30/S30A during replanning of Regions 1 and 3 BSS Plan" (Reference 12)

In this response to the liaison statement from GTE-1 (Reference 6), WP 4A concurs with IRG conclusions listed in IRG99-3/9 (Reference 7) that, during the replanning studies, the orbital position limitations of Annex 7 shall be observed. In particular, no BSS assignments serving Region 1 should be located to the west of 37 degrees W.L., and, within the Annex 7 restricted portion of the arc, (37 degrees W.L. to 10 degrees E.L.), all assignments must use positions at, or at most, one degree to the east of existing positions in the WRC‑97 Plan.

However, WP 4A considers that these constraints may be relaxed if, and only if, technical studies are performed that demonstrate that, under the relaxed constraints, compatibility with the Region 2 Plan and with services having allocations in the planned bands in all 3 Regions, is achieved.

2.8
Liaison statement from JWP 10‑11S to GTE-3 (Reference 13)

JWP 10‑11S agreed on the need to conduct technical studies on the orbital limitations of section A3 of Annex 7, which apply to proposed new BSS assignments in the orbital arc from 37o W to 10o E. The group adopted the following set of preliminary guidelines for conducting studies with respect to these limitations:

a)
Identify the relevant radiocommunication services sharing scenarios which are affected by the Annex 7 limitation under consideration.

b)
As a starting point, use the existing protection criteria applicable for the radiocommunication services to be considered in each sharing analysis. These protection criteria are expected to be compatible with those defined in existing ITU‑R Recommendations. Updated protection criteria may also be used as they become available.

c)
Determine characteristics of the carriers to be considered for the sharing analysis. As a starting point for the characteristics of BSS carriers, Annex 5 of Appendix S30 may be used or any other source such as, for example, the CR/92 or CR/116 databases which, admittedly, were developed for use in sharing analysis between GSO and non-GSO systems

d)
Conduct appropriate parametric sharing analysis and conclude on the impact of reviewing the specific Annex 7 limitation under consideration.

In connection with item d), outlines of possible parametric analyses were provided for evaluating the limitations in section A3 of Annex 7 and the pfd limits in Annexes 1 and 4 applicable to the BSS-FSS sharing situation in the associated orbital arc.

JWP 10‑11S also discussed the Annex 7 limitation requiring an 8 dB e.i.r.p. reduction for modifications or additions to the BSS Plan in the orbital arc 37o W to 10o E that are not coincident with the BSS nominal locations. It was noted that these limitations are under review by ITU‑R groups dealing with the protection of the Fixed Service and the Mobile Service (9D and 8A), but no views were expressed on the need for JWP 10‑11S to conduct studies on the 8 dB e.i.r.p. reduction provision.

2.9
Contribution from INTELSAT to GTE-3: "Sharing between Region BSS Plan systems and Region 2 FSS networks in the orbital arc from 37o W to 10o E" (Reference 14)

This contribution provides the parametric analysis referred to in the liaison statement from JWP 10‑11S just summarised in section 3.8 above. 

In particular, it studies the impact of satellite orbital separation on sharing between Region 1 BSS systems and Region 2 FSS networks. The aim is to determine whether orbital limitations on Region 1 BSS satellites can be relaxed, and whether Region 2 FSS access to the orbital arc from 37o W and 10o E will be impacted by the BSS Regions 1 and 3 replanning approach adopted by the IRG.

For this purpose, the "worst case" is assumed both for the geographic separation between the BSS and FSS service areas and the FSS carriers involved. For example, the BSS system is assumed to serve West Africa, and the FSS network to serve Brazil. Likewise the most-sensitive FSS carriers are assumed for calculating the interference from the Region 1 BSS, and the most-interfering FSS carriers for the reverse direction of interference.

The study also addresses the pfd limits contained in Annexes 1 and 4 of Appendix S30 of the Radio Regulations, which are defined for the protection of Region 2 FSS and Region 1 BSS networks, respectively. The aim is to indicate whether the Annexes 1 and 4 pfd limits, without the associated orbital limitations of section A3 of Annex 7, are solely sufficient to ensure the feasibility of sharing between BSS and FSS systems in the orbital arc from 37o W to 10o E.

The results of the study lead to the following conclusions, which can provide useful guidance to the IRG on possible ways to maintain the balance between Region 2 FSS and Region 1 BSS in the Regions 1 and 3 replanning studies.

•
Adopting a Region 1 BSS Plan without predefined orbital location spacing or orbital limitations, may inhibit the development of Region 2 FSS in the orbital arc from 37o W to 10o E. Indeed, it may be difficult to position future Region 2 FSS spacecraft at locations that will ensure adequate protection of the BSS Plan assignments.

•
Careful consideration is required before reducing the current nominal orbital spacing of 6 degrees between adjacent BSS Plan positions or relaxing the Annex 7 limitations on the use of the arc from 37o W to 10o E. Indeed, although this study shows that, so far as interference into FSS is concerned, the nominal orbital separation between BSS and FSS spacecraft could be reduced from 2.5o to 1.5o, an orbital separation of at least 2.5o is still required to ensure adequate protection of the BSS Plan assignments from FSS interference.

•
Additionally, the Annex 1 pfd limit, (specifically, the limit specified in section 6 of Annex 1) without any orbital position restrictions, is not sufficient to ensure feasible sharing between BSS and FSS networks located in the arc from 37o W to 10o E. It will thus be necessary to maintain provisions similar to those contained in section A3 of Annex 7 in order to maintain the balance between Region 2 FSS and Region 1 BSS.

•
The study shows that the Annex 4 pfd limits are wholly sufficient to ensure adequate protection of BSS networks from interference caused by FSS networks. It is noted that these limits are defined as a function of the orbital separation between the BSS and FSS satellites.

3
Consideration of Annex 7 in IRG/GTE replanning Studies
The Report of the second meeting of the IRG(6) provided the following guidance in selecting orbital positions relative to the "prohibited arc", 37o W to 10o E.

"In selecting orbit positions during the replanning studies, the following priority sequence should be observed:

a)
take to the extent possible the existing nominal orbital positions of the WRC‑97 Plans;

b)
if necessary, create new orbital positions outside the prohibited arc of Annex 7;

c)
then if unavoidable and further positions are still required, next try orbital positions within the prohibited arc of Annex 7 to Appendix 30/S30 taking into account principle 8 of Annex 1 to Resolution 532 (WRC‑97)".

The Report of the third meeting of the IRG(7) provided the following additional guidance to the GTE with regard to the use of the Annex 7 limits in its replanning studies.

"The specific requests of administrations [regarding the orbital positions to be used in planning] will be taken into account. However, in selecting orbit positions, the orbit segmentation limitations contained in Appendix S30 shall be respected.

NOTE 1 - It was understood by the USA that the "orbit segmentations limitations" are those contained in both sections A1 and A3 of Annex 7.

NOTE 2 - A group of APT members have the opinion that selection of orbital positions during the planning process shall be in conformity with Annex 7 of Appendix S30".

Using additional guidance from IRG-4, the Bureau presented the results of a new planning exercise to GTE-4(16). This exercise included only one orbital position (4o W) that was not in conformity with the present Annex 7 orbital position limitations. This position was included to satisfy the orbital 

position preference of a single administration, rather than to resolve BSS-BSS incompatibilities. It follows that the Annex 7 limitations need not impose undue constraints on the Regions 1 and 3 replanning exercises.

4
Conclusions

In light of the contributions summarised in section 2 above, the IRG may wish to draw the following conclusions regarding the applicability of the Annex 7 limitations in replanning studies. 

The ITU Study Groups contacted appear to agree that the Annex 7 constraints in the orbital arc 37o W to 10o E may be relaxed if technical studies demonstrate that, under the relaxed constraints, compatibility with the Region 2 Plan and with services having allocations in the planned bands in all three Regions, is achieved.

In this regard, the 8 dB e.i.r.p. reduction of section A3 of Annex 7 can be removed insofar as the protection of fixed service systems and current mobile service systems is concerned.

However, the first comprehensive technical study of the orbital position constraints of section A3 (see Sec. 2.9) indicates that an orbital separation of at least 2.5o is required to ensure adequate protection of a Region 1 BSS Plan assignment against interference from a Region 2 FSS network. It follows that Region 2 FSS access to the arc 37o W to 10o E is contingent on the maintenance of at least a 5o orbital separation between adjacent nominal BSS positions in this arc.

The same technical study also concluded that the Annexes 1 and 4 pfd limits are not, in themselves sufficient to ensure access of Region 2 FSS networks and appropriate interference protection to both BSS and FSS in the orbital arc 37o W to 10o E. Further study is required in this regard.

Further studies are, in fact, being carried out in preparation for the next meeting of JWP 10-11S (Geneva, 18-27 October 1999). It is expected that these studies will shed additional light on the Region 2 FSS-Region 1 BSS orbital separation required to avoid mutual interference, as well as on the relevance of the Annexes 1 and 4 limits to Region 2 FSS access to the orbital arc segment in question.
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Compatibility between BSS and other services using the BSS planned bands

1
Introduction

According to principle 8 of the BSS replanning studies (Annex 1 to Resolution 532 (WRC-97)), compatibility between BSS in Regions 1 and 3 and services having allocations in planned bands in all three regions should be ensured.

Compatibility analysis made by BR shows that the initial results are not very optimistic. Bearing that in mind, finding a way to continue the studies with respect to that issue represents a real necessity.

While it is obvious from the results of the study that there are no particular problems with interference to Region 2 BSS Plan assignments, as well as to terrestrial stations in Region 2 (limits in sections 3 and 4 of Annex 1 of Appendix S30), there are problems with protection of terrestrial stations in Regions 1 and 3 and FSS assignments in Regions 2 and 3.

2
Criteria used in the compatibility studies

A compatibility study represents a two-way analysis, comprising the study of interference from the revised BSS Plan assignments to other services using the same frequency bands, as well as the victim study showing interference coming to the BSS Plan assignments from the assignments of other services that use the BSS planned bands in all Regions.

Current criteria used in the compatibility analysis comes from Annexes 1 and 4 of Appendix S30 which contain the actual limits that should be observed to protect other services. Limits to protect BSS assignments from FS (terrestrial stations) and FSS assignments are contained in Annexes 3 and 4 of Appendix S30.

Since the above-mentioned provisions are the only ones available at the moment, they were used in the initial compatibility studies made by BR.

Some delegates expressed a view that a different criteria should be established for the purpose of the BSS replanning exercise. Further elaboration concerning this issue is covered in sections 3.1 and 3.2.

2.1
Criteria for protection of terrestrial stations

In the case of terrestrial stations, by using the current limits in section 5 of Annex 1, the excess of interference to some countries is in the range of -15 dB up to -22 dB for some particular cases. This is mainly due to the stringent limits in section 5b) of Annex 1 which some delegates finds too conservative and overprotecting. It should also be indicated that the study was based on the protection of the area (territory) of administration, and not on a protection of terrestrial stations itself.

Just recently, a new joint rapporteur group between ITU-R study groups 9D and 10-11S (JRG 9D‑10-11S/2) was established with a task to clarify the situation with some of these limits and, if necessary, propose necessary revisions. It should also be stressed that the current limits have the origin in the WARC-77 conference, and taking into account development of radiocommunication technology and increased use of digital equipment, revision of these limits might be needed.

One proposal concerning this matter is shown in Attachment 1 for information, showing the difference between the current limits in sections 5b) and 5c). GTE feels that the possible revision of the section 5b) limits could be merged together in a way to be more consistent with section 5c) limits and could improve the situation with affected terrestrial stations. Relevant ITU-R study groups will be informed accordingly.

2.2
Criteria for protection of the FSS assignments

To protect FSS assignments, limits in section 6 of Annex 1 of Appendix S30 should be observed. FSS assignments taken into account in the initial compatibility study are either FSS networks under coordination, coordinated FSS networks or FSS networks already in the MIFR and in most cases in operation. These facts make the situation quite difficult, since all the burden to solve the incompatibilities lies on the BSS side.

3
Possible technical and regulatory actions to overcome the incompatibilities

Ways to go forward in solving the incompatibilities mentioned above could be technical or regulatory. Some administrations express the view that the solution should be searched through the both above-mentioned actions.

While solving the cases of incompatibilities with other services, in some particular situations the only possibility could be a reduction of the BSS satellite power. In such cases, by solving these problems, additional BSS-BSS compatibility problems could emerge since the particular BSS assignment with reduced power could be affected by other BSS assignments from the Plan due to its reduced wanted carrier level. Therefore, such cases should be treated with care.

3.1
Problems with terrestrial stations

One possible way to alleviate the problem of affected terrestrial stations might be establishment of the regulatory procedure different from the current one in Appendix S30. Namely, the possibility to take into account just terrestrial stations that are in the MIFR or in the process of notification could alleviate the problem and to some extent make a list of affected terrestrial stations shorter, although it should be emphasized that such action will not solve all the compatibility problems concerning terrestrial stations.

GTE indicated three different options for such procedure:

a)
take into account only terrestrial stations that are in the MIFR

b)
take into account terrestrial stations in MIFR together with the ones currently in the process of coordination or notification

c)
take into account terrestrial stations in MIFR, together with terrestrial stations in coordination and notification, as well as those terrestrial stations that are planned to be put into operation in the next 3 years.

A view was expressed that application of these 3 options may constrain the future use of the band 11.7‑12.5 GHz for the Fixed Service, since administrations which may have terrestrial stations not referred to in a), b) or c) (e.g. terrestrial stations which would be put into operation in more than 3 years) may suffer excess interference with respect to criteria of Annex 1 of Appendix S30 without having being identified as affected.

Other experts feel that some limits to the other services are unavoidable and accepted in the current practice in various ITU-R studies, and should be encouraged to render the replanning studies successful.

Once the final list of affected administrations is established, it could be circulated to the administrations in question with a time limit for replay. Absence of replay could constitute an agreement.

3.2
Problems with Fixed Satellite Service

For the FSS side of the problem, the situation is quite different since there are MIFR systems (usually in operation), or FSS systems coordinated, or in coordination with actual plan to be operational soon.

A possible way to go forward with the compatibility analysis could be a complete check of FSS systems that are involved in these incompatibilities and propose possible solutions on a case-by-case basis. In this respect, it would be useful to provide the FSS operators concerned a detailed information of compatibility analysis upon request.

4
Compatibility problems in the BSS replanning for the WRC-97

In the BSS replanning for the WRC-97 conference there were similar compatibility problems with other services, mainly FSS and FS. Solutions made are shortly summarised below.

For the case of interference to terrestrial stations, new BSS plan was adopted, together with the table showing all cases of interference. Each BSS assignment from the table was included in the new Plan with a note that such assignment shall be brought into use only when the limits in Annex 1 of Appendix S30 are not exceeded or in the case of agreement with the affected administration with respect to assignments in the terrestrial services for that administration which are recorded in the MIFR with a favourable finding or received by BR prior to 27 October 1997 for recording in the MIFR and which subsequently receive a favourable finding based on the Plan as it existed on 27 October 1997.

As regards FSS, similarly to the problem with FS terrestrial stations, new BSS plan was adopted, together with the another table showing all cases of interference between FSS and new BSS Plan assignments. Each BSS assignment indicated in the table was included in the new Plan with a note that such assignment shall be brought into use only when the limits in Annex 1 of Appendix S30 are not exceeded or in the case of agreement with the affected administration with respect to assignments in the fixed-satellite service of that administration which: are recorded in the MIFR with a favourable finding; or those which have been coordinated under the provisions of No. 1060 or Article 7 (7.2.1) of Appendix S30; or those that are in process of coordination under the provisions of No. 1060 or Article 7 (7.2.1) of Appendix S30 prior to 27 October 1997.

On the other side, in the case of BSS assignment affected by any FSS network taken into account, such assignment shall not claim protection from the FSS assignments of the administrations indicated in the above-mentioned table, which are recorded in the MIFR with a favourable finding prior to 27 October 1997 to which No. S5.487/838 and No. S5.43/435 do not apply.

For the case of FSS networks coordinated or under coordination, it should be noted that WRC-97 in Resolution 533 (resolves 5, first indent) specifies that for the case of FSS assignments already published, BR shall review all relevant special sections of the series (e.g. AP30/C) previously published, and publish corrigendum when required.

For the case of FSS networks which are not yet processed, WRC-97 in Resolution 533 (resolves 5, second indent) specifies that in such case BR shall determine the requirements for coordination and publish the request in its Weekly Circular. The administrations responsible for the FSS assignments shall then initiate coordination with the affected assignments in the revised BSS Plans.

5
Compatibility between BSS and other services in the feeder-link

One part of the problem is compatibility with terrestrial stations. According to the current procedure, list of affected administrations is made by putting typical earth station at the edge of the service area and calculating coordination areas around such positions. Actual coordination area is an area which encompass all the coordination areas calculated by such procedure. This approach represents the worst possible approach for the BSS community since in majority of cases overprotect the terrestrial stations.

Appendix S7 which is used in such procedure is under revision by the WRC-2000. Therefore, the decision concerning this matter for the purpose of the planning exercise should wait up to the next conference.

One administration proposed that the current criteria for compatibility with other services could be changed in a way that the actual coordination area should be a territory of the service area enlarged by X (X=100 km?) km around the service area. However, this issue should be discussed in the appropriate ITU-R study group.

Another proposal was more of a regulatory nature, leaving the BSS feeder-link earth stations to be coordinated at the time of putting the corresponding BSS system into operation.

As regards the feeder-link compatibility problems with FSS, there were not enough time to discuss this issue.

Attachment 1

Angle

Proposal
5c limit
5b limit







0.01

-124.3
-134
-132

0.1

-124.3
-133.953
-132

0.2

-124.3
-133.812
-132

0.3

-124.3
-133.577
-132

0.4

-124.3
-133.248
-132

0.5

-124.3
-132.826
-132

0.6

-124.3
-132.309
-132

0.7

-124.3
-131.698
-132

0.8

-124.3
-130.994
-132

0.81

-124.3
-130.788
-132

0.9

-124.3
-129.644
-132

1

-124.3
-128.5
-132

1.1

-124.3
-127.465
-132

1.2

-124.3
-126.52
-132

1.3

-124.3
-125.651
-132

1.4

-124.3
-124.847
-132

1.5

-124.3
-124.098
-132

1.6

-124.3
-123.397
-132

1.7

-124.3
-122.739
-132

1.8

-124.3
-122.118
-132

1.85

-124.3
-121.821
-132

1.851

-121.815
-121.815
-132

1.9

-121.531
-121.531
-132

2

-120.974
-120.974
-132

2.1

-120.445
-120.445
-132

2.2

-119.939
-119.939
-132

2.3

-119.457
-119.457
-132

2.4

-118.995
-118.995
-132

2.5

-118.551
-118.551
-132

2.6

-118.126
-118.126
-132

2.7

-117.716
-117.716
-132

2.8

-117.321
-117.321
-132

2.9

-116.94
-116.94
-132

3

-116.572
-116.572
-132

3.1

-116.216
-116.216
-132

3.2

-115.871
-115.871
-132

3.3

-115.537
-115.537
-132

3.4

-115.213
-115.213
-132

3.5

-114.898
-114.898
-132

3.6

-114.592
-114.592
-132

3.7

-114.295
-114.295
-132

3.8

-114.005
-114.005
-132

3.9

-113.723
-113.723
-132

4

-113.449
-113.449
-132

4.1

-113.18
-113.18
-132

4.2

-112.919
-112.919
-132

4.3

-112.663
-112.663
-132

4.4

-112.414
-112.414
-132

4.5

-112.17
-112.17
-132

4.6

-111.931
-111.931
-132

4.7

-111.698
-111.698
-132

4.8

-111.469
-111.469
-132

4.9

-111.245
-111.245
-132

5

-111.026
-111.026
-132

5.1

-110.811
-110.811
-132

5.2

-110.6
-110.6
-132

5.3

-110.393
-110.393
-132

5.4

-110.19
-110.19
-132

5.5

-109.991
-109.991
-132

5.6

-109.795
-109.795
-132

5.7

-109.603
-109.603
-132

5.8

-109.414
-109.414
-132

5.9

-109.229
-109.229
-132

6

-109.046
-109.046
-132

6.1

-108.867
-108.867
-132

6.2

-108.69
-108.69
-132

6.3

-108.516
-108.516
-132

6.4

-108.346
-108.346
-132

6.5

-108.177
-108.177
-132

6.6

-108.011
-108.011
-132

6.7

-107.848
-107.848
-132

6.8

-107.687
-107.687
-132

6.9

-107.529
-107.529
-132

7

-107.373
-107.373
-132

7.1

-107.219
-107.219
-132

7.2

-107.067
-107.067
-132

7.3

-106.917
-106.917
-132

7.4

-106.769
-106.769
-132

7.5

-106.623
-106.623
-132

7.6

-106.48
-106.48
-132

7.7

-106.338
-106.338
-132

7.8

-106.198
-106.198
-132

7.9

-106.059
-106.059
-132

8

-105.923
-105.923
-132

8.1

-105.788
-105.788
-132

8.2

-105.655
-105.655
-132

8.3

-105.523
-105.523
-132

8.4

-105.393
-105.393
-132

8.5

-105.265
-105.265
-132

8.6

-105.138
-105.138
-132

8.7

-105.012
-105.012
-132

8.8

-104.888
-104.888
-132

8.9

-104.765
-104.765
-132

9

-104.644
-104.644
-132

9.1

-104.524
-104.524
-132

9.2

-104.405
-104.405
-132

9.3

-104.288
-104.288
-132

9.4

-104.172
-104.172
-132

9.5

-104.057
-104.057
-132

9.6

-103.943
-103.943
-132

9.7

-103.831
-103.831
-132

9.8

-103.719
-103.719
-132

9.9

-103.609
-103.609
-132

10

-103.5
-103.5
-132

10.5

-102.97
-102.97
-129.9

11

-102.465
-102.465
-127.8

11.5

-101.983
-101.983
-125.7

12

-101.52
-101.52
-123.6

12.5

-101.077
-101.077
-121.5

13

-100.651
-100.651
-119.4

13.5

-100.242
-100.242
-117.3

14

-99.8468
-99.8468
-115.2

14.5

-99.4658
-99.4658
-113.1

14.9

-99.1703
-99.1703
-111.42

15

-99.0977
-99.0977
-111

16

-98.397
-98.397
-111

17

-97.7388
-97.7388
-111

18

-97.1182
-97.1182
-111

19

-96.5312
-96.5312
-111

20

-95.9743
-95.9743
-111

25

-93.5515
-93.5515
-111

30

-91.572
-91.572
-111

35

-89.8983
-89.8983
-111

40

-88.4485
-88.4485
-111

45

-87.1697
-87.1697
-111

50

-86.0257
-86.0257
-111

55

-84.9909
-84.9909
-111

60

-84.0462
-84.0462
-111

70

-82.3725
-82.3725
-111

80

-80.9228
-80.9228
-111

90

-79.6439
-79.6439
-111










Region 2 (12.2-12.7 BSS) protection of R1 and R3-terrestrial and R2



LIMIT
GHz
Territories protected














5a
12.2-12.7
all of R1 & R3






5b
12.2-12.5
all of R3 and part of R1 West of 30° E meridian



5c
12.2-12.7
only part of R1 East of 30° E meridian




5d
12.5-12.7
all of R1 & R3






8b
12.2-12.7
all of R2 [ -115 dBW/m² ]













Region 1 and 3 (11.7-12.5 BSS) protection of R2 and R1/R3-terrestrial


LIMIT
GHz
Territories protected














4
11.7-12.5
all of R2 [ -125 dBW/m²/4 kHz-Circ Pol or -125 dBW/m²/4 kHz-LIN Pol ]

8a
11.7-12.5
all of R1 & R3
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Group of Technical Experts

LIAISON STATEMENT TO JWP 10-11S REGARDING THE REVIEW OF ANNEXES 1, 4, AND 7 TO APPENDIX S30 IN THE CONTEXT OF BSS REPLANNING

The Group of Technical Experts is grateful to Joint Working Party 10-11S for the comprehensive replies it has provided in response to liaison statements from the first two GTE meetings concerning the orbital position limitations of section A3 of Annex 7 to Appendix S30 of the RR. Of particular interest were the preliminary guidelines for technical studies of these limitations and the related inter-service and inter-Regional sharing criteria of Annexes 1 and 4 to Appendices S30 and S30A.

Using additional guidance from IRG-4, the Bureau presented the results of a new planning exercise to GTE-4. This exercise included only one orbital position (4o W) that was not in conformity with the present Annex 7 orbital position limitations. This position was included to satisfy the orbital position preference of a single administration, rather than to resolve BSS-BSS incompatibilities. It follows that the Annex 7 limitations need not impose undue constraints on the Regions 1 and 3 replanning exercises.

The GTE understands that JWP 10-11S is continuing its studies of inter-service and inter-Regional sharing issues involving Annexes 1, 4, and 7 of Appendix S30. The GTE requests that the results of such studies as developed at the October 1999 meeting of JWP 10-11S be provided in a liaison statement to the next meeting of the Inter-Conference Representative Group (IRG-5, Geneva, 29 November - 3 December 1999).
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Liaison statement from gte to jwp 10-11s

REQUEST FOR FURTHER STUDIES RELATED TO TECHNICAL PARAMETERS FOR BSS PLANNING EXERCISES (RES. 532)

At its last meeting, Geneva, 27 September - 1 October 1999, GTE further refined the technical assumptions and the methodology on which the BSS and associated feeder-link planning exercises are based upon (see GTE-4 Chairperson Report, Attachments 5 and 6).

In view of further developments of the technical planning parameters, JWP 10-11S is requested to investigate, as a matter of urgency, the following issues:

•
Is it possible to improve the receiving space station fast roll-off antenna patterns which are contained in Figure C of Annex 3 to Appendix S30A to assure that the performances match or exceed, at any angle, that of the standard roll-off antenna patterns contained in Figure B of that Annex.

•
Is it possible to improve the patterns of the receiving earth station antenna contained in Recommendation ITU-R BO.1213, in particular with respect to the cross-polar discrimination and the side-lobes suppression, considering the new types of antenna now available on the market.

•
Is it possible to give more precise indications on the application of the general default values to be used for the implementation of the draft revised Recommendation ITU-R BO.1293 (Study Group 11 Document 11/109(Rev.1) of 29 June 1999).

GTE will welcome any preliminary conclusions in time for the IRG-5 meeting, Geneva, 29 November - 3 December, as they are needed urgently for the ongoing planning studies in the framework of Resolution 532 (WRC-97).
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Group of Technical Experts

LIAISON STATEMENT TO WP 9D AND JWP 10-11S ON THE LIMITS CONTAINED IN SECTION 5 OF ANNEX 1 OF APPENDIX S30

The Group of Technical Experts (GTE) would like to investigate the possibility of revising the limits contained in section 5 of Annex 1 of Appendix S30.

GTE feels that possible revision of section 5b) limits of Annex 1 of Appendix S30 to be merged in a way to be more consistent with section 5c) limits in Annex 1 of Appendix S30 could improve the situation with the terrestrial stations affected in the compatibility study made by the GTE.

Therefore, WP 9D and JWP 10-11S are requested to study the above-mentioned issue and to provide the results of its study in a liaison statement to the next meeting of the Inter-Conference Representative Group (IRG-5, Geneva, 29 November - 3 December 1999).

___________________
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� 	Under exceptional circumstances, orbital positions not coincident with the nominal orbital positions of the Plan may also be considered if BSS-BSS incompatibilities cannot be solved otherwise. The conditions under which this exceptional usage of non-nominal orbital positions of the Plan will be permitted, need to be developed (note, the orbital arc between 37° W and 10° E is currently governed by Annex 7 of Appendix 30; this Annex is under consideration by the GTE).


�	As used in some cases in the current Plan.


�	Using ITU/EBU program to generate a new ellipse from the orbital position and the test-points not at sea and within the service area of the corresponding country.


�	If not at sea and if within the service area associated to a subject subregional coverage.


�	Fast-roll antennas may be employed if this leads to better use of orbit/spectrum resources.


�	"Intra-proportionality" is the application of proportionality between different beams of the same administration.


�	Radio Regulation paragraphs 4.3.17 of Appendix 30 (S30) and 4.2.18 of Appendix 30A (S30A) states that assignments which enter the Plan following successful application of Article 4 shall enjoy the same status as those appearing in the appropriate Regional Plan and will be considered as frequency assignments in conformity with the Plan (see paragraph 5.4.1a) of this report).


�	For cases where administrations have more than one beam, and where those beams overlap, the number of channels shall be based on the intra-proportionality principle (see Annex to Attachment C).


� Where more than 10 channels per test point/service area are already included in the WRC-97 Plan no reduction in the number of channels will be made.


� 	Whenever the term "existing" is used in this document, it refers to notified assignments that are in conformity with Appendices S30 and S30A, which have been brought into use and for which the date of bringing into use has been confirmed to the Bureau.


� 	Whenever the term "planned" is used in this document, it refers to assignments/beams other than those of "existing" systems.


�	Sweden and Norway reserve their position on this paragraph.


� 	It is to be noted that during the implementation of all steps, such degradations do not accumulate.


� Syria reserves its position regarding this section.


� Syria reserves its position on this note.


*	Each Single Entry C/I limit is increased by up to 1 dB in order to take into account the conversion imprecision due to approximations (e.g. no recalculation of the elliptical beam at the new orbital position).


**	Action not yet been implemented.


*** In particular since action A2 is not yet implemented.


***	In particular since action A2 is not yet implemented.


� 	It will be up to the Bureau to implement the formulae in a simplified form provided that it serves the same purpose.


1 	The improved fast roll-off space station transmitting antenna characteristics as defined by JWP 10�11/S (see Document GTE99-3/14) or other types of antennas contained in ITU-R Recommendations may be used in special circumstances to solve compatibility problems In such cases the administration for which the fast roll-off antenna is to be applied should be consulted.


2 	Improved space station receiving antenna characteristics may be used in special circumstances to solve compatibility problems (e.g. fast roll-off antenna described in Annex 3 to Appendix S30A). In such cases the Administration for which the improved antenna is to be applied should be consulted.


3 	Administrations of Morocco and Syria consider that the total number of channels per coverage area shall not exceed either 10 channels or the number of channels of an "existing system" which is greater than 10. This is with the understanding that the planning conference will decide on the status of those channels of "existing systems" that exceed the number 10.


4 	Subsidiary beam = individual elliptical beam component of a composite beam.


5 	See also section 2.10.2.1.


6 	The United States reserves its position regarding the composite beams for its territories.


h 	Editorial Note - Deleted since now in line with general principles.


7 	NOTE - During the GTE-3 meeting, the Syria Administration emphasized the importance for each Administration to enjoy full freedom to select its existing nominal orbital position or to modify that to meet its requirements during the exercise. This should not necessarily be a nominal orbital position. It could be any angular value between nominal orbital positions.


8 	The German Administration has agreed to the conclusions of IRG-4. However, it reserves its right to re-iterate the request for including, into the planning exercises, both national beams of Germany as contained in Appendices S30 and S30A at two orbital positions when the results of the studies described in this section and their further treatment within the IRG are known.


9 	See definition in section 2.2. Currently there are eleven systems which fall into this category (see Annex A).


3 	Administrations of Morocco and Syria consider that the total number of channels per coverage area shall not exceed either 10 channels or the number of channels of an "existing system" which is greater than 10. This is with the understanding that the planning conference will decide on the status of those channels of "existing systems" that exceed the number 10.


10 	Sweden reserves its position on the grouping of beams and on the selection of channels.


3 	Administrations of Morocco and Syria consider that the total number of channels per coverage area shall not exceed either 10 channels or the number of channels of an "existing system" which is greater than 10. This is with the understanding that the planning conference will decide on the status of those channels of "existing systems" that exceed the number 10.


11 	Norway reserves its position on the selection of channels.


12 Sweden and Norway reserve their position on this section.


13 	In so doing, Morocco does not accept in any way that protection of these "existing" multinational beams places any undue constraints on the replanning process. In addition, Lao expressed its view that under no conditions the number of channels in a multinational beam shall exceed the number of channels assigned to these beams in the 1997 Plans.
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Region 2 (12.2- 12.7 BSS) protection of R1 & R3-terrestrial and R2

LIMIT

GHz

Territories protected

5a

12.2 - 12.7

all of R1 & R3

5b

12.2 - 12.5

5c

12.2 - 12.7

5d

12.5 - 12.7

all of R1 & R3

8b

12.2 - 12.7

all of R2      [ -115dBW/m² ]

Region 1 & 3 (11.7 - 12.5 BSS) protection of R2 and R1/R3-terrestrial

LIMIT

GHz

Territories protected

4.0

11.7 - 12.5

all of R2     [ -125 dBW/m²/4KHz-Circ Pol or -125dBW/m²/4KHz-LIN Pol ]

8a

11.7 - 12.5

all of R1 & R3
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4.3

4.4

4.4

4.3

4.4

4.5

4.5

4.4

4.5

4.6

4.6

4.5

4.6

4.7

4.7

4.6

4.7

4.8

4.8

4.7

4.8

4.9

4.9

4.8

4.9

5.0

5.0

4.9

5.0

5.1

5.1

5.0

5.1

5.2

5.2

5.1

5.2

5.3

5.3

5.2

5.3

5.4

5.4

5.3

5.4

5.5

5.5

5.4

5.5

5.6

5.6

5.5

5.6

5.7

5.7

5.6

5.7

5.8

5.8

5.7

5.8

5.9

5.9

5.8

5.9

6.0

6.0

5.9

6.0

6.1

6.1

6.0

6.1

6.2

6.2

6.1

6.2

6.3

6.3

6.2

6.3

6.4

6.4

6.3

6.4

6.5

6.5

6.4

6.5

6.6

6.6

6.5

6.6

6.7

6.7

6.6

6.7

6.8

6.8

6.7

6.8

6.9

6.9

6.8

6.9

7.0

7.0

6.9

7.0

7.1

7.1

7.0

7.1

7.2

7.2

7.1

7.2

7.3

7.3

7.2

7.3

7.4

7.4

7.3

7.4

7.5

7.5

7.4

7.5

7.6

7.6

7.5

7.6

7.7

7.7

7.6

7.7

7.8

7.8

7.7

7.8

7.9

7.9

7.8

7.9

8.0

8.0

7.9

8.0

8.1

8.1

8.0

8.1

8.2

8.2

8.1

8.2

8.3

8.3

8.2

8.3

8.4

8.4

8.3

8.4

8.5

8.5

8.4

8.5

8.6

8.6

8.5

8.6

8.7

8.7

8.6

8.7

8.8

8.8

8.7

8.8

8.9

8.9

8.8

8.9

9.0

9.0

8.9

9.0

9.1

9.1

9.0

9.1

9.2

9.2

9.1

9.2

9.3

9.3

9.2

9.3

9.4

9.4

9.3

9.4

9.5

9.5

9.4

9.5

9.6

9.6

9.5

9.6

9.7

9.7

9.6

9.7

9.8

9.8

9.7

9.8

9.9

9.9

9.8

9.9

10.0

10.0

9.9

10.0

10.5

10.5

10.0

11.0

11.0

10.5

11.5

11.5

11.0

12.0

12.0

11.5

12.5

12.5

12.0

13.0

13.0

12.5

13.5

13.5

13.0

14.0

14.0

13.5

14.5

14.5

14.0

14.9

14.9

14.5

15.0

15.0

14.9

16.0

16.0

15.0

17.0

17.0

16.0

18.0

18.0

17.0

19.0

19.0

18.0

20.0

20.0

19.0

25.0

25.0

20.0

30.0

30.0

25.0

35.0

35.0

30.0

40.0

40.0

35.0

45.0

45.0

40.0

50.0

50.0

45.0

55.0

55.0

50.0

60.0

60.0

55.0

70.0

70.0

60.0

80.0

80.0

70.0

90.0

90.0

80.0

-124.3

-134.0

-132.0

-124.3

-133.953025

-132.0

-124.3

-133.8121

-132.0

-124.3

-133.577225

-132.0

-124.3

-133.2484

-132.0

-124.3

-132.825625

-132.0

-124.3

-132.3089

-132.0

-124.3

-131.698225

-132.0

-124.3

-130.9936

-132.0

-124.3

-130.78787452803377

-132.0

-124.3

-129.64393726401687

-132.0

-124.3

-128.5

-132.0

-124.3

-127.46518287104438

-132.0

-124.3

-126.52046884880939

-132.0

-124.3

-125.65141619232908

-132.0

-124.3

-124.84679910804405

-132.0

-124.3

-124.09771852360797

-132.0

-124.3

-123.39700043360187

-132.0

-124.3

-122.73877696554315

-132.0

-124.3

-122.11818737241735

-132.0

-124.3

-121.82070678992466

-132.0

-121.8148395311774

-121.8148395311774

-132.0

-121.53115997617928

-121.53115997617928

-132.0

-120.97425010840047

-120.97425010840047

-132.0

-120.44451763165202

-120.44451763165202

-132.0

-119.93943297944485

-119.93943297944485

-132.0

-119.45680409956017

-119.45680409956017

-132.0

-118.99471895720986

-118.99471895720986

-132.0

-118.55149978319906

-118.55149978319906

-132.0

-118.12566630072955

-118.12566630072955

-132.0

-117.71590589602532

-117.71590589602532

-132.0

-117.32104921644452

-117.32104921644452

-132.0

-116.9400500525261

-116.9400500525261

-132.0

-116.57196863200843

-116.57196863200843

-132.0

-116.21595765414318

-116.21595765414318

-132.0

-115.87125054200234

-115.87125054200234

-132.0

-115.53715150305281

-115.53715150305281

-132.0

-115.21302707394362

-115.21302707394362

-132.0

-114.89829889124312

-114.89829889124312

-132.0

-114.59243748081782

-114.59243748081782

-132.0

-114.29495689832513

-114.29495689832513

-132.0

-114.00541008457975

-114.00541008457975

-132.0

-113.72338482433751

-113.72338482433751

-132.0

-113.44850021680094

-113.44850021680094

-132.0

-113.18040358200662

-113.18040358200662

-132.0

-112.91876774005249

-112.91876774005249

-132.0

-112.66328861051034

-112.66328861051034

-132.0

-112.41368308784531

-112.41368308784531

-132.0

-112.1696871556164

-112.1696871556164

-132.0

-111.93105420796064

-111.93105420796064

-132.0

-111.69755355160706

-111.69755355160706

-132.0

-111.46896906561032

-111.46896906561032

-132.0

-111.24509799928715

-111.24509799928715

-132.0

-111.02574989159953

-111.02574989159953

-132.0

-110.81074559755159

-110.81074559755159

-132.0

-110.59991640913002

-110.59991640913002

-132.0

-110.39310325998028

-110.39310325998028

-132.0

-110.19015600442579

-110.19015600442579

-132.0

-109.99093276264391

-109.99093276264391

-132.0

-109.79529932484499

-109.79529932484499

-132.0

-109.60312860818772

-109.60312860818772

-132.0

-109.41430016092657

-109.41430016092657

-132.0

-109.2286997089464

-109.2286997089464

-132.0

-109.0462187404089

-109.0462187404089

-132.0

-108.86675412473082

-108.86675412473082

-132.0

-108.69020776254365

-108.69020776254365

-132.0

-108.51648626366045

-108.51648626366045

-132.0

-108.34550065040281

-108.34550065040281

-132.0

-108.17716608392861

-108.17716608392861

-132.0

-108.01140161145328

-108.01140161145328

-132.0

-107.84812993247934

-107.84812993247934

-132.0

-107.68727718234409

-107.68727718234409

-132.0

-107.52877273156861

-107.52877273156861

-132.0

-107.37254899964358

-107.37254899964358

-132.0

-107.21854128202312

-107.21854128202312

-132.0

-107.06668758921829

-107.06668758921829

-132.0

-106.9169284969886

-106.9169284969886

-132.0

-106.7692070067256

-106.7692070067256

-132.0

-106.6234684152075

-106.6234684152075

-132.0

-106.47966019298022

-106.47966019298022

-132.0

-106.33773187068795

-106.33773187068795

-132.0

-106.197634932738

-106.197634932738

-132.0

-106.05932271773897

-106.05932271773897

-132.0

-105.9227503252014

-105.9227503252014

-132.0

-105.78787452803375

-105.78787452803375

-132.0

-105.65465369040709

-105.65465369040709

-132.0

-105.52304769059815

-105.52304769059815

-132.0

-105.39301784845296

-105.39301784845296

-132.0

-105.26452685714268

-105.26452685714268

-132.0

-105.1375387189108

-105.1375387189108

-132.0

-105.01201868453454

-105.01201868453454

-132.0

-104.88793319624578

-104.88793319624578

-132.0

-104.76524983387718

-104.76524983387718

-132.0

-104.64393726401687

-104.64393726401687

-132.0

-104.52396519197266

-104.52396519197266

-132.0

-104.40530431636111

-104.40530431636111

-132.0

-104.28792628615162

-104.28792628615162

-132.0

-104.17180366000753

-104.17180366000753

-132.0

-104.05690986777881

-104.05690986777881

-132.0

-103.94321917401079

-103.94321917401079

-132.0

-103.83070664334387

-103.83070664334387

-132.0

-103.71934810768764

-103.71934810768764

-132.0

-103.60912013506126

-103.60912013506126

-132.0

-103.5

-103.5

-132.0

-102.97026752325155

-102.97026752325155

-129.9

-102.46518287104438

-102.46518287104438

-127.8

-101.9825539911597

-101.9825539911597

-125.7

-101.52046884880937

-101.52046884880937

-123.6

-101.0772496747986

-101.0772496747986

-121.5

-100.65141619232908

-100.65141619232908

-119.4

-100.24165578762485

-100.24165578762485

-117.3

-99.84679910804405

-99.84679910804405

-115.2

-99.46579994412562

-99.46579994412562

-113.1

-99.17034328969315

-99.17034328969315

-111.42

-99.09771852360797

-99.09771852360797

-111.0

-98.39700043360187

-98.39700043360187

-111.0

-97.73877696554315

-97.73877696554315

-111.0

-97.11818737241735

-97.11818737241735

-111.0

-96.53115997617928

-96.53115997617928

-111.0

-95.97425010840047

-95.97425010840047

-111.0

-93.55149978319906

-93.55149978319906

-111.0

-91.57196863200843

-91.57196863200843

-111.0

-89.89829889124312

-89.89829889124312

-111.0

-88.44850021680094

-88.44850021680094

-111.0

-87.1696871556164

-87.1696871556164

-111.0

-86.02574989159953

-86.02574989159953

-111.0

-84.9909327626439

-84.9909327626439

-111.0

-84.0462187404089

-84.0462187404089

-111.0

-82.37254899964358

-82.37254899964358

-111.0

-80.9227503252014

-80.9227503252014

-111.0

-79.64393726401687

-79.64393726401687

-111.0

Angle

Proposal

5c limit

5b limit

0.01

0.1

-124.3

-133.953025

-132.0

0.2

-124.3

-133.8121

-132.0

0.3

-124.3

-133.577225

-132.0

0.4

-124.3

-133.2484

-132.0

0.5

-124.3

-132.825625

-132.0

0.6

-124.3

-132.3089

-132.0

0.7

-124.3

-131.698225

-132.0

0.8

-124.3

-130.9936

-132.0

0.81

-124.3

-130.78787452803377

-132.0

0.9

-124.3

-129.64393726401687

-132.0

1.0

-124.3

-128.5

-132.0

1.1

-124.3

-127.46518287104438

-132.0

1.2

-124.3

-126.52046884880939

-132.0

1.3

-124.3

-125.65141619232908

-132.0

1.4

-124.3

-124.84679910804405

-132.0

1.5

-124.3

-124.09771852360797

-132.0

1.6

-124.3

-123.39700043360187

-132.0

1.7

-124.3

-122.73877696554315

-132.0

1.8

-124.3

-122.11818737241735

-132.0

1.85

-124.3

-121.82070678992466

-132.0

1.851

-121.8148395311774

-121.8148395311774

-132.0

1.9

-121.53115997617928

-121.53115997617928

-132.0

2.0

-120.97425010840047

-120.97425010840047

-132.0

2.1

-120.44451763165202

-120.44451763165202

-132.0

2.2

-119.93943297944485

-119.93943297944485

-132.0

2.3

-119.45680409956017

-119.45680409956017

-132.0

2.4

-118.99471895720986

-118.99471895720986

-132.0

2.5

-118.55149978319906

-118.55149978319906

-132.0

2.6

-118.12566630072955

-118.12566630072955

-132.0

2.7

-117.71590589602532

-117.71590589602532

-132.0

2.8

-117.32104921644452

-117.32104921644452

-132.0

2.9

-116.9400500525261

-116.9400500525261

-132.0

3.0

-116.57196863200843

-116.57196863200843

-132.0

3.1

-116.21595765414318

-116.21595765414318

-132.0

3.2

-115.87125054200234

-115.87125054200234

-132.0

3.3

-115.53715150305281

-115.53715150305281

-132.0

3.4

-115.21302707394362

-115.21302707394362

-132.0

3.5

-114.89829889124312

-114.89829889124312

-132.0

3.6

-114.59243748081782

-114.59243748081782

-132.0

3.7

-114.29495689832513

-114.29495689832513

-132.0

3.8

-114.00541008457975

-114.00541008457975

-132.0

3.9

-113.72338482433751

-113.72338482433751

-132.0

4.0

-113.44850021680094

-113.44850021680094

-132.0

4.1

-113.18040358200662

-113.18040358200662

-132.0

4.2

-112.91876774005249

-112.91876774005249

-132.0

4.3

-112.66328861051034

-112.66328861051034

-132.0

4.4

-112.41368308784531

-112.41368308784531

-132.0

4.5

-112.1696871556164

-112.1696871556164

-132.0

4.6

-111.93105420796064

-111.93105420796064

-132.0

4.7

-111.69755355160706

-111.69755355160706

-132.0

4.8

-111.46896906561032

-111.46896906561032

-132.0

4.9

-111.24509799928715

-111.24509799928715

-132.0

5.0

-111.02574989159953

-111.02574989159953

-132.0

5.1

-110.81074559755159

-110.81074559755159

-132.0

5.2

-110.59991640913002

-110.59991640913002

-132.0

5.3

-110.39310325998028

-110.39310325998028

-132.0

5.4

-110.19015600442579

-110.19015600442579

-132.0

5.5

-109.99093276264391

-109.99093276264391

-132.0

5.6

-109.79529932484499

-109.79529932484499

-132.0

5.7

-109.60312860818772

-109.60312860818772

-132.0

5.8

-109.41430016092657

-109.41430016092657

-132.0

5.9

-109.2286997089464

-109.2286997089464

-132.0

6.0

-109.0462187404089

-109.0462187404089

-132.0

6.1

-108.86675412473082

-108.86675412473082

-132.0

6.2

-108.69020776254365

-108.69020776254365

-132.0

6.3

-108.51648626366045

-108.51648626366045

-132.0

6.4

-108.34550065040281

-108.34550065040281

-132.0

6.5

-108.17716608392861

-108.17716608392861

-132.0

6.6

-108.01140161145328

-108.01140161145328

-132.0

6.7

-107.84812993247934

-107.84812993247934

-132.0

6.8

-107.68727718234409

-107.68727718234409

-132.0

6.9

-107.52877273156861

-107.52877273156861

-132.0

7.0

-107.37254899964358

-107.37254899964358

-132.0

7.1

-107.21854128202312

-107.21854128202312

-132.0

7.2

-107.06668758921829

-107.06668758921829

-132.0

7.3

-106.9169284969886

-106.9169284969886

-132.0

7.4

-106.7692070067256

-106.7692070067256

-132.0

7.5

-106.6234684152075

-106.6234684152075

-132.0

7.6

-106.47966019298022

-106.47966019298022

-132.0

7.7

-106.33773187068795

-106.33773187068795

-132.0

7.8

-106.197634932738

-106.197634932738

-132.0

7.9

-106.05932271773897

-106.05932271773897

-132.0

8.0

-105.9227503252014

-105.9227503252014

-132.0

8.1

-105.78787452803375

-105.78787452803375

-132.0

8.2

-105.65465369040709

-105.65465369040709

-132.0

8.3

-105.52304769059815

-105.52304769059815

-132.0

8.4

-105.39301784845296

-105.39301784845296

-132.0

8.5

-105.26452685714268

-105.26452685714268

-132.0

8.6

-105.1375387189108

-105.1375387189108

-132.0

8.7

-105.01201868453454

-105.01201868453454

-132.0

8.8

-104.88793319624578

-104.88793319624578

-132.0

8.9

-104.76524983387718

-104.76524983387718

-132.0

9.0

-104.64393726401687

-104.64393726401687

-132.0

9.1

-104.52396519197266

-104.52396519197266

-132.0

9.2

-104.40530431636111

-104.40530431636111

-132.0

9.3

-104.28792628615162

-104.28792628615162

-132.0

9.4

-104.17180366000753

-104.17180366000753

-132.0

9.5

-104.05690986777881

-104.05690986777881

-132.0

9.6

-103.94321917401079

-103.94321917401079

-132.0

9.7

-103.83070664334387

-103.83070664334387

-132.0

9.8

-103.71934810768764

-103.71934810768764

-132.0

9.9

-103.60912013506126

-103.60912013506126

-132.0

10.0

-103.5

-103.5

-132.0

10.5

-102.97026752325155

-102.97026752325155

-129.9

11.0

-102.46518287104438

-102.46518287104438

-127.8

11.5

-101.9825539911597
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-101.0772496747986

-101.0772496747986
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13.0

-100.65141619232908
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-99.84679910804405

-99.84679910804405
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Region 2 (12.2- 12.7 BSS) protection of R1 & R3-terrestrial and R2

LIMIT

GHz

Territories protected

5a

12.2 - 12.7

all of R1 & R3

5b

12.2 - 12.5

5c

12.2 - 12.7

5d

12.5 - 12.7

all of R1 & R3

8b

12.2 - 12.7

all of R2      [ -115dBW/m² ]

Region 1 & 3 (11.7 - 12.5 BSS) protection of R2 and R1/R3-terrestrial

LIMIT

GHz

Territories protected

4.0

11.7 - 12.5

all of R2     [ -125 dBW/m²/4KHz-Circ Pol or -125dBW/m²/4KHz-LIN Pol ]

8a

11.7 - 12.5

all of R1 & R3
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1.851

1.9

2.0

2.0

1.9

2.0

2.1

2.1

2.0

2.1

2.2

2.2

2.1

2.2

2.3

2.3

2.2

2.3

2.4

2.4

2.3

2.4

2.5

2.5

2.4

2.5

2.6

2.6

2.5

2.6

2.7

2.7

2.6

2.7

2.8

2.8

2.7

2.8

2.9

2.9

2.8

2.9

3.0

3.0

2.9

3.0

3.1

3.1

3.0

3.1

3.2

3.2

3.1

3.2

3.3

3.3

3.2

3.3

3.4

3.4

3.3

3.4

3.5

3.5

3.4

3.5

3.6

3.6

3.5

3.6

3.7

3.7

3.6

3.7

3.8

3.8

3.7

3.8

3.9

3.9

3.8

3.9

4.0

4.0

3.9

4.0

4.1

4.1

4.0

4.1

4.2

4.2

4.1

4.2

4.3

4.3

4.2

4.3

4.4

4.4

4.3

4.4

4.5

4.5

4.4

4.5

4.6

4.6

4.5

4.6

4.7

4.7

4.6

4.7

4.8

4.8

4.7

4.8

4.9

4.9

4.8

4.9

5.0

5.0

4.9

5.0

5.1

5.1

5.0

5.1

5.2

5.2

5.1

5.2

5.3

5.3

5.2

5.3

5.4

5.4

5.3

5.4

5.5

5.5

5.4

5.5

5.6

5.6

5.5

5.6

5.7

5.7

5.6

5.7

5.8

5.8

5.7

5.8

5.9

5.9

5.8

5.9

6.0

6.0

5.9

6.0

6.1

6.1

6.0

6.1

6.2

6.2

6.1

6.2

6.3

6.3

6.2

6.3

6.4

6.4

6.3

6.4

6.5

6.5

6.4

6.5

6.6

6.6

6.5

6.6

6.7

6.7

6.6

6.7

6.8

6.8

6.7

6.8

6.9

6.9

6.8

6.9

7.0

7.0

6.9

7.0

7.1

7.1

7.0

7.1

7.2

7.2

7.1

7.2

7.3

7.3

7.2

7.3

7.4

7.4

7.3

7.4

7.5

7.5

7.4

7.5

7.6

7.6

7.5

7.6

7.7

7.7

7.6

7.7

7.8

7.8

7.7

7.8

7.9

7.9

7.8

7.9

8.0

8.0

7.9

8.0

8.1

8.1

8.0

8.1

8.2

8.2

8.1

8.2

8.3

8.3

8.2

8.3

8.4

8.4

8.3

8.4

8.5

8.5

8.4

8.5

8.6

8.6

8.5

8.6

8.7

8.7

8.6

8.7

8.8

8.8

8.7

8.8

8.9

8.9

8.8

8.9

9.0

9.0

8.9

9.0

9.1

9.1

9.0

9.1

9.2

9.2

9.1

9.2

9.3

9.3

9.2

9.3

9.4

9.4

9.3

9.4

9.5

9.5

9.4

9.5

9.6

9.6

9.5

9.6

9.7

9.7

9.6

9.7

9.8

9.8

9.7

9.8

9.9

9.9

9.8

9.9

10.0

10.0

9.9

10.0

10.5

10.5

10.0

11.0

11.0

10.5

11.5

11.5

11.0

12.0

12.0

11.5

12.5

12.5

12.0

13.0

13.0

12.5

13.5

13.5

13.0

14.0

14.0

13.5

14.5

14.5

14.0

14.9

14.9

14.5

15.0

15.0

14.9

16.0

16.0

15.0

17.0

17.0

16.0

18.0

18.0

17.0

19.0

19.0

18.0

20.0

20.0

19.0

25.0

25.0

20.0

30.0

30.0

25.0

35.0

35.0

30.0

40.0

40.0

35.0

45.0

45.0

40.0

50.0

50.0

45.0

55.0

55.0

50.0

60.0

60.0

55.0

70.0

70.0

60.0

80.0

80.0

70.0

90.0

90.0

80.0

-124.3

-134.0

-132.0

-124.3

-133.953025

-132.0

-124.3

-133.8121

-132.0

-124.3

-133.577225

-132.0

-124.3

-133.2484

-132.0

-124.3

-132.825625

-132.0

-124.3

-132.3089

-132.0

-124.3

-131.698225

-132.0

-124.3

-130.9936

-132.0

-124.3

-130.78787452803377

-132.0

-124.3

-129.64393726401687

-132.0

-124.3

-128.5

-132.0

-124.3

-127.46518287104438

-132.0

-124.3

-126.52046884880939

-132.0

-124.3

-125.65141619232908

-132.0

-124.3

-124.84679910804405

-132.0

-124.3

-124.09771852360797

-132.0

-124.3

-123.39700043360187

-132.0

-124.3

-122.73877696554315

-132.0

-124.3

-122.11818737241735

-132.0

-124.3

-121.82070678992466

-132.0

-121.8148395311774

-121.8148395311774

-132.0

-121.53115997617928

-121.53115997617928

-132.0

-120.97425010840047

-120.97425010840047

-132.0

-120.44451763165202

-120.44451763165202

-132.0

-119.93943297944485

-119.93943297944485

-132.0

-119.45680409956017

-119.45680409956017

-132.0

-118.99471895720986

-118.99471895720986

-132.0

-118.55149978319906

-118.55149978319906

-132.0

-118.12566630072955

-118.12566630072955

-132.0

-117.71590589602532

-117.71590589602532

-132.0

-117.32104921644452

-117.32104921644452

-132.0

-116.9400500525261

-116.9400500525261

-132.0

-116.57196863200843

-116.57196863200843

-132.0

-116.21595765414318

-116.21595765414318

-132.0

-115.87125054200234

-115.87125054200234

-132.0

-115.53715150305281

-115.53715150305281

-132.0

-115.21302707394362

-115.21302707394362

-132.0

-114.89829889124312

-114.89829889124312

-132.0

-114.59243748081782

-114.59243748081782

-132.0

-114.29495689832513

-114.29495689832513

-132.0

-114.00541008457975

-114.00541008457975

-132.0

-113.72338482433751

-113.72338482433751

-132.0

-113.44850021680094

-113.44850021680094

-132.0

-113.18040358200662

-113.18040358200662

-132.0

-112.91876774005249

-112.91876774005249

-132.0

-112.66328861051034

-112.66328861051034

-132.0

-112.41368308784531

-112.41368308784531

-132.0

-112.1696871556164

-112.1696871556164

-132.0

-111.93105420796064

-111.93105420796064

-132.0

-111.69755355160706

-111.69755355160706

-132.0

-111.46896906561032

-111.46896906561032

-132.0

-111.24509799928715

-111.24509799928715

-132.0

-111.02574989159953

-111.02574989159953

-132.0

-110.81074559755159

-110.81074559755159

-132.0

-110.59991640913002

-110.59991640913002

-132.0

-110.39310325998028

-110.39310325998028

-132.0

-110.19015600442579

-110.19015600442579

-132.0

-109.99093276264391

-109.99093276264391

-132.0

-109.79529932484499

-109.79529932484499

-132.0

-109.60312860818772

-109.60312860818772

-132.0

-109.41430016092657

-109.41430016092657

-132.0

-109.2286997089464

-109.2286997089464

-132.0

-109.0462187404089

-109.0462187404089

-132.0

-108.86675412473082

-108.86675412473082

-132.0

-108.69020776254365

-108.69020776254365

-132.0

-108.51648626366045

-108.51648626366045

-132.0

-108.34550065040281

-108.34550065040281

-132.0

-108.17716608392861

-108.17716608392861

-132.0

-108.01140161145328

-108.01140161145328

-132.0

-107.84812993247934

-107.84812993247934

-132.0

-107.68727718234409

-107.68727718234409

-132.0

-107.52877273156861

-107.52877273156861

-132.0

-107.37254899964358

-107.37254899964358

-132.0

-107.21854128202312

-107.21854128202312

-132.0

-107.06668758921829

-107.06668758921829

-132.0

-106.9169284969886

-106.9169284969886

-132.0

-106.7692070067256

-106.7692070067256

-132.0

-106.6234684152075

-106.6234684152075

-132.0

-106.47966019298022

-106.47966019298022

-132.0

-106.33773187068795

-106.33773187068795

-132.0

-106.197634932738

-106.197634932738

-132.0

-106.05932271773897

-106.05932271773897

-132.0

-105.9227503252014

-105.9227503252014

-132.0

-105.78787452803375

-105.78787452803375

-132.0

-105.65465369040709

-105.65465369040709

-132.0

-105.52304769059815

-105.52304769059815

-132.0

-105.39301784845296

-105.39301784845296

-132.0

-105.26452685714268

-105.26452685714268

-132.0

-105.1375387189108

-105.1375387189108

-132.0

-105.01201868453454

-105.01201868453454

-132.0

-104.88793319624578

-104.88793319624578

-132.0

-104.76524983387718

-104.76524983387718

-132.0

-104.64393726401687

-104.64393726401687

-132.0

-104.52396519197266

-104.52396519197266

-132.0

-104.40530431636111

-104.40530431636111

-132.0

-104.28792628615162

-104.28792628615162

-132.0

-104.17180366000753

-104.17180366000753

-132.0

-104.05690986777881

-104.05690986777881

-132.0

-103.94321917401079

-103.94321917401079

-132.0

-103.83070664334387

-103.83070664334387

-132.0

-103.71934810768764

-103.71934810768764

-132.0

-103.60912013506126

-103.60912013506126

-132.0

-103.5

-103.5

-132.0

-102.97026752325155

-102.97026752325155

-129.9

-102.46518287104438

-102.46518287104438

-127.8

-101.9825539911597

-101.9825539911597

-125.7

-101.52046884880937

-101.52046884880937

-123.6

-101.0772496747986

-101.0772496747986

-121.5

-100.65141619232908

-100.65141619232908

-119.4

-100.24165578762485

-100.24165578762485

-117.3

-99.84679910804405

-99.84679910804405

-115.2

-99.46579994412562

-99.46579994412562

-113.1

-99.17034328969315

-99.17034328969315

-111.42

-99.09771852360797

-99.09771852360797

-111.0

-98.39700043360187

-98.39700043360187

-111.0

-97.73877696554315

-97.73877696554315

-111.0

-97.11818737241735

-97.11818737241735

-111.0

-96.53115997617928

-96.53115997617928

-111.0

-95.97425010840047

-95.97425010840047

-111.0

-93.55149978319906

-93.55149978319906

-111.0

-91.57196863200843

-91.57196863200843

-111.0

-89.89829889124312

-89.89829889124312

-111.0

-88.44850021680094

-88.44850021680094

-111.0

-87.1696871556164

-87.1696871556164

-111.0

-86.02574989159953

-86.02574989159953

-111.0

-84.9909327626439

-84.9909327626439

-111.0

-84.0462187404089

-84.0462187404089

-111.0

-82.37254899964358

-82.37254899964358

-111.0

-80.9227503252014

-80.9227503252014

-111.0

-79.64393726401687

-79.64393726401687

-111.0

Angle

Proposal

5c limit

5b limit

0.01

0.1

-124.3

-133.953025

-132.0

0.2

-124.3

-133.8121

-132.0

0.3

-124.3

-133.577225

-132.0

0.4

-124.3

-133.2484

-132.0

0.5

-124.3

-132.825625

-132.0

0.6

-124.3

-132.3089

-132.0

0.7

-124.3

-131.698225

-132.0

0.8

-124.3

-130.9936

-132.0

0.81

-124.3

-130.78787452803377

-132.0

0.9

-124.3

-129.64393726401687

-132.0

1.0

-124.3

-128.5

-132.0

1.1

-124.3

-127.46518287104438

-132.0

1.2

-124.3

-126.52046884880939

-132.0

1.3

-124.3

-125.65141619232908

-132.0

1.4

-124.3

-124.84679910804405

-132.0

1.5

-124.3

-124.09771852360797

-132.0

1.6

-124.3

-123.39700043360187

-132.0

1.7

-124.3

-122.73877696554315

-132.0

1.8

-124.3

-122.11818737241735

-132.0

1.85

-124.3

-121.82070678992466

-132.0

1.851

-121.8148395311774

-121.8148395311774

-132.0

1.9

-121.53115997617928

-121.53115997617928

-132.0

2.0

-120.97425010840047

-120.97425010840047

-132.0

2.1

-120.44451763165202

-120.44451763165202

-132.0

2.2

-119.93943297944485

-119.93943297944485

-132.0

2.3

-119.45680409956017

-119.45680409956017

-132.0

2.4

-118.99471895720986

-118.99471895720986

-132.0

2.5

-118.55149978319906

-118.55149978319906

-132.0

2.6

-118.12566630072955

-118.12566630072955

-132.0

2.7

-117.71590589602532

-117.71590589602532

-132.0

2.8

-117.32104921644452

-117.32104921644452

-132.0

2.9

-116.9400500525261

-116.9400500525261

-132.0

3.0

-116.57196863200843

-116.57196863200843

-132.0

3.1

-116.21595765414318

-116.21595765414318

-132.0

3.2

-115.87125054200234

-115.87125054200234

-132.0

3.3

-115.53715150305281

-115.53715150305281

-132.0

3.4

-115.21302707394362

-115.21302707394362

-132.0

3.5

-114.89829889124312

-114.89829889124312

-132.0

3.6

-114.59243748081782

-114.59243748081782

-132.0

3.7

-114.29495689832513

-114.29495689832513

-132.0

3.8

-114.00541008457975

-114.00541008457975

-132.0

3.9

-113.72338482433751

-113.72338482433751

-132.0

4.0

-113.44850021680094

-113.44850021680094

-132.0

4.1

-113.18040358200662

-113.18040358200662

-132.0

4.2

-112.91876774005249

-112.91876774005249

-132.0

4.3

-112.66328861051034

-112.66328861051034

-132.0

4.4

-112.41368308784531

-112.41368308784531

-132.0

4.5

-112.1696871556164

-112.1696871556164

-132.0

4.6

-111.93105420796064

-111.93105420796064

-132.0

4.7

-111.69755355160706

-111.69755355160706

-132.0

4.8

-111.46896906561032

-111.46896906561032

-132.0

4.9

-111.24509799928715

-111.24509799928715

-132.0

5.0

-111.02574989159953

-111.02574989159953

-132.0

5.1

-110.81074559755159

-110.81074559755159

-132.0

5.2

-110.59991640913002

-110.59991640913002

-132.0

5.3

-110.39310325998028

-110.39310325998028

-132.0

5.4

-110.19015600442579

-110.19015600442579

-132.0

5.5

-109.99093276264391

-109.99093276264391

-132.0

5.6

-109.79529932484499

-109.79529932484499

-132.0

5.7

-109.60312860818772

-109.60312860818772

-132.0

5.8

-109.41430016092657

-109.41430016092657

-132.0

5.9

-109.2286997089464

-109.2286997089464

-132.0

6.0

-109.0462187404089

-109.0462187404089

-132.0

6.1

-108.86675412473082

-108.86675412473082

-132.0

6.2

-108.69020776254365

-108.69020776254365

-132.0

6.3

-108.51648626366045

-108.51648626366045

-132.0

6.4

-108.34550065040281

-108.34550065040281

-132.0

6.5

-108.17716608392861

-108.17716608392861

-132.0

6.6

-108.01140161145328

-108.01140161145328

-132.0

6.7

-107.84812993247934

-107.84812993247934

-132.0

6.8

-107.68727718234409

-107.68727718234409

-132.0

6.9

-107.52877273156861

-107.52877273156861

-132.0

7.0

-107.37254899964358

-107.37254899964358

-132.0

7.1

-107.21854128202312

-107.21854128202312

-132.0

7.2

-107.06668758921829

-107.06668758921829

-132.0

7.3

-106.9169284969886

-106.9169284969886

-132.0

7.4

-106.7692070067256

-106.7692070067256

-132.0

7.5

-106.6234684152075

-106.6234684152075

-132.0

7.6

-106.47966019298022

-106.47966019298022

-132.0

7.7

-106.33773187068795

-106.33773187068795

-132.0

7.8

-106.197634932738

-106.197634932738

-132.0

7.9

-106.05932271773897

-106.05932271773897

-132.0

8.0

-105.9227503252014

-105.9227503252014

-132.0

8.1

-105.78787452803375

-105.78787452803375

-132.0

8.2

-105.65465369040709

-105.65465369040709

-132.0

8.3

-105.52304769059815

-105.52304769059815

-132.0

8.4

-105.39301784845296

-105.39301784845296

-132.0

8.5

-105.26452685714268

-105.26452685714268

-132.0

8.6

-105.1375387189108

-105.1375387189108

-132.0

8.7

-105.01201868453454

-105.01201868453454

-132.0

8.8

-104.88793319624578

-104.88793319624578

-132.0

8.9

-104.76524983387718

-104.76524983387718

-132.0

9.0

-104.64393726401687

-104.64393726401687

-132.0

9.1

-104.52396519197266

-104.52396519197266

-132.0

9.2

-104.40530431636111

-104.40530431636111

-132.0

9.3

-104.28792628615162

-104.28792628615162

-132.0

9.4

-104.17180366000753

-104.17180366000753

-132.0

9.5

-104.05690986777881

-104.05690986777881

-132.0

9.6

-103.94321917401079

-103.94321917401079

-132.0

9.7

-103.83070664334387

-103.83070664334387

-132.0

9.8

-103.71934810768764

-103.71934810768764

-132.0

9.9

-103.60912013506126

-103.60912013506126

-132.0

10.0

-103.5

-103.5

-132.0

10.5

-102.97026752325155

-102.97026752325155

-129.9

11.0

-102.46518287104438

-102.46518287104438

-127.8

11.5

-101.9825539911597

-101.9825539911597

-125.7

12.0

-101.52046884880937

-101.52046884880937

-123.6

12.5

-101.0772496747986

-101.0772496747986

-121.5

13.0

-100.65141619232908

-100.65141619232908

-119.4

13.5

-100.24165578762485

-100.24165578762485

-117.3

14.0

-99.84679910804405

-99.84679910804405

-115.2

14.5

-99.46579994412562

-99.46579994412562

-113.1

14.9

-99.17034328969315

-99.17034328969315

-111.42

15.0

-99.09771852360797

-99.09771852360797

-111.0

16.0

-98.39700043360187

-98.39700043360187

-111.0

17.0

-97.73877696554315

-97.73877696554315

-111.0

18.0

-97.11818737241735

-97.11818737241735

-111.0

19.0

-96.53115997617928

-96.53115997617928

-111.0

20.0

-95.97425010840047

-95.97425010840047

-111.0

25.0

-93.55149978319906

-93.55149978319906

-111.0

30.0

-91.57196863200843

-91.57196863200843

-111.0

35.0

-89.89829889124312

-89.89829889124312

-111.0

40.0

-88.44850021680094

-88.44850021680094

-111.0

45.0

-87.1696871556164

-87.1696871556164

-111.0

50.0

-86.02574989159953

-86.02574989159953

-111.0

55.0

-84.9909327626439

-84.9909327626439

-111.0

60.0

-84.0462187404089

-84.0462187404089

-111.0

70.0

-82.37254899964358

-82.37254899964358

-111.0

80.0

-80.9227503252014

-80.9227503252014

-111.0

90.0

-79.64393726401687

-79.64393726401687

-111.0

0.01

0.01

0.01

0.1

0.1

0.01

0.1

0.2

0.2

0.1

0.2

0.3

0.3

0.2

0.3

0.4

0.4

0.3

0.4

0.5

0.5

0.4

0.5

0.6

0.6

0.5

0.6

0.7

0.7

0.6

0.7

0.8

0.8

0.7

0.8

0.81

0.81

0.8

0.81

0.9

0.9

0.81

0.9

1.0

1.0

0.9

1.0

1.1

1.1

1.0

1.1

1.2

1.2

1.1

1.2

1.3

1.3

1.2

1.3

1.4

1.4

1.3

1.4

1.5

1.5

1.4

1.5

1.6

1.6

1.5

1.6

1.7

1.7

1.6

1.7

1.8

1.8

1.7

1.8

1.85

1.85

1.8

1.85

1.851

1.851

1.85

1.851

1.9

1.9

1.851

1.9

2.0

2.0

1.9

2.0

2.1

2.1

2.0

2.1

2.2

2.2

2.1

2.2

2.3

2.3

2.2

2.3

2.4

2.4

2.3

2.4

2.5

2.5

2.4

2.5

2.6

2.6

2.5

2.6

2.7

2.7

2.6

2.7

2.8

2.8

2.7

2.8

2.9

2.9

2.8

2.9

3.0

3.0

2.9

3.0

3.1

3.1

3.0

3.1

3.2

3.2

3.1

3.2

3.3

3.3

3.2

3.3

3.4

3.4

3.3

3.4

3.5

3.5

3.4

3.5

3.6

3.6

3.5

3.6

3.7

3.7

3.6

3.7

3.8

3.8

3.7

3.8

3.9

3.9

3.8

3.9

4.0

4.0

3.9

4.0

4.1

4.1

4.0

4.1

4.2

4.2

4.1

4.2

4.3

4.3

4.2

4.3

4.4

4.4

4.3

4.4

4.5

4.5

4.4

4.5

4.6

4.6

4.5

4.6

4.7

4.7

4.6

4.7

4.8

4.8

4.7

4.8

4.9

4.9

4.8

4.9

5.0

5.0

4.9

5.0

5.1

5.1

5.0

5.1

5.2

5.2

5.1

5.2

5.3

5.3

5.2

5.3

5.4

5.4

5.3

5.4

5.5

5.5

5.4

5.5

5.6

5.6

5.5

5.6

5.7

5.7

5.6

5.7

5.8

5.8

5.7

5.8

5.9

5.9

5.8

5.9

6.0

6.0

5.9

6.0

6.1

6.1

6.0

6.1

6.2

6.2

6.1

6.2

6.3

6.3

6.2

6.3

6.4

6.4

6.3

6.4

6.5

6.5

6.4

6.5

6.6

6.6

6.5

6.6

6.7

6.7

6.6

6.7

6.8

6.8

6.7

6.8

6.9

6.9

6.8

6.9

7.0

7.0

6.9

7.0

7.1

7.1

7.0

7.1

7.2

7.2

7.1

7.2

7.3

7.3

7.2

7.3

7.4

7.4

7.3

7.4

7.5

7.5

7.4

7.5

7.6

7.6

7.5

7.6

7.7

7.7

7.6

7.7

7.8

7.8

7.7

7.8

7.9

7.9

7.8

7.9

8.0

8.0

7.9

8.0

8.1

8.1

8.0

8.1

8.2

8.2

8.1

8.2

8.3

8.3

8.2

8.3

8.4

8.4

8.3

8.4

8.5

8.5

8.4

8.5

8.6

8.6

8.5

8.6

8.7

8.7

8.6

8.7

8.8

8.8

8.7

8.8

8.9

8.9

8.8

8.9

9.0

9.0

8.9

9.0

9.1

9.1

9.0

9.1

9.2

9.2

9.1

9.2

9.3

9.3

9.2

9.3

9.4

9.4

9.3

9.4

9.5

9.5

9.4

9.5

9.6

9.6

9.5

9.6

9.7

9.7

9.6

9.7

9.8

9.8

9.7

9.8

9.9

9.9

9.8

9.9

10.0

10.0

9.9

10.0

10.5

10.5

10.0

11.0

11.0

10.5

11.5

11.5

11.0

12.0

12.0

11.5

12.5

12.5

12.0

13.0

13.0

12.5

13.5

13.5

13.0

14.0

14.0

13.5

14.5

14.5

14.0

14.9

14.9

14.5

15.0

15.0

14.9

16.0

16.0

15.0

17.0

17.0

16.0

18.0

18.0

17.0

19.0

19.0

18.0

20.0

20.0

19.0

25.0

25.0

20.0

30.0

30.0

25.0

35.0

35.0

30.0

40.0

40.0

35.0

45.0

45.0

40.0

50.0

50.0

45.0

55.0

55.0

50.0

60.0

60.0

55.0

70.0

70.0

60.0

80.0

80.0

70.0

90.0

90.0

80.0

-124.3

-134.0

-132.0

-124.3

-133.953025

-132.0

-124.3

-133.8121

-132.0

-124.3

-133.577225

-132.0

-124.3

-133.2484

-132.0

-124.3

-132.825625

-132.0

-124.3

-132.3089

-132.0

-124.3

-131.698225

-132.0

-124.3

-130.9936

-132.0

-124.3

-130.78787452803377

-132.0

-124.3

-129.64393726401687

-132.0

-124.3

-128.5

-132.0

-124.3

-127.46518287104438

-132.0

-124.3

-126.52046884880939

-132.0

-124.3

-125.65141619232908

-132.0

-124.3

-124.84679910804405

-132.0

-124.3

-124.09771852360797

-132.0

-124.3

-123.39700043360187

-132.0

-124.3

-122.73877696554315

-132.0

-124.3

-122.11818737241735

-132.0

-124.3

-121.82070678992466

-132.0

-121.8148395311774

-121.8148395311774

-132.0

-121.53115997617928

-121.53115997617928

-132.0

-120.97425010840047

-120.97425010840047

-132.0

-120.44451763165202

-120.44451763165202

-132.0

-119.93943297944485

-119.93943297944485

-132.0

-119.45680409956017

-119.45680409956017

-132.0

-118.99471895720986

-118.99471895720986

-132.0

-118.55149978319906

-118.55149978319906

-132.0

-118.12566630072955

-118.12566630072955

-132.0

-117.71590589602532

-117.71590589602532

-132.0

-117.32104921644452

-117.32104921644452

-132.0

-116.9400500525261

-116.9400500525261

-132.0

-116.57196863200843

-116.57196863200843

-132.0

-116.21595765414318

-116.21595765414318

-132.0

-115.87125054200234

-115.87125054200234

-132.0

-115.53715150305281

-115.53715150305281

-132.0

-115.21302707394362

-115.21302707394362

-132.0

-114.89829889124312

-114.89829889124312

-132.0

-114.59243748081782

-114.59243748081782

-132.0

-114.29495689832513

-114.29495689832513

-132.0

-114.00541008457975

-114.00541008457975

-132.0

-113.72338482433751

-113.72338482433751

-132.0

-113.44850021680094

-113.44850021680094

-132.0

-113.18040358200662

-113.18040358200662

-132.0

-112.91876774005249

-112.91876774005249

-132.0

-112.66328861051034

-112.66328861051034

-132.0

-112.41368308784531

-112.41368308784531

-132.0

-112.1696871556164

-112.1696871556164

-132.0

-111.93105420796064

-111.93105420796064

-132.0

-111.69755355160706

-111.69755355160706

-132.0

-111.46896906561032

-111.46896906561032

-132.0

-111.24509799928715

-111.24509799928715

-132.0

-111.02574989159953

-111.02574989159953

-132.0

-110.81074559755159

-110.81074559755159

-132.0

-110.59991640913002

-110.59991640913002

-132.0

-110.39310325998028

-110.39310325998028

-132.0

-110.19015600442579

-110.19015600442579

-132.0

-109.99093276264391

-109.99093276264391

-132.0

-109.79529932484499

-109.79529932484499

-132.0

-109.60312860818772

-109.60312860818772

-132.0

-109.41430016092657

-109.41430016092657

-132.0

-109.2286997089464

-109.2286997089464

-132.0

-109.0462187404089

-109.0462187404089

-132.0

-108.86675412473082

-108.86675412473082

-132.0

-108.69020776254365

-108.69020776254365

-132.0

-108.51648626366045

-108.51648626366045

-132.0

-108.34550065040281

-108.34550065040281

-132.0

-108.17716608392861

-108.17716608392861

-132.0

-108.01140161145328

-108.01140161145328

-132.0

-107.84812993247934

-107.84812993247934

-132.0

-107.68727718234409

-107.68727718234409

-132.0

-107.52877273156861

-107.52877273156861

-132.0

-107.37254899964358

-107.37254899964358

-132.0

-107.21854128202312

-107.21854128202312

-132.0

-107.06668758921829

-107.06668758921829

-132.0

-106.9169284969886

-106.9169284969886

-132.0

-106.7692070067256

-106.7692070067256

-132.0

-106.6234684152075

-106.6234684152075

-132.0

-106.47966019298022

-106.47966019298022

-132.0

-106.33773187068795

-106.33773187068795

-132.0

-106.197634932738

-106.197634932738

-132.0

-106.05932271773897

-106.05932271773897

-132.0

-105.9227503252014

-105.9227503252014

-132.0

-105.78787452803375

-105.78787452803375

-132.0

-105.65465369040709

-105.65465369040709

-132.0

-105.52304769059815

-105.52304769059815

-132.0

-105.39301784845296

-105.39301784845296

-132.0

-105.26452685714268

-105.26452685714268

-132.0

-105.1375387189108

-105.1375387189108

-132.0

-105.01201868453454

-105.01201868453454

-132.0

-104.88793319624578

-104.88793319624578

-132.0

-104.76524983387718

-104.76524983387718

-132.0

-104.64393726401687

-104.64393726401687

-132.0

-104.52396519197266

-104.52396519197266

-132.0

-104.40530431636111

-104.40530431636111

-132.0

-104.28792628615162

-104.28792628615162

-132.0

-104.17180366000753

-104.17180366000753

-132.0

-104.05690986777881

-104.05690986777881

-132.0

-103.94321917401079

-103.94321917401079

-132.0

-103.83070664334387

-103.83070664334387

-132.0

-103.71934810768764

-103.71934810768764

-132.0

-103.60912013506126

-103.60912013506126

-132.0

-103.5

-103.5

-132.0

-102.97026752325155

-102.97026752325155

-129.9

-102.46518287104438

-102.46518287104438

-127.8

-101.9825539911597

-101.9825539911597

-125.7

-101.52046884880937

-101.52046884880937

-123.6

-101.0772496747986

-101.0772496747986

-121.5

-100.65141619232908

-100.65141619232908

-119.4

-100.24165578762485

-100.24165578762485

-117.3

-99.84679910804405

-99.84679910804405

-115.2

-99.46579994412562

-99.46579994412562

-113.1

-99.17034328969315

-99.17034328969315

-111.42

-99.09771852360797

-99.09771852360797

-111.0

-98.39700043360187

-98.39700043360187

-111.0

-97.73877696554315

-97.73877696554315

-111.0

-97.11818737241735

-97.11818737241735

-111.0

-96.53115997617928

-96.53115997617928

-111.0

-95.97425010840047

-95.97425010840047

-111.0

-93.55149978319906

-93.55149978319906

-111.0

-91.57196863200843

-91.57196863200843

-111.0

-89.89829889124312

-89.89829889124312

-111.0

-88.44850021680094

-88.44850021680094

-111.0

-87.1696871556164

-87.1696871556164

-111.0

-86.02574989159953

-86.02574989159953

-111.0

-84.9909327626439

-84.9909327626439

-111.0

-84.0462187404089

-84.0462187404089

-111.0

-82.37254899964358

-82.37254899964358

-111.0

-80.9227503252014

-80.9227503252014

-111.0

-79.64393726401687

-79.64393726401687

-111.0

0.01

0.01

0.01

0.1

0.1

0.01

0.1

0.2

0.2

0.1

0.2

0.3

0.3

0.2

0.3

0.4

0.4

0.3

0.4

0.5

0.5

0.4

0.5

0.6

0.6

0.5

0.6

0.7

0.7

0.6

0.7

0.8

0.8

0.7

0.8

0.81

0.81

0.8

0.81

0.9

0.9

0.81

0.9

1.0

1.0

0.9

1.0

1.1

1.1

1.0

1.1

1.2

1.2

1.1

1.2

1.3

1.3

1.2

1.3

1.4

1.4

1.3

1.4

1.5

1.5

1.4

1.5

1.6

1.6

1.5

1.6

1.7

1.7

1.6

1.7

1.8

1.8

1.7

1.8

1.85

1.85

1.8

1.85

1.851

1.851

1.85

1.851

1.9

1.9

1.851

1.9

2.0

2.0

1.9

2.0

2.1

2.1

2.0

2.1

2.2

2.2

2.1

2.2

2.3

2.3

2.2

2.3

2.4

2.4

2.3

2.4

2.5

2.5

2.4

2.5

2.6

2.6

2.5

2.6

2.7

2.7

2.6

2.7

2.8

2.8

2.7

2.8

2.9

2.9

2.8

2.9

3.0

3.0

2.9

3.0

3.1

3.1

3.0

3.1

3.2

3.2

3.1

3.2

3.3

3.3

3.2

3.3

3.4

3.4

3.3

3.4

3.5

3.5

3.4

3.5

3.6

3.6

3.5

3.6

3.7

3.7

3.6

3.7

3.8

3.8

3.7

3.8

3.9

3.9

3.8

3.9

4.0

4.0

3.9

4.0

4.1

4.1

4.0

4.1

4.2

4.2

4.1

4.2

4.3

4.3

4.2

4.3

4.4

4.4

4.3

4.4

4.5

4.5

4.4

4.5

4.6

4.6

4.5

4.6

4.7

4.7

4.6

4.7

4.8

4.8

4.7

4.8

4.9

4.9

4.8

4.9

5.0

5.0

4.9

5.0

5.1

5.1

5.0

5.1

5.2

5.2

5.1

5.2

5.3

5.3

5.2

5.3

5.4

5.4

5.3

5.4

5.5

5.5

5.4

5.5

5.6

5.6

5.5

5.6

5.7

5.7

5.6

5.7

5.8

5.8

5.7

5.8

5.9

5.9

5.8

5.9

6.0

6.0

5.9

6.0

6.1

6.1

6.0

6.1

6.2

6.2

6.1

6.2

6.3

6.3

6.2

6.3

6.4

6.4

6.3

6.4

6.5

6.5

6.4

6.5

6.6

6.6

6.5

6.6

6.7

6.7

6.6

6.7

6.8

6.8

6.7

6.8

6.9

6.9

6.8

6.9

7.0

7.0

6.9

7.0

7.1

7.1

7.0

7.1

7.2

7.2

7.1

7.2

7.3

7.3

7.2

7.3

7.4

7.4

7.3

7.4

7.5

7.5

7.4

7.5

7.6

7.6

7.5

7.6

7.7

7.7

7.6

7.7

7.8

7.8

7.7

7.8

7.9

7.9

7.8

7.9

8.0

8.0

7.9

8.0

8.1

8.1

8.0

8.1

8.2

8.2

8.1

8.2

8.3

8.3

8.2

8.3

8.4

8.4

8.3

8.4

8.5

8.5

8.4

8.5

8.6

8.6

8.5

8.6

8.7

8.7

8.6

8.7

8.8

8.8

8.7

8.8

8.9

8.9

8.8

8.9

9.0

9.0

8.9

9.0

9.1

9.1

9.0

9.1

9.2

9.2

9.1

9.2

9.3

9.3

9.2

9.3

9.4

9.4

9.3

9.4

9.5

9.5

9.4

9.5

9.6

9.6

9.5

9.6

9.7

9.7

9.6

9.7

9.8

9.8

9.7

9.8

9.9

9.9

9.8

9.9

10.0

10.0

9.9

10.0

10.5

10.5

10.0

11.0

11.0

10.5

11.5

11.5

11.0

12.0

12.0

11.5

12.5

12.5

12.0

13.0

13.0

12.5

13.5

13.5

13.0

14.0

14.0

13.5

14.5

14.5

14.0

14.9

14.9

14.5

15.0

15.0

14.9

16.0

16.0

15.0

17.0

17.0

16.0

18.0

18.0

17.0

19.0

19.0

18.0

20.0

20.0

19.0

25.0

25.0

20.0

30.0

30.0

25.0

35.0

35.0

30.0

40.0

40.0

35.0

45.0

45.0

40.0

50.0

50.0

45.0

55.0

55.0

50.0

60.0

60.0

55.0

70.0

70.0

60.0

80.0

80.0

70.0

90.0

90.0

80.0

-124.3

-134.0

-132.0

-124.3

-133.953025

-132.0

-124.3

-133.8121

-132.0

-124.3

-133.577225

-132.0

-124.3

-133.2484

-132.0

-124.3

-132.825625

-132.0

-124.3

-132.3089

-132.0

-124.3

-131.698225

-132.0

-124.3

-130.9936

-132.0

-124.3

-130.78787452803377

-132.0

-124.3

-129.64393726401687

-132.0

-124.3

-128.5

-132.0

-124.3

-127.46518287104438

-132.0

-124.3

-126.52046884880939

-132.0

-124.3

-125.65141619232908

-132.0

-124.3

-124.84679910804405

-132.0

-124.3

-124.09771852360797

-132.0

-124.3

-123.39700043360187

-132.0

-124.3

-122.73877696554315

-132.0

-124.3

-122.11818737241735

-132.0

-124.3

-121.82070678992466

-132.0

-121.8148395311774

-121.8148395311774

-132.0

-121.53115997617928

-121.53115997617928

-132.0

-120.97425010840047

-120.97425010840047

-132.0

-120.44451763165202

-120.44451763165202

-132.0

-119.93943297944485

-119.93943297944485

-132.0

-119.45680409956017

-119.45680409956017

-132.0

-118.99471895720986

-118.99471895720986

-132.0

-118.55149978319906

-118.55149978319906

-132.0

-118.12566630072955

-118.12566630072955

-132.0

-117.71590589602532

-117.71590589602532

-132.0

-117.32104921644452

-117.32104921644452

-132.0

-116.9400500525261

-116.9400500525261

-132.0

-116.57196863200843

-116.57196863200843

-132.0

-116.21595765414318

-116.21595765414318

-132.0

-115.87125054200234

-115.87125054200234

-132.0

-115.53715150305281

-115.53715150305281

-132.0

-115.21302707394362

-115.21302707394362

-132.0

-114.89829889124312

-114.89829889124312

-132.0

-114.59243748081782

-114.59243748081782

-132.0

-114.29495689832513

-114.29495689832513

-132.0

-114.00541008457975

-114.00541008457975

-132.0

-113.72338482433751

-113.72338482433751

-132.0

-113.44850021680094

-113.44850021680094

-132.0

-113.18040358200662

-113.18040358200662

-132.0

-112.91876774005249

-112.91876774005249

-132.0

-112.66328861051034

-112.66328861051034

-132.0

-112.41368308784531

-112.41368308784531

-132.0

-112.1696871556164

-112.1696871556164

-132.0

-111.93105420796064

-111.93105420796064

-132.0

-111.69755355160706

-111.69755355160706

-132.0

-111.46896906561032

-111.46896906561032

-132.0

-111.24509799928715

-111.24509799928715

-132.0

-111.02574989159953

-111.02574989159953

-132.0

-110.81074559755159

-110.81074559755159

-132.0

-110.59991640913002

-110.59991640913002

-132.0

-110.39310325998028

-110.39310325998028

-132.0

-110.19015600442579

-110.19015600442579

-132.0

-109.99093276264391

-109.99093276264391

-132.0

-109.79529932484499

-109.79529932484499

-132.0

-109.60312860818772

-109.60312860818772

-132.0

-109.41430016092657

-109.41430016092657

-132.0

-109.2286997089464

-109.2286997089464

-132.0

-109.0462187404089

-109.0462187404089

-132.0

-108.86675412473082

-108.86675412473082

-132.0

-108.69020776254365

-108.69020776254365

-132.0

-108.51648626366045

-108.51648626366045

-132.0

-108.34550065040281

-108.34550065040281

-132.0

-108.17716608392861

-108.17716608392861

-132.0

-108.01140161145328

-108.01140161145328

-132.0

-107.84812993247934

-107.84812993247934

-132.0

-107.68727718234409

-107.68727718234409

-132.0

-107.52877273156861

-107.52877273156861

-132.0

-107.37254899964358

-107.37254899964358

-132.0

-107.21854128202312

-107.21854128202312

-132.0

-107.06668758921829

-107.06668758921829

-132.0

-106.9169284969886

-106.9169284969886

-132.0

-106.7692070067256

-106.7692070067256

-132.0

-106.6234684152075

-106.6234684152075

-132.0

-106.47966019298022

-106.47966019298022

-132.0

-106.33773187068795

-106.33773187068795

-132.0

-106.197634932738

-106.197634932738

-132.0

-106.05932271773897

-106.05932271773897

-132.0

-105.9227503252014

-105.9227503252014

-132.0

-105.78787452803375

-105.78787452803375

-132.0

-105.65465369040709

-105.65465369040709

-132.0

-105.52304769059815

-105.52304769059815

-132.0

-105.39301784845296

-105.39301784845296

-132.0

-105.26452685714268

-105.26452685714268

-132.0

-105.1375387189108

-105.1375387189108

-132.0

-105.01201868453454

-105.01201868453454

-132.0

-104.88793319624578

-104.88793319624578

-132.0

-104.76524983387718

-104.76524983387718

-132.0

-104.64393726401687

-104.64393726401687

-132.0

-104.52396519197266

-104.52396519197266

-132.0

-104.40530431636111

-104.40530431636111

-132.0

-104.28792628615162

-104.28792628615162

-132.0

-104.17180366000753

-104.17180366000753

-132.0

-104.05690986777881

-104.05690986777881

-132.0

-103.94321917401079

-103.94321917401079

-132.0

-103.83070664334387

-103.83070664334387

-132.0

-103.71934810768764

-103.71934810768764

-132.0

-103.60912013506126

-103.60912013506126

-132.0

-103.5

-103.5

-132.0

-102.97026752325155

-102.97026752325155

-129.9

-102.46518287104438

-102.46518287104438

-127.8

-101.9825539911597

-101.9825539911597

-125.7

-101.52046884880937

-101.52046884880937

-123.6

-101.0772496747986

-101.0772496747986

-121.5

-100.65141619232908

-100.65141619232908

-119.4

-100.24165578762485

-100.24165578762485

-117.3

-99.84679910804405

-99.84679910804405

-115.2

-99.46579994412562

-99.46579994412562

-113.1

-99.17034328969315

-99.17034328969315

-111.42

-99.09771852360797

-99.09771852360797

-111.0

-98.39700043360187

-98.39700043360187

-111.0

-97.73877696554315

-97.73877696554315

-111.0

-97.11818737241735

-97.11818737241735

-111.0

-96.53115997617928

-96.53115997617928

-111.0

-95.97425010840047

-95.97425010840047

-111.0

-93.55149978319906

-93.55149978319906

-111.0

-91.57196863200843

-91.57196863200843

-111.0

-89.89829889124312

-89.89829889124312

-111.0

-88.44850021680094

-88.44850021680094

-111.0

-87.1696871556164

-87.1696871556164

-111.0

-86.02574989159953

-86.02574989159953

-111.0

-84.9909327626439

-84.9909327626439

-111.0

-84.0462187404089

-84.0462187404089

-111.0

-82.37254899964358

-82.37254899964358

-111.0

-80.9227503252014

-80.9227503252014

-111.0

-79.64393726401687

-79.64393726401687

-111.0


