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DRAFT CPM ELEMENTS FOR AGENDA ITEM 1.15, RESOLUTION 605

1.2
Agenda item 1.15 - Studies concerning RNSS

"to review the results of studies concerning the radionavigation-satellite service in accordance with Resolutions 604, 605 and 606."

1.2.1
Band 1 164-1 215 MHz (Resolution 605)

Resolution 605: "Use of the frequency band 1 164-1 215 MHz by systems of the radionavigation-satellite service (space-to-Earth)"
1.2.1.1
Summary of technical and operational studies, including a list of relevant ITU‑R Recommendations

Relevant provisions: No. S5.328A

Relevant ITU‑R Recommendations: Working document toward a preliminary draft new Recommendation: "Methodology for assessing the impact of the radionavigation-satellite service (space-to-Earth) on the aeronautical radionavigation service (DME/TACAN) in the band 1 164‑1 215 MHz"

Studies have been carried out by ITU‑R in response to Resolution 605 (WRC‑2000). Among the studies conducted are an assessment of the impact of RNSS into ARNS receivers, an assessment of the impact of ARNS into RNSS receivers, and a determination of whether there is a need for an aggregate pfd limit to protect ARNS receivers (combined with a methodology to derive the aggregate power flux-density from all RNSS (space-to-Earth) systems in the bands given in No. S5.328A).

1.2.1.2
Analysis of the results of studies relating to the possible methods of satisfying the agenda item

ITU-R conducted studies on the overall compatibility between planned RNSS and current ARNS systems.

1.2.1.2.1
Impact of RNSS into ARNS receivers

An aggregate power flux-density (see first note below) produced at the Earth's surface by all co‑frequency or overlapping frequency RNSS (space-to-Earth) transmissions that is less than or equal to [(116.6 dB(W/m2) in any 1 MHz band] for all angles of arrival should be sufficient to protect ARNS receivers from harmful interference. This value was derived using an agreed methodology (see Annex 1, Section 2, of [the PDNR in Attachment XX (8D/TEMP/??)]).

NOTE - There are studies under way to determine if the protection criterion should be expressed in terms of pfd or eipfd.

NOTE - The methodology that will enable a determination to be made of RNSS systems compliance with the aggregate protection criterion still needs to be finalized.

1.2.1.2.2
Impact of ARNS into RNSS receivers

Regarding the impact of current ARNS systems on RNSS receivers and taking into account RNSS receivers characteristics described in [Report (8D/TEMP/??)], a two-step analysis was performed: the first step consists of a theoretical simulation based on worst-case assumptions, the second step is based on flight measurements.

The first step demonstrated that RNSS receivers used on board aircraft may experience a significant increase in the noise level at high altitude when exposed to a large number of DME/TACAN ground beacons within their receiver's passband. The capacity for wideband RNSS receivers (20 MHz) to operate at all altitudes would depend on the minimum wanted wideband RNSS signal power.

The second step corresponding to the flight environment measurements in the 1 164-1 215 MHz band over Europe (worst case over the world), has shown by comparison that the simulation tool provides quite realistic results of the RF environment. 

However, based on current ARNS (DME/TACAN) system characteristics, several mitigation techniques have been explored to avoid any harmful interference from these ARNS systems to the RNSS systems. Therefore, the RNSS receiver architecture can be designed to operate in the same band as DME/TACAN, while not claiming protection as required in the RR footnote S5.328A adopted by WRC-2000.

1.2.1.3
Methods to satisfy the agenda item for consideration by WRC and the advantages and disadvantages of each method

There are several potential methods which can be used to satisfy this agenda item:

i)
Method A - No pfd limit

Under this method the provisional pfd limit would be deleted from No. S5.328A, following the agreement that protection of ARNS is assured, and there would be no further changes to the RR.

Advantages

The designers of RNSS systems would potentially have greater freedom to develop new systems, and there would be no additional regulatory burden for the BR or Administrations. Any harmful interference concerns will continue to be managed using existing regulations (Art. S15).

Disadvantages

There are no regulatory protection criteria for ARNS receivers.

This will create uncertainty about whether ARNS systems are indeed protected. 

Increase of a number of RNSS systems may result in increase of an aggregate pfd up to a level at which there will be harmful interference to ARNS systems.

This will also create uncertainty for RNSS systems on how to apply the provision of S5.328A stating that RNSS systems shall protect ARNS systems, as well as uncertainty about the interference impact of other RNSS systems.

There is no suitable mechanism or procedures to ensure that harmful interference to ARNS systems is prevented.

Article S15 provisions could only apply after harmful interference occurs, which is not acceptable for a safety service, and the application of this Article would create additional burden for the BR and administrations.

It is not clear between what organizations agreement would be reached or what the agreement would contain. 

ii)
Method B - Aggregate protection criterion for ARNS in RRs; compliance to be assured by administrations

The aggregate protection criterion for ARNS would be specified in the RRs, but with a reference to a Resolution that leaves the obligation to assure that protection is provided directly to administrations (using a methodology and associated regulatory procedures that would be developed within the ITU-R and included in new Recommendations available for the guidance of affected administrations).

Advantages

The obligation to protect ARNS would be stated in the Radio Regulations, while the burden of assuring that the protection is provided would be handled outside of ITU, directly between interested administrations. 

By leaving the process of assuring compliance with this protection criterion to administrations (much in the way Resolution 76 (WRC‑2000) operates with respect to non‑GSO FSS protection of GSO FSS and GSO BSS systems), there would be no additional regulatory burden for BR. 

The provisions of the implementing resolution will entail discussions between operators of RNSS systems. As the prospective operators of future RNSS systems will need to meet other RNSS operators with whom they propose to share frequencies in order to ensure satisfactory sharing, the necessary consultation on the aggregate protection criterion could be absorbed as part of an existing process.

This method would place an aggregate protection criterion to be met by all systems in the RNSS. This would ensure that there is an absolute protection criterion level that can be seen by the ARNS and therefore ARNS remains protected.

ARNS would not suffer if ITU guesses wrong on the number of co-frequency RNSS systems that will be seen at any particular frequency. This point is the principal shortcoming of an approach that is based on an aggregate pfd limit that is applied through a per-system or per-satellite pfd limit.

Unlike the "no-pfd" approach in Method A, ARNS would not be left exposed to the prospect of unconstrained interference with nothing more than the procedures of Article S15 to rely upon as a remedy.

RNSS operators will not have to face efficiency penalties and artificial constraints stemming from a requirement to make aggregate interference showings for systems that are not and may never be operational. 

Disadvantages

Administrations operating ARNS systems may not have full visibility of the process.

Because the BR is not involved, there would be no independent verification that the limit would be met.

The method could be open to abuse by an RNSS operator using up the whole protection criterion allowance. 

It may not be immediately clear which system would have caused any interference or which of the responsible administrations would be responsible for solving any problem. A procedure might be needed to ensure that the technical parameters which would be recorded in the normal course of registration in the Master Frequency Register would correspond to those which had been used by administrations to ensure that the aggregate protection criterion would be respected.

There may be burdens for administrations and the BR associated with the development of technical and regulatory tools to ensure compliance with the obligation to protect ARNS systems.

iii)
Method B/a - Aggregate protection criterion for ARNS in RRs; compliance to be assured by administrations; results to be published by BR

Method B would be applied. 

In addition, administrations would send the details of each system as well as the results of the aggregate protection criterion calculation to the BR, which would publish them in a form (e.g., a Section of the Space Network List) that would permit administrations of ARNS systems to verify them.

Advantages

All of the advantages of Method B apply as well with Method B/a.

By adding a non-technical involvement of the BR, administrations operating ARNS systems would have full visibility of the process and better assurance of protection.

Disadvantages

The method could be open to abuse by an RNSS operator using up the whole protection criterion allowance.

Because the BR is not involved in checking the results, there would be no independent verification that the protection criterion would be met.

The BR would become involved, with financial consequences, but to a minimal extent.

There may be burdens for administrations and the BR associated with the development of technical and regulatory tools to ensure compliance with the obligation to protect ARNS systems.
iv)
Method B/b - Aggregate protection criterion for ARNS in RRs; compliance to be assured by administrations; results to be checked and then published by BR

Method B would be applied.

In addition, administrations would send the details of each system as well as the results of the aggregate protection criterion calculation to the BR, which would first check and then publish them in a form (e.g., a Section of the Space Network List) that would permit administrations of ARNS systems to verify them.

Advantages

All of the advantages of Method B apply as well with Method B/b.

BR involvement would ensure independent verification that the protection criterion would be satisfied.

Administrations operating ARNS systems would have full visibility of the process and better assurance of protection.

Disadvantages

The method could be open to abuse by an RNSS operator using up the whole protection criterion allowance.

The BR would become more deeply involved, with greater financial and administrative consequences.

There may be burdens for administrations and the BR associated with the development of technical and regulatory tools to ensure compliance with the obligation to protect ARNS systems.

It is unclear whether systems to be taken into account by the BR in the calculations are limited to operational systems, or include all filed systems.

There may be burdens and constraints on RNSS systems if planned systems are included in the BR calculations but are never brought into use.

It would be difficult for systems that have passed the BR calculation and been brought into use to accommodate subsequent RNSS systems.

v)
Method C - Application of a coordination procedure for protection of ARNS
This method entails the application of coordination procedures to sharing cases involving RNSS and ARNS systems in the band 1 164-1 215 MHz, as well as between non-GSO RNSS systems and between non-GSO and GSO RNSS systems. The coordination would be accomplished through close cooperation between aeronautical and radiocommunication experts meeting under the auspices of the ITU and ICAO.

Advantages

Adoption of an appropriate coordination procedure could ensure protection of terrestrial services from RNSS systems. It also assures cooperation and compatibility between RNSS systems. The burden for regulatory oversight/involvement is removed from the BR. Working with the ICAO would provide the mechanism for coordination on a global basis, and thereby ensure a globally uniform level of protection of the ARNS, as is required for safe operation of international civil aviation.

The need for a pfd in the RR would be removed, but ARNS would receive real protection agreed by the parties concerned.

Disadvantages

This process of using coordination procedures has not been applied where a subject service is a safety service.

ICAO deals only with ARNS systems for civil aviation purposes.

The basis for this method would need to be added to the ICAO mandate (if acceptable to ICAO contracting states) and this would place an additional burden on ICAO resources.

This method does not meet the ICAO position, which states a requirement for a limit in the RRs.

This method would add an additional burden on administrations.

vi)
Method D/a - Single-entry limit per RNSS system based on an aggregate protection criterion for the ARNS

This method would consist of including in the RR a single-entry limit which would apply to each individual RNSS system. This limit would be derived from the overall aggregate protection criterion for the ARNS and an assumption of the maximum number of co-coverage, co-frequency RNSS systems.

Advantages

This method could simplify notification/coordination of RNSS systems.

This method would allow simple checking of compliance by the BR.

Development of new or modified RNSS systems will not result in creation of harmful interference to ARNS systems, as long as the resulting number of RNSS systems is less than or equal to the number of RNSS systems that formed the basis for the single-entry limit.

There will be no additional regulatory burden for administrations while developing new systems because there is no need for coordination between RNSS and ARNS systems.

Disadvantages

This method will either imply a conservative assumption on the maximum number of co-frequency, co‑coverage RNSS systems, which could lead to a protection criterion level per system that is too stringent or would not guarantee full protection to DME systems if more RNSS systems than assumed are implemented.

No flexibility would be allowed for RNSS systems not using the full per-system pfd allowance to offer spare power to other RNSS systems.

vii)
Method D/b - Single-entry limit per RNSS system based on an aggregate protection criterion for the ARNS and a limit on the number of RNSS systems

This method would consist of including in the RR a limit which would apply to each individual RNSS system and a limit on the number of RNSS systems in any portion of the frequency allocation. This limit would be derived from the overall aggregate protection criterion for the ARNS, and the maximum number of co-coverage, co-frequency RNSS systems.

Advantages

This method would avoid additional notification or coordination of RNSS systems. Specifically, multi-lateral coordination of RNSS systems would be avoided.

This method would ensure protection of ARNS with no additional coordination.

This method would allow simple checking of compliance by the BR.

Disadvantages

This method will either lead to a regulation permitting a large number of co-frequency, co‑coverage RNSS systems, which could lead to an excessively restrictive protection criterion level per system or lead to a regulation allowing generous protection criterion per system but limiting deployment to few RNSS systems.

No flexibility would be allowed for RNSS systems not using the full per-system pfd allowance to offer spare power to other RNSS systems.

The ITU, except for the use of a priori planning, is not able to limit the filing of RNSS systems.

1.2.1.4
Regulatory and procedural considerations

The existing footnote S5.328A to the allocation 1 164-1 215 MHz contains a double, and thereby potentially confusing provision for the protection of DME (i.e. "shall not cause harmful interference" and "shall not exceed a pfd"). RRB discussions have indicated that such double provisions create confusion. In order to eliminate this confusion, the footnote could be modified to remove the provisional pfd value, and instead refer to a revised Resolution 605 in which the method (possibly including a pfd limit), criteria, and even technical basis for DME protection is described.

The regulatory provisions needed to implement Method B consist of just a few elements. First, Method B contemplates that ITU-R will agree on the value (now X dBW/m2/MHz) of a protection criterion for ARNS as against all RNSS downlink emissions. Second, an obligation would be placed at WRC-03 on administrations operating RNSS downlinks in the 1 164‑1 215 MHz band to ensure, among themselves, that this protection of ARNS systems is provided, regardless of the number of RNSS systems operating in the band. It would be the RNSS operators and their administrations, and not ITU, who bear the burden of assuring compliance with the protection obligation. This, in turn, would provide opportunities for administrations operating or planning to operate RNSS systems in the 1 164‑1 215 MHz band to engage in negotiations among themselves (there is no current mechanism to accomplish this). Third, the ITU is to develop tools, including a methodology for assessing aggregate interference levels and associated procedures, that administrations could use among themselves to ensure compliance with the obligation to protect ARNS systems. The tools would be provided in a non-mandatory, "for guidance" context by ITU-R, but would not require further action by a WRC. 

Example provisions to implement Method B, along with example provisions to implement Method B/a and Method B/b, are included in Appendix 1 to Chapter 1.

A second possible regulatory provision for method B, B/a, B/b could consist in applying to this frequency band the provision of S9.12, S9.12A and S913. The protection of ARNS system would be ensured through the inclusion of a protection criterion for ARNS in a footnote of article S5 or in a resolution for which compliance shall be ensured by administrations operating RNSS systems in the process of coordinating under article S9.12, S9.12A, S9.13 and S9.7. The process of assessing compliance with the aggregate protection criterion for the ARNS should be explicitly described in ITU-R Recommendation [RNSS], taking into account an agreed ARNS antenna pattern. An example provision to implement Method B/a is included in Appendix 2 to Chapter 1. 

.

RESOLUTION RNSS 1 (WRC-03)
Appendix 1 to Chapter 1 of the CPM Report

A.
The following is an example of the package of regulatory provisions that would allow Method B under Section 1.2.1.3 above to be implemented:

1
Modify S5.328A to remove the aggregate power flux-density limit, but specify in the footnote that the provisions of new Resolution [RNSS 1] (WRC-03) shall apply.

2
Include in the Radio Regulations (perhaps in Article S21) provisions that essentially repeat resolves x), resolves y) and resolves w) from No. 3 below.)

3
Adopt Resolution [RNSS 1], which shall include the following three resolves:

w)
that administrations shall ensure, without validation by the BR, that the aggregate pfd levels produced by all space stations of all radionavigation-satellite service systems at the Earth's surface does not exceed the value –XXX dB(W/m2) in any 1 MHz band for all angles of arrival, which is required to ensure the protection of ARNS systems;

x)
that administrations operating or planning to operate RNSS systems or networks, for which complete coordination or notification information, as appropriate, was received by BR after 2 June 2000, in the 1 164‑1 215 MHz frequency band, individually or in collaboration, shall take all necessary steps, including, by means of appropriate modifications to their systems or networks, to meet the protection criterion in resolves w) above;

y)
that, in the event that the aggregate interference protection required in resolves w) above is not provided, administrations operating RNSS systems or networks in the 1 164‑1 215 MHz band shall take all necessary measures expeditiously to reduce the aggregate power flux‑density level to that given in resolves w) above.

4
If not done before or at WRC-03, include in Resolution [RNSS 1] invitations to ITU-R to:

a)
develop before WRC-05/06 (but not as an agenda item) an ITU-R recommendation containing a suitable methodology to derive an aggregate power flux-density for all RNSS space stations of one system from the aggregate power flux-density for all systems given in resolves w) above, in order to help administrations operating RNSS systems in this band in limiting the aggregate interference into ARNS stations; and

b)
develop before WRC-05/06 (but not as an agenda item) an ITU-R recommendation that contains procedures that administrations (RNSS and ARNS) can use to ensure that the aggregate protection obligation is met.

B.
The following is an example of the package of regulatory provisions that would allow Method B/a under Section 1.2.1.3 above to be implemented:
Same as for method B, except :

Add a new "resolves":

xbis) administrations shall send to the Bureau all detailed characteristics of their systems as modified by the application of resolves x) and which are deemed to enable to satisfy the protection criteria given in resolves w); 

Add a new "invites the Bureau":

To publish the RNSS systems detailed characteristics provided by administrations under the provision of resolves xbis);

C.
The following is an example of the package of regulatory provisions that would allow Method B/b under Section 1.2.1.3 above to be implemented:

Same as for method B/a except the new "invites the Bureau" would now read:

To publish the aggregate power flux-density produced by all the space stations of all radionavigation-satellite systems at the Earth's surface as calculated using the detailed characteristics provided by Administrations under the provision of resolves xbis); 


Appendix 2 to chapter 1 of the cpm report 

The following is example of the regulatory provisions that would allow Method B/a under section 1.2.1.3. Portions of the example, specifically resolves 2 of Resolution [RNSS 2], and the modification of S5.328A below, could be applied in application of the provisions of Method B in (Appendix 1 of Chapter 1).
Modify S5.328A to incorporate the reference of article S9.12, S9.12A, S9.13 and specify in the footnote that the provisions of new Resolution [RNSS 2](WRC-03) shall apply.


RESOLUTION RNSS 2 (WRC-03)

Protection of systems in the aeronautical radionavigation service from the maximum aggregate power flux‑density produced by multiple 
radionavigation-satellite service networks in 
the band 1 164-1 215 MHz

The World Radiocommunication Conference (Caracas, 2003),

considering

a)
that the band 960‑1 215 MHz is allocated on a primary basis to the aeronautical‑radionavigation service in all Regions;

b)
that WRC-2000 (Istanbul) had decided to introduce a new allocation for the radionavigation-satellite service (space-to-Earth) in the frequency band 1 164-1 215 MHz, with a provisional limit on the aggregate power flux-density produced by all the space stations within all radionavigation-satellite networks at the Earth's surface of (115 dB(W/m2) in any 1 MHz band for all angles of arrival;

c)
that this conference has revised the limit referred to in considering b), to ensure protection of systems in the aeronautical radionavigation service operating in the 1 164‑1 215 MHz range from emissions of radionavigation-satellite service networks;
d)
that only a few radionavigation-satellite service systems are expected to be deployed in this band;

e)
that it is unlikely that more than two systems will have overlapping frequencies, and that this would require a close cooperation between these systems;

f)
that planned RNSS systems, as of May 2003, correspond to satellites having a circular orbit,

resolves

1
that the level of [(116.6 dBW/m2/MHz for the aggregate power flux-density] applying at the Earth's surface for all the space stations within all radionavigation-satellite systems for all angles of arrival is adequate to ensure the protection by these multiple networks of systems in the aeronautical radionavigation service in the band 1 164‑1 215 MHz;

2
that administrations operating or planning to operate radionavigation-satellite service networks in the band 1 164‑1 215 MHz shall ensure, without validation by the BR, when coordinating under Nos. S9.7, S9.12, S9.12A and S9.13, that the protection criterion referred to in resolves 1 is not exceeded;

3
that the methodology contained in Recommendations ITU-R M.[RNSS] … shall be used by administrations for calculating the aggregate equivalent power flux-density produced at the Earth's surface by all the space stations within all radionavigation-satellite systems in the band 1 164‑1 215 MHz;

4
that administrations operating or planning to operate radionavigation-satellite service networks in the band 1 164‑1 215 MHz shall provide, after coordination under Nos. S9.7, S9.12, S9.12A and S9.13 the results regarding the compliance with the protection criterion referred to in resolves 1; 
5
that administrations operating or planning to operate radionavigation-satellite service networks in the band 1 164‑1 215 MHz shall provide, after coordination under Nos. S9.7, S9.12, S9.12A and S9.13 the RNSS systems characteristics used when applying Recommendation ITU-R [RNSS];

6
that administrations operating or planning to operate RNSS systems or networks, for which complete coordination or notification information, as appropriate, was received by BR after 2 June 2000, in the 1 164‑1 215 MHz frequency band, individually or in collaboration, shall take all necessary steps, including, if necessary, by means of appropriate modifications to their systems or networks, to meet the protection criterion referred to in resolves 1;

7
that, in the event that the aggregate interference protection required in resolves 1 above is not provided, administrations operating RNSS systems or networks in the 1 164‑1 215 MHz band shall take all necessary measures expeditiously to reduce the aggregate power flux‑density level to that given in resolves 1,

instructs the Director of the Radiocommunication Bureau

1
to publish upon completion of coordination under Article Nos. S9.7, S9.12, S9.12A, S9.13, the results regarding the compliance with the protection criterion referred to in resolves 1; 
2
to publish upon completion of coordination under Article Nos. S9.7, S9.12, S9.12A, S9.13, the RNSS systems characteristics used when applying Recommendation ITU-R [RNSS].
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