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1. Introduction

The ESF-Iridium LLC agreement for the period 1 May 1999 – 1 January 2000 contains in an annex a detailed workplan to explore existing factors, new techniques and system improvements which will remove the need for operational restraints from the Iridium system as of 1st January 2006. These will include, but are not limited to (1) development of an understanding of actual interference effects from Iridium to radio astronomy observations, (2) changes which could be made to the future generation Iridium spacecraft to reduce unwanted emissions into the radio astronomy band 1610.6-1613.8 MHz, and (3) changes which could be made to reduce the susceptibility of radio astronomy observations to interference (clause 1f of the agreement).

The workplan as it is given in the annex to the agreement did not reach a status beyond a draft, which has to be finalized before 1 January 2000. Per 1 January 2000, parties must have reached agreement on detailed workplan for work elements pertaining to existing factors relative to ITU-R Rec. 769-1. Other elements of the workplan have to be finalized at later dates indicated in the mentioned annex to the agreement.
A detailed view on the update of the workplan is given in section 2. Section 3 contains the text of the annex the agreement as is brought to the attention of Iridium LLC.

2. Detailed Workplan as per 1 January 2000.

This section shows the workplan addressing work elements pertaining to existing factors relative to ITU-R Rec. 769-1 accompanied by comments on the different issues.

Detailed Workplan as per 1 January 2000


Action by

Introduction

This workplan is a detailed update of the draft workplan as given in the annex 1 to the ESF-Iridium LLC agreement for the period 1 May 1999 – 1 January 2006. 

With respect to this draft workplan all issues with which CEPT project team SE28 dealt already have been removed since CRAF does not see any merit to repeat this work. 

Also any reference to the blanker proposed by Iridium has been removed since it is not applicable to the scenario outlined in the agreement mentioned and the term blanker has not been defined in the agreement. 

Furthermore, the impact of the spectral or statistical nature of the interference is not addressed since it is well-known that the interference caused by the Iridium system is not white Gaussian noise. Therefore, the study of the impact of the integration time cannot provide applicable results. The spectral impact of the interference implies that all out-of-band emissions of the space-to-Earth transmissions of the Iridium system must be below the levels specified in the agreement. Any activity to work on this issue further is a waste of resources.

The objective of the technical approach to determine the extent to which, and manner in which, real world Iridium interference manifests itself in radio astronomy observation data has been fulfilled already, since observations manifest already harmful interference form out-of-band emissions of the space-to-Earth transmissions of the Iridium satellites.
The annual planning exercise has been removed since Iridium LLC showed in March 1999 not to be able to bring this action to a reliable completion.

Issues related to ITU-R Recommendation RA769 and its interpretation must be addressed and studied by ITU-R WP7D because these are of a global nature. CRAF has repeatedly stated this. CRAF nor Iridium LLC have any influence on the speed of the process within ITU-R WP7D – this will have immediate impact on the time any possible results become available from the specific studies

Initial Areas to be Examined:

a. Existing factors

- Antenna pattern considerations  (effect of main beam because of NGSO satellite’s transmissions)

b. Further interference susceptibility reduction techniques
· Interference characterisation and subtraction based on Iridium duty cycle and the spectrum of Iridium intended emissions.

- Other techniques as agreed upon by the parties

c. Satellite unwanted emission reduction

- Possible improvements that could be made to next generation Iridium satellites to reduce level of unwanted emissions.

Technical Approach:
a. Existing factors

Antenna Pattern Considerations
 

- assess relationship between actual interference SPFD and increase in T (as defined in ITU-R Rec. 769-1) as a function of antenna main beam off-axis angle

b. Further interference susceptibility reduction techniques

Objective – to investigate the possible development of practical techniques that could reduce the impact of Iridium unwanted emissions and be deployed at radio astronomy sites

- conduct overall assessment of prior state of the art in order to determine possible applicability to current interference situation

- create models of interference in order to establish thorough understanding of the nature of the interference signal

- using the interference models as a basis, derive and evaluate potential interference subtraction or reduction methods

- estimate the potential effectiveness of all techniques through simulation and practical measurement programs

c. Satellite unwanted emission reduction

Objective - to investigate practical possible improvements that could be made to next generation Iridium satellites to reduce level of unwanted emissions.

- Iridium/Motorola investigate different areas of potential improvement to Iridium next generation satellites and report the result of this investigation.

d. Implementation of Results:

For each of the existing factors, additional techniques or satellite improvements that are deemed to be practical and effective, agreement must be reached on:

- how to apportion the benefit of the solution (i.e. what portion of the benefit is to be applied to the case of Iridium interference)

For each additional technique that is deemed to be practical and effective, agreement must be reached on:

- how the solution would be implemented in practice ;

- who will pay for any such implementation including any hardware or software development costs, system hardware modifications at particular sites, manpower for implementing any solution at particular sites, etc.

Timeframes and milestones:

Feb.22, 1999:
strawman workplan agreed

Jan. 1, 2000:
detailed workplan for work elements pertaining to existing factors relative to ITU-R Rec. 769-1

Aug. 1, 2000:
quantification of possible reduction of unwanted emission levels of next generation of Iridium satellites

Jan. 1, 2001:        detailed workplan for work 

elements pertaining to further interference 

susceptibility reduction techniques

Jan. 1, 2002:
preliminary conclusions on existing factors relative to ITU-R Rec. 769-1 based on practical measurements.

Jan. 1, 2004:
preliminary conclusions on further interference susceptibility reduction techniques based on analysis and simulation.

Jan. 1, 2006:
final conclusions based on practical measurements.


ITU-R WP7D

Iridium must provide CRAF with adequate information. This is necessary to check the interpretation of Iridium’s interference and cannot be subject to any non-disclosure condition made by Iridium LLC. Before this information has been provided no work can be planned nor done on this issue.

Iridium LLC

ITU-R WP7D

Iridium LLC/Motorola Inc

- Given the general view that the polluter pays, Iridium LLC must pay unconditionally all costs pursuing from this agreement as compensation for damage.

Status:
Done



3. Workplan update as per 1 January 2000

The following text shows the modifications to the annex to the ESF-Iridium LLC agreement for the period 1 May 1999 – 1 January 2006 and is meant to replace this text:

Annex 1

Workplan for Investigation of Iridium/Radio Astronomy Interference Compatibility Improvement

This document is not meant to be exhaustive or restrictive and may be added to in the future as necessary and agreed between the parties.

Introduction

The following document is meant to serve  a collaborative work effort between CRAF and Iridium, as called for in the ESF/Iridium Framework Agreement. It is understood between both ESF/CRAF and Iridium that ITU-R Recommendation 769-1, which was used as a basis for establishing the protection for radio astronomy in that Framework Agreement, was not developed with a consideration to non-GSO satellite systems. As such, the Framework Agreement acknowledged that there may be certain existing factors beyond those of Recommendation 769-1, or other additional ways for reducing the susceptibility of radio astronomy observations to interference, or ways to reduce the unwanted emission levels from Iridium satellites that would help to eliminate the effect of Iridium unwanted emissions to radio astronomy. The Framework Agreement calls for the parties to work together to quantify the merit of possibilities before 1 January 2006 and the following document outlines a program for this work. This document is not meant to be exhaustive or restrictive and may be added to in the future as necessary and agreed between the parties. 
The workplan is subject to the noting that:

a. All issues with which CEPT project team SE28 dealt already have been removed since there is no merit to repeat this work. 

b. Issues related to ITU-R Recommendation RA769 and its interpretation must be addressed and studied by ITU-R WP7D because these are of a global nature. 

Initial Areas to be Examined:

a. Existing factors 

- 
Reason for deletion: 
WP7D activity. CRAF hes rejected these considerations in CEPT SE28.

- 
Reason for deletion:
The interference caused by the Iridium system is not white Gaussian noise. Therefore, the study of the impact of the integration time cannot provide applicable results. The spectral impact of the interference implies that all out-of-band emissions of the space-to-Earth transmissions of the Iridium system must be below the levels specified in the agreement.
b. Further interference susceptibility reduction techniques 

- 
Reason for deletion:
the blanker concept does not apply to the ESF-Iridium LLC 


agreement.

 
- Interference characterization and subtraction based on Iridium duty cycle and/or measured Iridium intended emissions 
* Action on CRAF with the noting that:

Iridium must provide CRAF with adequate information. This is necessary to check the interpretation of Iridium’s interference. 
- Other techniques as agreed upon by the parties 

c. Satellite unwanted emission reduction 

- Possible improvements that could be made to next generation Iridium satellites to reduce level of unwanted emissions.
* Action on Iridium LLC.
Technical Approach:

a. Existing factors 

Objective - to determine the extent to which, and manner in which, real world Iridium interference manifests itself in radio astronomy observation data 

Antenna Pattern Considerations 
- 
Reason for deletion:
WP7D activity


Reason for deletion:
WP7D activity. It is a fundamental misunderstanding that polarization discrimination mitigates interference to radio astronomy observations. In turn, polarization properties of cosmic sources are observables for radio astronomy.

Reason for deletion:
The interference caused by the Iridium system is not white Gaussian noise. Therefore, the study of the impact of the integration time cannot provide applicable results. The spectral impact of the interference implies that all out-of-band emissions of the space-to-Earth transmissions of the Iridium system must be below the levels specified in the agreement.
b. Further interference susceptibility reduction techniques 

Objective - to investigate the possible development of practical techniques that could reduce the impact of Iridium unwanted emissions and be deployed at radio astronomy sites 

- conduct overall assessment of prior state of the art in order to determine possible applicability to current interference situation 
- create models of interference in order to establish thorough understanding of the nature of the interference signal 
* Action on both parties with the noting that:
Iridium must provide CRAF with adequate information. This is necessary to  check the interpretation of observed interference in terms of interference from the Iridium system.


- using the interference models as a basis, derive and evaluate potential interference subtraction or reduction methods 
- estimate the potential effectiveness of all techniques through simulation and practical measurement programs 

c. Satellite unwanted emission reduction 

Objective - to investigate practical possible improvements that could be made to next generation Iridium satellites to reduce level of unwanted emissions. 

- Iridium/Motorola investigate different areas of potential improvement to Iridium next generation satellites and report the result of this investigation. 
* Action on Iridium LLC.

d. Implementation of Results: 

For each of the existing factors, additional techniques or satellite improvements that are deemed to be practical and effective, agreement must be reached on: 

- how to apportion the benefit of the solution (i.e. what portion of the benefit is to be applied to the case of Iridium interference) 

For each additional technique that is deemed to be practical and effective, agreement must be reached on: 

- how the solution would be implemented in practice ; 
- who will pay for any such implementation including any hardware or software development costs, system hardware modifications at particular sites, manpower for implementing any solution at particular sites, etc. 

>
Given the general view that the polluter pays, Iridium LLC must pay unconditionally all costs pursuing from this agreement.



Reason for deletion:
Iridium LLC showed in March 1999 not to be able to bring this action to a completion accepted by CRAF as reliable. Proper results for the 1999 planning exercise are still pending.
Timeframes and milestones:

Completion date


description
status

Feb.22, 1999

Jan.1, 2000

Aug.1, 2000

Jan.1, 2001

Jan 1, 2002

Jan.1, 2004

Jan.1, 2006
strawman workplan agreed 

detailed workplan for work elements pertaining to existing factors relative to ITU-R Rec. 769-1

quantification of possible reduction of unwanted emission levels of next generation of Iridium satellites 

detailed workplan for work elements pertaining to further interference susceptibility reduction techniques 

preliminary conclusions on existing factors relative to ITU-R Rec. 769-1 based on practical measurements 

preliminary conclusions on further interference susceptibility reduction techniques based on analysis and simulation 

final conclusions based on practical measurements
o.k.
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