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Chapter 1 
(WP 8B and WP 8F)

Mobile, aeronautical mobile, radionavigation and radiolocation services (agenda items 1.3, 1.4, 1.5, 1.6)

Agenda item 1.3
(WPs 8B / 7C, 9D, 3M)

in accordance with Resolution 747 (WRC-03), to consider upgrading the radiolocation service to primary allocation status in the bands 9 000-9 200 MHz and 9 300-9 500 MHz and extending by up to 200 MHz the existing primary allocations to the Earth exploration-satellite service (active) and the space research service (active) in the band 9 500-9 800 MHz without placing undue constraint on the services to which the bands are allocated

Resolution 747 (WRC-03)

Possible upgrade of the radiolocation service to primary allocation status in the frequency bands 9 000‑9 200 MHz and 9 300-9 500 MHz, and possible extension of the existing primary allocations to the Earth exploration-satellite service (active) and the space research service (active) in the band 9 500‑9 800 MHz

1/1.3/1
Issue (A)

resolves to invite ITU-R 1
to continue to study, as a matter of urgency, the technical characteristics, protection criteria, and other factors of radiolocation and radionavigation systems that ensure compatible operations in the bands 9 000-9 200 MHz and 9 300-9 500 MHz

1/1.3/1.1
Background

There is a need to provide contiguous spectrum in the bands around 9 GHz for the radiolocation service allocated on a primary basis worldwide, in order to provide adequate spectrum for new radar systems to function. Emerging requirements for increased image resolution and increased range accuracy necessitate wider contiguous emission bandwidths than are currently available. Therefore, there is a need to upgrade the status of frequency allocations to the radiolocation service in the frequency range 9 000-9 200 MHz and 9 300-9 500 MHz in order for existing and planned radar systems to satisfy their required missions.

The bands 9 000-9 200 MHz and 9 300-9 500 MHz are allocated on a primary basis to aeronautical radionavigation and radionavigation, respectively. While radionavigation is recognized as a safety service as delineated in No. 4.10 of the Radio Regulations, radiolocation services have demonstrated compatible operations with radionavigation services in the bands 9 000-9 200 MHz and 9 300-9 500 MHz over many years through the use of similar system characteristics such as low-duty cycle emissions and scanning beams as well as interference reduction techniques.  Previous and ongoing studies within the ITU-R addressing other frequency bands indicate that sharing in the bands 9 000-9 200 MHz and 9 300-9 500 MHz between the radionavigation and radiolocation services is likely to be feasible.  It should be noted that Recommendation ITU‑R M.1313 contains the technical characteristics and protection criteria for maritime radars in the band 9 300-9 500 MHz and that Recommendation ITU-R M.1372 identifies interference reduction techniques which enhance compatibility among radar systems.  

1/1.3/1.2
Summary of technical and operational studies and relevant ITU-R Recommendations
ITU-R M.1372-1, “Efficient use of the radio Spectrum by radar stations in the Radiodetermination service” This recommendation provides information on the various mitigation techniques that radars use among themselves to prevent pulsed interference from degrading their operations. Many of the radars tested in the above mentioned reports and recommendations employ these types of techniques.  
ITU-R Preliminary Draft New Recommendation, “Characteristics of and Protection Criteria for Radars Operating in the Radiodetermination Service in the Frequency Band 8.5-10.5 GHz” This Recommendation contains characteristics and protection criteria for radiodetermination systems operating in the band 8.5-10 GHz. The radiolocation waveforms that were used in the testing were developed from information contained in this recommendation. The radionavigation systems that were tested are also representative of those in the recommendation.

ITU-R Report , “Test results illustrating the susceptibility of maritime radionavigation radars to emissions from digital communication and pulsed systems in the bands 2 900‑3 100 and 9 200‑9 500 MHz” This report contains results of tests with marine radionavigation systems and pulsed interference.
[Note: The impact of radiolocation radars using higher duty cycles need further studies]. 

1/1.3/1.3
Analysis of the results of studies

1/1.3/2
Issue (B) 
resolves to invite ITU-R 2
to continue to study, as a matter of urgency, the technical characteristics, protection criteria and other factors of radiolocation, radionavigation, EESS (active) and space research services (active) systems that ensure compatible operations in the band 9 300-9 500 MHz

1/1.3/2.1
Background

1/1.3/2.2
Summary of technical and operational studies and relevant ITU-R Recommendations
Refer to section 1/1.3/1.2
1/1.3/2.3
Analysis of the results of studies
1/1.3/3
Issue (C-1) resolves to invite ITU-R 3-1
as a matter of urgency, with due regard to services to which these bands are allocated:

to study the compatibility  between radars of the radiolocation and radionavigation, services in the bands 9 000-9 200 MHz and 9 300-9 500 MHz through testing and measurements

1/1.3/3.1
Background

The need for contiguous spectrum in the bands around 9 GHz for the radiolocation service was recognized at WRC-03 and Agenda item 1.3 was developed to consider the upgrade of the frequency allocations of the radiolocation service in the frequency range 9 000-9 200 MHz and 9 300-9 500 MHz to co-primary status with the radionavigation service in order for existing and planned radar systems to satisfy their required missions.
To show that the radiolocation service can be upgraded to a primary allocation status without causing unacceptable interference to systems already operating in the radionavigation service, representative radionavigation systems that operate in the 9 000‑9 200 and 9 300-9 500 MHz bands need to be tested to show their compatibility with various radiolocation systems.
1/1.3/3.2
Summary of technical and operational studies and relevant ITU-R Recommendations
ITU-R Draft New Report “Test Results Illustrating the Effective Duty cycle of Frequency Modulated pulsed Radiolocation and EESS Waveforms in a Marine Radionavigation Receiver”
This report contains results of tests on a marine radionavigation receiver and some representative EESS and radiolocation waveforms. The report illustrates that the actual pulse width and duty cycle of a chirped pulse in the radionavigation receiver from an EESS or radiolocation waveform is less that then transmitted pulse. This enhances compatibility between the services since the radar’s interference mitigation circuitry/processing is more effective on smaller pulses and hence reduced duty cycle waveforms.  
ITU-R Preliminary Draft New report “Test Results Illustrating Compatibility between Representative Radionavigation Systems and Radiolocation and EESS (active) Systems in the Band 8.5-10 GHz” Note this report will have additional information added once more testing is completed. This report contains the results of testing with representative radionavigation systems and representative EESS and radiolocation waveforms. 
ITU-R Report, “Test results illustrating the susceptibility of maritime radionavigation radars to emissions from digital communication and pulsed systems in the bands 2 900‑3 100 and 9 200‑9 500 MHz” This report contains results of tests with marine radionavigation systems and pulsed interference. 
1/1.3/3.3
Analysis of the results of studies

Based on measurements that were performed with a marine radionavigation radar operating at 9 410 MHz, interference susceptibility tests have shown that the radar’s ability to suppress pulsed interference is closely related to the duty cycle and pulse width of the interfering waveform.  For Radiolocation systems using chirped waveforms, the longer duty cycles will be reduced to values that can be mitigated by the various interference suppression circuitry (illustrated in Rec. ITU‑R M 1372), which enhances the compatibility between systems operating in the radionavigation, radiolocation services. 

Therefore, when assessing the compatibility of radionavigation radars and systems operating in the Radiolocation services, tests and measurements along with analyses should be used for a more complete overview of the sharing potential.

The test results for the representative marine radionavigation radar shows that it  did not suffer any degradation to its performance with any of the representative radiolocation  waveforms at an I/N of +40 dB. 
As most marine radionavigation radars of this type are similar to the one that was tested also employ interference mitigation techniques to prevent/reduce interference among themselves, it can be expected that they would also be compatible with the systems operating radiolocation services represented by the test waveforms. 
1/1.3/4
Issue (C-2) resolves to invite ITU-R 3-2
as a matter of urgency, with due regard to services to which these bands are allocated:

to continue to study and conduct the test measurements to determine the protection criteria for radionavigation and radiolocation systems in the bands 9 000-9 200 MHz and 9 300-9 500 MHz 

1/1.3/4.1
Background

1/1.3/4.2
Summary of technical and operational studies and relevant ITU-R Recommendations

1/1.3/4.3
Analysis of the results of studies
1/1.3/5
Issue (C-3) resolves to invite ITU-R 3-3

as a matter of urgency, with due regard to services to which these bands are allocated:

to study the compatibility between terrestrial radars of the radiolocation and radionavigation services, and spaceborne radars of the Earth exploration-satellite and space research services in the band 9 300-9 500 MHz

1/1.3/5.1
Background

The band 9 500-9 800 MHz is allocated on a primary basis to the Earth exploration-satellite (EESS) (active), space research (SRS) (active), radiolocation and radionavigation services. In order to satisfy global environmental monitoring requirements for improved resolution, EESS (active) and the SRS (active) allocations require an increase of 200 MHz. This additional bandwidth will greatly improve the resolution of the features for global monitoring and for environmental and land-use purposes. Study is ongoing to analyse the compatibility between EESS (active), SRS (active) and the existing services in the possible extension band 9 300-9 500 MHz.

1/1.3/5.2
Summary of technical and operational studies and relevant ITU-R Recommendations
ITU-R Draft New Report “Test Results Illustrating the Effective Duty cycle of Frequency Modulated pulsed Radiolocation and EESS Waveforms in a Marine Radionavigation Receiver”

This report contains results of tests on a marine radionavigation receiver and some representative EESS and radiolocation waveforms. The report illustrates that the actual pulse width and duty cycle of a chirped pulse in the radionavigation receiver from an EESS or radiolocation waveform is less than the transmitted pulse. This enhances compatibility between the services since the radar’s interference mitigation circuitry/processing is more effective on shorter pulses and hence reduced duty cycle waveforms.  

ITU-R Preliminary Draft New report “Test Results Illustrating Compatibility between Representative Radionavigation Systems and Radiolocation and EESS (active) Systems in the Band 8.5-10 GHz” Note this report will have additional information added once more testing is completed. This report contains the results of testing with representative radionavigation systems and representative EESS and radiolocation waveforms.

[Note: the following text is not proposed to be in the final CPM text but aims to provide guidance for the studies
The following methodology is proposed:

–
Determination of the Spaceborne SAR characteristics

–
It is in particular necessary to know better the type of radiating cycle from spaceborne SAR. Are they transmitting during all the period of the orbit or only for imaging a particular ground point? What is the transmitting rate?

–
It is also important to know the exact duration when an area is under mapping by SAR.

–
Determination of radar characteristics

–
Signal processing techniques that mitigate pulsed interference

–
Rotating antenna rate, antenna pattern, noise level, operational criteria and other features are essential to be known.

–
The PDNR ITU-R M.[8B.8-10 GHz] contains some of the needed characteristics but still some are missing as the antenna pattern and the meteorological radar characteristics.

–
Scenarios elaboration 

–
By determining the number of SAR, their position versus time….

–
The I (interference level receiver by the radar receiver) versus time computation

–
Having the above information, to compute the interference level versus time and zooming on worst time periods (when the maximum I occurs).

–
Determine if the study should be focus on the probability of false alarm impact or on the probability of detection impact and compute either the Pfa versus time or the Pd versus time

–
An important SAR characteristic is the duty cycle as ITU-R Recommendations indicate that low duty cycle interferers into a radar receiver will have negligible impact as they can tolerate an I/N in the order of 30 dB or greater. For medium duty cycle interferers which could also be the case of SAR, studies are needed.

–
Test and measurements

–
Determine the operational impact


The operational conclusions will conduct to support or not the required EESS extension.]

1/1.3/5.3
Analysis of the results of studies
Based on measurements that were performed with a marine radionavigation radar operating at 9 410 MHz, interference susceptibility tests have shown that the radar’s ability to suppress pulsed interference is closely related to the duty cycle and pulse width of the interfering waveform.  For EESS and Radiolocation systems using chirped waveforms, the longer duty cycles will be reduced to values that can be mitigated by the various interference suppression circuitry (illustrated in Rec. ITU‑R M 1372), which enhances the compatibility between systems operating in the EESS services. 

Therefore, when assessing the compatibility of radionavigation radars and systems operating in the EESS services, tests and measurements along with analyses should be used for a more complete overview of the sharing potential.
The test results for the representative marine radionavigation radar shows that it  did not suffer any degradation to its performance with any of the representative EESS waveforms at an I/N of +40 dB for up to a 36% duty cycle with a chirp bandwidth of 400 MHz.  The studies are ongoing to determine the effect of higher I/N values.  
As most marine radionavigation radars of this type are similar to the one that was tested also employ interference mitigation techniques to prevent/reduce interference among themselves, it can be expected that they would also be compatible with the systems operating in the EESS services represented by the test waveforms. 
Initial simulations of SAR satellites constellations show that high levels of pfd could be received at the ground level but during a very limited time. These levels represent pulsed I/N high values received by radars. SAR operates with pulsed signals like other radars. Nevertheless, they can operate with duty cycle significantly higher than those of the radiolocation and radionavigation systems operating in the band 9 300-9 500 MHz. The SAR waveforms that have been introduced into Working Party 8B from Working Party 7C use frequency modulation on the transmitted pulses to accomplish their sensing objectives to the required resolution. In ITU-R Draft New Report “Test Results Illustrating the Effective Duty cycle of Frequency Modulated pulsed Radiolocation and EESS Waveforms in a Marine Radionavigation Receiver” tests and measurements showed that due to the chirping of the SAR waveform and the response of the radionavigation receiver, the effective pulse width and duty cycle of the SAR waveform can be lowered to a value that enables the radionavigation receiver’s mitigation circuitry/processing to overcome it’s effects.  
1/1.3/6
Issue (D) resolves to invite ITU-R 4

In the event that sharing studies in the 9 300-9 500 MHz band lead to unsatisfactory conclusions which do not fully satisfy the requirement for an increase by up to 200 MHz of contiguous spectrum for EESS (active) and space research services (active), to carry out additional sharing studies in the alternative frequency range 9 800-10 000 MHz 

1/1.3/6.1
Background

1/1.3/6.2
Summary of technical and operational studies and relevant ITU-R Recommendations

1/1.3/6.3
Analysis of the results of studies

1/1.3/7
Methods to satisfy the agenda item

1/1.3/7-1
further resolves 1 of Resolution 747

Method 1-  Upgrade the Radiolocation Service to primary status in the bands 9 000 - 9 200 MHz and 9300 -9500 MHz with addition of a new footnote 5.AAA and modification of 5.475.
ADD

5.AAA

In the bands 9 000-9 200 MHz and 9 300-9 500 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from systems [operating] in the aeronautical radionavigation service (9 000-9 200 MHz) or in the radionavigation service (9 300-9 500 MHz). In the band 9 300-9 500 MHz, ground-based radars used for meteorological purposes have priority over other radiolocation devices.

MOD

5.475
The use of the band 9 300-9 500 MHz by the aeronautical radionavigation service is limited to airborne weather radars and ground-based radars. In addition, ground-based radar beacons in the aeronautical radionavigation service are permitted in the band 9 300-9 320 MHz on condition that harmful interference is not caused to the maritime radionavigation service. In the band 9 300-9 500 MHz, ground-based radars used for meteorological purposes have priority over other radiolocation devices.
[Editor’s Note: The exact status of the allocations in these bands needs to be reflected in this part of the text.]

Advantages: 

[- Provides a primary allocation to the radiolocation service, contiguous across 8.5-10.5 GHz, with sufficient bandwidth to meet emerging requirement for increased image resolution and increased range accuracy.

–
Assures long-term operating and development environment for radiolocation systems.

–
Provide primary allocation to the radiolocation service at frequencies in the vicinity of 9 GHz as needed to meet radar operational requirements while explicitly protecting the radio navigation service.]
Disadvantages:

[–
Considering RR articles 5.28, 5.29 and 5.30, the RADIOLOCATION service would be maintained to a secondary status in this band with respect to RADIONAVIGATION.

–
The coexistence of the RADIONAVIGATION and RADIOLOCATION services exists in the band 9.5 – 9.8 GHz without any footnote related to these two primary services. Then, considering that current RNS and RLS systems have been successfully operating in the 9 GHz range for many years, any footnote would create an artificial difference between the contiguous bands without any technical explanation.

–
In the bands 8 750 – 8 850 MHz, 8 850 – 9 000 MHz and 9 200 – 9 300 MHz the RADIOLOCATION service coexists with AERONAUTICAL or MARITIME RADIONAVIGATION service without such a footnote (situation similar to that quoted in 3).]
Method 2-  Upgrade the RLS to a primary allocation in the bands 9 000-9 200 MHz and 9 300-9 500 MHz. 

[Editor’s Note: The exact status of the allocations in these bands needs to be reflected in this part of the text.]

[Advantages:

–
Provides a primary allocation to the radiolocation service, contiguous across 8.5-10.5 GHz, with sufficient bandwidth to meet emerging requirement for increased image resolution and increased range accuracy.

–
Assures long-term operating and development environment for radiolocation systems.

–
Provide primary allocation to the radiolocation service at frequencies in the vicinity of 9 GHz as needed to meet radar operational requirements while explicitly protecting the radio navigation service.

Disadvantage:

None, since current RNS and RLS systems have been successfully operating in this band for many years.]
1/1.3/7-2
further resolves 2 of Resolution 747

1/1.3/8
Regulatory and procedural considerations

1/1.3/8-1
further resolves 1 of Resolution 747








1/1.3/8-2 
further resolves 2 of Resolution 747

______________







Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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