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	Summary: 

	NATO requests that European administrations openly support a primary radiolocation service allocation in the entire 15.4-15.7 GHz band, as considered in the current version of the Preliminary NATO Military Position for Agenda Item 1.21: 
However, although support was expressed for an allocation of the band 15.4 - 15.7 GHz under AI 1.21, NATO would like to draw the attention of PTC also to the relation between AI 1.21 and AI 1.3 and the expressed views that an allocation under 1.21 can only be supported, if it does not constrain to find satisfactorily solutions for AI 1.3.
This additional 300 MHz of bandwidth will provide 1.9 GHz of contiguous radiolocation spectrum (15.4-17.3 GHz) to develop enhanced Synthetic Aperture Radar (SAR) technology with increased image resolution. Current NATO operations, including the war in Afghanistan, have benefitted from the use of SAR systems. The European community could also benefit from the additional 300 MHz of bandwidth through the development of SAR applications to support humanitarian aid and disaster relief efforts, such as terrain mapping, flood monitoring, and other aerial imaging necessary for real-time aid missions.

	Proposal: 

	PTC is invited to note this Info Document and take account of the results of the discussions on the Preliminary NATO position when considering AI 1.3 and AI 1.21."

	Background: 

	WRC-07 approved Agenda item 1.21, “to consider a primary allocation to the radiolocation service in the band 15.4-15.7 GHz, taking into account the results of ITU-R studies, in accordance with Resolution 614 (WRC-07)”.
Currently, the frequency band 15.7-17.3 GHz is allocated to the radiolocation service (RLS) on a primary basis. The additional 300 MHz of spectrum considered in AI 1.21 will provide 1.9 GHz of contiguous RLS spectrum (15.4-17.3 GHz) essential to meet emerging requirements of advanced Synthetic Aperture Radar (SAR) systems for increased image resolution and significant improvement in overall radar performance. The new allocation is required globally to give developers, manufactures and investors of SAR systems operating in the radiolocation service confidence that their system will have the regulatory assurance to operate globally.
ITU-R Studies were successfully completed in 2009. A primary allocation of an additional 300 MHz to the radiolocation service (RLS), if agreed at WRC-12, is consistent with the studies showing sharing compatibility with all existing in-band and adjacent-band allocations and services. The details of the studies are found in ITU-R Report M.2170.




WRC-12 AI 1.21 Bandwidth Justification
Introduction
WRC-07 approved Agenda item 1.21, “to consider a primary allocation to the radiolocation service in the band 15.4-15.7 GHz, taking into account the results of ITU-R studies, in accordance with Resolution 614 (WRC-07)”. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2] Currently, the frequency band 15.7-17.3 GHz is allocated to the radiolocation service (RLS) on a primary basis.  The additional 300 MHz of spectrum considered in AI 1.21 will provide 1.9 GHz of contiguous RLS spectrum (15.4-17.3 GHz) essential to meet emerging requirements of advanced Synthetic Aperture Radar (SAR) systems for increased image resolution and significant improvement in overall radar performance. The new allocation is required globally to give developers, manufactures and investors of SAR systems operating in the radiolocation service confidence that their system will have the regulatory assurance to operate globally.
ITU-R Studies were successfully completed in 2009.  A primary allocation of an additional 300 MHz to the radiolocation service (RLS), if agreed at WRC-12, is consistent with the studies showing sharing compatibility with all existing in-band and adjacent-band allocations and services.  The details of the studies are found in ITU-R Report M.2170.
Background
Synthetic Aperture Radar (SAR) provides capabilities such as disaster aid to assess nature’s damages, search and rescue aid to search wide areas, monitor border areas to prevent illegal weapons proliferation and/or drug trafficking, environmental monitoring, earth-resource mapping, and broad-area imaging at high resolutions for military systems. SAR can operate in severe weather or during day and night all day.   SAR image resolution has many components such as transmit signal parameters and time collection which depends on waveform bandwidth, frequency and sensor flight path.  SAR systems take advantage of the long range propagation characteristics of radar signals and the complex information processing capability of modern digital electronics to provide high resolution imagery. 
Detailed description of the theory of operation of SAR is complex and will not be discussed in this paper. In general SAR systems produce a two-dimensional image. One dimension in the image is called range (or cross track) and is a measure of the "line-of-sight" distance from the radar to the target.  Range measurement and resolution are achieved in synthetic aperture radar in the same manner as most other radars.  The other dimension is called azimuth (or cross-range or along track) and is perpendicular to range. Fine azimuth resolution requires a long collection time, which causes undesirable defocusing effects from aircraft perturbation motion and moving targets in the area of interest.  New research has found some techniques to improve Azimuth resolution using emerging waveform and antenna techniques.  It is the ability of SAR to produce relatively fine azimuth resolution that differentiates it from other radars. SAR typically transmits pulses with wide-bandwidth modulation that decrease the peak power requirements on the transmitter but complicates the reflected signal processing. 
The additional 300 MHz bandwidth is required to support the following SAR image performance enhancements:
[bookmark: OLE_LINK3]Aircraft Motion Compensation:  The evolution of future SAR systems is towards high-performance real-time light-weight extremely-fine imaging resolution. Allocating additional 300 MHz is required to compensate antenna phase-center motion. This is done by controlling pulse-to-pulse phase, frequency, and varying the pulse chirp rate over the course of an antenna aperture. For SAR the conventional rule-of-thumb is that the slant range resolution for a given chirp bandwidth, for a single pulse, is the 1.2 times the speed of light divided by 2 times Chirp bandwidth. The 1.2 value accounts for the typical compressed pulse window function and sidelobe control.  Adding 300 MHz to the waveform Chirp bandwidth, will improve the slant range resolution by about 16%.
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]Complex Target Characteristics:  The additional 300 MHz allows for a wider Chirp waveform bandwidth leading to increased image information regarding target’s presence, location and physical characteristics. In order to process multiple target characteristics, reflectivity data from more than one dimension must be collected. The additional 300 MHz bandwidth allows SAR to collect this reflectivity data versus range delay, viewing angle and frequency components.
[bookmark: OLE_LINK5]Receiver Noise Reduction:  The additional 300 MHz bandwidth will improve the  matched filter processing and aid in reducing the effects of external noise, such as rain, mist, various kinds of aerosols present in atmosphere.
[bookmark: OLE_LINK7]Improved Target Cross Section:  For a signal with a wide bandwidth, target’s scattering cross section becomes a time function. The target scattering cross section for radar with a wide bandwidth will be larger than that with a narrower bandwidth signal. This means that the secondary directional pattern of a target will not have nulls arising and causing interference of waves reflected from different target elements. This allows for a more reliable and stable reception of reflected signals.
SAR Applications
Synthetic aperture radar technology provides images of terrain and structural objects  for public protection and disaster relief (PPDR) to assess damage, search and rescue searching a wide areas, monitor border areas to prevent illegal weapons proliferation and/or drug trafficking, provides images of mineral exploration, oil spill boundaries on water to environmentalists, sea state and ice hazard maps to navigators, and reconnaissance and targeting information to military operations.  There are many other applications or potential applications that could benefit from the allocation of additional 300 MHz bandwidth to the radiolocation service (RLS). Some of these, particularly civilian, have not yet been adequately explored because lower cost electronics are just beginning to make SAR technology economical for smaller scale uses.  The following are some international applications that are of worldwide importance. 
Treaty Verification and Nonproliferation:  The ability to monitor all nations for treaty compliance and for the nonproliferation of nuclear, chemical, and biological weapons is increasingly critical. Often, monitoring is possible only at specific times, when over flights are allowed, or it is necessary to maintain a monitoring capability in inclement weather or at night, to ensure an adversary is not using these conditions to hide an activity. SAR provides the all-weather capability and complements information available from other airborne sensors, such as optical or thermal-infrared sensors.
Change Detection:  A technique known as coherent change detection offers the capability for detecting changes between imaging passes. (Example: Coherent Change Detection image of vehicle tracks and an optical photo of the same area) To detect whether or not a change has occurred, two images are taken of the same scene, but at different times. These images are then geometrically registered so that the same target pixels in each image align. After the images are registered, they are cross correlated pixel by pixel. Where a change has not occurred between the imaging passes, the pixels remain correlated, whereas if a change has occurred, the pixels are uncorrelated. Of course, targets that are not fixed or rigid, such as trees blowing in the wind, will naturally de-correlate and show as having "changed." While this technique is useful for detecting change, it does not measure direction or the magnitude of change.
Navigation and Guidance:  Synthetic aperture radar provides the capability for all-weather, autonomous navigation and guidance. By forming SAR reflectivity images of the terrain and then "correlating" the SAR image with a stored reference (obtained from optical photography or a previous SAR image), a navigation update can be obtained. Position accuracies of less than a SAR resolution cell can be obtained. SAR may also be used as guidance applications by pointing or "squinting" the antenna beam in the direction of motion of the airborne platform. In this manner, the SAR may image that aircraft with high precision.
Reconnaissance, Surveillance, and Specific Area of Interest:  Many applications for SAR are for reconnaissance, surveillance, and finding specific areas of interest. These applications are driven by the need for all-weather, day-and-night imaging sensors. SAR can provide sufficiently high resolution to distinguish terrain features and to recognize and identify selected man-made objects with very good resolution. 
Interferometer Synthetic Aperture Radar (IFSAR):  Data can be acquired using two antennas on one aircraft or by flying two slightly offset passes of an aircraft with a single antenna. Interferometer SAR can be used to generate very accurate surface profile maps of the terrain.
All-weather, Autonomous Navigation and Guidance:  By forming SAR reflectivity images of the terrain and then "correlating" the SAR image with a stored reference (obtained from optical photography or a previous SAR image), a navigation update can be obtained. Position accuracies of less than a SAR resolution cell can be obtained. SAR may also be used to guidance applications by pointing or "squinting" the antenna beam in the direction of motion of the airborne platform. In this manner, the SAR may image a target and guide munitions with high precision.
Environmental Monitoring:  Synthetic aperture radar is used for a wide variety of environmental applications, such as monitoring crop characteristics, deforestation, ice flows, and oil spills. Oil spills can often be detected in SAR imagery because the oil changes the backscatter characteristics of the ocean. Radar backscatter from the ocean results primarily from capillary waves through what is known as Bragg scattering (constructive interference from the capillary waves being close to the same wavelength as the SAR). The presence of oil dampens the capillary waves, thereby decreasing the radar backscatter. Thus, oil slicks appear dark in SAR images relative to oil-free areas.
Sharing Studies
The ITU-R Study Group 5, Working Party 5B (WP-5B) has performed sharing studies evaluating the feasibility of the proposed RLS allocation with existing in-band ARNS and FSS systems and adjacent band RAS systems.  The results of these studies are in Report ITU-R M.2170, “Compatibility analysis and results for radiolocation systems planned to operate in the 15.4 to 17.3 GHz band and aircraft landing system operating in the 15.4-15.7 GHz band as well as the radio astronomy service operating in the adjacent band 15.35-15.40 GHz, FSS and aeronautical radionavigation systems”.
For technical and operational characteristics of the in-band ARNS and FSS systems and of the adjacent band RAS systems, Report M.2170 considered the various ITU-R recommendations, ITU-R P.528, ITU-R RA.769, ITU-R S.1328, ITU-R S.1340, ITU-R S.1341, and ITU-R M.1730.
Recommendation ITU-R M.1730-1 – “Characteristics of and protection criteria for the radiolocation service in the frequency band 15.4-17.3 GHz” is the source document of the technical and operational characteristics for the proposed wide-band SAR, referred to as System-6.
Note: The maximum duty cycle of System-6 is 20%.; however, the sharing studies only considered a duty cycle of 100%.were In cases where some separation distance is required for compatible operation of System-6 with an existing system, the use of a 100% duty cycle over states the required separation distance. If the maximum duty cycle of 20% was used in the analyses, the predicted separation distances for compatibility would be either reduced or not required.
ARNS Sharing Studies  Report ITU-R M.2170 addressed the following ARNS applications a non-ICAO (International Civil Aviation Organization) aircraft landing system (ALS), a multi-purpose radar (MPR), a surface based radar (SBR) and a remote sensing and measurement system (RSMS)
· ALS results: For cases of far antenna sidelobe to far antenna sidelobe coupling analysis, no separation distances are required. In the worst case, a separation distance of 55 km is required to ensure electromagnetic compatibility between the ALS and the radiolocation system
· MPR results: The results in Report ITU-R M.2170 Table 18 show that in rare cases, when everything is in the proper alignment, interference is possible.  In a worst-case analysis using a theoretical square pulse, it was found that the required separation distance is 87 km. For practical operational scenarios of System 6, the separation distances is approximately to 10 km.
· SBR results: Using a theoretical square pulse for System-6 a required separation distance was predicted to be 30 km.  Since the locations of the SBR are known, System-6 could avoid pointing the main beam in the direction of the SBR systems to preclude interference.
· RSMS results: The results show that in rare cases when everything is in the proper alignment, interference is possible for short duration. For many practical operational scenarios, where System-6 points its beam −20 degrees below the horizontal, the separation distances must be less than 6 km or greater than 27 km to preclude interference.
FSS Sharing Studies:  The results in Report ITU-R M.2170 predict that System-6 radar is compatible with FSS satellites and earth stations and M.2170 concludes that System-6 radar and the FSS satellites and earth stations can share the 15.4 to 15.7 GHz frequency band.
RAS Sharing Studies:  For cases of sidelobe interference, the predicted value of the System-6 emission is 1.6 dB above the protection threshold at close ranges. When System-6 is farther away the interference is significantly reduced by propagation effects. The worst case analysis scenario shows that the out of band signal received from system-6 can be as high as to 55 dB above the protection threshold of -202 dBW at a slant distance of approximately 12 km. Since there are a limit number of RAS locations and their locations are published, sharing is possible by maintaining proper distance separations and pointing angle for the System-6 antenna.
As previously noted, the maximum duty cycle of System-6 is 20%.  However, all the sharing studies were conducted at a 100% duty cycle. In cases where some separation distance is required for compatible operation of System-6 with an existing system, the use of a 100% duty cycle over states the required separation distance. If the maximum duty cycle of 20% was used in the analyses predicted separation distances for compatible operation would be either reduced or not required.
Conclusion
NATO requests that European administrations openly support a primary radiolocation service allocation in the entire 15.4-15.7 GHz band, as considered in the current version of the Preliminary NATO Military Position for Agenda Item 1.21.
However, although support was expressed for an allocation of the band 15.4 - 15.7 GHz under AI 1.21, NATO would like to draw the attention of PTC also to the relation between AI 1.21 and AI 1.3 and the expressed views that an allocation under 1.21 can only be supported, if it does not constrain to find satisfactorily solutions for AI 1.3.
This additional 300 MHz of bandwidth will provide 1.9 GHz of contiguous radiolocation spectrum (15.4-17.3 GHz) to develop enhanced Synthetic Aperture Radar (SAR) technology with increased image resolution. Current NATO operations, including the war in Afghanistan, have benefitted from the use of SAR systems. The European community could also benefit from the additional 300 MHz of bandwidth through the development of SAR applications to support humanitarian aid and disaster relief efforts, such as terrain mapping, flood monitoring, and other aerial imaging necessary for real-time aid missions.
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