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APPLICATION OF STATISTICAL ANALYSIS AND PERCENT TIME EXCEEDENCE VALUES TO METEOROLOGICAL RADAR PROTECTION CRITERIA 

(Submitted By David Franc, National Weather Service, USA)
Summary and Purpose of Document
This document provides the status of an on-going debate within ITU-R Working Party 8B involving the use of probabilistic analyses rather than deterministic analyses, and protection criteria exceedence values for evaluating compatibility between radars and other radio services.
Action Proposed
This document is for information to the SG-RFC.  The SG-RFC may wish to establish an action plan for developing a suitable answer for meteorological radars.

APPLICATION OF PROBABILISTIC ANALYSIS AND PROTECTION CRIETRIA EXCEEDENCE VALUES TO METEOROLOGCIAL RADAR PROTECTION CRITERIA
1.  Introduction.  During the ITU-R 2000-2003 Study Cycle several activities within ITU-R Working Party 8B led to a debate that continues within WP 8B.  The debate centers on whether the current WP 8B practice of using purely deterministic calculations for evaluating compatibility between radars and other services is sufficient, or whether use of probabilistic analyses that avoid absolute worst-case scenarios would be more suitable.  Combined with the discussion of deterministic vs. probabilistic approaches, proposals have been made to apply protection criteria exceedence values to radars that allow the protection criteria to be exceeded for some percentage of time.  The current WP 8B practice is to assume that the protection criteria cannot be exceed for any percentage of time.

This debate began with the development of studies on WRC-2000 agenda item 1.15 and Resolution 606, dealing with new radionavigation satellite service (RNSS) allocations in a band used by radionavigation radars.  While the deterministic studies showed that interference would occur between the RNSS and the radionavigation radars, operational experience showed that interference most likely did not occur.  Questions were raised regarding the validity of using worst-case deterministic calculations in studies involving radars.   During the same study cycle a number of recommendations containing radar protection criteria were being updated, including the protection criteria for S-band meteorological radars changing from an I/N = -6 dB to an I/N = -10 dB.  Questions were raised, led primarily by France, on the applicability of a percentage of time that these protection values can be exceeded.  In the interest of completing the work in time for WRC-2003, a compromise was reached to approve the modified recommendations and take up the issue of statistical analyses and protection criteria exceedence times during the post-WRC-2003 study cycle.

Working Party 8B received submissions on the use of probabilistic analyses and protection criteria exceedence times in radar sharing studies at its last meeting.  WP 8B began developing a work plan to address these issues.  That draft work plan is attached as an annex to this document.  There is still some debate on whether this proposed work plan should apply only to the work performed for the abrogated Resolution 606, or whether all radar systems should be considered under the work plan.  Due to previous concerns raised by other radio services, it is likely this work will ultimately apply to all types of radar systems.  The users of meteorological radars need to determine the applicability of probabilistic analysis methods to meteorological radar interference studies and the suitability of applying a protection criteria exceedence values.  If probabilistic analyses and the protection criteria exceedence concepts are suitable for meteorological radars, the meteorological radar users should ensure the selected analysis methodologies and values are appropriate.  While the U.S. National Weather Service submits this contribution to the SG-RFC, the official U.S. position on this issue is still under debate and no formal U.S. position is implied in this document.

2.  Discussion.   The concept of using probabilistic analysis and protection criteria exceedence values for meteorological radar interference analyses may raise concern among meteorological radar operators, but the concept also have some merit and may benefit the protection of meteorological radar spectrum.  Below are some thoughts to consider as positions are formed on this issue.

2.1  Typical ITU Practice.  The ITU-R Series of recommendations addressing radar systems are the only series that do not allow for probabilistic analyses or protection criteria to be exceeded for a percentage of time.  Throughout the ITU-R, deterministic studies are often performed to take a quick look at a potential compatibility issue.  However, the deterministic approaches often result in analysis of worst-case situations.  The studies often evolve to probabilistic analyses where more realistic sharing scenarios are modelled.  However, since many radar systems do perform a safety-of-life function, there is some basis to using worst-case scenarios.  A significant margin for error is introduced to ensure life-threatening interference will not occur.  

Regarding the issue of exceeding the protection criteria for a small percentage of time, the standard ITU practice is that interference and protection criteria values do have a small percentage of time they may be exceeded.  However, the argument can, again, be made that with many radar systems, the protection of life and property may be dependent upon the adequate performance of the radar system.  In addition, there may be liability issues that could result from agreeing to even a small percentage of time where interference could occur.  The radar operator is then admitting the radar performance may be degraded for a controlled amount of time, possibly placing life and property at risk.

2.2  Exceedence Values in Propagation Models.   All advanced propagation models that consider ducting, troposcatter and other anomalous propagation mechanisms require the input of an exceedence value.  When establishing a radius around a victim receiver, the percentage of time, when placed in the model calculations, is the percentage of time the actual propagation loss will be lower than the calculated propagation loss.  When the actual propagation loss falls below the calculated value used to establish the separation distance there will be insufficient protection of the victim receiver.  The current radar protection criteria with no specified percentage of time implies a percentage of time of zero (WP 8B interpretation); or the radar must be protected for 100% of the time.  The statistical nature of advanced propagation models does not allow for calculation of a propagation loss where the actual value will be equal or greater than the calculated value for 100% of the time (equal to an exceedence percentage of time of 0%).  The lack of an exceedence percent of time greater than 0% leads to the use of free space path loss for the interference calculations.  While free space path loss would seem adequate, the propagation models that include anomalous propagation (ducting, troposcatter) tend to provide greater required separation distances in most cases.  This is evident in the studies conducted for WRC-2003 Agenda Item 1.31 where exclusion zones were established around metsat earth stations.  Calculations using free space path loss resulted in necessary separation distances in the tens of kilometres while use of advance propagation models with the interference being violated for a percentage of time defined in the ITU-R Recommendations resulted in separation distances on the order of hundreds of kilometres.

2.3  General Application of Methods and Values. Since radar systems operate in different environments and perform different functions, blanket application of a general analysis methodology and percentage of time values may not be appropriate.  Due to the missions they perform, one type of radar may be able to accept interference levels greater than its protection criteria for small periods of time whereas another type of radar may need its protection criteria honored for 100% of the time.  Meteorological radar users should ensure a solution for meteorological radars is developed that addresses the needs of meteorological radars rather than having a solution for another radar type applied.

3.  Conclusion.  The United States is still developing a position on this issue.  A formal U.S. position on the matter is not implied.  As a concerned party, the National Weather Service is contributing to the process and conducting studies to evaluate whether the NEXRAD, and other U.S. meteorological radars will be adequately protected with the use of a probabilistic analysis approach, and whether the current I/N = -10 dB protection criteria can be exceeded for a small percentage of time.  The work on this issue may not be complete for another year.  Due to variations in meteorological radars operated globally, other meteorological agencies should also consider the effects of these proposals on their systems.  The most effective approach may be for the SG-RFC to develop a consolidated WMO position on this issue.
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DRAFT WORK PROGRAMME OF WORKING PARTY 8B concerning STUDIES OF THE FEASIBILITY OF THE USE OF STATISTICAL AND OPERATIONAL ASPECTS IN THE PROTECTION CRITERIA FOR RADIODETERMINATION RADAR SYSTEMS

Background

At its November 2003 meeting, Working Party 8B discussed feasibility of the use of statistical and operational aspects in the protection criteria for radiodetermination radar systems (8B/28). During the ITU-R study period 2000-2003, Working Party 8B conducted several studies related to the compatibility between radiodetermination radar systems and other services/systems. 

Some of these studies were conducted in support of WP 8D on the sharing between RNSS and radars in the band 1 215-1 300 MHz pursuant to Resolution 606 (WRC-2000), and some of these studies were based on statistical and operational approaches. Abrogated Resolution 606 called for studies of “the need for a power-flux density limit concerning the operation of RNSS (space-to-Earth) systems in the frequency band 1 215-1 300 MHz in order to ensure that the radionavigation‑satellite service (space-to-Earth) will not cause harmful interference to the radionavigation and radiolocation services.” Contributions in support of the abrogated Resolution 606 (2000-2003 study period 8B/162, 8D/220; 8B/249, 8D/293; 8B/274, 8D/370; 8D/375; 8D/381) described equipment characteristics of radar systems; RNSS and radar compatibility analysis and measurements; and operational factors and frequency management techniques that could be applied in normal operational procedures. After review of these contributions, Working Party 8B concluded that further study is needed to fully understand the potential impact with the expansion of RNSS to 1 300 MHz through measurements taking into consideration different types of radar signal processing and antennas (8D/370). Additional radar compatibility studies in other bands (2000-2003 study period: 8B/137, 8B/138, 8B/139, 8A-9B/164, JTG 4-7-8/38, 41, 45 and 2003-2007 study period: 8B/13) were carried out within ITU-R in other bands allocated to the radiodetermination service (e.g. 2.7-2.9 GHz, 2.9-3.1 GHz, 9.3-9.5 GHz, 5 GHz and 13.75‑14 GHz which included statistical and operational considerations.
These studies indicated that further effort on a statistical approach would be useful. It can be also noted that statistical approach is generally used in compatibility analyses between some other services and systems other than radionavigation (e.g. RAS, FS, FSS, etc.). 
Propagation is by its nature subject to time dependent variations which are characterized statistically.

When considering safety services RR 4.10 states “members recognize that the safety aspects of radionavigation and other safety services require special measures to ensure their freedom from harmful interference; it is necessary therefore to take his factor into account in the assignment and use of frequencies”.

This work programme outlines objectives, approach, and milestones to define a statistical approach to sharing.

2
Objectives

The objectives of this work programme is to:


identify protection criteria for radar systems taking into account statistical and operational aspects of radars systems and other relevant parameters. 

NOTE 1 – The emphasis for this programme may be the radar systems operating in the frequency bands 1 215-1 300 MHz.

NOTE 2 – It is understood that protection criteria may need to be developed for each type of radars and may be dependent on the frequency band of operation and may not be applicable to all radar types. 

Questions to be answered

1)
Recognizing that the safety aspects of radionavigation and other safety services require special measures to ensure their freedom from harmful interference (RR 4.10), what are the procedures to take into account statistical and operational aspects of radar systems and other parameters (e.g. propagation loss, antenna gain, protection criteria, etc.)?

2)
Recognizing a statistical approach requires the definition of a protection criteria which includes a probability factor related to operational aspects of the radar, what are the operational parameters which have a statistical impact that is reflected in the probability of interference?

3)
What are the operational performance criteria and their definitions for each type of radar system (for example, air traffic control; weather; search; track) necessary to ensure that their missions are met?

4)
What are the accepted degradation criteria and their definitions for each type of radar system?

5)
What are the impacts on the operational use of radars due to interfering signals of different durations:

a) 
Durations that are percentages of an interaction interval.

b) 
Durations that extend over multiple consecutive interaction intervals.

c)
Durations that extend over all interaction intervals (“permanent interference”)?

6)
What are the impacts on the operational use of radars due to a decrease in the probability of detection of varying durations:

a)
Durations for a single interaction interval.

b)
Durations that extend over multiple consecutive interaction intervals.

c)
Durations that extend over all interaction intervals (“permanent decrease”)?

7)
Are the answers to Questions 5) and 6) affected by the relative velocity of the interfering source?

8)
Are the answers to Questions 5) and 6) affected by test procedures that “gate” the interference signals to ensure they occur only during the interaction interval?

Approach

a)
Transmit liaison statements from WP 8B to the appropriate groups (International Civil Aviation Organisation ICAO, Eurocontrol, RTCA, International Maritime Organization IMO, Radio Technical Commission for Maritime services RTCM, World Meteorological Organization WMO, and International Electrotechnical Commission IEC) informing them of this work programme and requesting information as described in this document.

b)
Determine definitions of appropriate operational performance criteria and degradation criteria for each type of radar system.

c)
Establish system performance criteria for radar systems through coordination with the cognizant organizations (e.g. ICAO, Eurocontrol, RTCA, IMO, RTCM, WMO, IEC) and administrations.

d)
Develop degradation criteria for assessment of radar performance degradation, taking into account radar operational characteristics and missions. These may include such factors as determination of tolerable levels of radar performance degradation of each type of radar system and mission, including such factors as range reduction; missed-scan rates; maximum false-alarm rates and rate of loss of targets.

e)
Identify undesired signals for interference testing, taking into account such parameters as:

1)
spectral characteristics, including modulation type and signal bandwidth;

2)
peak and average power levels;

3)
time characteristics, including how often such signals occur and the length of interference occurrences.

f)
Establish test plans and procedures, including analysis procedures to assess degradation effects.

g)
Perform measurements and data analysis.

h)
Document results and incorporate in contributions to Working Party 8B.

i)
Working Party 8B reach a consensus on the application of statistically dependent protection criteria for radar systems.

j)
Validation.

Milestones

The next meeting of WP 8B will be held in September 2004.

Definitions

a)
Interaction Interval (Ti): The dwell time of a radar mainbeam on a given target.

b)
Probability of detection (Pd): The probability that a given target is detected during a single interaction interval Ti.

Other definitions will be determined during the course of the work plan. 
� 	This work programme should be brought to the attention of ICAO, Eurocontrol, RTCA, IMO, RTCM, WMO, and IEC.
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