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1. The issue

Radionavigation-satellite service RNSS (GLONASS C/A, GPS L2) signals coexist with L-band radars signals in the frequency band 1215-1260 MHz for many years. ITU WRC-2000 allocated the frequency bands 1260 – 1300 MHz, also used by L-band radar to the RNSS service where a Galileo signal and the modernisation of GPS signal is planned. ITU Resolution 606 at WRC 2000 resolves to study the impact of new RNSS allocation in the whole band 1215 - 1300 MHz used by surveillance radar. Resolution 606 indicates that the protection mechanism to be defined for WRC 2003 shall not constraints the existing RNSS systems. The calculated pfd level of existing RNSS systems is – 133 dBW/m²/MHz.  

RNSS programmes all over the world are considered with a high political status and presented as State matter where most of the national aviation policy has to be aligned with government policy. 

In the USA, GPS owners will unlikely reduce the level of radiation to satisfy radar requirements. In Europe, Transport ministers and the European commission consider highly strategic the implementation of Galileo for EU policies. The Galileo concept is viewed by the Galileo program as a whole and is considered feasible only if all applications – safety and non-safety - are implemented. It is worth noting that the Eurocontrol policy is to support the Galileo program and other GNSS programme while ensuring that the existing ATC infrastructure operates properly. 

Measurement has showed that the probability of detection is degraded up to 25 % for the radar cell (1 to 2° beam) when the RNSS transmitter is aligned with the aircraft target for a radar for which the frequency is co-located with the central frequency of RNSS. The loss of probability of detection when considering the whole radar network is likely much lower but has not been determined as it involve a complex ATC configuration which can not be stopped for test purpose.  They was no notification of interference effect from radar controllers in spite of 12 years of coexistence. This fact has been confirmed by experimental study where the radar controller was not aware of radar performance degradation on his screen under standard condition of traffic when a RNSS signal was established in the radar receiver bandwidth during the period of the testing.

We are therefore in a “grey” area where we can not conclude that existent or future RNSS radio transmission surely compromise the safe operation of radar. Being safety organisations, we have the obligation to further analyse the impact on radar operation, the risk on safety and the possible mitigation technique in order to reduce the risk if proven serious.

2. Foreseen ITU WRC03 decision and impact on L-band radar

At present, the current ITU CPM text identifies several methods to satisfy the co-existence between radar and RNSS:

Method A – No pfd Limit in the band 1 215-1 300 MHz

Method B – Required pfd in the 1 215-1 300 MHz

Method C – pfd in some portion of the band (1260- 1300 MHz) and no pfd in other portion (1215-1260 MHz, where existing GPS and GLONASS operate). 

The method C is strongly opposed by CEPT. Method B is promoted by the Europeans but have the drawback that their proposed  pfd value is justified by operational experience but not by analysis and measurement. 

It is anticipated that ITU WRC 03 will decide that either no pfd is necessary, either that a pfd limit is necessary with a level around – 133 dBW/m²/MHz. The value can be slightly revised up or down at the WRC2003 conference but not at a value that will prevent the operation of RNSS. No regions will accept to delay a decision as none has interest to constraint the development of their RNSS systems.

2.1 Impact of Method  A on radar (No pfd limit and keep the current RR provisions)

Under this method, existing regulatory provisions will be used. As RNSS systems publish information on their networks in ITU circulars, administrations which feel that harmful interference would be caused would contact the notifying administration. The burden for accomplishing the protection of ARNS would be on the radar and RNSS operators, and with the Telecommunication administration of each concerned State. 

This method does not impose a pre-determined interference environment. RNSS operators may have the possibility to raise power transmissions at a level higher that  -133 dBW/m²/MHz. It is not believed that power transmissions will be lower than -133 dBW/m²/MHz. The way of solving precisely potential problems is left to each State. Because of all these uncertainties, safety case analysis and deployment of mitigation techniques (such as frequency offset, enhancement of radar processing) where necessary might be more complex.

2.2 Impact of method B  on radar ( Require pfd in the band 1215 – 1300 MHz)

This method requires that the aggregate RNSS pfd limit for the protection of ARNS would be specified in the Radio Regulations. The advantage of this method is that the interference environment is fully pre-determined and that RNSS radiation are limited by ITU RR. The drawback is that the impact of a pfd of -133 dBW/m²/MHz on radar operation and the feasibility/cost of possible mitigation techniques are not fully understood at that time. 
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4. Conclusions 

· In spite of 12 years of coexistence without interference notification, there is a potential risk of impact on ATC operation from the RNSS systems already in operation and from the future RNSS systems in the whole band 1215-1260 MHz. The risk is related to the probability of occurrence of the worst case (RNSS TX aligned with the aircraft target for radar which is frequency co-located with RNSS). The probability has been quantified to be less than 1% of the time of operation. Consequence of the impact is not well know as the signal processing will correct a part of the Pd loss in a way not fully quantified today and because possible mitigation techniques have not been evaluated.

· It is anticipated that ITU WRC03 decision will be  “no pfd limit” (method A) or “pfd value around –133 dBW/m²/MHz” (method B)
· Whatever will be the ITU decision, there is a potential risk to ATC operation. However low the probability of incident is, it must be quantified and documented because it is a safety issue.

· Method A has the drawback  not to provide a pre-defined and certain interference environment. That may complicate the safety case analysis and the deployment of mitigation techniques to solve potential problems.

· Method B has the advantage to provide a fully pre-determined interference environment and that RNSS radiation is limited. The drawback is that the impact of a pfd of -133 dBW/m²/MHz on radar operation is not fully understood at that timer and that impact on operation and on the feasibility/cost of possible mitigation techniques is not defined.
ANNEXE A -  Present ITU and Regional positions

A.1 ITU CPM text for ITU WRC 2003

At present, the CPM text on Agenda item 1.15 Resolution 606, currently under review within ITU-R WP 8B and 8D, identifies several potential methods that can be used to satisfy this agenda item:

i)
Method A – No pfd Limit in the band 1 215-1 300 MHz

“Under this method, no pfd limits would be included in the Radio Regulations for the protection of radiolocation/radionavigation systems, based on many years of operational experience with successful coexistence between the RNSS (space-to-Earth) and systems in the radiolocation/radionavigation services (some of which utilize interference mitigation techniques) in the 1 215-1 260 MHz band, and studies conducted in the ITU-R showing that a pfd limit to protect radiolocation/radionavigation systems is not required.”

ii)
Method B – Required pfd in the 1 215-1 300 MHz, consistent with considering b) and resolves 1 of Resolution 606 (WRC‑2000)

“Single entry RNSS space station pfd limit [(XXX] dB(W/m2/MHz) , in the 1 215-1 300 MHz frequency band required to protect the radiolocation/radionavigation services would be specified in the Radio Regulations. Some administrations propose that the value of this limit should be –133 dB(W/m2/MHz). This limit, with regard to RNSS systems operating in the band 1 215-1 260 MHz, should be consistent with considering b) and resolves 1 of Resolution 606 (WRC‑2000).”

iii)
Method C – pfd in some portions of the band and no pfd in other portions. This should remain consistent with considering b) and resolves 1 of Resolution 606 (WRC-2000) 

“Single-entry pfd limit, [-XXX] dBW/m²/MHz, for RNSS systems in some portions of the band where specific protection of radiolocation/radionavigation services would be necessary. No pfd limit in the other part of the band. Some administrations propose that the two bands under this method should be 1 260-1 300 MHz and 1 215-1 260 MHz, respectively.”

A.2 CEPT draft position

General support for method B with a pfd limit of -[133] dB(W/m2/MHz) in the 1 215-1 300 MHz. They insist not to have a different protection mechanism between 1215-1260 MHz (used by GLONASS, GPS) and 1260-1300 MHz (planned for Galileo) in order to not constraint development of Galileo compared to other RNSS. They have removed the provision that “RNSS shall not cause harmful interference” to radionavigation radar “on the assumption that an agreement can be reached on the pfd level”

Russia prefers option A (no pfd value) or C (different protection limits in 1215-1260 MHz and 1260-1300 MHz). Germany has also reservation and considered suitable option A. The EC Galileo programme supports the method B with a pfd of –133 dB(W/m2/MHz).

A.3 American draft  position

CITEL (the American counterpart of CEPT) is in charge to co-ordinate the American proposals for ITU WRC2003. At their preparation working group (November 2001), the positions were:

United States of America and Canada

Method A (No pfd limit)

Uruguay, Mexico and Argentina 

Method B (pfd limit in 1215-1300 MHz)

ANNEXE B  - Completed studies on possible impact of RNSS radiation to radar

B.1 Assessment of I/N ratio 

ITU‑R has analysed two general principles for assessing the compatibility between RNSS and radar. One principle is based on the assumption that operational experience in the band 1215 – 1260 MHz has shown that sharing between existing radionavigation-satellite systems and radar is feasible. And so, the pfd limit produced be existing radionavigation-satellite systems should be applied also for future RNSS systems. Another principle is based on the calculation of an interference threshold for radar receivers based on ITU-R recommendations. The scenario of the ITU calculation is for the worst case (target aligned with RNSS transmitters and radar co-frequency). The calculation shows a threshold 30 to 40 dB higher that the calculated level of existing RNSS radiation.

B.2 impact on the radar screen 

USA (NTIA) has showed that the radar controller was not aware of radar performance degradation on his screen under standard condition of traffic when the radar receiver BW where within the GPS L2 BW.

Under the conditions of the tests performed, unacceptable interference from the GPS P(Y) and C/A codes  to the FPS-117 or FPS-124 radars was not observed.  Both radars were operating out of the C/A band.  However, the P(Y) code operates in the band of both test radars, and no unacceptable interference was reported.

B.3 Practical measurement on radar 

DFS, sponsored by EUROCONTROL, made measurements to determine the  sensitivity to RNSS signals of one of their ATC Radar. Despite the fact, that the measurements with simulated RNSS signals have shown a loss of probability of detection up to 25 % in the direction of the satellite transmitter, an impact was not reported in the past. The reasons for this might be, that people responsible for this radar system were not aware of the problem, that only one RNSS satellite was transmitting near the radar carrier frequency, and that only a narrow angle segment  with a width of 1° to 2°, is potentially affected. The measurements confirm the I/N ratio limit based on ITU-R Recommendations from wide-band noise like signals for the worst case scenario. For the RNSS narrow-band signals which are not accounted for ITU-R Recommendations, the measurements indicate an I/N ratio more stringent than for the wide-band signals.

B.4 Probabilistic studies

USA.

Probability of exceeded the I/N ratio is less than 0.7 % of the time for a GPS constellation 

ANFR

The French ANFR has presented at the Galileo STF 19, March  2002, results of  theoretical study with a model of a GALILEO constellation that confirm the USA result. The full report is not yet available.

THALES

At the Galileo STF 19, March  2002, Thales, sponsored by the EC Galileo programme, presented preliminary result of a theoretical modelling of a Galileo constellation and a French radar in operation at the upper part of 1260-1300 MHz. The full report is not yet available.

Probability to exceed the PD of 1 % is 

· 1 %  before the tracker,

· close to 0 % after the tracker.  
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