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Summary

Radionavigation satellite service (RNSS) and radiodetermination radars share a co-primary allocation in the 1215–1300 MHz band. In 23 years of operations by RNSS systems, such as GPS and GLONASS, radar systems have not made any substantiated claims of interference from a RNSS system. However, radar systems are currently above the –6 dB I/N protection criterion of ITU-R Recommendation M.1463. To better understand this situation, the US conducted a test to transmit a GPS signal into primary radar systems tuned to the same frequency. The results are given in this paper. 

This paper was also presented at the September meeting of ITU-R WP 8B and WP 8D, and is now in a technical annex to proposed CPM text on Resolution 606 for the 
WRC-2003.

1
Introduction

To further develop information in response to WRC 2000 Resolution 606, the United States Air Force, GPS Joint Program Office (GPS JPO) conducted a test between several radars and a satellite of the Global Positioning System (GPS).  The satellite transmitted a phase-shift-keying (PSK) signal, on a center frequency of 1227.6 MHz, with a minimum received isotropic power (RIP) of –160 dBW. The bandwidth of the signal was alternated between two modulations of 20.46 and 2.046 MHz bandwidth.

2
Background

2.1
The Need for a Test

In the 23 years of GPS operation, there have not been any substantiated reports of unacceptable RFI.  This is in spite of GPS exceeding the –6 dB interference-to-noise protection ratio (INR) given in Recommendations ITU-R M.1461 and ITU-R M.1463.  During WRC 2000, Resolution 606 was agreed as part of Agenda 1.15 of WRC-03.  It calls for determining the need to establish a power flux density (PFD) limit for RNSS in the 1215 to 1260 MHz band.  Although there may yet be technical reasons to explain the lack of reported unacceptable RFI, it is reasonable to measure operational performance of radars to determine if unacceptable interference occurs.

2.2
The Test Design Philosophy

It was not the intent of the test to demonstrate that the radar receivers can detect GPS transmissions.  Rather the intent of the test was to determine how GPS RFI effects the normal operation of the radars.  To this end, the radar operators were asked, to the extent reasonably possible, to operate their radar in a normal manner.  Another way of stating this is that the test was to show the effect of a GPS signal on radar operations.

This approach was taken because the radars clearly must occasionally receive the GPS signal.  With their high-gain antennas and low-noise receivers, radars operating in the 1217.6 to 1237.6 MHz band can certainly detect GPS signals even if they do not cause unacceptable interference.  In fact, one radar, FPS-108, easily detected the GPS signal prior to the actual test by exercising a listening mode used to detect RFI sources. 

In addition, for future GPS signal modernization, the test satellite used was switched between two waveforms; namely, C/A code and P(Y) code. The P(Y) code is routinely used on all operational GPS satellites in the 1217.6 to 1237.6 MHz band. The C/A code is the same power in the 1226.6 to 1228.6 MHz band.  Because the C/A code is one tenth of P(Y) code’s bandwidth, but with the same total power, it has ten times the power per Hertz of P(Y) code.  By alternating between the two codes, it is possible to compare radar performance between periods with either GPS code or with no GPS RFI.

Unfortunately, it was not possible, with a single test satellite, to perform the entire test without going beyond normal operating procedures.  In particular, the FPS-117 normally does its scan by continuously rotating its antenna in azimuth.  There are more details on this for individual radars in the following sections.

2.3
Test Preparations

A GPS satellite, designated SVN 19, was selected for use in the test.  Selection was based on it being the GPS satellite that would have the minimum impact to GPS users.  Rather than turning the satellite’s transmitter on and off, and risk a satellite failure, it was decided to switch between the P(Y) or C/A code which are continuously broadcasted by the satellite. 

The period between the codes being transmitted was short in order to have a reasonable comparison between the two codes during periods with and without SVN 19 in view.  It was decided that the signal would be switched between the C/A and P(Y) codes every hour for a period of two days.  The period was a compromise between the history processing periods of the NORAD radars and the time needed by the satellite operators to manually enter the necessary commands.

The satellite operator was requested to note the times SVN 19 switched codes, and to which codes the transmission was switched.  Since this would be done manually, the GPS Joint Program Office (JPO) and the radar operators would not know, in advance, the exact times that codes where operating.

To collect data on these effects, two currently active radars were utilized for the test; namely, the FPS-117 and FPS-124. 

 The FPS-117 is an air-traffic-control radar that is jointly operated by the US Air Force and the US Federal Aviation Administration.  The FPS-124 is an air-defense radar that is jointly operated by the Canadian and US governments. 

The radar operators were asked to record any radar operations that were either unusual, extraordinary, or in response to RFI.  This was to be done for each radar and for the entire test period and whether or not the test satellite was in view of the radar site.  Radar operators were also informed that certain details of the satellite’s operations would be withheld as an experimental control.

The time from July 9, 2001 0038 UTC to July 13, 2001 0000 UTC was selected for the satellite’s test operations.  The schedule in Table 1 below shows the planned transmissions.  The days of continuous C/A code transmission were intended to give a prolonged period for observation without any interruption.  Those periods with hourly changes in the code were intended to provide a means of comparing the reception of C/A and P(Y) code, removing any biases in reporting the effect of C/A code, and to provide these opportunities over a wide field of view.

Table 1

Schedule of GPS Transmission Codes supplied to radar operators.

	Day of Week
	Test Date (Jday)
	Time (UTC)
	GPS Transmission Code

	Monday
	9 July (190)
	0038-0827
	C/A

	Tuesday
	10 July (191)
	0034-0823
	C/A

	Wednesday
	11 July (192)
	0029-0819
	Toggle C/A and P(Y) every hour

	Thursday
	12 July (193)
	0025-0815
	Toggle C/A and P(Y) every hour

	Friday
	13 July (194)
	0000
	End of test


3
Test Conduct

On July 9, 2001 0038 UTC the test schedule, as shown in Table 1 above, began.  During the first day of the test period, the FPS-117 operators asked the GPS JPO if there was a possibility that the transmitted power varied with time.  They were told that this is considered unlikely, but that the satellite operators had been requested to record such events, if noted from the satellite telemetry.  There was no other contact with either the radar or satellite operators during the test period.

By mutual agreement, the satellite and radar operators were to provide their data, analyses, and logs for the test within one calendar month of the end of the test period. The GPS JPO did not contact any operators during that period.

3.1
FPS-117

The operators of the FPS-117 tuned to 1231.28 MHz, which is closest of its eighteen carrier frequencies to the GPS 1227.6 MHz GPS center frequency.  Since C/A code operates in a 2-MHz band, and the FPS-117 has a 1.25 MHz IF bandwidth, the only interference the FPS-117 was likely to receive was from C/A-code signal sidelobes.  This makes it unlikely that any C/A interference would be observed.  However, the possibility remained that the P(Y) code, with its 20-MHz bandwidth could cause interference.

Because the FPS-117 normally physically rotates its antenna to cover a full 360° of azimuth, the operators stopped the normal azimuth rotation and manually positioned the antenna in azimuth.  Using calculated ephemeris of SVN 19, the operators placed the radar’s receiver main beam so that the satellite would cross it. (The radar does its elevation scan electronically, so it was not necessary to position it for elevation.)  The satellite took about 15 minutes to cross the angle ±7.5° from the antenna’s boresight.  After the satellite made a crossing, the radar beam would be repositioned, and the process repeated. 

3.2
FPS-124

The operators of the FPS-124 tuned to 1224 and 1230 MHz on alternate days.  These are the two carrier frequencies closest to the GPS 1227.6 MHz carrier for which the radar is designed to operate.  Since the FPS-124 has a 1-MHz bandwidth, it is unlikely that the radar would receive GPS RFI from C/A code.  The possibility remained that P(Y) code, with its 20-MHz bandwidth could cause interference. 

The FPS-124 has an electronically scanned beam that is agile in both azimuth and elevation. During the first two days of C/A-code transmission, the FPS-124 was tasked to stare at SVN 19.  On other days, it was operated normally.

4
Test Reports

There were two types of test reports; namely, the satellite operators report and the radar operator’s reports.  The satellite report gives the time of code transmissions.  The radar reports would give a log of all RFI that would be due to SVN 19. 

4.1
Satellite Operators Report

The radar operators did not report any deviation from the test plan. 

4.2
Radar Operators Reports

The operators of the FPS-117 and FPS-124 reported no unacceptable interference.  They stated:


“All test requirements were accomplished.  Data analysis shows that no interference or search false reports associated to SVN-19 were reported at the radar output or to the operation control center throughout testing period.”

There was also a qualification stating:


“Test results must be considered as measurements of performance with limitations.  Interference sufficient to generate search jam strobes or interference sufficient to increase search false reports will greatly degrade operational performance.  The absence of either does not necessarily mean that performance is not degraded, especially for small target detection capabilities.”

The operators FPS-124 also noted that the noise floor of the radars was unaffected:


“Based on the data collected during the test period, there was no detectable degradation in the performance of the AN/FPS 124 radar caused by the transmission of C/A Code by the satellite. The signal was not picked up by the radar and did not appear to increase the system noise level.”

The operators of the FPS-117 used a spectrum analyzer to measure noise and interference and stated: 


“The spectrum analyzer noise measurement functionality was turned off for the first three test runs and on for the last two test runs.  This functionality corrects for equipment biases and errors in filter bandwidth and in the logarithmic converter.  No significant difference is observed when comparing the spectrum analyzer data from different test runs.” 

It is possible that in the presence other noise sources the radar constant false-alarm (CFAR) system had already desensitized the radar to additional interference. Indeed, the radar operators reported:


“In many cases, interference was already occurring before the satellite was in view and continued after the satellite was below the horizon.  Most of these strobes can be attributed to interference from neighboring radars, other RF emitters, obstructions that act as corner reflectors, and other non-GPS related sources.”

So it appears radar-receiver performance, as observed by the operator, was stable throughout the test.

5
Conclusion

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. 

_________
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