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ABSTRACT

Several test programs have reported degraded Global Positioning System (GPS) performance when
L-band (1435-1535 MHz) telemetry is used while other test programs have had acceptable GPS
performance with L-band telemetry.  Most test programs seem to have minimal problems with S-band
telemetry interfering with GPS performance if a bandpass filter is used between the GPS antenna and the
low noise amplifier (LNA).  This paper will present measured data on GPS performance with L- and
S-band telemetry and explain what must be done to minimize interference to GPS.  The paper will present
both GPS signal-to-noise ratio (S/N) values as well as measured spectra from telemetry transmitters.
System design guidelines for compatible operation will be presented.
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BACKGROUND

The DSQ-50A is a miss distance indicator system which uses either an L-band (1435-1535 MHz) or an
S-band (2200-2290 MHz) telemetry link.  Previous tests had shown that GPS L1 receiver performance
was sometimes degraded when L-band telemetry was used but not when S-band telemetry was used.  The
purpose of this study was to first understand what was happening and then to solve the problem.  A series
of laboratory and rooftop tests were undertaken.  The significant results of these tests will be presented in
this paper.



TEST SETUP

Tests with a DSQ-50A system and an Ashtech G12 GPS C/A code receiver were conducted on the
rooftop of Building 512 at Point Mugu, CA on December 7, 1999.  The antennas for the two systems
were mounted on a BQM-74E nose cone (the BQM-74E is an aerial target).  The nominal output of the
DSQ-50A’s telemetry transmitter is 2 to 3 watts.  The block diagram of the test setup is shown in
figure 1.  The DSQ-50A telemetry transmitting antenna was about 24 inches away from the GPS
receiving antenna.  The DSQ-50A sensor antenna was about 5 inches away from the GPS receiving
antenna.  The sensor output was not connected to the antenna but rather was terminated in 50 ohms for
this test.  The purpose of the bandpass filter in front of the GPS LNA is to attenuate the telemetry signals
to minimize interference to the GPS receiver and to prevent the LNA from saturating.  The tests
consisted of recording the information from the Ashtech G12 receiver for about 15 seconds and also
recording the spectrum of the signal at the input to the GPS receiver (via directional coupler connected to
spectrum analyzer).  Tests were conducted with the DSQ-50A off and with the transmitter set to various
frequencies.  A bandstop filter was connected to the transmitter output and additional tests were
performed.  The bandstop filter was centered at 1575.42 MHz, the GPS L1 frequency.

TEST RESULTS

The first DSQ-50 telemetry frequency tested was 2204.5 MHz.  The GPS S/N values were essentially the
same as with the DSQ-50 off.  All of the following tests were performed with an L-band DSQ-50A.
When the DSQ-50A was set to 1525.5 and 1482.5 MHz no satellites were acquired while only one
satellite at 27.7 dB-Hz S/N was acquired with the DSQ-50A set to 1506.5 MHz.  Seven satellites were
acquired with the DSQ-50A set to 1435.5 MHz with an average S/N degradation of 2.7 dB.  The
spectrum analyzer plots are shown in figure 2.  The average noise levels in a 2 MHz span around
1575.4 MHz with respect to DSQ-50A off were: -0.4 dB with 2204.5, +2.4 dB with 1435.5, +25.4 dB
with 1482.5, +14.6 dB with 1506.5, and +16.1 dB with 1525.5 (the spectrum analyzer noise floor was
taken into account in calculating these values).  The increase in average noise level at 1575.4 MHz is
about the same as the decrease in satellite S/N.  Therefore, it is very likely that the main problem is excess
energy at frequencies near 1575.4 MHz.  The high noise levels with 1482.5 MHz are caused by a discrete
spurious signal with a power level of about –50 dBm.  The source of the discrete signal is the divide by
16 circuitry in the transmitter (1482.5 + 1482.5/16 = 1575.2 MHz).

Measurements of the telemetry transmitter in a laboratory setting were performed to characterize the
excess noise in a more controlled environment.  The test setup is shown in figure 3.  A 10-dB attenuator
was used on the telemetry transmitter output to minimize the probability of damaging or saturating any
device in the signal path.  The measured excess power levels with the DSQ-50A turned on are shown in
figure 4.  Note that the only signals above the noise floor are the transmitter frequencies and the
frequency band around 1575.4 MHz in the bandpass filter’s passband.  The bandpass filter does a good
job of attenuating the main telemetry signal but does not attenuate the signal at 1575.4 MHz.  The power
per Hertz at 1575.4 MHz at the output of this transmitter is plotted in figure 5 (points connected by line).
The noise power at 1575.4 MHz decreases as the transmitter frequency is decreased.  The other points
plotted in figure 5 were taken with four fixed frequency transmitters from three manufacturers.



                      Figure 1.  GPS/DSQ-50 test setup.

Note: Insertion Loss/Gain in Parenthesis Measured at 1575.42 MHz.
*GPS Bandpass Filter In-Band 1575.42 MHz Insertion Loss: –2.33 dB; –3 dB Frequencies:
f l=1570.918 f u=1579.42
**GPS L1 Notch Filter –3 dB Frequencies: f l=1566.625 f u=1583.375
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Figure 2. Spectrum analyzer plots at GPS LNA output.



The noise power density for the GPS system with the DSQ-50A turned off was about –172 dBm/Hz.
The noise powers of this transmitter are 35 to 45 dB above the noise floor of a device with a noise power
density of –172 dBm/Hz (see figure 5).  The antenna isolation for the rooftop test antenna configuration
was about 30 dB, which is not enough to eliminate the effects of the excess transmitter noise.

Two potential causes of the excess noise levels are phase noise and amplifier thermal noise (noise floor).
Data from the transmitter manufacturer shows the measured phase noise 1 MHz away from the carrier is
typically about -128 dBc/Hz and the power is decreasing by 6 dB/octave.  Extrapolating this value to a
frequency 50 MHz from the carrier one gets –128 – 20log(50) = -162 dBc/Hz.  The transmitter output
power (0 dBc) was about +34 dBm, therefore, the phase noise would be -128 dBm/Hz which is very
close to the values shown in figure 5; -127 dBm/Hz for 1525.5 MHz and –119 to –132 dBm/Hz for
1527.5 MHz.  The extrapolated phase noise for a frequency 140 MHz from the carrier would be
-137 dBm/Hz, which is the same as the measured noise value at 1435.5 MHz.  We do not know the
amplifier characteristics but it appears that phase noise is the most likely source of excess noise at
1575.4 MHz for the small number of transmitters tested so far.  It would appear that one potential
approach to decreasing telemetry transmitter noise levels at GPS L1 would be to use a VCO with lower
phase noise in the frequency range of 40 to 150 MHz from the telemetry transmitter center frequency.

Figure 6 shows the spectrum of a DSQ-50 telemetry transmitter that interfered with the GPS system on a
target.  The noise power at 1575.4 MHz is similar to other transmitters but note the large spur at
1570 MHz.  This transmitter has spurs about every 21 MHz.  The power in the spur at 1570 MHz was
about -45 dBm which is 20 dB better than required by IRIG Standard 106-00, Telemetry Standards.
However, the power in this spur is high enough to cause problems for the GPS receiver.

Other options to solve this problem include increasing antenna isolation, adding a bandpass filter centered
on the telemetry band, or adding a bandstop filter centered at 1575.4 MHz at the telemetry transmitter
output.  A bandstop filter with nominal bandwidth of 10 MHz centered at GPS L1 was located and the
GPS tests were repeated.  The results for the six satellites with elevation angles greater than 10 degrees
that were common to all of these tests are plotted in figure 7.  The satellite acquisition speed and number
of satellites were now the same whether the DSQ-50A was on or off.  The average of all satellite S/N
values (shown in parentheses in the legend portion of figure 7) with the DSQ-50A on was 0.1 to 0.7 dB
lower than the beginning S/N values with DSQ-50A off and 0.4 dB higher to 0.2 dB lower than the
ending S/N values with DSQ-50A off.

Additional tests were conducted with a radio frequency signal generator summed with the GPS signal and
connected to the LNA input.  At a frequency of 1525.5 MHz, a signal level at the LNA input of about
-53 dBm resulted in a GPS S/N degradation of about 3 dB.  The degradation was somewhat less for
lower generator frequencies at the same power level.

Many GPS LNAs are quite broad band; for example, one LNA had a measured gain of 31 dB at
1575.4 MHz and 1485.5 MHz and a gain of 25 dB at 2250.5 MHz.  Assuming a 2-watt transmitter at
2250.5 MHz and 30 dB of isolation between the telemetry and GPS antennas, the signal at the LNA input
without a filter would be +3 dBm.  After the 25-dB gain LNA, the signal would be +28 dBm; however,
the LNA output saturates at about +13 dBm so the output would be saturated at +13 dBm.  The
saturated LNA would cause the GPS signals to be suppressed and degrade the GPS data quality.  One



solution is to put a bandpass filter between the GPS antenna and the LNA.  If the filter has 40 dB of
attenuation at 2250.5 MHz, the telemetry signal would be –37 dBm at the LNA input and therefore
-12 dBm at the output and well below the saturation point of most GPS LNAs.

A conceptual block diagram of a telemetry plus GPS system designed to minimize interference is shown
in figure 8.  Note the bandpass filter before the GPS LNA to attenuate interfering signals outside of the
GPS bands and the bandstop (or bandpass) filter to attenuate signals emanating from the telemetry
transmitter near the GPS L1 frequency (filters may sometimes also be required at GPS L2 but preliminary
tests have shown lower noise levels at GPS L2 because it is much further away from the transmitter
center frequency).

Figure 3.  Laboratory test setup for measuring transmitter power levels near 1575.4 MHz.

Note: Insertion Loss/Gain in Parenthesis Measured at 1575.42 MHz.
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Figure 4. Excess power levels with transmitter on (10 dB attenuation).
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CONCLUSIONS

The tests described in this paper point out that significant isolation is needed between the output of an
L-band telemetry transmitter and the GPS LNA.  Typically at least 90 dB of attenuation (100 dB
preferred) of the main telemetry signal and at least 40 to 50 dB of attenuation of the telemetry
transmitter’s noise at 1575.42 MHz is required.  Telemetry transmitters that have spurious outputs close
to 1575.4 MHz may require more than 50 dB of isolation at 1575.4 MHz.  The typical specification for
spurious signals at the output of a telemetry transmitter is –25 dBm, however, levels much lower than
-25 dBm can cause problems if the frequency is close to the GPS frequencies.  Problems are less likely to
exist when S-band telemetry transmitters are used but problems can occur if the transmitter has spurs
close to the GPS frequencies or if the telemetry transmitter saturates the GPS LNA.  Many typical
antenna configurations do not provide sufficient isolation.  Therefore, both a good bandpass filter before
the GPS LNA and possibly a bandstop or bandpass filter at the L-band telemetry transmitter output will
be required for good GPS performance.  Telemetry transmitters with lower output levels near GPS
frequencies would reduce the probability of needing the bandstop filter.  The tests discussed in this report
demonstrate that L-band telemetry and GPS can operate compatibly in near proximity if the
recommended design is used and that problems are likely if a good design approach is not used.
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Figure 8. Block diagram of L-band telemetry and GPS systems
designed to minimize interference.




