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Other Sources of Potential Near-band Interference

The recent (Jan. 26, 2011) Federal Communications Commission Order and authorization giving LightSquared condi-
tional approval to build out a ground-based cellular network may a�ect the quality of high-precision GPS measurements 
made near LightSquared’s terrestrial network towers in the future. In response to this new potential source of near-band 
RF interference , UNAVCO has sought out testing of new RF mitigation methods for our current GNSS equipment pool. In 
this preliminary investigation we tested a cavity-type notch �lter that is designed to have a >30dB rejection for the 1525-
1535 MHz band (”The Lower Ten”). 

To evaluate the impact of using a cavity-type notch �lter in-line between an antenna and a receiver we tried two test con-
�gurations. First, we collected a 24-hour zero-length baseline session from two receivers which share the same antenna 
via a splitter.  The cavity-type notch �lter was placed between the splitter and one of the receivers. Using TRACK, a kine-
matic GPS processing software,  we processed the zero-length baselines.  We found that no signi�cant bias was intro-
duced in the zero-length baseline estimates when the cavity-type notch �lter was placed in-line between the receiver 
and the antenna. 

In the second test con�guration, we processed multiple 24-hour short baseline sessions. We compared the estimated 
baselines between a reference receiver/antenna and two test receivers that shared an antenna via a splitter. Again, we 
found that no signi�cant position estimate bias was introduced by inserting the notch �lter between the antenna and 
the receiver.  In future testing we intend to characterize the �lters performance in the presence of LightSquared signals. 

Note: Due to the presence of Iridium RF noise at our testing facility, we used a custom cavity-type notch �lter designed 
to attenuate the Iridium RF band on all antenna outputs. Strong return re�ections from a �lter may interfere with proper 
operation of a powered splitter when placed in-line between a receiver and the splitter. 

Zero-Length and Short Baseline Test Con�guration

MHz

The Iridium satellite communication system broadcasts in 
the 1610 to 1626.5 MHz band. The L1 frequencies broadcast 
by GPS, Galileo and GLONASS satellites are 1575.42 MHz, 
1575.42 MHz and 1602 MHz + n × 0.5625 MHz, respectively 
(each GLONASS satellite uses a unique frequency). The prox-
imity of the Iridium frequency band with the L1 frequencies 
of the GPS, Galileo and GLONASS systems leaves GNSS re-
ceivers susceptible to interference from Iridium data trans-
missions. Interference from Iridium transmissions can cause 
cycle slips and loss of lock on the carrier and code phases, 
thereby degrading the quality of GNSS observations and 
position estimates. 

In 2008, UNAVCO sta� members observed that the percent 
of slips vs. the number of observations increased as the dis-
tance between a GPS choke ring antenna (TRM29659.00) 
and an Iridium antenna decreased. From those observations 
they suggested that Iridium antennas and GPS antennas 
should be separated by >30 m to minimize cycle slips 
caused by the interference from Iridium data transmissions. 
A second test conducted in 2009 using a newer Trimble 
GNSS choke ring antenna (TRM59800.00) showed similar re-
sults to the previous test despite the wider frequency range 
of the newer antenna. More recent testing conducted to in-
vestigate the response of new receiver models to iridium 
transmissions has shown that many GNSS enabled models, 
when combined with GNSS enabled antennas, have in-
creased sensitivity to interference when compared to older 
GPS-only models.

The increased bandwidth of the Low Noise Ampli�ers (LNA) 
installed in many newer GNSS antennas can increase the 
impact of near-band RF interference on tracking perfor-
mance. Our testing has shown that the quality of data col-
lected at sites collocated with iridium communications is 
highly degraded for antenna separations exceeding 100m. 
Using older GPS antenna models (e.g. TRM29659.00) with 
newer GNSS enabled receivers can reduce this e�ect. To 
mitigate the e�ects that iridium data transmissions have on 
receiver tracking performance, we tested a custom cavity-
type notch �lter designed to attenuate the Iridium RF band. 
The �lter has a >20dB rejection at 1616-1626.5 MHz. Test re-
sults when using the �lter have shown excellent GPS data 
quality at antenna separations of ~30 m. Determining what 
impact the �lter has on GLONASS and Galileo observations 
will require further testing. Future investigations will also in-
clude alternative RF mitigation methods, including RF 
shielding.

GPS/GNSS Interference from Iridium Data Transmitters

The Iridium satellite communication system uses the 1616-1626.5 MHz band to uplink with 
orbiting communication satellites. UNAVCO Inc. uses iridium communication links to down-
load GPS data from remote GPS stations located at high latitudes. The L1 frequencies broad-
cast by GPS, Galileo and GLONASS satellites are 1575.42 MHz, 1575.42 MHz and 1602 MHz + 
n × 0.5625 MHz, respectively (each GLONASS satellite uses a unique frequency). The proxim-
ity of the Iridium frequency band with the L1 frequencies of the GPS, Galileo and GLONASS 
systems leaves GNSS receivers susceptible to interference from Iridium data transmissions. 
Interference from Iridium transmissions can cause cycle slips and loss of lock on the carrier 
and code phases, thereby degrading the quality of GNSS observations. 

The increased bandwidth of the Low Noise Ampli�ers (LNA) installed in many newer GNSS 
receivers/antennas (shown below) can increase the impact of near-band RF interference on 
GPS tracking performance.  Our testing has shown that the quality of data collected at sites 
collocated with iridium communications is highly degraded for antenna separations exceed-
ing 100m. Using older GPS antenna models (e.g. TRM29659.00) with newer GNSS enabled 
receivers can reduce this e�ect. To mitigate the e�ects that iridium data transmissions have 
on receiver tracking performance, we tested a custom cavity-type notch �lter designed to 
attenuate the Iridium RF band. The �lter has a >20dB rejection at 1616-1626.5 MHz.  Test 
results when using the �lter have shown excellent GPS data quality at antenna separations 
of ~30 m. Determining what impact the �lter has on GLONASS and Galileo observations will 
require further testing.  This �lter has been deployed at several new polar sites where it was 
required to colocate Iridium communications with a newer GNSS enabled receiver. 

Above: Gain vs. frequency for a 
Trimble GPS Choke Ring an-
tenna LNA compared with a 
Trimble GNSS Choke Ring LNA. 
The bandwidth of the newer 
GNSS choke ring has been 
increased to improve the track-
ing of GNSS signals. Right: A 
custom cavity-type notch �lter 
designed to mitigate the inter-
ference caused by Iridium com-
munication transmissions. 

Above:  Gain (dB) vs. frequency (MHz) measurements for three di�erent Device Under Test 
(DUT) combinations. 1) Reactel custom cavity-type notch �lter. 2) Low Noise Ampli�er 
(LNA) from a Trimble GNSS Choke Ring antenna. 3) Trimble LNA + the Reactel notch �lter. 
Dashed black lines indicate the L5, L2 and L1 GPS frequencies. The dashed blue lines show 
the frequency band used by Iridium communications for up linking to a satellite.  The 
notch �lter has <0.5 dB insertion loss at the L1, L2 and L5 frequencies, and has a greater 
>20 dB rejection at 1616-1626.5 MHz.  

Web sites:
http://facility.unavco.org/kb/questions/675
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Above: Gain vs. frequency for a custom Reactel cavity-type �lter. The blue dashed lines 
denote the frequency spectrum that would be occupied by LightSquared’s ground 
based towers. The notch of the �lter is currently aligned to attenuate the lower 10 MHz 
of LightSquared’s spectrum. The center frequencies for L1, L2 and L5 are also shown with 
black dashed lines for reference. 

Above: Phase vs. frequency for the custom Reactel cavity-type �lter. The center frequen-
cies for L1, L2 and L5 are denoted with black dashed lines for reference. 

Above: 24-hour zero-length baseline position estimates. The mean estimated position 
o�set between receivers is <0.1 mm in the horizontal component and <0.2 mm in the 
vertical component. The kinematic GPS processing software TRACK was used to produce 
this baseline. 100% of the ambiguities were resolved. 

Above: 24-hour di�erence between two short (<5 m) baseline estimates. The mean di�er-
ence between the two baselines over this 24-hour period was <0.1 mm in the horizontal 
component and <0.2 mm in the vertical component. 
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