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Introduction 
GNSS SIGNALS AND SOURCES OF JAMMING 

Currently, the Global Navigational Satellite Systems (GNSS) include 

GPS (United States), GLONASS (Russia), BeiDou (China), Galileo (European 

Community), and QZSS (Japan). In addition, other satellite systems like 

Omnistar provide differential corrections. GNSS satellites transmit a variety of 

signals, and each one occupies a certain range of radio frequencies. Signal 

power distribution over frequencies is referred to as “power spectrum.” GNSS 

signals and their frequency ranges are listed in Table 1.  

 

Table 1 – GNSS signals and frequencies. 

Systems Signals, frequency ranges(MHz) 

GPS L1: 1560….1590 

L2: 1215…1239 

L5: 1164…1188 

GLONASS L1: 1598…1605 

L2: 1243…1249 

L3: 1189…1213 
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BeiDou B1: 1559…1563 

B1-2: 1587…1591 

B2: 1195…1219 

B3: 1256…1280 

Galileo E1: 1558…1592 

E5: 1166…1217 

E6: 1258…1300 

QZSS L1: 1560….1590 

L2: 1215…1239 

L5: 1164…1188 

Omnistar 1539…1558 

WAAS, 

EGNOS 

1563…1587 

 
The general goal of these signals is to be received and processed by most 

users to provide positioning. From the standpoint of antenna and 

radiofrequency (RF) circuitry of the system, it is practical to combine all the 

GNSS signals into two sub-bands: a Lower Frequency sub-band and an Upper 

Frequency sub-band. These sub-bands are shown schematically as blue in 

Figure 1.  

 

A user’s positioning system can be adversely affected by jamming 

signals of different origins. When the jamming power is of a large magnitude, 

the user’s system may be unable to provide a position. Antenna and RF circuits 

of the user’s system are potentially capable of differentiating GNSS signals and 

jamming by frequencies. The user’s system is designed to pass the GNSS 

signals with the most minimum distortion possible; a frequency range of 
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desirable signals forms a system pass-band. Contrasting, it is desirable so that 

all signals outside the pass-band are suppressed (rejected) by the system. The 

frequency range outside the pass-band forms what is known as a stop-band.  

 

 
Fig. 1 – Spectra of GNSS and communication systems (schematically)  

 

Ideally, the user’s system would pass the signals within the pass-band 

with no distortion and would completely reject all the signals within the stop-

band. Thus, frequency response of an ideal system should be is shown in 

Figure 2 by the thick dashed line. The zero dB indicates a case free of 

distortion in terms of magnitude, and minus infinity dB indicates a complete 

rejection. Unfortunately, such a step-like response cannot be realized. A typical 

practical response is illustrated in the same figure by curves 1 and 2. This 

response is generally smooth; the signals of the stop-band based on frequencies 

close to the pass-band may possibly not be suppressed to a desirable degree. 

These signals are potentially the most damaging in regard to securing a quality 

measurement. 
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Fig. 2 – Frequency response of ideal and practically realizable filters 

 

Thus, the largest potential sources of jamming are systems operating at 

frequencies close to GNSS bands, i.e., high-speed communication and data 

transmission systems. Selected examples are listed in Table 2. 

 
Table 2 – Signals and frequencies of communication and data transmission systems 

Systems Frequency ranges, MHz 

GSM 900: 875…915 

1800: 1710…1785 

LTE Downlink: 1475…1511 

InmarSat Uplink: 1626…1660 
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Signal spectra of these jamming signals are shown in Fig. 1 in gray. In 

particular, it is worthwhile to note Inmarsat and LTE transmissions are in the 

close proximity of the Upper GNSS sub-band. Radiofrequency components 

responsible for passing the signals of the desired band and suppressing the 

signals of the undesired band are known as filters. They are discussed in more 

detail in the following section. 

 

1. RADIOFREQUENCY FILTERS — GENERAL OVERVIEW 

A filter is a component that passes the signals of the pass-band and 

suppresses (rejects) the signals of a stop-band. Potentially, radiofrequency 

filters could be designed and made using various techniques. It should be noted 

that an unavoidable property of a real-world body is to absorb some portion of 

electromagnetic power passing through it. As a result, the frequency response 

of a filter within the pass-band would never strictly equal to 0 dB, which would 

be the case if there were no absorption. Instead, the frequency response curve 

is always shifted downward within the pass-band, indicating that a certain loss 

of signal power occurs. An important practical rule derived in the filters theory 

[1 and 2] emphasizes the following: regardless of the technology employed in 

the filter construction, if the filter size is fixed then the increase (improvement) 

of suppression of the signals in the stop-band generally can only be achieved at 

the expense of increasing loss of signal power in the pass-band. In other words, 

for the filters of fixed size, the frequency response curves may look like those 

shown in Fig. 2. The Filter 2 has a better slope of the suppression curve in the 

stop-band associated with larger signal loss in the pass-band compared to the 

Filter 1. An important note is with the filters downsizing, signal power loss in 

the pass-band increases. 

Some of the filters most commonly used to date for receiving GNSS 

equipment are of ceramic and Surface Acoustic Waves (SAW) types. A 

general view of these filters is shown in Figure 3a and b respectively. 
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Fig. 3 – Filters used with the receiving GNSS systems 

 

 
Fig. 4 – Frequency response of ceramic, SAW and cavity filters (typical) 
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Typical frequency response of these filters with respect to the Upper 

GNSS band is shown in Figure 4 by curves 1 and 2. One may note the SAW 

filter, being of much smaller size, has much better suppression of signals in the 

stop-band compared to a ceramic one as well as a much larger signal power 

loss in the pass-band in accordance with statements above.  

Loss of useful signal power is highly undesirable for the user GNSS 

systems. In accordance to the fundamental Naiquist theorem [3], power loss is 

associated with the generation of extra noise. A loss of signal power and 

generation of noise results in degradation of the signal-to-noise ratio (SNR) of 

a user system. This, in turn, leads to signal tracking difficulties.  

The first section of the RF portion of the receiver has a special 

designation – Low-Noise Amplifier (LNA). The LNA sets up the noise figure 

of the receiving system. For the best achievable SNR, the LNA normally is 

incorporated into the same housing with the receiving antenna; which is 

sometimes referred to as an “active” antenna. The LNA is designed to have a 

large gain and the smallest noise figure possible. One may check with antenna 

and RF circuitry foundations, and in particular with the Friis’ formulae [3], to 

find out that no SNR degradation normally occurs after the LNA.  

Therefore, it is first the LNA that is to be affected by a strong jamming, 

which may result in it being overloaded and malfunctioning. At the same time, 

the LNA is designed to suppress the jamming signals to protect the rest of the 

circuitry and to keep the highest SNR possible. To achieve these goals would 

normally require a combination of ceramic and SAW filters to be used. A 

typical block diagram of LNA is shown in Fig. 5.  
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Fig. 5 – Block diagram of LNA with a combination of filters 

 

Referring to Fig. 5, F1 is a ceramic filter, A1 is the first amplifier, F2 is a 

SAW filter and A2 is the second amplifier. Intuitively, and by employing Friis’ 

formulae, it is important to assure the gain of the first amplifier A1 is large 

enough; resulting in the noise figure of the system is set up by the ceramic 

filter and this first amplifier. Large loss of useful signal associated with the 

SAW filter contributes to the overall noise figure growth. It should be noted 

with the large gain of A1 given, this contribution is less significant. At the 

same time, the jamming suppression is defined by the frequency response of 

the SAW filter. However, for this schematic, the amplifier A1 generally 

remains open to jamming due to the modest filtering properties of the ceramic 

filter.  

With the current technology, the best and most complete solution is 

provided by filters of another kind — cavity filters. A cavity filter is a chain of 

resonating cavities machined inside a metal body. These filters are of much 

larger size compared to ceramic and SAW filters. A general view of a cavity 

filter is shown in Fig. 3c). Performance features of the cavity filters remain 

unattainable by other technologies. Frequency response of a typical cavity filter 

is shown by curve 3 in Fig. 4. As seen, the cavity filter provides the same (or 

even less) loss of signal power in the pass-band compared to a ceramic one. At 

the same time, suppression of the signals in the pass-band is maximized and 

unprecedented. In particular, Inmarsat and LTE transmissions are suppressed 

F1 F2 A1 A2 
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by a cavity filter by the amount of 60 dB, with the smallest being 6 orders in 

terms of power. Demonstrated in the block diagram of Fig. 5, the cavity filter is 

installed at the LNA input as F1 instead of a ceramic one. The SAW filter F2 is 

removed as it serves no purpose. Thus, a complete protection of the LNA and 

further circuitry is achieved with no SNR degradation.  

Due to the extra size, cavity filters may not be considered as suitable for 

GNSS rovers and handheld equipment. However, being properly designed, 

these filters are easily incorporated into reference station antennas.  

 

2. REFERENCE STATION ANTENNAS WITH CAVITY FILTERS 

A photo of cavity filters incorporated into Topcon PN-A5-C and CR-G5-

C antennas design is shown in Fig 6.  

A mechanical assembly outline of these antennas is shown in Fig. 7 and 8, 

respectively.  

 
Fig. 6 – Cavity filters incorporated into PN-A5-C and CR-G5-C designs 
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Fig. 7 – Mechanical assembly of PN-A5-C antenna 

 

 
Fig. 8 – Mechanical assembly of CR-G5-C antenna 
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The mechanical design of the antennas is robust and shock-resistant. It is 

worth noting the internal space of PN-A5-C antenna allows for a larger filter to 

be incorporated. This results in a better protection against jamming of this 

antenna.   

 

 
Fig. 9 – Frequency response of PN-A5-C antenna 
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Fig.10 – Frequency response of CR-G5-C antenna  

 

Frequency response charts of Topcon PN-A5-C and CR-G5-C antennas are 

represented in Fig. 9 and 10, respectively. It is noteworthy that the GSM 

transmissions are suppressed by an amount of more than 80 dB. LTE and Inmarsat 

stations are suppressed more than 60 dB for PN-A5-C antenna and by about 40 dB for 

CR-G5-C. Additionally, the LNAs of these antennas have approximately a 50 dB 

gain. This is to compensate for longer cable runs normally used with reference station 

antennas. Such a high degree of interference suppression allows for the installation of 

the Topcon PN-A5-C and CR-G5-C in the close proximity to transmitting antennas of 

communication systems.  
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