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Abstract: In this paper, we investigate the benefits of a MULTI-GNSS receiver in
an interference environment. The global satellite navigation systems GPS, GALILEO,
GLONASS and COMPASS will be considered. The regional navigation systems QZSS
and IRNSS are not part of the investigation. We assume that a future Multi-GNSS re-
ceiver will use only CDMA signals. Therefore, the FDMA signals of the GLONASS
system are not included in the simulations. Precise almanac data are used to simulate
the satellite constellations of the GNSS systems. The link budget for the received sig-
nal power includes all major path losses and antenna gain factors. Finally, the results
of the interference calculations are presented for the Earth surface.

1 Introduction

Currently, most civil GNSS receivers use the C/A-Code for navigation. However, during
the design phase of GALILEO, COMPASS and the modernization plans of the GLONASS
system interoperability1 and compatibility2 have been important issues. With more navi-
gation systems and interoperable and compatible signals soon available, it should be ben-
eficial to use these additional information for navigation.
We investigate the benefits of such a Multi-GNSS receiver in an interference environment.
In our analyses we will concentrate on CDMA signals which are open for civil users. GPS
is introducing three new civil signals L1C, L2C and L5. Most of the GALILEO signals on
E1, E6 and E5 will be open signals. COMPASS will have only two open signals which are
similar to the GALILEO system. And GLONASS introduces also two new CDMA signals
on L1 and L5. We will simulate a realistic interference szenario and compare the results
for Single- and Multi-GNSS receivers. The influence of the atmosphere, the gain pattern
of the satellite and receiver antenna, the transmitted satellite power, the polarisation mis-
match, the degradation due to the interference signal and the free-space-path loss will be
taken into account.

1Interoperability refers to the ability of civil space-based PNT services to be used together to provide better

capabilities at the user level than would be achieved by relying solely on one service or signal.
2Compatibility refers to the ability of space-based PNT services to be used separately or together without

interfering with each individual service or signal, and without adversely affecting navigation warfare.
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2 Link budget

The link budget between the satellite and the receiver is an important factor in the simula-
tions. The exact knowledge of link gains and losses is necessary to determine the received
signal power levels at the receicer, which is calculated by equation (1). In the following
simulations we assume that the receiver is always located on the Earth surface.

Ci = Psat,i + Gsat,i − Ldist − Ltrop − Liono − Lpola + Grec (1)

with i = satellite index, C = received signal power, Psat = Transmitted satellite power,
Gsat = satellite antenna gain, Ldist = free-space-path loss, Ltrop = tropospheric loss,
Liono = ionospheric loss, Lpola = polarisation loss and Grec = receiver antenna gain.

A high-level diagram of the simulation toolkit, which has been developed for this analysis,
is shown in Figure 1. The main functions are all written in C/C++. Numerical complex
functions have been implemented in Matlab.

Figure 1: Simulation Toolkit ”Multi-GNSS Engine”

3 Interference Calculations

The interference calculations between the satellite signals and the interference signal are
based on [3]. We do not consider multiple interference signals in this paper. Then, the
effective carrier-to-noise-density ratio Cs/No,eff can be estimated by equation (2) [9]:

(Cs/No)eff =
1

1
(Cs/No) + Ci/Cs∫

|Hr(f)|2Gs(f)df∫
|Hr(f)|2Gi(f)Gs(f)df

(2)
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with Hr(f) = filter transfer function at the transmitter and receiver, Gs(f) = power
density function of desired signal and Gi(f) = power density function of interference.
The expression in the denominator is known as the spectral seperation coefficient (SSC).

SSC =

∫
|Hr(f)|2Gi(f)Gs(f)df (3)

The SSC depends on the spectrum of the desired signal as well as the spectrum of the
interference. From equation (2) and (3) it is obvious that the SSC must be nonzero in order
to effect the received (Cs/No)eff . The interference signal must pass the filter transfer
function at the receiver and overlap with the spectrum of the desired signal.

4 GNSS Signal Characteristics

Each space constellation has slightly different orbital plane parameters. The most impor-
tant parameters of the corresponding MEO satellites for GPS, GLONASS, GALILEO and
COMPASS are summarized in Table 1. The constellation size is specified in brackets.

Table 1: Orbital plane parameters for MEO satellites
Constellation Eccentricity Inclination Semi-major axis Period
GPS (30) 0 55◦ 26561750 m 43082.05 s
GLONASS (24) 0 64◦ 25507550 m 40542.83 s
GALILEO (27) 0 56◦ 29993707 m 50682.21 s
COMPASS (27) 0 55◦ 27840000 m 46229.03 s

We consider only open signals for the simulations. The characteristics of these signals in
the L1-band are described in Table 2. Important information for the following simulations
are the spreading modulation, the sub-carrier frequency, the chip rate and the transmitted
signal power. However, the latter is no official data. It is the result of a link calibration
based on the individual minimum received signal power levels.

Table 2: Open signal characteristics for GPS, GLONASS, COMPASS and GALILEO in L1-Band
GNSS System GPS GLONASS GALILEO COMPASS
Service Name C/A L1C data N/A E1 OS data B1C data
Service Type Open Open Open Open Open
Center Frequency 1575.42 MHz
Frequency Band L1
Access Technique CDMA
Spreading Modulation BPSK(1) BOC(1,1) BOC(2,2) MBOC(6,1,1/11)
Sub-carrier Frequency - 1.023 MHz 2.046 MHz 1.023 / 6.138 MHz
Chip Rate 1.023 MHz 1.023 MHz 2.046 MHz 1.023 MHz 1.023 MHz
Signal Component Data Data Data Data Data
Primary PRN Code Length 1023 10230 N/A 4092 N/A
Secondary PRN Code Length - - - - -
Data / Symbol Rate 50 / N/A N/A N/A N/A / 250 N/A
Minimum Received Power -158 dBW -162.5 dBW -158 dBW -160 dBW -160 dBW
Elevation 5◦ 5◦ 5◦ 10◦ 10◦

Transmitted Power 11.7 dBW 11.95 dBW 11.6 dBW 9.7 dBW 9.3 dBW
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5 Simulation Results

For the following computations we assume a noise density No = -201.0 dBW/Hz and a
cable loss of Lc = 1 dB. The frontend bandwidth of the GNSS receiver is 10.23 MHz.
The bandwidth of the bandlimited white gaussian noise interference is choosen to be
4.092 MHz. The simulation period is 1 day with a temporal resolution of 864 seconds
and a spatial resolution of 1◦. The minimum elevation angle is ϕ = 5◦ for all satellites.
The lower bound of the tracking threshold is assumed to be Cs/No = 15 dBHz. Without
interference the Cs/No lies in the range 35 − 50 dBHz. We present the results for a GPS
receiver using the GPS C/A-Code and a COMPASS receiver using the B1C data signal.
The characteristics of the GALILEO E1 OS data signal are very similar to the COMPASS
B1C data signal (see Table 2). The interference power is Ci = -105.0 dB.

5.1 Single-GNSS

(a) Global visibility (b) Probability for number of satellites ≥ 4

Figure 2: Interference computations for the GPS C/A-Code signal

(a) Global visibility (b) Probability for number of satellites ≥ 4

Figure 3: Interference computations for the COMPASS B1C data signal
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5.2 Multi-GNSS

When all global satellite navigation systems are considered the number of satellites in-
creases and is equal to 108. As each satellite system uses different orbital planes, the
satellites should be well distributed over the hemisphere. Therefore the interference power
for the Multi-GNSS szenario is assumed to be Ci = -100.0 dB.

(a) Global visibility (b) Probability for number of satellites ≥ 4

Figure 4: Interference computations for a MULTI-GNSS receiver

6 Conclusions

In this paper, we have investigated the benefits of a single-frequency (L1-Band) Multi-
GNSS receiver in an interference environment. For slightly higher interference power the
Multi-GNSS constellation shows similar performance with respect to satellite visibility
(see Figure 5). The performance would be even better for the same interference power.
For the selected szenarios the DOP values of the Multi-GNSS receiver are significantly
worse than the DOP values for GPS and COMPASS alone. Although more than 4 satel-
lites are mostly visible, the satellite geometry constantly degrades with increased interfer-
ence power. The bad geometry leads to higher DOP values as seen in Figure 5. Further
investigations will continue to concentrate on the benefits of multi-frequency GNSS re-
ceivers. So far, we have assumed only a single-frequency GNSS receiver. With more
frequency bands and signals available a multi-frequency GNSS receiver should be more
robust against interferences (assuming equal power).
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(a) Cumulative distribution function for vertical and
horizontal DOP

(b) Cumulative distribution function for visibility

Figure 5: Interference computations for a MULTI-GNSS receiver
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