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Abstract 
 Compatibility Analysis of satellite navigation systems has become a research hotspot in recent years. A 

coordination methodology for RNSS inter-system interference estimation was proposed by ITU, which was used 

extensively. However, there were some limitations as follows, not considering the effect of interference onto code-

tracking, not considering the effect of signal parameters onto SSC, not considering the power loss by payload and 

receiver, and lack of compatibility threshold. In order to solve these issues, some solutions were proposed by theory 

analyzing deeply. And some useful results were got. The contribution by this paper could direct frequency coordination 

negotiation between COMPASS and other GNSSs. 

1. Introduction 
 There is more than 120 navigation satellites in the space. The GNSS Compability is increasingly a hot 

technology.Godet J. pioneered in analyzing the frequency compatibility among the satellite navigation system [1]. 

Owen R. et al[2]  brought forward the concept of max lumped signal power during the analysis of interference within 

GPS system. It was proposed in the literature [3] the method of theoretical analysis to analyze the interference within 

and between the systems. The “Coordination Methodology for RNSS Inter-System Interference Estimation” [4]（ITU-

R M.1831）was proposed by ITU in 2007, for the frequency coordination between satellite navigation systems. But 

systematic modeling analysis on the compatibility evaluation is still missing. 

 This article first provides an overview on the analysis in ITU Proposal 1831, listing four limitations; then it 

derives from the basic theoretical model of compatibility analysis, and advances a more accurate method of the same. 

Basing on this method, the author performs simulation analysis on the compatibility among the three GNSS systems- 

Compass/GPS/Galileo within band B1 band. 

2. Methodology of GNSS Compatibility Analysis 
2.1 Traditional Methodology 

In ITU-R M. Proposal 1831, effective carrier-to-noise is used as the parameter to evaluate the intra-system 

interference. Please refer to Reference Literature[4]. There are several limitations to this methodology:  

1）In the compatibility analysis, only instant path is taken into account, while early and late paths are not. That is 

to say, the existing method can not reflect the influence of the inter-system interference signals on the code tracking. 

2）Signal-concerning parameters, such as code type, code rate, date rate, etc. are not involved in the compatibility 

assessment method, while these parameters affect the result of the compatibility assessment. 

3）The influence of many factors in the signal transmission link is ignored, such as quantification loss, coherence 

loss, sampling loss, etc. 

4）The compatibility measurement by the decrease of effective carrier-to-noise is lack of absolute thresholds that 

are convincing. 

2.2 Basic Theoretical Model of Compatibility 
2.2.1 Signal Model 

The baseband signal of satellite navigation can generally be indicated as  
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in which, ( )t refers to noise, nD  refers to the data stream (with the single symbol length of 1d dT f ), ( )x t  refers to 

the spread spectrum modulating code sequence. The expression of it is  
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In which, ( )t  refers to the window function with the period of dT , lc refers to PN code sequence (the cycle is N, the 

code chip length cT , with the code chip form of ( )t  ), which is expressed as code cT NT . The data multiplying pseudo 

random code and sub carrier together forms the baseband signal, which is transmitted by the RF signal from carrier 

modulator. The receiving terminal converts the signals into IF signals through lower frequency conversion. It is 
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indicated as  
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In which, ( )Rh t  refers to equivalent baseband step response of the front end filter (the transmit function is indicated as 

( )BH f ), C refers to signal powder, ( )l t  refers to the interfering signal, and ( )w t  refers tot the mixing signal of noise 

and interference signal. 
2.2.2 Acquisition Process 

The acquisition of satellite signal is a course of searching, which requires the simultaneous multiplex of code and 

carrier of the satellite signal. The carrier removal is realized through in-phase and orthogonal（I/Q）, through the 

coherence between the signal and the locally generated PN code reference signals. The acquisition process is illustrated 

in Figure 2. 
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Figure 2. The schematic diagram of acquisition proceses 

The estimate parameter of compatibility is the carrier-to-noise of the output terminal of the correlator. By calculating 

the carrier-to-noise under the interfered and non-interfered conditions, we may get the effective carrier-to-noise of 
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2.2.3 Tracking Process 
Signal tracking is subdivided into two parts: code tracking (DLL) and carrier tracking (PLL). The framework of it 

is shown in Figure 3. 
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Figure 3. The schematic diagram of tracking process 

For coherent DLL, the discriminator calculates the true part of the difference between the early branch and the late 

branch, and the variance of output is  
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in which,   refers to the space between early and late code chips. Through conversion, we can get the effective carrier-

to-noise of  

0 0

'

' l lseff

C C

N N C



 

 
 

 

                                                                         (6) 

in which 
2

2

2
' ( )sin ( )

r

r
sG f f df




 


                                                              (7) 

2
2

2
( ) ( )sin ( )

r

r
ls l sG f f G f f df




 


                                               (8) 



（CT-SSC）.In which, '  refers to the effective power factor of code tracking, 
ls refers to code tracking spectrum 

sensitivity coefficient （CT-SSC）.  

2.3 Improved Methodology of Compatibility Analysis 
2.3.1 SSC and CTSSC Feature Analysis 

 SSC is related with the PSD of the signal, and the signal parameters directly determine the PSD. Like the code 

chip wave form determining the power spectrum envelope of the signals, different combination of data rate, PN code 

rate, PN code length may produce comb spectra, and further influence SSC. Please refer to the literature[10]. It is shown 

in the analysis, SSC of navigation signals of shorter PN code is considerably influenced by the frequency difference 

among the data rate, the PN code rate, interference and desired signals, and other parameters, which can not be 

neglected during the compatibility analysis. Furthermore, SSC between various PN codes can be replaced by average 

SSC or the SSC of a pair of PN codes. 
 It is mentioned above that SSC can not reflect the impact of interference on code tracking. In the comparison of 

Equation (4)and Equation(6), we call CT-SSC and SSC jointly the interference coefficient. But the two differs in value. 

Then in the compatibility analysis, take the greater one of the two as the interference coefficient. Literature
 
 has 

provided some useful conclusions, but it does not take into account the influence of the frequency difference between 

interference signal and desired signal.  
2.3.2 Compatibility Threshold 

 Determining compatibility threshold is an important part in the methodology of compatibility assessment, but the 

currently applied method calculates by the decrease of effective carrier-to-noise caused by signal interference. This is 

merely a relative threshold, and there is no identified specification on the amount of decrease. Focusing on this problem, 

we start from the processing course of the receiver to identify the minimum carrier-to-noise, and use it as the threshold 

of compatibility. Refer to Figure 7 for the working principles. 

2.3.4 Methodological Improvement 
It can be found in the above analysis that there are massive limitations to the existing GNSS compatibility 

analysis, among which, the most obvious one is the lack of the criterion for compatibility, which significantly restrains 

the judgment of compatibility. Starting from signal receiving, we propose the use of the minimum carrier-to-noise 

required to receive desired signals under interference free conditions as the compatibility threshold. Compare this 

threshold with the effective carrier-to-noise of the desired signals output by the correlate. If such ratio is greater than the 

threshold, we deem it as compatible. See Figure 4. 
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Figure 4. The schematic diagram of improved compatibility methodology 

Among others, the calculation of interference coefficient has also been ameliorated comparing with the traditional 

methodology of compatibility analysis. Interference coefficients include SSC and CT-SSC. By taking into account the 

signal parameter, Doppler frequency difference between interference signal and desired signal, code tracking loop 

early-late channel space, and many other factors, we calculate the maximum value of interference coefficient, and get 

the equivalent white noise PSD, which is especially significant to the analysis of short code signal compatibility. 

3 Simulation Analysis of Compatibility 
3.1 Parameter Configuration 

The planning of navigation signals of the existing systems indicates that Bands L1/E1/B1 are the ones of the most 

signals and the most serious overlapping spectra. We perform simulation analysis on the mutual interference among 

Compass, GPS and Galileo at B1 Band. We set the transmission power of the desired signal to the minimum value, and 

that of the other intra- and inter-system interference signals to the maximum. Neglect out-of-band power loss, 

polarization loss, quantitative sample loss and coherence loss, and assume thermal noise of receivers is -201.5dBW, 

obstruction angle 10°, simulation time 1d, time step 600s and network resolution ratio 1°×1°.Figure 5 shows the 

mean value of the global carrier-to-noise when the desired signal is B1C. It indicates that due to the augmentation of 

GEO satellite, the signal power is stronger in Asian-Pacific region but weaker in Atlantic and areas near South African, 



with the minimum value of 47.21dB-Hz. By adding GPS system, we can get the minimum value of global carrier-to-

noise within the simulation time. As shown in Figure 6, the minimum value is 42.84dB-Hz. Figure 7 shows the 

minimum value of global carrier-to-noise of B1C signals under the co-existence of Compass and Galileo systems, and 

the minimum value is 44.01dB-Hz. 

                                   
Figure 5. The distribution of Compass B1C carrier-noise-ratio        Figure 6. The distribution of Compass B1C carrier-noise-ratio  

（only Compass）                                                                              (Compass and GPS) 

                                     
Figure 7. The distribution of Compass B1C carrier-noise-ratio       Figure 8. The distribution of Compass B1C carrier-noise-ratio  

(Compass and Galileo)                                                                 (Compass and GPS) 

The compatibility tolerance for the design of B1C signal system is shown in Figure 8. We may find that the traditional 

methodology (which only takes into account the SSC of inter-signal power spectrum envelope) underestimates the 

influence of GPS system mainly caused by GPS L1C/A short code signals. 

4 Conclusion 
Basing on the coordination methodology proposed by ITU, this article analyses the limitations of such methodology and 

carries out modeling analysis on the most important parts of the receiver’s processing acquisition and code tracking, and 

gets the basic mathematical model for compatibility analysis, basing on which, we improve the traditional methodology 

of compatibility analysis. Finally, we simulate the interference of GPS and Galileo systems on Compass B1C within 

Band B1, and with coherent assumption of receiver parameters, we get the compatibility tolerance of B1C, thus offer 

reference for the system design. 
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