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ABSTRACT

Interoperability and compatibility is the main goal for current
GNSS systems. A concept of Global Navigation Satellite
System (GNSS) is to use all navigation system together to
provide better capabilities compared with those that would be
achieved relying solely on one service or signal.
Compatibility, on the other hand, assures that existing GNSS
signal is not degrading each other below certain threshold.
GNSS provider is concerned about their own signal as well as
other signals from different service provider for co-existence.
For this reason interference analysis of current GNSS signal is
the most needed requirement in current scenario.

India is developing its own regional navigation systems
named as Indian Regional Navigation Satellite System
(IRNSS).An in-house tool is developed with suitable Graphic
User Interface (GUI) which provides static analysis of
different type of interference parameters and indicates its
compatibility with already existing signals. Using the tool,
this paper analyzes the degradation in IRNSS signal
performance due to various navigation signals in different
bands via consideration of parameters such as Power Spectral
Density, Root Mean Square (RMS) Bandwidth and
Rectangular Bandwidth. A detailed interference analysis of
proposed signals is also calculated.

In this paper, an attempt is made to analyze & review few
suitable navigation signals for IRNSS in various navigation
bands.
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1. INTRODUCTION

Global Navigation Satellite System include network of earth
orbiting satellites that broadcast signals used in positioning,
navigation and timing services, anywhere on the surface of
earth. Today two core global navigation satellite systems
(GNSS) namely, United States’ Global Positioning System
(GPS) and the Russian Global Navigation satellite System
(GLONASS) are fully operational and the European
navigation satellite system GALILEO and Beidou (China) are
currently under development. Many regional navigation
satellite systems such as IRNSS (India) and QZSS (Japan) are
in the process of development. In addition to these, there also
exists many satellite based augmentation systems like

(SNSED), Space Applications Centre (SAC)

GAGAN from India and WAAS from United States of
America.

With the increase in number of navigation signals day by day,
the performance assessment of existing and planned GNSS
signals becomes necessary from compatibility and
interoperability [1] point of view.

Interference analysis is being carried out by various GNSS
service provider. F. Soualle et al [2] and S. Wallner et al [3]
presented the interference analysis between GPS and Galileo
signals. Similarly RAN Yi-hang et al [4] presented the details
interference analysis between Galileo and Compass
navigation systems. There is various other literatures also,
where a detailed interference analysis between various GNSS
systems is presented [5].

RAN et al [4] discussed the interference analysis of interplex
modulation of GALILEO signal in E1 band. The degradation
in C/No due to other signals is also mention in this paper. The
interoperability and compatibility analysis between Compass
and Galileo signals is been presented in RAN et al [1]. The
paper by Betz [6] presented the detailed fundamentals of
different interference parameter. The PhD thesis by J.A.
Avila-Rodriguez [7] presented the detailed analysis of inter
and intra systems interference.

IRNSS would provide two services namely, the Standard
Positioning Service for civilian users and the Restricted
Services for authorized users. IRNSS will transmit signals in
L5 (1176.45 MHz) and S band (2492.028 MHz). BPSK (1)
would be used for IRNSS Standard Positioning Service (SPS)
signal transmission where as Precision Service will use BOC
(5,2) modulation. The number of systems that make use of
radio frequency spectrum has increased a lot over the last few
decades and these developments have crowded the frequency
spectrum significantly.

The complete paper is divided in two parts. In first part, we
have calculated navigation parameter through software and
compare the these parameters of existing GNSS signal from
literature[2,3,4,5,6,7,8,9,10,11,12,15,16,17,18] using a
comprehensive table of parameters. Considering the L1 and
L5 is the future navigation band. In the second part, we have
analyzed proposed a few new suitable signal for IRNSS in L1
and L5 band. A detailed interference analysis of the proposed
signal is also presented in this paper.
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2. INTERFERENCE SOFTWARE
2.1 Parameters under consideration

2.1.1 Power spectral density

Power spectral density describes the distribution of power of a
signal with respect to frequency. A more power of any
navigation signal will cause degradation for other navigation
signal. The comprehensive Table-1 shows various globally
existing signals and power PSD calculated. Figl, 2 below
show the PSD of signals in L5 and S band of IRNSS. Here the
signals are placed around a center frequency of 1176.45MHz
and 2492.026 MHz for L5 and S band respectively, which are
also the defined centre frequencies for IRNSS in L5 and S
band. The total minimum received power of these different
navigation signals received at user terminals are in the range
between -155 to -165 dBW.

Table 1: Power Spectral Density (PSD) of various GNSS

Systems
GNSS Signal | Power Power
SIGNAL Name (literature)(dBW) | Calculated
using our
Tool
(GUI)(dBW)
GPS L1C/A | -158.51 -158.23
GPS L1C -1579 -157.01
GPS L1P -1639 -163.21
GPS L1IM -1571 -157.00
GALILEO | E10S | -157™ -156.98
GALILEO | E1PRS | -158™ -157.95
GLONASS | C/A 16107 -161.00
CODE
GLONASS | P 16107 -161.00
CODE
COMPASS | B1 -1630" -163.20
IRNSS L5 1541221 -154.02
IRNSS S -1587% -158.00

2.1.2 Spectral separation coefficient

The Spectral Separation Coefficient (SSC) is directly related
to the degradation in C/No of the desired signal with respect
to other GNSS signal. As per 1TU Recommendation M.1831
[17] , the total signal to noise degradation experienced by user
in the presence of another interfering signal is given by:-

Aag = [1 + NOI:)-Po]dB ______ )

Where No is the thermal noise floor ,Po is intra system
Interference ,and lo is the external interference. The external
interference level is calculated as
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Fig 1: PSD plot of the signals in L5 band
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Fig 2: PSD plot of the signals in S band
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Gagg is the aggregate gain taking into account the interference
introduced by all the satellites of one system in view. P,y is
the maximum user receive power, SSC is spectral separation
coefficient between interfering and the desired signals. L, is
the processing loss.

The SSC is the most widely accepted parameter for
interference analysis of GNSS signals. The smaller is the SSC
of a modulation with itself the greater is the modulation
resistance to multiple access interference with other signals
having the same modulation and thus better a modulation can
be used for many signals at different received power levels

[6].

The expression for SSC can be defined as: -
/2 &
Kose = 507, G (1) Go(f)dfwremmeeee ®)

Whereas, G;(f) is the normalized power spectral density of
composite interference, defined as

amzpquﬁﬁmm.ms%ﬂ )
0,

elsewhere

B, is transmitting bandwidth, G,(f) is the normalized PSD,
B, is the receiver front end bandwidth. Hence, smaller SSC
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also indicates the ability of a modulation to provide enough
processing gain against multiple access interference from
similar signals so that it can support higher data rates. In
general there will be less than 0.1 dB degradation in C/No for
SSC below -60 dB/Hz [8] .

Table 2, 3 below show the spectral separation coefficient in
L5 and S bands respectively, evaluated via in house developed
GUI using MATLAB. SSC values shown below, depicts the
interference caused to IRNSS signals by its counterpart
navigation signals.

Table 2: SSC values in L5 band
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Table 3: SSC values in S band

SSC Interfering Main TRNSS GPS Galileo
in Ls | signal >
band
signal BPSK(D) BOC(5.2) BPSK(10)  |AItBOC(I5,
i)
(dBH
2)
Tx2 (MHz) 24 24 30.69 92.07
Tx1 Rx
MHz MHz

SSC in S Interfering Main signal IRNSS
band >
signal BPSK(1) BOC(5,2)
(dB/Hz)
l Tx2 (MHz) 16.5 16.5
Tx1 Rx
MHz MHz
IRNSS BPSK(1) 16,57 16.5 -67.77 -77.01
BOC(5,2) 16.577 16.5 -77.01 -61.74
Compass BPSK(4) 16.5 16.5 -66.21 77.32
BPSK(8) 16.5 16.5 -68.81 -73.71
BOC(6,2) 16.5 16.5 -82.54 -70.13

IRNS BPSK(1) 2477 24 -61.78 -77.03 -69.88 -73.38

BOC(5,2) 247 24 -77.03 -67.73 -72.99 -76.16

GPS BPSK(10) 30,697 24 -69.88™ 72.99 71.2521 74.6958

Comp BPSK(2) 20467 24 1025 -99.20 10132 7453
ass

BPSK(10) 20.467 24 -102.3 -89.30 -100.56 -74.57

AltBOC 51157 51.15 -72.98 -75.84 -74.32 -74.12

(15,10)

Qzss BPSK(10) 24 24 69.777 7287 71.1305 745742

Galile AltBOC 92,077 92.07 -73.3817 -76.16 -74.6851 -75.0696
o

(15,10)

2.1.3 Root mean square bandwidth:-

The Root mean square bandwidth is the deciding factor of
lower bound on code tracking accuracy [7], as a specific case
of the more general lower bound in Gaussian noise and
interference having arbitrary spectral shape [10, 11]. RMS
bandwidth is also used to decide the front end bandwidth of
navigation receiver to select optimum bandwidth in order to
minimize the code tracking error performance.

The Root Mean Square Bandwidth (in Hertz) of a band

limited signal, denoted by ‘Bzms is expressed as [2]: -

‘,]_32”“5: ffgi/zz fz Gs(fHdf......... (5)

Whereas Gs(f) is the normalized PSD of a given signal, B, is
the receiver front end bandwidth.

RMS bandwidth is related to Cramer-Rao-Lower bound [5]of
any navigation receiver performance and hence it is
considered to be an important parameter for performance
analysis [8]. This relationship is shown to be

1 BL

T C
277"“Brms AN_O

[J7:

Whereas, B, is equivalent rectangular bandwidth, % is a
carrier power to noise density ratio.

The frequency-squared term in the RMS bandwidth indicates
that even very small amounts of high frequency content in the
signal can enable more accurate code tracking. Intuitively,
these high frequency components produce sharper edges and
more distinct zero crossings in the waveform and gives more
accurate code tracking performance. Signals with larger RMS
bandwidths offer the potential for more accurate code tracking
and better multipath rejection capability.

Fig 3 shows the RMS bandwidth plot of the IRNSS signals in
L5 band. It is observed that BOC(5,2) has higher RMS
bandwidth value than BPSK(1) for front-end bandwidth more
than 4 MHz It indicates BOC(5,2) performance is better than
BPSK(1). The BOC (5,2) receiver should be operated for
front-end bandwidth of higher than 12 MHz, ideal operation
range would be 12-28 MHz and 33-28 MHz.

2.1.4 Rectangular bandwidth:-
The effective Rectangular Bandwidth of a power spectral
density, denoted by B, is given by the bandwidth of a
rectangular spectrum having both the same maximum power
spectral density and the same area. The expression for
Rectangular Bandwidth is shown as [2]:

gBrect = [f__sg}://zz Gs(f)df]/k(sinusoid at fmax)s seeeeeeeees (7)

Whereas B,. is the front end receiver bandwidth, k is the SSC
of a signal with itself. The rectangular has the same
significance as that of a noise equivalent bandwidth in
communications. Lower the rectangular bandwidth smaller
the tracking error.

Table 4 below shows the Rectangular bandwidth of signals in
L5 band.
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Fig 3: L5 band RMS plot
Table 4: Rectangular bandwidth of the signals in L5 band

Navigation | Signal Rectangular

system bandwidth(MHz)

IRNSS BPSK(1) 4.919452

BOC(5,2) 1.495606

GPS BPSK(10) 12.07938

COMPASS | BPSK(2) 2.886629

BPSK(10) 11.32546

AltBOC(15,10) 165.7836

GALILEO | AItBOC(15,10) 216.927

QZSS BPSK(10) 11.42157

3. NEW SIGNAL EXPLORATION
3.1 New signal in L1 Band

MBOC modulation can be considered as an ideal candidate
for new IRNSS signal in L1 band. The reason behind
selection of MBOC modulation scheme is as follows:-

»  Compatibility and interoperability point of view as GPS,
GALILEO and COMPASS is already using MBOC
modulation.

»  Flexibility as MBOC modulation is combination of BOC
(1, 1) and BOC(6,1) ,s0 in case of large interference
more power will be given to BOC(6,1) modulation
scheme for more reliable tracking.

» Flexibility in receiver design as simplest receiver can
used only BOC(1,1) for tracking purpose, while
complex receiver use both BOC(6,1) and BOC(1,1) for
tracking purpose.

»  Final but not the least, interference rejection capability of
MBOC signal is better as compared to other signals
existing in L1 band. Table 5 shows the spectral
separation coefficient of MBOC(6,1,1/11) signal at
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centre frequency 1575.46 MHz with other GNSS signal
in L1 band. The rectangular bandwidth of
MBOC(6,1,1/11) is mentioned in table 6.
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Figure 4: RMS bandwidth of MBOC (6,1,1/11)

The SSC values indicate that MBOC (6, 1, 1/11) has good
interference rejection capability. The RMS plot of MBOC (6,
1, 1/11) is shown in figure 4.1t can be easily seen that around
30 and 40 MHz is the ideal two sided receiver bandwidth for
MBOC (6, 1, 1/11) modulation.

3.2 New signal in L5 Band

AItBOC (15, 10) is considered to be a one of the prominent
candidate for future IRNSS signal in L5 band. AItBOC
modulation, similar to BOC modulation provides high spectral
isolation between the two upper main lobes and the two lower
main lobes (considering the | and Q phases separately). This
is accomplished by using different codes for each main lobe.
The reason behind the selection of AItBOC modulation for

IRNSS in future L5 band is as follows:-

»  The Compatibility and interoperability point of view
as GALILEO and COMPASS is already using
AItBOC (15, 10) modulation.

»  Two different types of services can be club together
in single AItBOC modulation. Hence, it will be an
effective utilization of spectrum.

»  The interference rejection capability of AltBOC(15,
10) modulation is better as compared to other
existing modulation scheme in L5 band.

» Table 7 shows the interference rejection capability
in terms of spectral separation coefficient and it can
be observed that in all cases its value is always
lower than -60 dB/Hz.
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Table 5: SSC values in L1 band with Proposed
MBOC(6,1,1/11) Modulation

SSC in | Interfering Proposed L1 band
L1 band sigpal (1575.42
signal MHz)
(dB/Hz)
— MBOC(S,
1,1/1)
l Tx2 (MHz) 40
Tx1 Rx
MHz | MHz
IRNSS MBOC(6,1,1/11) 40 40 -65.45
GPS BPSK(1) 30.69 40 -68.15
BPSK(10) 30.69 40 -70.44
TMBOC(6,1,1/11) | 30.69 40 -65.40
BOC(1,1) 30.69 40 -65.08
BOC(10,5) 30.69 40 -81.96
Galileo CBOC(6,1,1/11) 40.92 40 -65.45
BOCcos(15,2.5) 40.92 40 -91.34
Compass | BOC(14,2) 32.74 40 -85.25
MBOC(6,1,1/11) 32.74 40 -65.40

*Tx2 is transmitter bandwidth for proposed signal.
*Tx1 is transmitter bandwidth for interfering signal.
*Rx is front end receiver bandwidth.

Table 6: Rectangular Bandwidth in L1 band with
Proposed MBOC (6,1,1/11) Modulation

Proposed signal in L1 Rectangular
band Bandwidth(MHz)

MBOC(6,1,1/11) 3.4346

Figure 5 shows the optimum RMS bandwidth points for
AItBOC(15, 10). From the figure it is clear that operating
point of AItBOC(15, 10) is around two sided receiver
bandwidth 51.15 or 92.07 MHz. An auto select option is also
provided in the GUI which automatically evaluates the
optimal transmitter and receiver bandwidth, so there is no
need to define transmitter and receiver bandwidth explicitly.
For example, In fig 6 BPSK(6) signal is proposed in L5 band
at 1191.795 MHz and all the above defined parameters are
evaluated using 24 MHz transmitter and receiver bandwidth.
An auto mode is provided for evaluation of optimal Tx & Rx
BW.

Communications on Applied Electronics (CAE) — ISSN : 2394-4714
Foundation of Computer Science FCS, New York, USA
Volume 1 — No.7, May 2015 — www.caeaccess.org

Table 7: SSC values of proposed AItBOC(15, 10)
Modulation with other existing signals in L5 band

SSC in L5 Interfering Proposed L5 Band
band signal signal
L, (1176.45
(dB/Hz) MHz)
AltBOC(1
5,10)
Tx2 (MHz) 51.15
Tx1 Rx
MHz MHz
IRNSS AltBOC(15,10) 51.15 51.15 -74.30
BPSK(1) 24 51.15 -82.75
BOC(5,2) 24 51.15 | -82.46
GPS BPSK(10) 30.69 51.15 -82.73
Compass | BPSK(2) 20.46 51.15 -95.43
BPSK(10) 20.46 51.15 -88.25
AltBOC(15,10) 51.15 51.15 -84.46
Qzss BPSK(10) 24 51.15 -82.61
Galileo AltBOC(15,10) 92.07 51.15 -84.87
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Figure 5: RMS Plot for AItBOC(15, 10)

4. CONCLUSION

A MATLAB based interference analysis GUI is developed for
GNSS signals and the paper has presented a comprehensive
list of navigation signal parameters list in terms of
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interference. Using the tool, the static interference has been
calculated and studied for presently available various GNSS
signal. Further, an attempt is made based on various
interference parameters to find out suitable candidate for
future IRNSS signals in L1 and L5 band. A provision is made
in GUI to analyze any new navigation signal (BOC, BPSK,
MBOC, AItBOC modulation) in any navigation band with the
user defined transmitter, receiver bandwidth and center
frequency. This analysis shows how the performance of a
newly proposed signal is affected by already existing signals
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in the given band. Analyzing the other important parameters
defined in section 1 of the paper thoroughly, this tool quickly
predict that whether the given modulation is suitable for
proposing a signal or not. Considering the importance of
interoperability and compatibility for international co-
operation and co-existing with GNSS signals from various
service providers, further study and research are going to be
important question for development and availability of such
tool.
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Fig 6 GUI with auto select option analyzing the performance of proposed signal in L5
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