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ABSTRACT

As the importance and dependency of the positioning, navigation, and timing (PNT) information provided by the radio

navigation satellite service (RNSS) increases, the vulnerability of RNSS to jamming can lead to significant risks. The

signal design under the consideration of anti-jamming performance helps to provide service which is robust to jamming

environment. Therefore, it is necessary to evaluate the jamming robustness performance during the design of new signals.

In this paper, we introduce figures-of-merit (FoMs) that can be used for an anti-jamming performance analysis of designed

signals of interest. We then calculate the FoMs, such as the quality factor (Q factor), tolerable jamming-to-signal ratio (tolerable

J/S), and range to jammer (d) for legacy RNSS signals and analyze the results. Finally, based on the results of the analysis,

we derive waveform design conditions to obtain good anti-jamming performance. As a result, this paper shows that the

waveforms with wide bandwidth leading to good spectral efficiency provide strong anti-jamming performance.
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Table 1. Waveform of RNSS signals considered in study.

Waveform
BPSK(1)

System & Signal
GPS: L1 C/A, L2C
GLONASS: L10C (data), L20C (data)
QZSS: L1 C/A, L1S,L2C
NavIC: L5 SPS, S SPS
BDS: B1, B2I
Galileo: E6
QZSS: L6
GPS: L1 P(Y), L2 P(Y), L5
GLONASS: L30C, L50CM
Galileo: E5a, E5b
BDS: B2Q, B2a, B2b, B3, B3A
QZSS: L5, L5S
GLONASS: L10C (pilot), LLOCM, L20C (pilot)
QZSS:L1C/B
GPS:L1C
Galileo: E10S
BDS: B1C
QZSS: L1C
NavIC: L1 SPS

BPSK(2)
BPSK(5)

BPSK(10)

BOC,(1,1)

MBOC(6,1,1/11)

BOC,(5,2) NavIC: L5 RS, SRS
BOC,(5,2.5) GLONASS: L1SC, L2SC
BOC,(10,5) GPS: LIM, L2M
BOC,(10,5) Galileo: E6PRS
BOC,(14,2) BDS: B1A
BOC,(15,2.5) Galileo: EIPRS

Fig. 1. PSD of the RNSS waveforms considered in study.
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Table2. The model of 4 types of jamming signal.
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Type

Equations

Continuous wave interference (CWI)

Matched spectrum interference (MSI)

Chirp interference

J Chrip (t) =

Jewi(®) = J2P; cos(2mfit + ;)
Jusi(®) = J2P; 5;(t) cos2mfit + 6;)

k
2P; sin[Zn(fo +Et)t], t=0<t<T,,

Band-limited white noise interference (BLWI) [z () = n(t) cos(2nf;t + 6;)

where, P,is power of the interference signal, f; is interference frequency, 6, is the phase, s(t) is the MSI spreading
code, f, is the starting frequency, k is the chip rate, T, is the sweep time, n(f) is the Gaussian white noise with

mean value zero and variance o’

Fig. 2. PSD of the CWI signal.

Fig. 3. PSD of the MSI signal (BPSK(1)).
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H&5h7] wiizoll 41719 A7) 888 Holg A4S X2 it
& N7, 5 EH T 2417] A28 Falo] ofrh
= 542 7171tk (Chen 2014), Fig. 3 RNSS A15.9] A4ataio]
binary phase shift keying (BPSK)()d wj, MSI2] A&l PSD
g uelgnt

Chirp 15 A% Fops 22 E9E Q14 99 A5 24
JeHoz ol H A9 Segol £ el 2k ) A

O} 7+8 27} Mul ek
9] k7} 50 MHz/ms, Tmﬂ 01 msm o, Ak ST 8T
Sl PSDE Mofc. Fig 4o 237194 1, 53 Wakshe 2o

& HojFr, Fig. 4bi= 15719] T,, &<F chirp 7Hd9] A +tshd
PSD% Hojgot

BLWI= RNSS 4135 o] Ulell4] Qg3 A% 2.8 2% 7+
A% ojulgick, 2 At BA AAH0ZNE AAHE AEx
AlZo] oJs) Tk BLWIE & 4157 54 ¥t el
Mg PeiE B9 P 4 glow, tieo] AkE 9 AdE
U& 2 7HPAIRE 23T 2k Fig, 5t g Fo] 10.23 MHZ

(b)
Fig. 4. Chirp signal characteristics (k=50 MHz/ms, T, = 0.1 ms): (a) time-
frequency, (b) PSD.

Fig. 5. PSD of the BLWI signal (bandwidth = 10.23 MHz).
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Fig. 6. Performance results according to Q factor definition with respective to carrier tracking: () Q g (0) Qcarrite
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Fig.7. Q'c..,z of each waveform with respect to jamming signal type.

Fig. 8. Qg Of €ach waveform with respect to jamming signal type.

Fig. 9. Tolerable J/S of each waveform with respect to jamming signal type.
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Fig. 11. Result of range to jammer. solid line: 20 dB, dashed line: 30 dB,
dotted line: 40 dB, dash-single dotted line: 50 dB.
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