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ABSTRACT

When designing a new RNSS signal, the performance analysis for the legacy signal providing the same service, is required

to determine the performance requirements. However, there are few studies on the secured service (SS) signal performance

analysis, and the waveform is the only published information on the signal design component of the SS signal. Therefore, in

this paper, we introduce several figures-of-merit (FoMs) that can be used for performance analysis in terms of the waveform.

And then, we calculate the FoMs, such as autocorrelation main peak to secondary peak ratio (AMSR), spectral efficiency,

Gabor bandwidth, multipath error, and jamming resistance quality factor, for the existing SS signals and discuss the analysis

results. Finally, we conclude that the superior waveform for each FoM is different, and that the consideration of the trade-off

relationship between the FoMs is required for waveform design.
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Fig. 1. PSD of the existing SS signals of RNSS systems.
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Table 1. Implementation complexity and ranging performance related FoMs.

FoMs Equations References
Autocorrelation main peak max{R?(t)}
to secondary peak ratio AMSR = R0 3) Han et al. (2022)
(AMSR [unitless]) Q)
Bt
2
ne= [ 580 @
2
BT
2
me= | 4 G:(as ©
i 2
Spectral ef.ﬁmency Avila-Rodriguez (2008)
(1, 7, lunitless]) with
(S B
J . fls é
Gs(f) = I tS dy
2
\ , otherwise
Gabor bandwidth 5 " 6 ©) Xue etal. (2015)
(B(;abar[HZ]) Gabor — —Br/2f s f f *
Ig(8t;74) — IL(87;Tp)
= find| § = 7
emp = fin < t Ig(6T; ) + 1,(8T5T0p) ™
*c/fe
Multipath error
for CELP disc. with Irsigler (2008), Han et al. (2022)
(eyp [m])

d d

Ig =R (61 _E) + aR (61 — Ty _E) cos (6Y)
d d

I, =R (61’ +E) + aR (51 — Ty +E) cos (61)

where, R(7) is the normalized ACF, 7is the code offset between the received signal and the local replica, Si(f) is the PSD normalized to unit area
over infinite bandwidth, B, is the two-sided transmitted bandwidth, G(f) is the PSD normalized to unit area over , B, B, is the two-sided received
bandwidth, By, is the DLL bandwidth, I;and I, are the early and late correlator output, respectively, d is the correlator spacing, d7 is the code
tracking error, 7,,is the delay of the multipath signal, 8y is the phase offset between the direct and the multipath signal, « is the amplitude ratio
between the direct and the multipath signal, cis the speed oflight, and f; is the chip rate.
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Table 2. Transmission and receiver front-end bandwidth of each SS signal.

System GPS Galileo BDS NavIC
Signal P(Y) M E1PRS E6PRS B1Q B2Q B3A(B3Q) BI1A RS
Waveform  BPSK(10) BOC,,(10,5) BOC,,(152.5) BOC,(10,5)  BPSK(2) BPSK(10)  BPSK(10) BOC,,(14,2) BOC,(5,2)
B, [MHz] 250 250 250 250 250 250 250 250 250
B, [MHz] 30.69 30.69 32.84 375 16 36 20.46 32.736 24/16.5
B, [MHz] 250 250 250 250 250 250 250 250 250
B, [MHz] 20.46 30.69 32.84 30.69 4.092 20.46 20.46 32.736 14.322
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Fig. 2. ACF of the existing SS signals with the transmission bandwidth and the receiver front-end bandwidth are B,,; and B,;: (a) GPS, (b) Galileo, (c)
BDS, (d) NaviC.
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