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ABSTRACT

In order to propose new satellite navigation signals, it is essential to analyze the increased level of interference effect that

the existing signals suffer. In this paper, a method for estimating the power density of the interference signals on GPS signals

is proposed before and after the additional transmission of the KPS signals in the L1, L2 and L5 bands. For estimation, we

assume the number of visible satellites observed over the Korean peninsular and the minimum received power of the satellite

navigation signals. The comparison of the estimated values shows that the power density of the interfering signal increases by

up to 1.37 dB due to the introduction of KPS, but this leads to an increase in interference plus noise power density below 0.47

dB.

Keywords: satellite navigation signals, interference power density, spectral separation coefficient, minimum received

power
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2. METHODOLOGY TO ANALYZE THE
LEVEL OF INTERFERENCE POWER ON
GPS SIGNALS

2.1 Signal Transmission Environment over Korean
Peninsular
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Table 1. Number of visible satellites over Korean peninsular.

System Number of satellites
GPS 12
Galileo 15
BeiDou 18
QZSS 7
SBAS 4
KPS 7

Table 2. Minimum received power and waveform modulation method for
signals in the L1 band.

. Minimum received
System Signal power (dBW) Waveform
GPS C/A -158.5 BPSK(1)
GPS P(Y) -161.5 BPSK(10)
GPS L1C -157.0 MBOC
Galileo E10S -157.0 MBOC
BeiDou B1C -159.0 MBOC
QZSSs C/A -158.5 BPSK(1)
QZSS L1C -157.0 MBOC
QZSSs SAIF -161.0 BPSK(1)
SBAS C/A -161.0 BPSK(1)
KPS LI1C -157.0 MBOC
KPS MLS -157.0 MBOC
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Table 3. Minimum received power and waveform modulation method for
signals in the L2 band.

Table 5. Spectral separation coefficient between the waveform modulation
method.

System Signal Mlgg?vl;n(;;c:\g/ed Waveform
GPS L2C -158.5 BPSK(1)
GPS P(Y) -161.5 BPSK(10)
QZSS L2C -158.5 BPSK(1)
KPS L2C -158.5 BPSK(1)

Table 4. Minimum received power and waveform modulation method for
signals in the L5 band.

System Signal Mgg&:ﬂ;?:\;;’ed Waveform
GPS 5 -154.0 QPSK(10)
Galileo E5a -155.0 QPSK(10)
BeiDou B2a -155.5 QPSK(10)
QZSSs 15 -154.0 QPSK(10)
SBAS L5 -157.0 BPSK(10)
KPS 15 -154.0 QPSK(10)

ICD 2010, Galileo ICD 2014, IS-QZSS 2018). Tables 2- 4o{|A] ||
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2.2 Spectral Separation Coefficient Between the
Signals
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Waveform SSC (dB-Hz)

BPSK(1) BPSK(10) MBOC
BPSK(1) -61.86 -70.25 -68.28
BPSK(10) -70.25 -71.87 -70.86
MBOC -68.28 -70.86 -65.66
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2.3 Estimation of the Interference Power Density on
GPS Signals
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Dca = 10l0g10(Ppica) - SSCrip1 + 1010g10(Pr1oca) - SSCp1051
+10log10(Puca) * SSCupa 2)

03 7] 4 SSCpyp, SSCpiogs, SSCypris 2+t Table 50 % 2] % BPSK(D),
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3. ESTIMATION RESULTS OF
INTERFERENCE POWER DENSITY
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Table 6. Parameter for Estimation.

Parameter SSC (dB-Hz)
SSCpsn 61.86
SSCpion: 7025
SSCum 6828
SSCpuus 6828
SSCpions -70.86
SSCyns -65.66
SSCaronio 7187

Table 7. Signal transmission environment over Korean peninsular causing
interference with C/Aand L1C.

System (x) Signal (y) N C}/,A @w N LIC @)
xy x| Xy £y
GPS C/A 11 141.25 12 141.25
QZSS C/A 7 141.25 7 141.25
QZSS SAIF 7 79.43 7 79.43
SBAS C/A 4 79.43 4 79.43
GPS P(Y) 12 70.79 12 70.79
GPS L1C 12 199.53 11 199.53
Galileo E10S 15 199.53 15 199.53
BeiDou B1C 18 125.89 18 125.89
QZSS LI1C 7 199.53 7 199.53
KPS L1C 7 199.53 7 199.53
KPS MLS 7 199.53 7 199.53

Table 8. Signal transmission environment over Korean
peninsular causing interference with L2C.

] 12C

System (x) Signal (y) N, P_aW)
GPS L2C 11 141.25
QZSS L2C 7 141.25
KPS L2C 7 141.25
GPS P(Y) 12 70.79

Table 9. Signal transmission environment over Korean
peninsular causing interference with L5.

] L5

System (x) Signal (y) N, P, W)
GPS L5 11 141.25
Galileo E5a 15 316.23
BeiDou B2a 18 281.84
QZSSs L5 7 398.11
SBAS L5 4 199.53
KPS L5 7 398.11

SHIEE ARFoll A TEEE 7FA$Ad Q] Aol 7Hd AlSol 27
HE A 41 7S Tables 7-90.2 A5t Table 1044
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Tables 7-92] GPS 7}A| 9143 &) A4-2 1102 dHslgior P, =
Table 20f|A] A|AIE dBW ©9lo] XA 441 =S aW(0 18W)
tholZ shakslgich

Table 102 9lofl4] A3t mfetu|e]l g & -85}o] KPS

-

S HdH
9] GPS A5 A 1M 45 MY =g 4% 4t
o|tk KPS &4 0]& GPS C/A, LIC, L2C, L57} A& 7H] A1

o] M8 Wxr} KPS £9] o]A7} ulamsto] zkzt 047, 097, 137,
063 dB WH= Z7}s}9itt Ll thedoflA] 27} A4E = KPS LICS}
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Table 10. Estimated results of interference power density on GPS signals.

Interference power density ({BW-Hz)

Conditi

ondition C/A LIC 12C 5
Before KPS -204.38 205.15 2207.60 2209.37
After KPS -203.91 220418 -206.23 -208.74

Table 11. Estimated results of interference plus noise power density on
GPS signals.

Interference plus noise power density (ABW-Hz)

Conditi

ondition C/A LIC 12C 5
BeforeKPS  201.18  -201.53 -202.43 -202.89
After KPS 20094 -201.08 -201.96 -202.74

MLSo]| -85 7} W% W& MBOCO 24 GPS LICS} 59
517] WjEo]] GPS LIC7} AL 714 Al5.0] He] 9 =0f £%0]
g 4 i’ll‘% L2 tfe]

N

|

GPS C/ASl 721}t 34 YepdS St
A 371 AEE = KPS 415.9] 4= LI Q1 7 -2t 2 3o

T B3}l3 GPS L2C7} 7= 7H] Ao Ay 15_ = &%
o] 7V ZA] UreRLbs o] = KPS L2Co} GPS L2Co] % 4 s}
% WX WA Abo] &) SSCP} Table 60|41 A 23t Z1 2} 2ol -61.86
dB-Hz2A] 7} 2 28 77 tj &0 2 &§A41sk 4~ 9ich Table 11

£ Eq (022 S5 KPS 58] HF GPS AITE S48 o
HEE 7 2 S A WES FesiA ol 3 Yk Table I
oI el dsted 1 o g e W) S

4 OTOﬂ JME el zbzh 2.82 dB, 3.
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GNSS 2012).

4. CONCLUSIONS
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