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ABSTRACT

In order to develop a Korea Positioning System (KPS) as part of key national infrastructure, independent navigation signal
design is essential. The designed signal candidates must coexist with existing or planned GNSS signals within the limited
frequency band. This requires a RF compatibility assessment, which can be performed using the Spectral Separation

Coefficient (SSC) and Effective Carrier to Noise Density Ratio (Effective C/N,), for navigation signals. Thus, in this paper, the
analysis of RF compatibility between the designed signal candidates and the existing GNSS signals is carried out based on

analytical and numerical techniques.
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1. INTRODUCTION

Global Navigation Satellite System (GNSS)-& A HEA1 QA1
=5, 31, B, SASE, A E7] T T EofollA 2eE
o= Fo40] BolAR ek AlA of2] Uetse Expde
2 GNSS &8 4 JAgislE Y8l =51 9lon, u]= Global
Positioning System (GPS)E BE= slo] 8- AA5ho] Galileo, &
Alo}e] GLObal NAvigation Satellite System (GLONASS), &=
9] BeiDou Navigation Satellite System (BDS), &&2] Quasi-
Zenith Satellite System (QZSS), 21%. 9] Navigation with Indian
Constellation (NavIC)7} Qlt}. o]2|gt Sk e} gh=% =4}
ZQl & 9] A|AH] Korea Positioning System (KPS)-2 =7} Q1L
g} L&0] dglo 2 kst A& o]t} (Park & Heo 2019).
olo} T2 9 FH AARY A EL FAA ] EAA
(ITU: International Telecommunication Union)oj|A] SFA|AE]
delom Wke £ tiolg Bol SAIET thiie) 3
AEE Lo AHESIaL gl om, FA1H 7] B4 Telx
o1 (24835 - 2500 MHz) @ C thed (5000 — 5030 MHz)-2 &HHA]
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ojo] 27} Tto] we} NaviCe LS iz} S thed g A}
MEA AAE KPS A FAIA 7 FAI Ao A &
& theietol Mg Als AP} Bgolm AAE
Ak Tk S QtoflA] 7]1& GNSS 415 ¢ AFH
5.9} FZ3foF S}, Avila-Rodriguez et al. (2007)o)|A = &8t
doll sl ZF 78 AHlA 9 A5 E WefishA] ¢EaL Positioning,
Navigation, Timing (PNT) MH|AS HE 2 E= A ALLS 4+
U= THolztar A, AA| Galileo AA Al 71& YAl
ohe] FEL Testo] Fukh 2 A1S AL BHx 21
sk PRI R ThE 71E WPEAES) ASE SRS 55
7] A3 ko 2 A5 AlElS 25t (Avila-Rodriguez 2008,
Zhang et al. 2017), KPS A& <IA] 7|& 9 A& = Al 5olo] 55+
& Tste AA = ofof gt
NE S8 BIHE 93 AR PHESS ABEAS
Spectral Separation Coefficient (SSC)Q} Effective Carrier to
Noise Density Ratio (Effective C/N,))E AFEStc} (Wallner et al.
2005, 2006, Liu et al. 2011, ITU 2015). AjE5A AA= KPS A5
ol 71& Y A5 53 HIHE SBiAME ol At AeA
5 AHgsle] A5 A8 5] Aot Shin et al. (2020b)e]]
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2. FIGURES OF MERIT

2.1 Spectral Separation Coefficient (SSC)

SSC A ZolH 2H4e] ol k7=l A% A5t
Ephar, s} sm i LB Aol ol A ()3 2
ek 4 glt

Br/2
ks = | PG )

ol7]1A & 4:417] front-end9] Ba HAZ, G H 73t
=] & 7H4(aggregate interference)©] Power Spectral Density
(PSD), Gy(f)= B3}t | 4159] PSDo|t}. SSC= 2R 4AlS
A A, 71 Asete] SE4 BERE 9l AHeE 4 olck 7
Zro] Ao 8 715 F 48 32 Il (aggregate effective
noise leveDell gt AlgkE 712, o] & %é— 17171 {18k 71&
A5 9 RS 415 7 SSCO] AR

5o ogk 714l

Al
2 }—73%*11 22 4159ke] SSCE k
£ THESlof g} (Betz & Goldstein 2002)

2.2 Effective Carrier to Noise Density Ratio
(Effective C/N,)
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Table 1. Test scenario configurations.

Center Signal/ . Sub-carrier
Frequency . . Chip rate
band frequency  Scenario = Modulation [Mcps] frequency
[MHz] name [MHz]
E6 CS
BPSK(5 5.115
1278.75  (=QZSSL6) (3)
E6PRS  BOCcos(10,5) 5.115 10.23
1268.52 B3I BPSK(10) 10.23 -
SPS-S  BPSK(1) 1.023
S 2492.028
RS-S  BOC(52) 2.046 5115
S1 BPSK(1) 1.023
1283.865
- ) BPSK(5) 5115 -
1288.980 S3 BOC(5,1) 1.023 5115
: S4 BOC(525)  2.5575 5115
S5 BPSK(4) 4.092 -
S6 BPSK(8) 8.184 -
S 2492.028
S7 BOC(3,2) 2.046 3.069
S8 BOC(3,3) 3.069 3.069
QAsl 41710l =EohE GNSS 412 AR ofuat 2h4del 2k
Ae7IA] 1edst Effective C/N, S AASHoF 5L o]= 4l &
2] Hokel A FER AMHEE & ‘2,111} Effective C/N,= 7+
Ae ooz muasto 2 ALK & 9lond A (2)9F Zh

(Betz 2001). o37] A Cs+= Al A} —]»— GNSS A1z 9] =41 A
H, N, 4719 4 S A8 25, e A Y 44l Aol
t}. 73] RF front-end th&-E& 7HA & o424 Ql GNSS 4=
A1717} 7¥R = C/N, = C/N,°ltt. &, 4 (2)= RF front-end o
Q2 gl 2ol &8l O/N, 7t oA %‘Jﬂﬂhﬂ Hojgrh
RF 7H4L8 5215} 217} 317] 9 GNSS A|AH] 215
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R A ()3} o] ThA] 22 4= QlTh o1 7]A] Ty
$8 A 2519] 4150] o2 518 D ARolch AEA 4
Sof ok 1M GNSS AJAH] Algef ofgh 7Holn g
| 3=, A (42} o] Alikd 4 Qlth Al (DE A 3)
Asro x4 SSCof| w2 Effective C/N, 2] G3tE Al
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3. RF COMPATIBILITY ASSESSMENT

3.1 Scenario Configuration

5 $33to] ob) A EIA] 9L o] §2 GNSS/KPS 4]
ATt 21517] 918 KPS 415 ek 9129 Alute)
3 5 olof] oish A B0l S 2B B =4
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Fig. 1. Legacy signal PSD in L6/S band: L6 band (left), S band (right).
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Fig. 2. Legacy signal PSD and scenario signal PSD: (a) L6 band, (b) S band.
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S g AAIBI o Alue| e 24 7]E
t}. 7} A5 52 EAL Table 19] A ols}3itt.
Fig. 12 L6 4 S tHef] EAfist= 718 $14 & A 59 o]
¥ PSDo]t}, L6 thelof= Galileo] E6 CS(= QZSS LEX), E6
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o] £7} A5 A9 BE A5 Y Hjl 2H 5 x|
9l B3 X150 AL 16 t]ele] A FuliaHE] 9F 0 2 oF
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RS-S 4157} EAfi5hH, NavICite] FdsH 418 E &3]
Qe o] Qi
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Fig. 3. Analytical simulator GUI.
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Fig. 4. Numerical simulator GUI.

Table 2. Spectral separation coefficients in L6 band [dB/Hz]: analytical (numerical).

Tx Galileo BDS Scenarios

Rx E6CS E6PRS B3I S1 S2 S3 S4
BPSK(5) BOC,(105) BPSK(10) BPSK(1) BPSK(5) BOC(51) BOC(525)
E6CS -68.8046 -86.7943 -83.6743 -83.9954 -76.9883 -89.9543 -85.9816
=QZSSL6  (-64.2985/-68.4776)  (-86.4276) (-82.8845) (-83.9871) (-76.9240) (-89.8908) (-85.8304)
E6PRS -86.7943 -73.1731 -74.5647 -88.8969 -81.8951 -85.4320 -81.4592
(-86.5091/-86.5763)  (-70.5324) (-74.5854) (-88.8599) (-79.1081) (-85.4362) (-81.3935)
B3I -82.9988 -74.5365 -78.7834 -96.2059 -89.1867 -86.2425 -86.6029
(-83.4698/-83.6545)  (-74.5989) (-68.2783) (-95.7046) (-88.7910) (-85.4522) (-85.8189)

Table 3. Spectral separation coefficients in S band [dB/Hz]: analytical

(numerical).

NavIiC Scenarios
Tx

SPS-S RS-S S5 S6 S7 S8

BPSK(1) BOC(52) BPSK(4) BPSK(8) BOC(32) BOC(33)

SPS-S -61.8507 -77.8018 -66.4749 -69.2742 -73.3979 -77.3873
RS-S (-48.3018) (-78.3400) (-66.3173) (-69.0046) (-72.5902) (-76.8170)
778018 -69.2041  -78.2676 -74.8646 -77.3304 -76.8271
(-75.0970) (-67.0148) (-78.0997) (-74.8343) (-73.9381) (-76.7107)

3.2 Analytical Simulator

siA42 AlgdolH

1547 shetn]ee} A4 ko]

= A
AL 7uto 2 33159 on] MATLAB 7]HF A| E&o]Ad Eo]
T} (Han & Won 2019). &4 Al ¥t oluz} YA ghafi=], Ag,

#4171 2 Al &
59 HBA4E AR,
olct. $45 0.2 AT 3l
EEA EEREESIT)

24 Sl ilel A48 s
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%_/‘gj _z'__,_]__'_, _,__1_].)\ EHO:] /K—]Z’]

W S5 57} o] X £
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A 3 g gletu]g)E 71X & Signal Design Parameters ojj'd
It 22014 AET Linss B Lyonanss A 9 2B S 7HA &
Interference @f'do|c}. Al Ed|©]E]+= Signal Design Parameters

Hdo] e eiujelg F|ko 2 o] 24 PSDE 12w

o]

£ o]g5}o] A4k SSCo} SSCof| wet AFE 4 Y Loy &
Interference 3j'dof 2o 24 SSCo| me Effective C/N, 2

=
EA _Q_ﬂ-_,] Z_l- JAEE & 4 13, Effective C/N, & E3H 7FA]
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o el M AHALS 1 §5lo] 25T Fakel HPAT (
Goldstein 2002, Betz 200D)o)|A] AA|E = AAFE B 251o] 4~
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3.3 Numerical Simulator
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Table4. Equivalent noise density in L6 band [dBW/Hz]: analytical.

BDS Scenarios

B3I s1 s2 3 4
BPSK(10) BPSK(1) BPSK(5) BOC(51) BOC(52.5)

E6CS (=QZSSL6) -

-228.6743  -232.9748 -225.9677 -238.9337 -234.9610
-219.5647 -237.8763 -230.8745 -234.4114 -230.4386
-223.7834 -245.1853 -238.1661 -235.2219 -235.5823

Table 5. Equivalent noise density in S band [dBW/Hz]: analytical.

BPSK(1) BOC(5,2)
-208.3779 -224.3508
-224.3508 -215.7531

BPSK(4) BPSK(8) BOC(3,2) BOC(3,3)
-215.4543 -218.2536 -222.3773 -226.3667
227.2470 -223.8440 -226.3098 -225.8065

72 G 2
F71& el spectral hne %
L o]|2F Sscﬁ_‘,} o= 7FS 71 4
Sk ITU 20159] w2 1023 chip2] %
C/A 7% integration timeo] 1 msE &
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A PRN ES QT 4 G FS
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01:]- O]ﬂ'ﬂ E6 CS 415 2] 739 Data
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= E6 CS X159} ulzl7}x| 2 Datao}
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4 4*401]/\1 Zﬂ—

kl

o m]o

Noise (AWGN)<} 7V
A3+ C/N, 2 AWGN ngLJ o
st C/Nog H]Lo&_%ui C/N,

3.4 Simulation Result

Tables 2¢} 30]Al= L6 & S T o] thslo] AlLha] @0 71&
/3 ] Als 7he] o] &4, %14 SSC A4t AIHE HofEoh
SSC AHAbo| AF2-5 front-ende] 4 tfedZ-2 Galileo, BDS,
T eJ =0l 40.92 MHz, 20.46 MHz,
2 o]3}eit} (Galileo ICD 2016, IRNSS ICD 2017,
BeiDou ICD 2018).

o274 B 4217 SSC ATH= A7 A5} 7M1 5 Afolg]
A1 PSDE] FAEZ} HolA] =

NavIC 41 zef tjsf] Z42} 7]
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JUel o7l E 72 gHA S| tis) Ay
o g o SSC ZHe 7HAS selsint =5k Alua] 0o
FSSC ZtEH 71E PHAEE /\}OH SSC o] ©l 2o &
& 2= glrt S ted o] SPS-S9] 7% E6 CS A1 5.9} T3} A
2o Z =0 self-SSCE 71A| 0, S thed WollA] 713t =& SSC
e 7HATE S ol AU L 4159} 7| & dPHA1S 7F SSC
e HlIﬂﬁ]—"ﬂ S = BOC Hz7]HE AFg5ho] B4 PSD7}
712 Ao} A 7] o= S7 W S8 AU 9T} BE 7]|& &)

A

[o
A}
N
Ra)
rr
w2
w
)
w2
e
S~
ok JQ r..d N, }OII 1

HALE o] e MukE 0 2 G SSC e 7R BRIkt of
£5 5SC ghah $214 SSC 32 vlsll S thes 2% SSCrt
o]23

SSCEu A4 o= E3kon, gre] Zpol= UATH SSC
2 & HeE Ae & 4 Qlrh ol SPS-S9] A%
S Al 4l so] Hsl o] &4 SSCet 44|

£ 71& A
2 SSC ko] xpo]7} ok 13 dB/HzE %ko] 2jo|7} 24 o]& thE
A3 E0] H|5} SPS-S9] Z& Zo]7}1023 chipo.2 e 7= Z
o] Zr1 dlo|E] 457} 25 bpsE uf$ 7| oot

AAbE SSC gholl wE o] 234 Effective C/N, A512 gH215}
7] $180 A (3)5 o]&510] ZF GNSS A|Ao] T3t & 7HS L

stk & 7H48 E5H7] Y8l A SE Interference Rx. Power
+ -155 dBWo | Z} A|A]lo] FYUgt MY o7 AT 5 FAls)
th3 7Pk 7k GNSS Al 28] thgh 7hA] $hd 4 Galileo,
BDS, NavIC, % Alute] 2. 4ol cfs Zk2t 107], 1071, 771, 47]
2 olaieict. A4 & 7H41S Tables 49 5of] Felalal o,
7} Tableof|A] 7]& GNSS AJAH] 7+ 7}x]h o]2A & 719 2
ohgkat 71% GNSS Aladlh Auge] e A% 7k 7R o] 2 A
F 79 Fdigkol mhe Effective C/N, A5k Fig. 501 =AI5}
Stk L6 thedoll A B6 CS9} E6 CS 415 Afojof o] Z7H4de]
712 GNSS 415 7+ & 7Hd & 713 7o, E6 CS2} S2 Afol Q]
Z7M400] 71E GNSS Alzet Aluel e 457 & 7 5 71
7tk S thefell At SPS-Se} SPS-S 415 AtolellAle] E7H4do]
7]1& GNSS A5 7F & 7H9 = 7P 7 o1, SPS-Se} S5 AFo] 2]
Z 7Hdo] 7]& GNSS 4159} AlUg]le A5 7F & 7 & 713
ZAt}. L6} S to] B o] 24 F 1M 9] iRt 7]& GNSS
A AE 71 ZFo|9] 0 1] 7]& GNSS A|AET}F AlU}a] @ 71 ZHe Z]
7k B} o 2RSS < 4 gtk mEE Alua] e s 94 4 }
o} 7| & g A|AE| il 67]7F A7 1R|EE o] = 10712
2 wol] Hla 4 dBW/Hz Xfo] 2 o2 mefgict sjefets Al

http://www.ipnt.or.kr



26 JPNT 10(1), 21-28 (2021)

Post Correlation Effective Carrier-to-Noise Densiy Ratio Post Correlation Effective Carrier-to-Noise Densily Ratio

feciive OIN [4B-Hz)

AEffective C/Ny = —0.26 [dB — Hz)

AEffective C/Ny = —0.85 [dB — Hz]

@ AEffective C/Ny = —0.01 [dB — Hz] ® AEffective C/Ny = —0.18 [dB — Hz)

——n
- -
- -

2138016 JBWH2), E6 CS <- W « E6 Cs |
2259677 GBWH2), E6 C3 < WN + SN2

2083779 GBWH2), SSPS < WN + 5575
3 GBWH2), SSPS < WN +SN 5

0 20 30 4 S 6 70 8 0 20 0 6 70 80
Elevation [deg] Blevation [deg]

Fig. 5. Effective C/N, degradation in L6/S band: L6 band (left), S band
(right).

EGCS-B(WN only) CIN,, Estimation

60

Meanc)y, = 46.43|dB — Hz]
20

C/N0 [dB-HZ]

ESCS'B(WNOSZ) C/No Estimation

60

Meang)y, = 46.42[dB — Hz]

CINO [dB-Hz]

20
AEffective C/Ny = —0.01 [dB — Hz]

0 1 2 3 4 5 6 7 8 9 10
Time [s]

(@

EGCS-C(WN only) CIN,, Estimation

Mecany, = 46.44[dB — Hz|

CIN, [dB-Hz]

EBCS-C(WN,SZ) ClNo Estimation

Meang,y, = 46.44[dB — Hz|

CIN0 [dB-Hz]

AEffective C/Ny = —0.00 [dB — Hz]

0 1 2 3 4 5 6 7 8 9 10
Time [s]
(b)

Fig.6. E6 CS effective C/N, degradation: E6 CS-B (a), E6 CS-C (b).

SPS-S(WN only) C/N, Estimation

@
S

s o

I
S

Meanc/y, = 49.44[dB — Hz]

CIN, [dB-Hz)

»
S

<

°
~
w
IS
@
ol
~
®
©
s

SPS-S CINo Estimation

(WN+S5)

Meang,y, = 49.43[dB — Hz]

CINO [dB-Hz]

AEffective C/N, = —0.01 [dB — Hz]

0 1 2 3 4 5 6 7 8 9 10
Time [s]

Fig. 7. SPS-S effective C/N, degradation.

https://doi.org/10.11003/JPNT.2021.10.1.21

Hl.2.9] SSC ghol 71 B4l
,r,]kl 2 U]

Sof sl Wi FF o2 THA
= 7H4 Zre] ¥isl2 Q18} Effective C/N, ¥i3}7} 3.2
ot} L6/S EH o B 7]& GNSS Alset AlutE] @ 7k & 7Hdel
2 Effective C/N,+= GNSS A5 7F & 7149 ojigke] o=
Effective C/N, A3}l H|5}| C/N, T4 AE7) 2302 2Rk
T, L6 thed-& -0.01 dB/Hz, S Tl -0.18 dB/Hz2] 7+ 71Aich
GNSS 415 7+ & 79 2thgkel o e oA At Hl

=
8 dB

o 23 o & A5he HAXe L6 L -0.26 dB/Hz, S TS
-0.85 dB/HzE A5}e] A&7} 28-S oF 4= gith

o) :

SSCoj| k2 Effective C/N, B3t AEE $+XH 02
5H7] $1sll =214 AlgYoldS 0] 43sto] A EH OIS £
SEALE A% B3t vlwslr] sl 712 Alset AluE| e 4l
37FSSC 3 = T 7}1} At 71201 E6 CS <« S2, SPS-S « S59)
Effective C/N, 22 A EY Ol E AMESle] AHE &
H5}3iTt. Fig. 62 E6 CS A5 x]a] Ax}o]1, Fig. 78 SPS-S A1
3 A Aot} o] 24 Aute} VA R ekrke] A5HE B
QAN o] 24 x| Hot "X o] 2k A5HE 2SS & 4 qlth
ol AA B E ASef Ade] IS o o o P 4ls
2RE 2= 4159] A|l7] B} White Noise<] A|7]7F &A1 AHA]
H A5 o] 9dgko 2 QI%t Effective C/N, G/t & Ho|x] ¢&F
| Wf2olct. o]2gt o] 42 BE AlEH ol A 2] Al o
01 dB/HzZ AlL}a] & ﬂi%_— Z7)5lo] wat 712 3 A5 9
qs =79 §le Ao = oAkt np
5 o] t} %‘J A5 0] 7HdEo] Hol YAR
3t Effective C/N, @sh= 3] ¢¥t} oo, PRN njcte] 7+
7} t27] wj&ol 7]% PRNo| v}H7] =AY 7Hd PRN
HPE’M] =W 4 C/N, & A5t A7t Getx] A ot shA| gk
C/N, 37 #k3t st J o) gapd $olz] 7Hde] g&Fo] 9l&
i %13 C/N, 8] A5} G2 LTS SRIsIGInh

ShH, Aol|A] & 4= 9l%o] SPS-S 415.9] 4 C/N,7} E6
CS A1z o] 2% C/N, 2t} ¢F 3 dB &2t o]+ E6 CS A[EH|9]
Aol AMEE X8 AlEFolE7) 4Al5 9] 4 R EE AlS
2]2)5}t7] wjRolt}h. &, E6 CS A15.0] 7S AWAISH o] Data (E6
CS-B)¢} Pilot (E6 CS-C)AARE 50%2] H]&Z HHL 1o
AT A7) gl 7] E6 CS A15.0] 3F A AJRTHA1S x|t
7% 100% A2 & 71X = SPS-S A5 Kt ¢k 3 dB A& WA Lt
A == Aol

-
o o

o

N

2 8
A
‘o?

Z] o
A

ok
LT

o

o] =
= T
A2 5

_IRj_,

o°|’

r]m e
J‘f

S o

fu

=2
=

re

%

ﬁ X O o>
k1

ol

4. CONCLUSIONS

e
rr
A
2
2
rIr
>
for
A

A shebule e} A5 A4 THe] TAAS
AlEdolE et 41T $441 AIQ1 A A
l% [o]E1E o]-g5to] A AlubE] 2.9} 7]
ofo] 535 é% 7193t SSC Y Effective C/N,
7]& GNSS Al5o] o] A & 7149
ﬁ°d FEFE Gkl

AA A 59} 7HAI S AFolo] ol ZHI} K|
,j A] PSD&] GALE 7} Wolz|= 7L SSC Zho] 2F
L6 thedolAl= E6 CS9} E6 CS Ato]2] SSC7h

N
i)
L
lo
bt
R
]
ol
:l:‘
1
JE

P

>
o

Q
Z,
%)
v ol

T > FIF
fol 4
E

N

of M N o
o,
%

0011
1o
=)
i

X

wn
(@]
@]
1o
S ox



7Vg 7o, B3Ik S1 Abol o] SSC7F 71k Ak S Hhelef
SPS-S¢} SPS-S Alo]e] SSC7} 7} 7 o.m, RS-S&} S5 Afo]2]
SSC7}F 714 ZRokeh A" SSCot 4] SSC Ato| o] Zk x}o]
L qlglont § ABEloldel ] e ghel ko] FAMeE. o,
PRN Zol7} A7 Hlole] $E7} U5 we Ag 4xldow
ALK gkt sl o 2 ALKE ghe] Afel7} Zict,
Effective C/N, 2] 7% &tA] AAKSESSCeF 7IA] 914 5 11
23t % 7Hdo] 4 Tetule 2 Soirl] o] SSC7h 245
A5} A =u, A A EeolE S o] g5lel 23t A3}
Asto] w7k LE Ak ol s 2o 1dB7} YA gk S
o WS Ae-S SIStk 4114 AlBelols ATE nhv}
22 -001 dB A Eo] mj< 2k 512 711S gelslel T, o]
A A EeolEE o 85to] 2T Arprr WY e glo]
o} whebad Le/s chedoll M2 4157} AAEelE 71E 41
3E gl =37 /H‘:__J 031@7]. H % _9_§_ o:“/\o]-%];]-

= X T

J

F

rlr

lo

ACKNOWLEDGMENTS

4] Ao Tl
(No. 2020R1A2C2013091).

o

AUTHOR CONTRIBUTIONS

Lee, S. and Won, J. -H. contributed to the design and
implementation of the research, to the analysis of the results
and to the writing of the manuscript. Conceptualization, Lee, S.
and Won, J. -H.; methodology, Lee, S. and Won, J. -H.; software,
Lee, S.; validation, Lee, S. and Won, J. -H.; formal analysis,
Lee, S.; investigation, Lee, S.; resources, Lee, S. and Won, J.
-H.; data curation, Lee, S.; writing—original draft preparation,
Lee, S.; writing—review and editing, Lee, S. and Won, J.
-H.; visualization, Lee, S.; supervision, Won, J. -H.; project
administration, Won, J. -H.; funding acquisition, Won, J. -H..

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Avila-Rodriguez, J. A. 2008, On Generalized Signal Waveforms
for Satellite Navigation, PhD Thesis, Institute of Geodesy
and Navigation, University FAF Munich.

Avila-Rodriguez, J. A., Hein, G. W., Wallner, S., Issler, J. L.,
Ries, L., et al. 2007, The MBOC modulation: the final
touch to the Galileo frequency and signal plan, in the

Subin Lee et al, Assessment RF Compatibility for Signal Design 27

20th International Technical Meeting of the Satellite
Division of The Institute of Navigation (ION GNSS
2007), Fort Worth, Tx, 25-28 Sep 2007, pp.1515-1529.

BeiDou ICD 2018, BeiDou Navigation Satellite System
Signal in Space Interface Control Document, Open
Service Signal B3I (Version 1.0), China Satellite
Navigation Office. http://en.beidou.gov.cn/SYSTEMS/
ICD/201806/P020180608516798097666.pdf

Betz, J. W. 2001, Effect of partial-band interference on
receiver estimation of C/NO: Theory, Proceedings of ION
NTM 2001, Jan. 22-24, 2001, Long Beach, Ca, pp.817-828

Betz, J. W. & Goldstein, D. B. 2002, Candidate Designs for an
Additional Civil Signal in GPS Spectral Bands, Proceeding
of The Institute of Navigation National Technical
Meeting, San Diego, CA, 28-30 Jan 2002, pp.622-631

Galileo ICD 2016, European GNSS (GALILEO) Open Service
Signal-in-Space INTERFACE Control Document, OS
SIS ICD (Issue 1.3), European Union. https://www.gsc-
europa.eu/sites/default/files/sites/all/files/Galileo-OS-
SIS-ICD.pdf

Han, K. & Won, J. -H. 2019, Development of Matlab-
based Signal Performance Analysis Software for New
RNSS Signal Design, JPNT, 8, 139-152. https://doi.
org/10.11003/JPNT.2019.8.4.139

IRNSS ICD 2017, IRNSS SIS ICD for Standard Positioning
Service (version 1.1), Indian Space Research Organization

ITU 2015, Recommendation ITU-R M.1831-1, A coordination
methodology for radionavigation-satellite service
inter-system interference estimation, International
Telecommunication Union.

Lee, S. B., Han, K., & Won, J. H. 2020, Assessment of GNSS/
KPS RF Compeatibility for KPS Signal Design, Proceeding
of IPNT 2020, Nov 11-13 2020, Yeosu, Korea, pp.107-
110. http://ipnt.or.kr/2020proc/6

Liu, W., Lj, S,, Liu, L., Niu, M, & Zhan, X. 2010, A comprehensive
methodology for assessing radio frequency compatibility
for GPS, Galileo and Compass, Proceedings of the
23rd International Technical Meeting of The Satellite
Division of the Institute of Navigation (ION GNSS 2010),
Portland, OR, September 21-24 2010, pp.943-954

Liu, W., Zhai, C. R., Zhan, X. Q., & Zhang, Y. H. 2011,
Assessment and analysis of radio frequency compatibility
among several global navigation satellite systems, IET
Radar, Sonar & Navigation, 5, 128-136. https://doi.
org/10.1049/iet-rsn.2009.0241

Park, J. U. & Heo, M. B. 2019, Korea PNT Update, 59th
Meeting of the Civil GPS Service Interface Committee,
Miami, Florida, 16-17 Sep 2019.

Shin, H., Han, K., Joo, J. M., & Won, J. H. 2020a, Signal
Modulation Techniques and Performance Analysis

http://www.ipnt.or.kr



28 JPNT 10(1), 21-28 (2021)

for KPS Signal Design, JPNT, 9, 293-304. https://doi.
0rg/10.11003/JPNT.2020.9.4.293

Shin, H., Han, K., & Won, J. H. 2019, Development of End-
to-end Numerical Simulator for Next Generation
GNSS Signal Design, JPNT, 8, 153-164. https://doi.
org/10.11003/JPNT.2019.8.4.153

Shin, J. H,, Lim, D. W,, Joo, J. M., Lee, S.J., Song, H. Y., et
al. 2020b, Interference Analysis of KPS Signals on the
L-band GNSS Signals, JPNT, 9, 319-325. https://doi.
org/10.11003/JPNT.2020.9.4.319

Wallner, S., Hein, G. W., & Avila-Rodriguez, J. A. 2006,
Interference computations between several GNSS
systems, ESA Navitec, 11-13

Wallner, S., Hein, G. W., Pany, T., Avila-Rodriguez, J. A., &
Posfay, A. 2005, Interference computations between
GPS and Galileo, Proceedings of the 18th International
Technical Meeting of The Satellite Division of the
Institute of Navigation (ION GNSS 2005), Long Beach,
CA, Sep 13-16 2005, pp.861-876

Zhang, X., Wu, M., Liu, W., Li, X,, Yu, S., et al. 2017, Initial
assessment of the COMPASS/BeiDou-3: New-generation
navigation signals, Journal of Geodesy, 91, 1225-1240.
https://doi.org/10.1007/s00190-017-1020-3

Subin Lee is a M.S. student of the Autonomous
Navigation System Laboratory at Inha
University, Korea. She received B.S. degree
from Inha University in 2020. Her research
interests are GNSS signal design and software

| receiver.

Kahee Han is a Ph. D. student of the
Autonomous Navigation System Laboratory
at Inha University, South Korea. She received
B.S. and M.S. degrees from the same
university in 2017 and 2019. Her research
interests are GNSS signal design and
software receiver.

Jong-Hoon Won received the Ph.D. degree in
the Department of Control Engineering from
Ajou University, Korea, in 2005. After then,
he had worked with the Institute of Space
Application at University Federal Armed
Forces (UFAF) Munich, Germany. He was

: nominated as Head of GNSS Laboratory in
2011 at the same institute, and involved in lectures on
advanced receiver technology at Technical University of

https://doi.org/10.11003/JPNT.2021.10.1.21

Munich (TUM) since 2009. He is currently an associate
professor of the Department of Electrical Engineering at Inha
University. His research interests include GNSS signal design,
receiver, navigation, target tracking systems and self-driving
cars.



