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ABSTRACT

This paper presents a reconfigurable Global Navigation Satellite System (GNSS) signal generation simulator that supports
multi-constellation and multi-frequency signal generation, including Korean Positioning System (KPS) civil candidate signals
in the L6 and S bands. The generator allows flexible configuration of Pseudo Random Noise (PRN) code, modulation, and
navigation message. To validate the performance of the simulator, digital Intermediate Frequency (IF) signal tests and Over
the Air (OTA) experiments using a Software Designed Receiver (SDR) were conducted. The results confirm successful signal
generation, acquisition, tracking, and positioning. Despite interference in the S band, the generator can be effectively applied
for candidate signal evaluation and future KPS signal development.
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1. INTRODUCTION NS 91T 914 Y A AA A7 el Iy Qlok
(Lee et al. 2021, Han et al. 2022).

Global Navigation Satellite System (GNSS)2] ZQAJ-S 2|4 A2 A A|AEH] 7fEFE QliA]  Als A A]
Moz Z7151a glom ejele] Aof 94 a4vh 93 glck. 7)E GNSS 415 9 KPS 4152 meid 4 gl chkgh $2 41
olof| o8] ZJH=E2] ZFA| GNSS Mu]A 93} g7 At S5 A% B A A 7ol aHoh ojnf, SR Y Al
AF 2% BT 94 A5 Aol WUHAL ek olAT 5] MBS FTHOR AP/BIISI SIS AlEeole] A
FAfloll whet eEjutet =3 T 914 R A12F%] Korean s e HuRt As dAZE sttt 2 KPS 38 415
Positioning System (KPS) 7Hh& 213§ 5ot} 20221 #-&] KPS £ AAlsH7] Sl Al S A o7 S v et 914 1710 sf
ZHdell 22 2kpagiar, W Aol mhEH, 2027d 9144 15 Foks GAAE 4159 TRl Figure of Merits (FoM)S 7}
7] AR AlRFe g 2034d7HA] A 9173 viA & e AlE]o] Sk WEfo] s /A A A5 A Az Ee] Fo] HLE
t} (Park & Heo 2019). t} (Shin et al. 2019, Han & Won 2019). Table 10]] 112} 21 50], 3]

KPS &4} 215 = L1, L2, L5 T3 €] Global Positioning System AR A TAA A2ZEYS] B9 AL AL sHlo g A159] Z+
(GPS)TH S ALGF 415 SJoliE, L6 T S 2] KPS BAM8 4158 Q4SS iPRasslsta AAT AEE BA3 4 ook, w3
SE=L Aot olof wht Lo 2 S tiofl A1) KPS Y 415 FAH ATAAA AZEL] E2 41T B L 4 A 2 9
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Table 1. Signal simulator.

Simulator

Description

Analytic simulator (Han & Won 2019)  Generate elements of the parameters and analyze the performance of the designed signal
Numerical simulator (Shin et al. 2019) Simulate the signal GNSS signal chain and analyze the results numerically

Signal simulator (Choi et al. 2023)

Generate the signal by adjusting to user requirements and signal characteristics

Fig. 1. WAAS outages (FAA 2024) and EGNOS continuity map (ESSP 2024).
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EA4E 7= AlAE ARE AT 2, ZF Fof| tis] 270
t}. o] 32of|A] KPS almanac A H o} GNSS/KPS A5 Y4 7]
£ o8 KPS R 415 BT & 475k, 434 Digital
Intermediate Frequency (IF) A1 5E SDRE E3f {23t A1}&
AAJgH}. 0% Skl OTA A1 2730] tisl] 4751w, SDRE
£4 OTA A% AoE AR} vhx|u 65l 4 AE A S 5
3 =B npRalgi

2. RECONFIGURABILITY
2.1 Reconfigurable Structure

Fig. 1& 3 = 2o 143t 471 HAH 725 1
Ebfict Mz 92 HojlA] Graphic User Interface (GUI) =iz}
Almanac ©j|o]€], 18] GNSS w74 & Configuration
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Fig. 2. GUI of GNSS KPS signal generator.

Table 2. GUI input parameters of GNSS/KPS signal generator.

Parameter Variable name Description
Time, position, frequency UTC starting time Signal generation start (s)
UTC ending time Signal generation end time (s)
UTC sampling time Sampling interval time (s)
User Location Receiver location (Global)
Rx antenna height Antenna of receiver height (m)
SV elevation mask SV cut-off angle (deg)

Sampling frequency Sampling frequency (MHz)
Intermediate frequency Intermediate frequency (MHz)

User kinematics, environment User mean velocity User average velocity (m/s)
User motion noise User move motion noise (m)
User orientation angle ~ User beam angle (deg)
Scenario definition Open sky/1 wall/2 wall scenario
Reflection surface Dry / Medium Wet / Wet ground
Backscatt zone angle Backscattered zone angle (deg)
Signal model Tonosphere model No Delay / Klobuchar model
Troposphere model No Delay / Saastamoinen model / Collins model
Multipath model No Delay / Geometry-based model
Interference model Various interference models
CNO model CNO GNSS budget link / 3D elevation
Scintillation mode ON/OFF
Gaussian noise add ON/OFF
GNSS signals N/A GPS, Galileo, BDS, QZSS, NavIC, KPS

shol, sk FR AS T sl IRk Al Aol Jbs S JINHoE AMSILE 3 271 slFeln], AP W
Sich o 441718 B91 71E GNSS Al 50] ASL 174 7] 0~604,800 sec} HTk. UTC sampling time-& 415 444 7+ 714
& =& ol YA} (Choi et al. 2023). o= A% FAo] Agtsiths 7HY slholl 2EA A7 ol 7ot
o 18 o] 20ms2 YU 415 3 skfole] B
2.2 Graphic User Interface 3 B2o] 7} 20 ms 7HE 02 WAHL} o] 7)%S 385}
T EE W 1715 A S A}ﬂx} cholube] @ PARe] whe 7}
2 eRol a7ske AT EY0] Fluke] 15 YA 1R WA A5 A4 27] AHo] FHssit) ol % ALea} 91219} Rx
9] GNSS Alg & 9 ¢]ojo] A5 T H o s AT E Ay antenna height, Space Vehicle (SV) elevation mask 5-2] A4%-&
g dem o5 GUI Fef 2 ARAF S ot A4dshA Hrt S0l AF&AL $12] €} QFE U ZH =, Elevation mask gt 52 4% 7}
Fig. 21= ¥ {=FoflA] #|A|5H= GNSS/KPS 415 4§43 7] 2] GUI ¢ S3lc} ARga) Q)R] Aol HAE ahe o]_Q_g}__];ﬂ g A
g Folr}. F7P} 7Fe et FElE SIS ERE Als o e Fube
GUIS| 7 QA58 Table 29} Zon], s QA5 & 2 oF F75u4 28 21987 W7 7Pt e 2 drlelol Al
S5 ¥4 713 JEl2 dsieinh WA Als A A7 2} 4:217] Adlo] )25l A5 A4 0] T1SElE = Taskict
THH =0 F | Universal Coordinated Time (UTC) A|2H%E User kinematics W $HFHo A AFERF] o} 7
F AR A4S Jé /3 A2 AlZF F 85 Al7F|Th o]= Almanac ol izt A S whaF 27 5ol s B4 7hsoith £ 41s
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Table 3. KPS almanac parameters used in simulation (Seo et al. 2020).

Satellite semi-major Eccentricity Inclination Right ascension ofthe Argumentof True anomaly
axis (km) angle (deg) ascending node (deg) perigee (deg) (deg)
GEO1 42164 0 0 0 0 227.825
GEO2 42164 0 0 0 0 227.825
GEO3 42164 0 0 0 0 177.825
1GSO1 42164 0.075 42 218 270 98.8866
1GSO2 42164 0.075 42 128 270 188.873
1GSO3 42164 0.075 42 38 270 278.761
1GSO4 42164 0.075 42 308 270 8.77481

3. KOREAN POSITIONG SYSTEM

3.1 KPS Almanac Data

Almanac 4 -2 67]1¢] Keplerian 84 59| JHE 23}s5)a1
glow, o)5 o] g5le] 7k 414 0] $1X1E P& 4 ek # o
] 225+ KPS almanac data®] 790 = =
THE-2 A 25190tk (Seo et al. 2020). wkA, 4712] IGSO ¢4}
37§2] GEO ep/dell gk setmle k& Aot ol & 7Hte s
KPS 38 4155 A4/4d513ict. slig etn| el = Table 37} et

3.2 KPS Civil Signal Candidates

g
ok Ao} aszjg% gk afjof gkt W, PRN ZE L 43 o]
B4 7o) ukgsh Abol o] EAfslotof slaL, TE A $EE 7]
% Z4 10,23 MHzS 25310] TS 4 9l 727} sojof &
o} 4, B A28 Az ete] U o] el B S mefs)
olof skt ol ITU Huhta & E4sbofol g8 elulaict, &
Rl ofol TASIe, Leok S thelo] ¥zt F1 415 7|E

2 cheat o] AAslac,

2 Aol 7% L6 o] FAlEe] uhgat Fugel
127875 MHz&}, S thed o] 2492.028 MHzS 2i3ic}. Fig. 37} 72+

o] L6 thelo]l= Galileo E6 2 BDS B3, QZSS L6 A1 57} &7
3}, S el A= NavIC S 4157F $E5H 5 o, s of
oof] 27} o2 KPS &8 4157} 2§ o o|c}. T, Time-
Multiplexed Binary Offset Carrier (TMBOC), Composite BOC
(CBOC) 59 ¥z 7I"]9] XA A4H AL} 413 X Fol
T 9] gkito 2 Q18] 31 AJLtE] @ of| A& Binary Phase Shift
Keying (BPSK) ¥ BOC ¥ X% 7|®HuHS eglich

AT 2 AA 94 iAol T Y A S s
TeJslolok sl L6 thed o] 40 MHz 2] 90% o]l 36 MHz
ofAFke] Al 2 5 et o] v sthof Hls| W2
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Fig. 3. Signal plan on L6 and S bands.
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Table 4. KPS civil signal candidates used in simulation (Han 2023).

Signal Modulation type Carrier wave frequency (MHz) Bandwidth limit (MHz)
L6 - SN1 BPSK(1)
L6 - SN2 BPSK(2) 1278.75 36
L6 - SN3 BOC(1,1)

S—SN1 BPSK(1)

S-SN2 BPSK(2) 2492.028 14.85

S-SN3 BOC(1,1)

Table 5. Parameters of KPS civil signal candidates used in simulation.

Parameters KPS L6 band KPS S band

Generation time (sec) 300 300 300 300 300 300
Modulation type BPSK (1) BPSK (2) BOC (1,1) BPSK (1) BPSK (2) BOC (1,1)
Center frequency (MHz) 1278.75 1278.75 1278.75 2492.028 2492.028 2492.028
PRN code GPSL1C/A BDS B1I NavIC L5 GPSL1C/A BDS B1I NavIC S
Chipping rate (Mcps) 1.023 2.046 1.023 1.023 2.046 1.023
Primary code length (chips) 1023 2046 1023 1023 2046 1023
Data rate (bps) 50 50 50 50 50 50
Navigation data LNAV LNAV LNAV LNAV D1 LNAV
Sampling frequency (MHz) 20 20 20 20 20 20
IF (MHz) 5 5 5 5 5 5
Receiver position Incheon Jeju Cheorwon Incheon Jeju Cheorwon

(@) (b) (©

(d) (@ (f)

Fig. 4. Power spectral density of KPS signal candidates in digital IF signal test: (a) L6-SN1, (b) L6-SN2, (c) L6-SN3, (d) S-SN1, (e) S-SN2, and (f) S-SN3.
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Fig. 5. Acquisition result of KPS signal candidate (L6-SN1) in digital IF signal test.

(©)]

(e) ()

Fig. 6. 1/Q diagram of KPS signal candidates in digital IF sample test: (a) L6-SN1, (b) L6-SN2, (c) L6-SN3, (d) S-SN1, (e) S-SN2, and (f) S-SN3.
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Fig. 7. Prompt correlator of KPS signal candidate in digital IF signal test.
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()

()

(0)

Fig. 8. SPP result of KPS signal candidates in digital IF signal test: (a) L6-SN1, (b) L6-SN2, (c) L6-SN3, (d) S-SN1, () S-SN2, and (f) S-SN3.

Table 6. Digital IF sample test result of KPS signal.

Signal  Modulation type Mean error (m) Standard deviation (m)
L6 - SN1 BPSK(1) 29.0932 2.7889
L6 - SN2 BPSK(2) 38.3115 1.7398
L6 - SN3 BOC(1,1) 25.7277 2.4866
S-SN1 BPSK(1) 39.9775 2.9729
S - SN2 BPSK(2) 25.7795 1.6185
S-SN3 BOC(1,1) 23.8149 5.1985

Fig. 9. Skyplot of KPS in digital IF sample test.
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th o] o, AHH 0 & 7|EHolA & WFe R 4] vl oy

g] Hlo]ojA 9 x}7} 2Afsh, o] 4:417] 91x] ¥ AN} bias

B8 elck & ROV A £ Ake) BelE ol
HoH Do FHL wro] 97 24 ANE ¥
of] Z+zko] A15 ¥ mean errore} standard deviation& Table 6
T} Z+t}. mean error®] 73 biase] ¢ OJEE_ 20~30 m A9 o
217} QA A9t standard deviation®] 73 1~5 m FJEo] @ 215 &+
A 4 it 3l $12E F4 3 KPS $14J<] sky plot Fig. 9

o} zro] Utehgtt. o] wje] GDOP/PDOP/HDOP/VDOP/TDOP
£ 313/2.59/1.82/1.84/1762 A 0.2 3 o]5le] ZFS BHoIs} 2
olck. ool A5 HE, A5 24, 94 34 @v 242 B9l
KPS A3 A5 50] Dl?’\]E* Aol A2 HAAE A& 2Ig 4
At

5. OTA TEST

5.1 Test Environment
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Fig. 10. SOTA test setup.
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Fig. 11. Power spectral density of KPS signal candidates in OTA test: (a) L6-SN1, (b) L6-SN2, (c) L6-SN3, (d) S-SNT1, (e) S-SN2, and (f) S-SN3.
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Fig. 12. Acquisition result of KPS signal candidate (L6-SN1) in OTA test.

(d (e) (f)
Fig. 13. 1/Q diagram of KPS signal candidates in OTA test: (a) L6-SN1, (b) L6-SN2, (c) L6-SN3, (d) S-SN1, (e) S-SN2, and (f) S-SN3.

Table 7. OTA test result of KPS signal.

Signal Modulation type Mean error (m) Standard deviation (m)

L6 - SN1 BPSK(1) 37.6077 3.0730
L6 - SN2 BPSK(2) 35.5726 2.6694
L6-SN3  BOC(L,1) 25.7685 2.4538

Fig. 13} Zro ] 169} S the] Ful4<l 1278.75 MHz9} 2492.028
MHzef| /g9t 415.0] Mz upHat 5AT JEj] PSDE =4l
3 4 9lek. Tk, S thelel e OTA el 7 $739]
& L6 o]l vja] o] W= 2 02 Zhgof ofs L6 =
O 7HAIE 33E Btk Acquisition A= Fig. 129} o]
Fig. 14. Prompt correlator of KPS signal candidates in OTA test. et o o, nparx) 2 A 27t sletulg 2 245 AS
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(@)

Fig. 15. SPP result of KPS signal candidates in OTA test: (a) L6-SN1, (b) L6-SN2, (c) L6-SN3.

sielsloirt.
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4171 2 AH3E YA 2-ollA]e] KPS Lo 41552 SPP 9]%]
%% A3t Fig. 159 o] ehgomn], Ao d= biasrt He
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A12] 7] GNSS 415.9} Pulse A &.2] 7HdTto] £af51|9H S tf
9] 7ol LTE Fupel Wi-fi, MH|14] 52| Fub4 7t
ol 2457 diEe 2 FF Tt (Han et al. 2021). & Aol A]
£ S o] KPS 3 H Aot £Al5hs SY A 79| o]
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Ao oAbt weba, 23 AA KPS TH A5 W4-g $3)
olof thgt BAo] oz g Tt

6. CONCLUSIONS
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FEf o] GNSS/KPS Az EQo] £417]15 ZEste] g &84
AE AUt &5 o] gt AAl 7] 9] Reconfigurability SA1-&
o] g5}o] 7]& GNSS A S0t KPS S5 AT 5o A I A3
ol AT 4 Q& Ao g 7=, 3 biasof thsf 7}
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