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ABSTRACT

This paper presents the jamming effect on the L5 band of Global Navigation Satellite System (GNSS) by analyzing real data
collected via measurement campaigns in Korea region. In fact, the L5 band is one of the dedicated bands for various satellite
navigation systems such as Global Positioning System (GPS), Galileo, BeiDou (BDS), and Quasi Zenith Satellite System
(QZSS). And this band is also allocated along with various systems used for aeronautical radio navigation systems (ARNS).
Among ARNS, the Distance Measuring Equipment (DME) and the Tactical Air Navigation System (TACAN) are systems that
transmit and receive strong power pulse signals, which may cause unintentional jamming in the reception of GNSS signals.
In this paper, signals in the main lobe of GPS L5, Galileo E5a, BDS B2a, and QZSS L5 are collected in Korean region to confirm
whether the jamming effect exists in the band. And then, the pulse blanking technique, which is a simple signal processing
technique capable of responding to pulsed jamming, is applied to analyze the jamming effect of DME/TACAN on the L5 band.
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u|=e ZAl Fub 1176.45 MHzo]| GPS dtljsl Algle] U3t

1. INTRODUCTION 2 A W 90 199 G L5 A% 10k a5t
Global Navigation Satellite System (GNSS)& 2F 20,000 km S A% Galileo= F4] Fub4= 1191.795 MHzo]| 3Fted Al
3ol 913 I AESHE 4152 Bl WAA ot Q) ESE Asha glom, F3] BDS E3 e B4 Futio
L GH), ARGl BAIglo] AREAL 91X] A4 2 AW A1z 24t R17F 41591 B2a, B2bE Hg-5kaL itk (BDS ICD 2017,
F71stell 5H& E Alaglolct 1970 u]=t <ol A A GPS ICD 2021, Galileo ICD 2021). gk=roflA] 7R oA 91 Korean

415l Global Positioning System (GPS)<] 7HEhe AJZto 2 &7
1sto] Galileo, 2 A]o}2] GLObal Navigation Satellite System
(GLONASS), %3-9] BeiDou (BDS) 5 t}oFst GNSS7} 7jarek
Z T dAdiglr} A8y Zo]lt} (Chatre 2021, Dunn 2021, Karutin
2021, Kogure 2021, Lu 2021).
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Positioning System (KPS) T35} L5 Fu}4 tdof| A58 £&35H
A Ao = &z Ut (Kim 2021).
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Q] IR 2, very high frequency omnidirectional radio range,
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Distance Measuring Equipment (DME), TACtical Air Navigation
system (TACAN) 2] A AE]o] A}&Ec} E35] DME2} TACAN
& GNSS&| L5/ES 3} FAlofl AR = tdefl =gt Ha
AT E AEshar flon, o] B Al5of ofsf v o= 241
o] WYsto] 415 5 B 34 Pl Aedart L 4
Qlt} (Kaplan & Hegarty 2017).

DME/TACANe]| oIk v o] =231 2 of ®W2]s}7] 2sl| GPS
L5 9 Galileo E5 41 G+ 7T THA[o| A RE] HA 2 of ot
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QFa} olell thshe 7ol gt A7} o] Foi %l DME/
TACAN, Joint Tactical Information Distribution System (JTIDS)
3} GPS L5/Galileo E59] F-&2] fa/de] tiafl o] 22 o & &4
SF A7 4 el A4 A=k o714 JTIDSE= Link-162]
UFo|ct 19990 GPS L57} $-&3lelE Sk ol & AR
Sk THE A AR S 9] EA4& A lslaL, o]50] GPS L5415 9]
e FHE A=A & Fdst=Alol tiel vl /5 s AL
EHE U] X8k AlEEold W ES AAlska, 1 A
£ RISt (Hegarty et al. 1999). o]of] 7]9k5lo] g+-3-7] 270l
A1) G A frdo] wlx|= ol thal A1 3ct (Erlandson et al.
2004). AA| gg710l stElolE "HAlst] As MES 4351
o|Z &3l GPS L57} ol thollA] At = 52+ A ofl thgt
§41& 2430t} (Kim & Grabowski 2003).

GPS L5 20} olg} Galileo E5a/E5b Al15of tiaia & G}
SF A7 2131t} (Bastide et al. 2004). DME/TACAN 5-2] 7}5t
A A5 GNSS 417]19] SE 7o) 23hE faste] A&
Bl = glo, ole] 41717 thg 4 Sl Al A B 7Y
1 Pulse Blanking (PB)o] AH|¢F=]Qith (Hegarty et al. 2000). A
Qe PBO] A5 4 H AT S Hsi E 7 At ol %
ot HAd PBE AMERS W] 417] g0l chall 4150
I (Grabowski & Hegarty 2002), Ju¥Fd 0 2 AlgsH= 28 1)
ol PB2} notch filtering] ©Hd-S B .245F hybrid blankingS A
QFgl o], 7+ Bl 40,0001t AF-gollA] HIAESI] AJ5S vl
571= it (Gao et al. 2013). A|E $417]0f| A FA}s) v Eo
T2 PB Al 54931 o (Borio & Cano 2013), 5of] DME/
TACAN H|Zo] o1& 7l] 31-& wje] PB g ajof| thsl] A2 A&
glo]A-S 71835t Ale| = 9tk (Musumeci et al. 2014). ] Lol
2|41 DME/TACAN AJU2] @ 5 A -gslo] thelRl 4241 1741t PB
£ ghol w2 $4170149] o] &4 A% BAo] olFoigon
(Garcia-Pena et al. 2020), 82121 PB 2l o] tislA & I LE]
Qlt} (Garcia-Pena et al. 2019). o]¢} -2 A3) AT 5L u|=t
5 21919 40,000 ft 43 AU 25 7]9ko 2 8=l on,

o~

2. L5y &

GPS L5/Galileo E5a¢] mainlobe7} 2% 31 9= 1166.45
MHz ~ 1186.45 MHz th®]-2 thghql=l a4 Sgste] o=,
P AT AHE-E= DME/TACANIL §HA| Tge]of qlot
(MSIT 2021). DME/TACAN A|AELS. 7}2i5l TATIS A}RSHE
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Fig. 1. Operation method of DME/TACAN system.
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SATITE DT B0 $41 A|ZHo 2NE S WA 4

Az & gg7) ek HIE Aol o] A& A4t
Shct ZH W2 9 52 B E ulot the] 5 | MHZE Zh= Afdol &
FEe] glon, Ad I BE Y Fupaprt STl A
Halst Faof oo itk (ICAO 2018). £3] GPS L5, QZSS
L5, Galileo E5, BDS B2a2] mainlobe®} Fu}4-5 &-851= ald
2 2 == 79X (1166 MHz) ~ 100X (1187 MHz) o]t}

2.2 DME/TACAN dE =

GNSSell H] oj =221 Y& Yoz 4 Ql=DME/TACANS]|
SHAIZE A O o] 2dF & 4 Qlr} (Gao et al. 2013).

Aty?

spme(t) = {e_%(t_T) + e_%(“%)z} cos(2nf,)

with, @ = 4.5 x 1011572 o)

M Ars 2, £ D] F4) Faigolth A15E 3 sl
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Fig. 2. A DME/TACAN pulse. (a) envelope (b) modulated

Table 1. DME channel allocation in GNSS L5 band and its position in Korea.

DME channel number ~ Frequency (MHz)  Position
83X 1170 Gimpo
85X 1172 Gimhae
85X 1172 Incheon
87X 1174 Busan
91X 1178 Gwangju
94X 1181 Osan
95X 1182 Yecheon
96X 1183 Yangju,
98X 1185 Anyang
98X 1185 Sacheon

o} DMES] 3 A9 e FERERo|A £-25Hs FTH A
2 (AIS: Aeronautical Information Service) Ho] & oA A|F5+=
Area charto]|A] 218F 4~ 91t} (Ministry of Land, Infrastructure
and Transport 2021). & {==oj|A]&= GPS L5/Galileo E5a 4159
mainlobe 344> Wofl A1 S5 $Al5he Hl2of sl 213
o} e HIE A 18, /1A, $5 415.9] F3t4-E Table 19]|

2195, vl 2e] 9121 S Fig. 3] Uerich

21 43ollA] LS tiele] GNSS AW 84S 2Rlar] 915 9lele]
Haolq AHEY Bajy|2 A5 44 AL 81 5, A

A

N Yangju! )

Gimpo: - @ 5
o 9 Aivng

Incheon e d

Gwangju

9.

Sacheon

Fig. 3. Position of DME/TACAN beacon in Korea.
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Fig. 4. Equipment configuration diagram.

Table 2. Specification of antennas.

GPS 800 GPS704-X
3dB pass band 1.15GHz ~ 1.65 GHz
Gain at zenith for L5/E5a band 5.5 dBic 2 dBic

(maximum) (minimum)
Gain roll-off (from zenith to horizon) 11dB
Characteristic impedence 50
VSWR 2.0

Table 3. Specification of amplifier (NLA3ORPDC-T/5/220) & splitter
(NLDCBS1X4-T/5.0/220).

Amplifier Splitter
(NLA30RPDC-T/5/220) (NLDCBSI1X4-1/5.0/220)
Frequency range 11 GHz ~ 1.7 GHz
Characteristicimpedance 50
Operating voltage range 33V-~15V
Typical current consumption 36 mA ~ 40 mA 17 mA (maximum)
Gain 29dB ~31dB 17dB ~20dB

2 Al 2}0kL- Tables 2 ~ 49} 72T} (Harxon 2021, Novatel
2021, GPS Networking 2021a, 2021b, National Instruments 2017).
slole|ZAE] $Atoll 4 Harxon AHe] GPS 800 QFELFE, LhH
Z] 73 Qo] = Novatel AFe] GPS 704-X QLS AF&3iTE GPS
800 QFELTS] 7% GPS 704-X QHEL} Hr} o]So] 3 dB A&
o} QU2 RE $41E AlT7) SZ 704 30 dB S25]
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Table 4. Specification of NI-USRP 2944R.

Specification Value
Number of channels 2
Frequency range 10 MHz ~ 6 GHz
Frequency step <1kHz
Gain range 0dB~37.5dB
Gain step 0.5dB
Maximum input power -15dBm
Noise figure 5dB~7dB
Frequency accuracy 2.5ppm
Maximum instantaneous real-time bandwidth 160 MHz
Maximum I/Q sample rate 200 MS/s
Analog-to-digital converter (ADC) 14 bit
20 PSD of Data
15
1170 MHz 1183 MHz

H72MHz 176,45 MHz

v

Amplitude[dB]
2 o

-8 B -4 -2 0 2 4 6 8
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Fig. 5. Power spectral density of signal samples. (a) Inha university (b)
Yangju (c) Gimpo.

1

2, 371 Be) AwEY $417]9h USRPE o] 58} 52
7]= GPS Networking AF¢] NLA30RPDC-T/5/220 &S A}
£35}o] 30 dB o] F3W11, EHl7]= GPS Networking A}2]
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Fig. 6. Recorded signal samples in time domain. (a) Inha university (b)
Yangju (c) Gimpo.
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Fig. 7. Flow chart of pulse blanking.
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Fig. 8. Pulse blanking threshold selection.

Table 1o} u| 51, 2 A|ede] ulEol Gubel Adel B4 F3t
o} AXBHE R BT 4 ek Askhel Al G HlE

aEE Aol ATt 1%12]?@”?, Ao BSEA ek

I

%ll:}.

3. A 11 S5 Y SDROAM2| HE

3.1 Pulse Blanking

PBE A o] i3 4= e 417 & 4lsAE] 7o

2, 1 flowchart®= Fig. 73} Zt} 41719 Al5x]2] oA o)A
Oﬂ 415 AF o] gro] Abdoll 2195 £8 4hS e, 1T 4 E
9] K& 002 A5l 7|H ot} (Hegarty et al. 2000). & =
oAl Ao 1HASLE $iste] PB] & %k (Threshold)> Flg
83} Zro] S| AE IS 53l 99%2] Fro] sl ole e A

Zhis
Figs. 99} 10 Q504 53 44 2] PB71 & H4517] 2/
7k Ba A Bk

3.2 SDROjIX2| Pulse Blanking H&

Fully Reconfigurable Multi-constellation & Multi Frequency
SDR (Song et al. 2021)& =& reconfigurabilityS 32 7+
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Fig. 9. Signal sample in time domain. (a)Before pulse blanking (b)After
pulse blanking.

PSD of Data PSD of Data

Amplitude[dB]

frequency [MHz] frequency [MHz]
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Fig. 10. PSD of signal (a) Before pulse blanking (b) After pulse blanking.

Table 5. Secondary code length and acquisition parameters of signals in
GNSS L5 band.

Signal Secondarycode Coherentintegration Acquisition

length time [ms)] Threshold
GPS L5I/ QZSS L51 10 10 5
Galileo E5a-1 20 20 5
BDS B2a-D 5 5 25

5}od source code?] MPAREES =011, configuration filee] ¥
Autom A5 Aelol ALgEE detulE S WA 4 Yk &
& HEA]S 1A, Application Programming Interface (API)
Reconﬁgurable 715 AY5H= SDRo|t) AF82F= SDRe] 41
SR WA Troh AP Tl selod A
4 9ITh APIRHRE Alekshdl AFEAI} Flzel] Aelel Qe &
9] RS S A2 A5 A TS ABA % 40] et
wslo] AHE S 4 Ik
SDRE| APL 715 R8010f 413 51534 24 o] P 7
271510] A8 A 2] LS olol] $FH L 9l 4714 A
_4 Mo A2 d7E ER1sk} A5 SlEofA] code replica
st off secondary codeE F3}o] 415 2] secondary code
Zo|dkE coherent integration timeS &&= WHE A
ST} Table 5% ZF A|AE] ¥ secondary code Zdo]e} o]of w}
2 coherent integration time 2 215 3% —\:Ei Zrolth. A&
gl olt} secondary code?] Zo|7f th2u 2 A5 5o A}
25 coherent integration timeo] Tt21, A5 3] Eof QsH
acquisition metrice] & Z+E d2}RIth acquisition metric-&
replica®} received signal®] A5 Ayt Axto] ol u3 7}t F+
Al 93 2] HIEE, AlEel GNSS 415 o]e]o] Agdio] W
L8 o] gro| o}, A (2)¢} Zho] AlAKSE 4= )t}

o?z.
ol
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Acquisition results for GalieoE5a Acquisition results for GalileoE5a

Acquisition Meric
8 & 8 3 3
Acquisition Metric
8 3

B8
8

0 5 o 15 2 2% 3 3 0 5 0 15 220 25 3
PRN number (no ber - SV is not r the acquisition list) PRN number {no bar - S is not i the acquisition ist)

(a) (b)

Fig. 11. Acquisition results of Galileo E5a in Gimpo scenario. (a) Before
pulse blanking (b) After pulse blanking.

Table 6. Acquisition metric of each sample.

Gimpo Yangju Inha
GNSS: PB PB GNSS: PB PB GNSS: PB PB
PRN on  off PRN on  off PRN on off

GPS3 938 - GPS6 23,61 643 GPS4 1297 13.80
GPS6 566 - GPS9 818 - GPS6 2235 21.21
GPS14 1326 8.33 - GPS9 3851 37.07
GPS25 2229 21.07

GAL5 885 - GAL3 1082 - GAL2 1097 9.76
GAL9 599 - GAL8 10.68 - GAL3 1335 10.66
GAL14 60.97 3533 GAL14 1139 - GAL5 163.19 144.78
GAL15 1356 719 GAL15 910 - GAL9 117.30 116.71

GAL27 695 - GAL27 5.09 - GAL11 630 6.38

GAL14 93.49 105.07
GAL15 15.07 15.01
GAL27 575 6.10
GAL30 1548 17.09
GAL36 109.20 110.24

GAL30 1231 5.37

BDS28 278 - BDS28 318 - BDS27 1150 11.59
BDS33 363 - BDS33 411 - BDS28 2454 21.76
BDS38 342 - BDS38 470 - BDS30 340 3.30
BDS40 3.71 285 BDS32 5.04 558
BDS42 327 - BDS33 2150 20.87

BDS38 1528 16.42
BDS39 3.05 267
BDS40 924 8.1
BDS41 2056 16.60
BDS43 528 559

QzS3 1177 - QZS1 670 -  QZS1 5830 57.70
QZS7 601 - QzS3 581 -  QZS3 7939 7598
QZS7 1442 -  QZS7 7005 5645

15¢ correlation peak
2nd correlation peak

@

acquistion metric =

Al 22 0] 74 % Imse] coherent integration time-2 7}
A, 22 &40 72 @8k Ql binary phase shift keying 415
A

a1, acqu151t10r1 metrlc_‘,:_ 4] 3]
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Table 7. Estimated Carrier to Noise ratio ((/N,) of each sample.

Gimpo Yangju Inha
GNSS: PB PB GNSS: PB PB GNSS: PB PB
PRN on off PRN on off PRN on off

GPS3 3590 - GPS6 3656 2219 GPS4 3538 34.52
GPS6 3166 - GPS9 3313 - GPS6 4212 41.62
GPS14 35.10 7.70 GPS9 3995 39.37
GPS25 36.81 36.11
GAL5 3281 - GAL3 3389 - GAL2 34.07 33.08
GAL9 2738 - GAL8  8.03 - GAL3 807 8.03
GAL14 3830 36.12 GAL14 8.09 - GAL5 40.58 40.03
GAL15 3264 26.79 GAL15 3541 - GAL9 40.17 39.63
GAL27 3013 - GAL27 3225 - GAL11 29.90 28.50

GAL30 33.64 28.54 GAL14 8.03 8.06
GAL15 34.61 33.68
GAL27 3394 3294
GAL30 34.70 33.82

GAL36 40.64 40.07

BDS28 29.80 - BDS28 3358 @ - BDS27 3585 3591
BDS33 798 - BDS33 3449 - BDS28 3954 3897
BDS38 31.01 - BDS38 27.03 - BDS30 8.03 851
BDS40 34.35 29.59 BDS32 803 798
BDS42 3316 - BDS33 3999 3943

BDS38 39.84 39.30
BDS39 3191 30.73
BDS40 36.01 35.26
BDS41 40.65 40.11
BDS43 825 8.07

QZS1 3470 - QZS1 40.71 40.16
QZS3 36.61 - QZS3 33.06 - QZS3 4157 41.05
QZS7 3457 - QZS7 36.02 - QZS7 40.62 40.04

£ oA} o] & 7+zto] 7S 5535 914 PRN H15 9} acquisition
metric-g Table 60 |3t BAT7} ufe- FHsHA $415
QI ZlaLe} oFo] 79, PBE A gs17] oldoll= 55
A% 47} Bas] How
on PBE FA Y kS 7HAA

rlr Fl[‘

acquisition metric T3}t o Wor

S, g5 4_2 e
acquisition metrico] FAFE S Eelict. ¢lsle] 7
A3 o] Fof =5 A5 g Zols YA ghgront, acqu1s1tlon
metrico] CFF L= ST o] & Q5] Ix]7F e} F5 o
H] DME | Z3}e] Ag|7} E7] wjof], BA 459] Al7]7} wjek
a7 DME H]Ze] oJgk A A0 e T3 HolH & Z1 o= o
==y

5

=

344

ok
H

H 3 ®g A

A% —%X* Fgell A 2T /N, BtghE Table 70 H= 3
t}. Fig. 12& 1 % Galileoo]| ma AlE TejZE LERR Zo]
T} xZL 9J41 9] PRN 3, y2-& Bt C/N,, H-2 = PB &
& EH% PB 2 °]-.——4 P /NS YeERdTh 74
&= T QU HIE FHQ Yo} o] 7% PB 7]
7] A3t 9] C/N, Batkel 4+ dB-Hz o|4 EotA]
AL 2RI 4 glom, H|ZollA iz oz Eofzl 123l
= A o2 A2 3719 HArE $415a 9laL, ONN,
H5o] vl A 2k 1 dB-Hz o|5}2 LERgTE
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o
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Fig. 12. Estimated C/N, of Galileo E5a in Gimpo scenario. Before pulse
blanking(red), after pulse blanking(blue), (@) Inha University (b) Yangju (c)
Gimpo.
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4. 28
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