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ABSTRACT

In this paper, we investigate the signal design of six (USA, EU, Russia, China, Japan, and India) countries for Global Navigation
Satellite Systems (GNSS). Recently, a navigation satellite system that is capable of high-precision and reliable Positioning,
Navigation, Timing (PNT) services has been developed. Prior to system design, a survey of the signal design for other GNSS
systems should precede to ensure compatibility and interoperability with other GNSS. The signal design includes carrier
frequency, Pseudorandom Noise (PRN) code, modulation, navigation service, etc. Specifically, GNSS is allocated L1, L2, and
L5 bands, with recent additions of the L6 and S bands. GNSS uses PRN code (such as Gold, Weil, etc) to distinguish satellites
that transmit signals simultaneously on the same frequency band. For modulation, both Binary Phase Shift Keying (BPSK)
and Binary Offset Carrier (BOC) have been widely used to avoid collision in the frequency spectrum, and alternating BOCs are
adopted to distinguish pilot and data components. Through the survey of other GNSS’ signal designs, we provide insights for
guiding the design of new satellite navigation systems.

Keywords: GNSS, signal design, PRN code, modulation, navigation service
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Table 1. GPS L1 band signals and modulation scheme.

Service C/A code M code LIC

Centre frequency (MHz) 1,575.42

Signal component Data N.A. Data Pilot

Spreading modulation BPSK(1) BPSK(10) BOGsin(10,5)  TMBOC(6,1,1/11)

PRN code length 1,023 6.19x10" N.A. 10,230

PRN code family Gold code Con'lbination and short N.A. Weil code

cycling of M-sequences
Chip rate (Mcps) 1.023 5.115 1.023
Data rate (bps) 50 N.A. 50
Fig. 1. GPS C/A, P code and L1C power spectral density (Raju et al. 2012).
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Table 2. GPS L2 band signals and modulation scheme.

Service L2CM L2CL M code P code
Signal component Data Pilot N.A. Data
Centre frequency (MHz) 1,227.60
Spreading modulation ~ BPSK(1) result of multiplexing 2 streams  BOCsin(10,5) BPSK(10)
PRN code length 10,230 767,250 NA. 6.19x10*

. M-sequences from a maximal Combination and short

PRN code family po(l]ynomial of degree 27 NA. cycling of M-sequences
Chip rate (cps) 5.115x10° 5.115x10° 5.115x10° 10.23x10°
Data rate (bps) 50 - N.A. 50
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Fig. 3. GPS L2 band frequency power spectral density and CM, CL chip-by-chip multiplexing (GPS-ICD-800 2022).

Table 3. GPS L5 band signals and modulation scheme.

Service Centre frequency (MHz)

Signal component  Spreading modulation PRN code length Chip rate (Mcps) Datarate (bps)

L51 L176.45 Data
L5Q S Pilot

BPSK(10)

10,230 10.23 50
10,230 10.23 -

Fig.4. GPS L5 band frequency power spectral density (ESA 2014).
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Table4. Galileo E1 and E6 band signals and modulation scheme.

Service E10S E1PRS E6CS E6PRS
Centre frequency (MHz) 1,575.42 1,278.75
Signal component E1-B (Data) E1-C (Pilot) - E6-B (Data) E6-C (Pilot) -
Spreading modulation CBOC(6,1,1/11) BOCcos(15,2.5) BPSK(5) BPSK(5)  BOCcos(10,5)
PRN code length 4,092 4,092 N.A. 5,115 5,115 N.A.
Chip rate (Mcps) 1.023 25575 5.115 5.115 5.115
Data rate (sps) 250 - N.A. 1,000 - N.A.

Fig. 5. Galileo E1 and E6 band frequency power spectral density (ESA 2014).

Table 5. Galileo E5 band signals and modulation scheme.

Service E5a E5b
Centre frequency (MHz) 1,191.795
Signal component E5a-1(data) E5a-Q(pilot) E5b-I(data) E5b-Q (pilot)
Spreading modulation AlBOC(15,10)

BPSK(10)  BPSK(10)  BPSK(10)  BPSK(10)

PRN code length 10,230 10,230 10,230 10,230
Chip rate (Mcps) 10.23 10.23 10.23 10.23
Data rate (sps) 50 - 250 -
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Bl 5|7} 2 AR A Al 4 PNT AH|IAE Al gshs d=g}
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Aze} §ABA 01 F3ke ALg 2 ApEslE 415 o] o}
2 PUAs S SR AAE) Yot e 8T,
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Table 6. GLONASS L1 band signals and modulation scheme.

Service L10OF L1SF L10C L1SC
Access technique FDMA CDMA
Centre frequency (MHz) 1,598.0625 - 1,605.375 1,600.995
Signal component Data Data Data Pilot Data Pilot
Spreading modulation ~ BPSK(0.511) BPSK(5.11)  BPSK(1) BOC(1,1) BOC(5,2.5) BOC(5,2.5)
PRN code length 511 N.A. 1,023 4,092 N.A. N.A.
Chip rate (Mcps) 0.511 5.11 5.115 5.115 NA. NA.
Datarate 50 bps - 250 sps - N.A. N.A.

Table 7. GLONASS L2 band signals and modulation scheme.

Service L20F L2SF L20C L2SC

Access technique FDMA CDMA

Centre frequency (MHz) ~ 1,242.9375 - 1,248.625 1,248.06

Signal component Data Data Data Pilot Data Pilot
Spreading modulation ~ BPSK(0.511) BPSK(5.11) BPSK(1) BOC(1,1) BOC(5,2.5) BOC(5,2.5)
PRN code length 511 N.A. 10,230 10,230 NA. N.A.
Chip rate (Mcps) 0.511 5.11 5.115 5.115 N.A. N.A.
Data rate 50 bps - 50 sps - N.A. N.A.
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T GLONASS $40] 9 5] 59 &2
AT AP FAW T FoeE Py A E A
t}. o]& Hfjal IS 712 CDMA 41521 Open CDMA (OC)
Secured CDMA (SC) A155 7fgste] A 47 55 Foltt
(ICD-L1-GLONASS 2016, ICD-L2-GLONASS 2016, ICD-L3-
GLONASS 2016).
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Fig. 7. GLONASS L1 band FDMA signal frequency power spectral density
(ESA 2014).

Fig. 8. GLONASS L1 band CDMA signal frequency power spectral density.
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Table8. GLONASS L3 and L5 band signals and modulation scheme.

Service L30C L50CM
Access technique CDMA
Centre frequency (MHz) 1,202.025 1,176.45
Signal component Data Pilot -
Spreading modulation ~ BPSK(10) BPSK(10) BPSK(10)
PRN code length 10,230 10,230 TBD
Chip rate (Mcps) 10.23 10.23 TBD
Data rate (sps) 200 - TBD Fig. 9. GLONASS L3 and L5 band frequency power spectral density.

Table9. BeiDou L1(B1) band signals and modulation scheme.

Service B1I BIA B1C
Centre frequency (MHz) 1,561.098
Signal component Data Data Pilot Data Pilot
Spreading modulation ~ BPSK(2) BOC(14,2) BOC(1,1) QMBOC(6,1,4/33)
PRN code length 2,046 N.A. N.A. 10,230 10,230
Chip rate (Mcps) 2.046 N.A. N.A. 1.023
Data rate (sps) 50 N.A. N.A. 100 -

232133 L50HA

GLONASS®] L3, L5 t-& CDMA A5t £&5]0, L5 tfj <]
9] Open CDMA Modernized (OCM) 415 13t7} =1 Q)
t}. Table 8& GLONASS L3, L5 t&] Al5o] £ EAJS e}
Him, Fig. 9= GLONASS L3, L5 to] Al o] Fupa AHEY Fig. 10. BDS L1(B1) band frequency power spectral density (Montenbruck
< vjehdch L30C 415.9] PRN T E+= 47) A& 7Hs 5hte] etal.2022).
LFSR3} 77 A& Z+= LFSR 27}, & 37]] LESRe] <J3]] A4A1 =]
T truncated 7}AHR] ZES AFRSICE L30C A159] Ho]E] A] Table 10. BeiDou L6(B3) band signals and modulation scheme.
= PRN FE+= 1,000 sps2 £ 5 Barker & A& AEH} Service B3I B3Q B3A
200 sps2 3% convolution encoder A& iE%% PARES Centre frequency (MHz) 1,268.52
A $EHTE LOC 50l S RN A Gryn, b DL e
gl ARyl o274 10 B|E Lo|u-su FT —‘%QQ}OH‘/} Chip rate (Mcps) 10.23 NA. NA.
L50CM A5 9] Bk} Zaba= 117645 MHzo| ™, L30CS} 5 Data rate (sps) 50 N.A. N.A.

215 BPSK(10) #12 7] AFg s} S A7) 215 Folct.
1Whe] A& zh= 2709 LFSRe| 2Jsf QA= w] truncated 25

2.4 BDS T2 AL3ic} (BDS-SIS-ICD-BII 2019)
BIA A5 & }A—]]EH BDS #& 3 2152 e} 917F A2} A
BDSE S=ollA] 7 W 8321 GNSSE A TAlol 24 5o} 7] 9] RS E017] AT MR 7 o & BOC(4,2) AHE-
M=) 9ict BDS-1¢] Z#|Qlof regional radio determination sttt EA ALEX ]-01]71] T PNT AJH]A % AlZs5h, Al15.9]
satellite serviceZ7} =45 &, 201214 BDS-29]| 2J3}] RNSS7} - EA] Al dbbul Fuby 9 ASHIEY 9o 215 A H = H|FI o]
ZH9ict @A Y @ -8 %<2 BDS-30]] sigste 4] Al th. BIC 4153= GPS LIC 4152} fAISHAl HIOlEi uhdsl A2
35 Eotol A AT AR PA Y AHIAE AlFShAL Qe S 2 o] Zn|, MBOC AHEY] 13 95lo] Quadrature
o, L1 (BL), L5 (B2), L6, S thedoll A A1 52 £&3kch Multiplexed BOC ¥12 2 x}83} (BDS-SIS-ICD-BDSBAS-

BIC 2020). PRN Z =& ¥ F=E A83Ic)
24111 (B1) O

2.4.2 L6 (B3) CHA
BDS Als &= ZEZ 0 Z in-phase (Bl B2I, B3l)ol|l= RI7F A}

42}, quadrature-phase (B1Q, B2Q, B3Q)oll&= &{7}E AM8A= BDS L6 (B3) tf A5 = & 471<] 7i o]E, 34-0134 A
thalo & A5 2 2235t} (ESA 2020). Table 9= BDS L1 (BI) tH Ho 71L B3 B3A £ jo] A5 S £E5), uhdn} Rajs
o Aol £Q EAlS LJER T, Fig. 102 BDS L1 (B]) T Al 1286.52 MHzo]|t} (BDS-SIS-ICD-B3I 2018). B3I ¥ B3Q Al&
9] Fulg AHIEHS e} Bl A5 BA AJH|AE A2 10.23 Mcps 3 £ 55 ZH= PRN =9} 500 bpse] o|R 3 ¢
sk, BII A1 5.0 24 d|o]E]+= master control stationof| 4] x| g] o]E]& Quadrature Phase Shift Keying (QPSK)Z ¥4 X3lC} B3A
=t} (Teunissen & Montenbruck 2017). Bl A15¢] PRN F == A5 = BOC(15,2.5) 2 & AFEs1H, B3ADS} B3AP & 714] &

http://www.ipnt.or.kr
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Fig. 11. BDS L6(B3) band frequency power spectral density (Montenbruck
etal.2022).

Fig. 12. BDS L5(B2) band frequency power spectral density (Montenbruck
etal. 2022).
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o
b
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/Jlct. B3AD dlo]e] Ad-2 50 bps (100
& zh=t) Table 102 BDS L6 (B3) th&) 4l

o F
2]
of
i

59| $2 E4¢ Uehis, Fig. 11& BDS L6 (B3) B 4159
2} 23] 2R S Lepi)

24315 (B2) ¥ SCHY

BDSE L5 (B2) ol & 4702] 7iE dlolH, od= A&
£ 7H= B2ag) B2b & 7o) XS E $&3c} (BDS-SIS-ICD-
B2a 2017, BDS-SIS-ICD-B2b 2020). ©] % B2a A5+ GPS L5
9} Galileo E5 th&] 4159} S5 9 A4S 80 7MsshH, F 41
3 (B2a, B2b)¢] vtdul Fuls 7kz 1176.45 MHz9} 1207.14
MHzo|t}. B2a 415.9] djo], mtd sl Ad+3} B2b to]e] A&
£ BPSK(10)2.2 ¥z & ni B2b mhela] AJE o] =z 7]¥ L TBD
o]t} B2a A15.2} B2b A1S &= Asymmetric Constant Envelope
BOC ¥z 2 Trx|n, 18 & W 41 7| SHAAN =2 7
91418 712t (Lu et al. 2019). B2a 4159} B2b A159] PRN 2.
T 13719 &g 7H= F 2702 LFSRO| <3 A=, T& I
=2 2183} Table 112 BDS LS (B2) W S t]od A5G0 29 E
A& Ueh, Fig. 12+ BDS L5 (B2) Y A1 59 Fula Ax]
Efg Yehdrt

BDSE S tjof|A] Bs-D, Bs-P T 7}#] AR o g 1A= Bs
4155 $&37ch BDS Bs 4154 PNT AH]A7F opd Thiz 4]
2] U AS A Zs= A5 o]t} A7FE 6,000,0008] HlAIZ] A
%o] 7Hssk, MAIA] F 2ol 14,000 bits HE-o] 7Hs5ict. HE
2u} Fulp= 249175 MHzo|H, 3 £ 5= 4.08 Mcps, Offset
QPSK (OQPSK) B1% 7]¥H-& A}43}} (Lu & Yao 2020).

3. RNSS A2 Y & 4z 4

3.1QZss

Q7SS ARolA 25 ) L 2 FrbolA GPS 415 1

https://doi.org/10.11003/JPNT.2024.13.1.1

Table 11. BeiDou L5(B2) and S band signals and modulation scheme.

Service B2a B2b Bs
Centre frequency (MHz) 1,191.795 1,575.42
Signal component Data Pilot Data  Pilot| I Q
Spreading modulation |BPSK(10) BPSK(10) BPSK(10) TBD | OQPSK
PRN code length 10230 10230 10,230 TBD |255 2*-1
Chip rate (Mcps) 10.23 10.23 4.08
Data rate (sps) 200 - 1,000 TBD| 16,000

Table 12. QZSS L1 band signals and modulation scheme.

Service C/A LIC  L1S(L1-SAIF)
Centre frequency (MHz) 1,575.42
Spreading modulation BPSK(1) BOC(1,1) BPSK(1)
PRN code length 1,023 10,230 1,023
Chip rate (Mcps) 10.23 1.023 1,023
Data rate 50 sps 50 bps 250 bps

Fig. 13. QZSS L1 band frequency power spectral density (ESA 2014).

g AHIA F G B AHA AFE Hste] i E &8
th QZSSe] GPS B AH|AE FE 4 59 AHEALE ¢
Submeter Level Augmentation Service (SLAS), B4} JAF 9]
AFEALE £]5h Centimeter Level Augmentation Service (CLAS)
£ A|-Z3tc} (Teunissen & Montenbruck 2017). E=5F SLAS A1
5o 5% vlAlA] §BE ALET 7] AW AHIAS ATE,
QZSS: L1 12,159 L6 thedof| 4] A5 2 22517 glet

ol i,

CARNRQ B

QZSSE LI thedof|A] C/A, LIC, LIS X157} $&=ch QZSS
C/A X152} LIC A5 = GPS C/A Z.E, LIC A1 5.9} THE ¢JA] A
8 HEE AgSI, 2t GPS 4159} 5 & AEE $E51]
PNT AJH|AZ |23t} (ESA 2021b). Table 12%= QZSS L1 t<]
A5 70 EAS Uehin, Fig 13& QZSS LI o] A5 5
T A EYS LERdTH

QZSS C/A A1 ¢] PRN I EX= GPS C/A ZE A5} T3}
A EE =5 AMESH 10719 A& ZHe 5 709 LFSRof| &Js)
AB/dElet QZSS LIC A&+ GPS LIC 4159} fARSHA Hlo]d,
YR JREo 2 UL 1Y FEE ARESHH, 10,230 Aol & 2
= AEAE 54 telA 7 PRN ZEE A7t QZSS

C Al&+= GPS-like 415 &2 GPSet A4S -84 8ME3519
S} GPS L1 C/A 4159} 7] 94518 #1510 BOC(LD) ¥z 7|
& AFESIT) (IS-QZSS-PNT-004 2021).

QZSS LIS A5 & Ll-Submeter-class Augmentation with

Integrity Function (LI-SAIF) AS2}11 % B2, 29 Al skAF



Table 13. QZSS L2 and L5 band signals and modulation scheme.

Service L2CM L2CL L51 L5Q
Centre frequency (MHz) 1,227.60 1,176.45
Signal component Data Pilot Data  Pilot
Spreading modulation BPSK(1) BPSK(10)
PRN code length 1,023 767,250 10,230 10,230
Chip rate (Mcps) 0.511 0511 1023 1023
Data rate (bps) 1IF: 50, IIR-M: 25 - 50 -

Jong Hyun Jeon et al, Survey of GNSS Signal Plans 9

Fig. 14. QZSS L2 and L5 band frequency power spectral density (ESA 2014).

Table 14. QZSS L6 band signals and modulation scheme.

Service L61 (BlockI) L62 (Block IT)
Centre frequency (MHz) 1,227.60 1,176.45
Message name LeD - L6D L6E
Spreading modulation BPSK BPSK
PRN code length 10,230 (code 1) 1,048,575 (code 2) 10,230 (code 1) 10,230 (code 2)
Chip rate (Mcps) 2.5575 2.5575 2.5575 2.5575
Data rate (bps) 2,000 - 2,000 2,000

A1 El Al S ot} (Sakai et al.
2009). sfd ot 2213} e 2t AFS} WA A] Disaster Crisis
A M| A0}k uElG B AHIAE A

_]

Lo golg] A4&EE 7HKIch GPS L1ty C/A FE 450}
TYR A4S F2E 7HA M, PRN FZEE 10709 AL ZHe + A
©] LFSRe]| o5} 4843 Itt (IS-QZSS-LIS-005 2023)

& G A}5IC} Table 13O QZSS 12 L5 q{oﬂ A5o Fg E
A UERH, Fig 14%= QZSS L2 @ L5 o] A15.9] Fujs A
=g Uehiic

QZSS L2C 415 GPS L2C Al &9} S5 do]e], 7l
% 402 T 99 ZES AMETHE Chip-by-chip Time
Division Multiplex B © 2 ]3] HFAlo] ZFon] EGH AH
ES 7Kt QZSS L2C A S+ $5 /3 wtoll what thE dlo]
B A458& 2+ 540l ok QZSS L5 415= GPS L5t 4l
3o} FUSH glolE, Tl B0 2 LHI truncated &
EZ AH8sH, 1 msapc} 7+ LeolRh-S 88 57|35 FE HIE
7} modulo-2 sumd}e] A7 4ulE vkEsio] PRN IE 3]

of 27}

kU
>£ b

313L6 0Y

QZSS L6 thdof| A= £JAd ool wat L6l (Block 1), L62 (Block
I, ) Als7} £Z=t}d QZSS L6 Al LIS 24159} 34 &=
g_] Aé% égjk/bl—% s?_]%]—y_é 241:1 zﬂ_?_o Ex% oz M;_-"Q o]—‘:“j A

ful

L

S 2 CLASE A|&stth (IS-QZSS-L6-005 2022). Table 14=
QZSS L6 ted 4159] 22 541 Lhehiict,

QZSS L6 ted A5 L61/29] PRN FE X F7jo] 7jaln] 2=
Alg] Z(code 1, code 2)& AFHE51H, code 2 FE Al Fof = Ho]
E7} 2= 7] ob=th ZH 4159 PRN ZE+= 20709 A& ZHe
LFSR 2719} 107]9] A ZH= LESR 17]o]] o)s) AT} QZSS
L6 tje] A5 L6DE % Z5.0] Al S F43ich L6D oAl
A= & 2 tjate = Precise Point Positioning Real-Time
Kinematic 7]9+¢] CLASE A5}, L6E A A= Multi-GNSS
Advanced Orbit and Clock Augmentatlon~ Algske] Bk 4
2 9o} thafo.2 St QZSS L6 Ted 4159 2t E-S Code
Shift Keying 25 A g3, & cﬂola 442,000 bps)
£ 74

3.2 NaviC
NavIC T+ Indian Regional Navigation Satellite System

(RNSS)&= A =oflA] zk=tf I secondary AH|A 2] (9=
-30°~50°, 7% 30°~130°)0]] GPS ]2 E 2 LF2 PNT AH]|A A

& 5E2 ALEHACE 712 NaviC2 L5, S th Al59he &
Zojglont, A Lo A58 2742 $5617 U} (BSA

2021c).

3210109

NavICL& L1 tf¢dojf|A] L1 Standard Positioning Service (SPS)
ASE $E510), GPS C/A FE ool GARE 54 2ect
(ISRO-IRNSS-ICD-SPS-L1 2022). Table 15%= NavIC L1 td Al
39 38 EA4& el Fig. 15+ NavIC L1t 415 9] Fa}
2 AHEZRS LUERATH

NavIC L1 tf&] SPS A5 += glolg], gfdz AHE o2 v
ZF &L BOC(L) & BOC(6,1) 245 x37sto] Synthesized
BOC (SBOC)E ¥z =t Ay AHEY Wr S 2Z51HA] z+
A& ASE A7) skl MBOC IR E AHERITE SPS 418

http://www.ipnt.or.kr
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Table 15. NavIC L1 band signals and modulation scheme.

Service Centre frequency (MHz) Signal component Spreading modulation PRN code length Chiprate (Mcps) Datarate (sps)
Dat SBOC dat 1.023 10,230 100
L1SPS 1,176.45 o MBOC(6,1,1/11) ara
Pilot SBOC pilot 1.023 10,230 -

Table 16. NavIC L5 and S band signals and modulation scheme.

Service L5 SPS L5RS SSPS SRS
Centre frequency (MHz) 1,176.42 2,492.028
Signal component - Data Pilot Data Data Pilot
Spreadingmodulation ~ BPSK(1) BOC(52) BOC(52) BPSK(1) BOC(52) BOC(5,2)
PRN code length 1,023 N.A. N.A. 1,023 N.A. N.A.
Chip rate (Mcps) 1.023 N.A. NA. 1.023 N.A. N.A.
Data rate 50 bps N.A. N.A. 50 sps N.A. N.A.

Fig. 15. NavIC L1 band frequency power spectral density (Upadhyay &
Bhadouria 2021).

9] PRN F E+= Interleaved Z4-linear (1Z4) Z =& ARg-SHY, 55
7he] A& 71A]= 2709 Shift Register (SR)2} 57 2] A& 7}2| =
Feedback Shift Register2 FtAJE 37]12] H]A413 SRS AFE5}o]
AR SPS A150) mEel e o) An meflel o A
o, 7] B 2L 9H]E Bose-Chaudhuri-Hocquenghem
T2 2709 4B Z#e]& Low Density Parity Check T EZ
FJsto] Hoslgich

k

rO

322153 S0y

NavIC-2 L5 E S thofl A 917k AR8-2} e SPS 415 ¢} 517}
=] AR} tjAke] Restricted Service (RS) A& £Z3510, &
tele] 415 TxE U E4S 71} ISRO-IRNSS-ICD-
SPS-11 2017). Table 162 NavIC L5 @ S tjjed Al5o] =g E4
& UEhaT

NavIC L5, S tje] SPS Al Ak ejolit 9] o] A}
oflAl T HIAAE AHESH] B, Y AR T Asi HE
H|A] 2] H}45}= Indian Nation Centre for Ocean Information
Services, & A P AH|AE A5t F A5 PRN Z &
L GPS C/A FE9} EUsH L FEE ARgsn, 1079 AL
Zh= 5 7119 LFSRof| oJaf ABAd STt RS A1 5= 5171 AREAtel]
Al SPS 415 thH] FAE PNT A5 Ale-& F2E obe, T Al

=

E
gk AlZe] B4 A Fube 2 AHEY o] TR A5 PRt B

https://doi.org/10.11003/JPNT.2024.13.1.1
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