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ABSTRACT

In GNSS, the structure of the navigation message has been improved to increase the flexibility of data addition and

transmission, and the robustness of message reception in a low SNR environment. GNSS signals currently being broadcast

have a different message structure from each other, and the structure can be largely classified into the fixed structure, the

packetized structure, and the packetized and fixed pattern structure. This paper analyzes the features of these three types

of structures and compares the performance using the indicators. It can be seen that the performance after adopting the

packetized structure is superior to those of other structures. In particular, there has been remarkable improvement in terms of

the message management and transmission efficiency.
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Fig. 1. Message structure of the GPS L5 signal (IS-GPS-705E 2018).
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Table 1. GPS L5 message content.

Type Message data Mammll::;rtiaaln[ss r]mssmn
10 Ephemeris data - part 1 24
11 Ephemeris data - part 2 24
12 Reduced almanac 600
13 Clock differential correction 900
14 Ephemeris differential correction 900
15 Text As required
30-37 SV clock 24
30 IONO & Group delay 144
31 Reduced almanac 600
32 EOP 900
33 UTC 44
34 Differential correction 900
35 GGTO 144
37 Midi almanac 3600
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Table 2. Relationship between CED length, information bit length, and number of packets.

Case Description Example # of packet
1 Size of CED > (Length of information bits) 2 :mu(:l;it) CEDE/S) CEDG3) 3
2 Size of CED > (Length of information bits) 1 ‘_Clh%’ CEDE/2) 2
3 Size of CED < (Length of information bits) 1 '_1%’ 1
— - frame, Galileo called Page)o]| U0l A45t1 QlE Alatolct
Ephemeris (1/2) Ephemeris (2/2) & IONO/UTC/GGTO Information

/Reduced Almanac

1 packet

Fig. 2. Navigation message broadcasting schedule - GPS L2/L5, BDS B2a.

Other

Clock & IONO hemeris (1/3) hemeris (2/3) hemeri= (/2] Information

1 packet

Fig. 3. Navigation message broadcasting schedule - Galileo E5a.
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Table 3. Characteristics of GNSS navigation message.

GPS BDS Galileo NavIC
LNAV CNAV CNAV2 D1/D2 BCNAV BCNAV2 I/NAV F/NAV -
Signal L1C/A L2C/L5 L1C B1I B1C B2a E1/E5b E5a SPS-L5/ SPS-S
D1 (50)
Data rate [bps] 50 25/50 50 D2 (500) 50 100 125 25 25
Total bits of . D1 (36,000) . . .
message [bits] 75,000 Arbitrary 1,800 D2 (180,000) 1,800 Arbitrary Arbitrary Arbitrary 1,168
Error correction . Convol- Convol- Convol- Convol- Convol-
code (ECC) Parity check utional code BCH/LDPC BCH BCH/LDPC utional code | utional code utional code | utional code
Addnewmessage | Limited Free Free Limited Free Free Limited Free Free
Structure type Fixed Packetized Mixed pattern Fixed Mixed attern ~ Packetized Fixed Packetized |Mixed pattern
Subframe 1 Subframe 2 Subframe 3 Il]— ]?_]_'E’joﬂ NavIC SPS-15/S /\]f‘?_oﬂ/\'] iHE_H"B‘]— ‘_—'6‘;]— q__‘x_% E'_“é
TOI Clock & Ephemeris CRC Variable Data CRC : ==
(9 bits) (576 bits) (24 bits) (250 bits) (24 bits) MBI ZUSH o FHAHHS HLs|l1 9t 18| =)
L Y Y 2 B/ 9% megol slin HlEd] x3Ee] 7] wEe
L secondary code7} B4 0 2 @ 7% ot}
BCH Encode 1200 symbols 548 symbols = = =
— r A ol M4 SHGHAI AR ] FHolAIA] MEKs Table
S [[warcneng ] 33} Zro] QOFaF 4 QIrk YHAIAR L] FEINA F2E
Ve A 7hA PR BT 4 93, PHEAA FRE 94,
’ o ‘ i mesage - l A, AN, AE 2E&S A7) 8 ohRt Fefz
AsIAL Qith o] F 7Y FESfokt B2 FHHAIA Y §4
Fig. 4. Message structure of the GPS L1C signal (IS-GPS-800E 2018). A AN, AL GeS =o]7] o5 RS BT, ATAS
ol7] 915 LRAARSE 2 8k Aot
MASTER FRAME
SUBFRAME 1 SUBFRAME 2 SUBFRAME 3 SUBFRAME 4
292 bits 292 bits 292 bits 292 bits = —
3. SHEMHAIX| ¥5 X|&®
Subframe 1&2
1 9 26 27 28 30 31 263 287
o lslel, . 2 Aol FEHAA e B 9% A AR
S| 2| % = g | = - - -
HHEHEE : Ak off o) M Tch. BAol B8T A5 AFE & 67hA0l,
AR — e Anghileri et al. (2013)7} A|A|SF 47}2] A% 2| & (Efficiency
Factor, Accuracy, TTFFD, Robustness)@} o] =FofA] #|A|5}
Subframe 3&4
1 [o [26 [27 [28 [30 [31 [37 227 % 287 “: -}?‘—-7}— %‘EE _1__3%—8]‘ 27]—]]_04 /H":‘ X]_,r}_ (D ata Bandwidth
ol lz § .2 . o ) Overhead, Ratio of Non-CED parameter)E Z3}sic}
21598258 £ z| 8¢
O (G I ) &
SaiE s = .-
S T . — 1 3.1 Efficiency Factor
bits | bits | bit | bit | bits | bit | bits 220 bits bits | bits | bits
Fig. 5. Message structure of the NavIC SPS-L5/S signal (NavIC ICD 2017). Efficiency Factori= th9] A|7F £oF A4 71=3) 9 & H|ES
oujsi, o] FFHMAIA] FxRof| w457 HE TR &
H|A| 2] L2} NavIC SPS-L5/S A15.9] S]] L2RE 1 & dlo]gle] ok BT 4 9] z|Ho|t} Efficiency factors
@it (NavIC ICD 2017, IS-GPS-800E 2018). Eq. )3} o] A oJstm, o 7] A effective bit rateS Eq. (2)}+ 2+
GPS LIC 4159} BDS BIC A1 504 &5t &5+ L2 0] = t} o] Aolsitt 12 E9F M4 7153} effective bite] H]-E-2 Eq. (1)
2 5ge Anmeonit A2 b2 QRAYREE NGt L B L 4 on], o vl HE4E T AT gAY
+ ZAolth. ol& & edsketl 7 F23% HlolEdl CED AL 3 Qle A B HE 7L Erhe A ou|dith
7} mare Muadelel e FHY S| $43 12 g
ko 244 Signal to Noise (SNR)o| F-& A5 441 $F7of|A] Bit Efficiency factor [%] = Effective bitrate [bps] o 406 (1)
= Data Rate [bps]
Error Rate (BER) 3FAY5}17] I8k Ao|t}, T8]a1 Q17 Y o]S Al

E &9 AR ZH Y o]t FHAIS 9] secondary code

o} =35l Zo|2 AT o] A AT TTFFD Al 5-& BAksH
c} (Noh et al. 2020). 2L}, o] WhAle] B3 P2 7 g IR
o] L] F7|E 93l secondary codeS L4202 AA s of

sh7] wigell A8k AS F2E 7HHoF Rtk AleF 2710 ¢
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(Lenpin)—(Lengy ) [bits]

Effective bit rate [bps] = Loy 2
Datarate [SEC]

o] 71 A Effective bit rate:= U—]]/\]X]Q] A AR Zo] &

preamble, message type, parity, CR¢ 2 A &Jst A H o] H|&
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Table4. Contents of conventional GNSS Navigation message.

Table 5. Comparison of the effective bit rate of message structure.

Data Function

Effective bitrate [bps]

Satellite clock correction & Calculation of satellite’s position and

ephemeris system time
System time reference Calculation of transmission time
Almanac parameters Select visible PRN / Reducing doppler

search bin

Broadcast group delay parameters  Estimation group delay
ITonospheric correction Estimation ionospheric delay
GNSS time offsets Time offset about another system
GNSS time to UTC conversion

parameter

Signal-in-space accuracy (SISA)

/ User range accuracy (URA)

Health status parameters -

Calculation UTC time

3.5 Data Bandwidth Overhead
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Fixed Packetized Mixed pattern
GPS BDSDI Galileo | Galileo GPS BDS | NaviC GPS BDS
LNAV NAV [/NAV | F/NAV CNAV BCNAV2 | NAV CNAV2 BCNAV
38.7 355 178.0 | 428  43.7 88.0 437 473 473
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Table 6. Comparison of the Len,, of message structure.

Ratio of in the minimum (sub)frame/page length
Fixed Packetized Mixed pattern
GPS BDSDI Galileo | Galileo GPS BDS |NavIC GPS BDS
LNAV NAV I/NAV | F/NAV CNAV BCNAV2| NAV CNAV2 BCNAV
0.23 0.29 0.29 0.14  0.13 0.12 0.13 0.05 0.05
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Table7. CED parameters of GPS signals.

GPSLNAV GPS CNAV/CNAV2

Scale factor Bits Scale factor Bits

ag 2% 22 2% 26
ay 2 16 2" 20
a, 2% 8 2% 10
toe/ toe 2! 16 300 11
VA 2% 32 - -
e 2% 32 2% 33
W 2% 32 2% 33
An 2" 16 2™ 17
M, 2% 32 2% 33
Q, 2% 32 2% 33
Q 2 24 - -
iy 2% 32 2% 33
igoc 2" 14 2™ 15
Cye 2% 16 2% 21
Cus 2% 16 2% 21
Cr 2° 16 2® 24
C, 2° 16 2® 24
Ci 2% 16 2% 16
C, 2% 16 2% 16
IODE - 8 - -
Aa - - 2° 26
Ao - - 2% 25
AQy,, - - o 17
Ang,, - - 2% 23
Total bits 412 477

Table 8. Comparison of the total size of CED parameters.

Total size of CDE parameters [bits]
Fixed Packetized Mixed pattern
GPS BDS Galieo|Galieo GPS BDS |[NavIC GPS BDS
LNAV DI1AV I/NAV [F/NAV CNAV BCAV2| NAV CNAV2 BCAV
412 433 428 428 477 481 410 477 481
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Comparison of the TTFFD of M ge Structure
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Fig. 7. Comparison of the TTFFD of each message structure.
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Comparison of the bit error rate of M Structure
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Fig. 8. Comparison of the bit error rate of each message structure.
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Comparison of the data bandwidth overhead of Message Structure
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Fig.9. Comparison of the data bandwidth overhead of each message
structure.
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Comparison of the RNCED of Message Structure
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Table9. Summary of navigation message design parameters.

Type Fixed Packetized Mixed pattern
Desi;
paraileter GPSLNAV BDSDINAV Galileol/NAV | GalileoF/NAV ~ GPSCNAV ~ BDSBCNAV2 | NaviCNAV ~ GPSCNAVZ ~ BDSBCNAV
Mm"lr:ri;}frame 300bits  300bits  250symbols | 500symbols 300 bits 300bits | 600symbols 883 bits 878 bits
Data rate 50 bps 50 bps 250 sps 50 sps 50 bps 50 bps 50 sps 50 bps 50 bps
Lengy 68 bits 87 bits 72 symbols 72 symbols 38 bits 36 bits 76 symbols 48 bits 48 bits
TOtalsinZssage 37,500 bits 36,000 bits 92,160 symbols | 14,640 symbols  18,000bits 13,500 bits | 9,600bits  13,245bits 13,170 bits
Length of . . . . . .
1non-CED 600 bits 600 bits 1,152 symbols | 478 symbols 436 bits 422 bits 584 symbols 311 bits 295 its
Minimum
broadcast inter- 30 30 30 50 24 12 48 18 18
val of CED [sec]
Table 10. Summary of navigation message performance indices.
Type Fixed Packetized Mixed pattern
Perfor
-mance Indices GPSLNAV ~ BDSDINAV GalileoI/NAV |GalileoF/NAV GPSCNAV ~ BDSBCNAV2 | NavICNAV ~ GPSCNAV2  BDSBCNAV
Effective bit rate [bits] 38.7 35.5 178.0 42.8 43.7 88.0 43.7 47.3 47.3
Riengy [%] 0.23 0.29 0.29 0.14 0.13 0.12 0.13 0.05 0.05
Efficiency factor [%)] 77.3 71.0 71.2 85.6 87.3 88.0 87.3 94.6 94.5
Data bandwidth 969.9 1014.1 517.8 342.1 4122 153.4 219.9 280.2 278.7
overhead [sec]
Rycep [%) 40.0 40.0 30.7 38.2 36.3 35.2 48.7 34.6 32.8
TTFFD [sec] 35.5 35.5 31.6 59.4 29.6 14.8 59.2 18.3 18.5
Required C/N, [dB-Hz] 24.9 24.7 27.4 20.6 23.6 21.2 21.1 21.4 21.5
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