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Abstract The current SBAS (satellite-based augmentation system), one of GPS augmentation systems, is defined to use L1 single
frequency to broadcast augmentation information. The introduction of the second frequency on L5 is being investigated in order to
support multi—constellation and multi—frequency GNSS environment. While the data rate of SBAS message on L5 will likely be specified
as 250 bps which is identical with L1 signal, the reduction of the length of preamble header from 8 bits to 4 bits is proposed. The

preamble header shall be used by SBAS receivers for the initial acquisition, so it is necessary to investigate the effects on the

performance of the initial acquisition. This paper reports the effects by reduction of the length of the peramble header.
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Table 1 RF specificationsfor SBAS.

Specification Value Remark
Frequency 157542 MHz | GPSL1
Modulation BPSK RHCP
Spreading Code GPSCI/A PRN 120~138
Chip Rate 1.023 Mcps
Modulation Rate 500 sps 12 FEC
Data Rate 250 bps
Carrier Frequency Stability <5x107 @10s
Bandwidth > 22 MHz
Min. Reception Power —-161 dBW 3 dBi @5 deg
SBAS Message (250 bits)
Preamble “4‘;:2‘*%2 Data E;i(t:y
mts_) W\ 212 bits ’ 24 bits

Transmit First

1 BIAT SBAS D Ayt — Uik
Fig. 1 Structure of the current SBAS message.
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aided geo augmented navigation) 3% 5[2]-[7].
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Table 2 Assignment of SBAS PRN codes.

PRN System GEO Location
120 EGNOS | Inmarsat 3F2 AOR-E 16w
121 — — —
122 WAAS Inmarsat 3F4 AOR-W 54W
123 — — —
124 EGNOS | Artemis 22E
125 SDCM LUCH 5B 16W
126 EGNOS | Inmarsat 4F2 |IOR-W 25E
127 GAGAN | GSAT-8 55E
128 GAGAN | GSAT-10 83E
129 MSAS MTSAT-1R 140E
130 — — —
131 — — —
132 — — —
133 WAAS Inmarsat 4F3 AMR 98W
134 WAAS Inmarsat 3F3 POR 178E
135 WAAS | Galaxy 15 CRW 133W
136 EGNOS | SES5 5E
137 MSAS MTSAT-2 145E
138 WAAS Anik F1IR CRE 107w
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Table 3 False detection rates of initial acquisition.

Preamble | Receiver # of Messages ) #of False )
CRC Check #of Trials ) False Detection Rate
Length Type for Test Detection
TypeA No 3 1X10° 1331 1.33X10°
8 TypeB Yes 3 1x108 0 0
2 1x10° 0 0
TypeB’ Yes
1 1x108 17 1.7Xx107
TypeA No 6 1x108 1545 155X 10°
TypeB Yes 6 1x108 0 0
5 1X10° 0 0
4 4 1x10° 0 0
TypeB’ Yes 3 1x108 0 0
2 1x108 0 0
1 1Xx10° 30211647 3.02x 101

BT 29 HLNE, AvE—VNEETVZ LERETD
L, Ave— 1 Y720 TlE 250X 224=1.49X 105 fLEE LT
WTED. 70k, SBAS 28 1 FMITEE T2 A=V
3.1536 X 107 Th 5.
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ERETHAE—UN 3 HTHLND, 250 X 274X
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Pro(k | n, p) = 250 X (nCk X 27P) X (2-24)k 1)
HolbR MR RN E<TRDMA A B —THS L EDSE,
8T UT L7 /LT 250X (3X 28) X 24=1. 75X 107 FL /£, 4
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By MIEWTIEL T Ay E— Y -0 D38 iR 1T
1012 LR e,

4. 2 BUTFHANMKICEDBRE

TVT T N EERE LTS A ORI MR I B R
ERERT B0, BT HAREICLARHE T, T2
b, WDEMEETET-T Ayt —T % 28R L Tl L7t
oL T ~72H 2T, BlsfrE%L 1 By b o olLaen
SR AERAIT, 3R AR 352 R 5.

(i) FUTr TN OVWTIREETHDLT 5.

(i) FVTr TN KO CRC NUT A &R A=V DFEDER
A3, ELERIC K AR 5.

(iii) CRC /~UF&HUNIAHINT 2.

SERIRELBEEPICIEF 2TV T T Y CRC YT 1%

59 200F, BLRISEVIRIEZ ST 2720 Ths. £

THNEDFITICH T2~ TUE, HoIc Ao WL 4
N—F L.

HEMEER 3 IR T. BITER (ERLIAYE—V D
T 1X108 FETHY, ELWAUT U T LT RARDA B
WML HERRLTHD. Y107 A OZEHETIITI TV
TIADE Y MIIZES T 1.3~1.6 X 105 FLE DM A/LEL T
WDR, ZHUIAY B =V NEET VX LR ELTESHE DT
BNTIEE T 5. £z, 47 B OZEHITHOWTITEAR
HFERIZFEH LI ER TEBEOTHITH 7203, Mk R
IEINEEMTDHD LRSS,

HAT B FROZEHETIE, MEAY -8B 20 ETH
AUTIRR I AT o7, AEAY =V 1 DFEIC
SONWTE, 8E VDT YT T T L7 X107 B E DR T
BRBEE AL TR, ZUT(WICE DR B R ET 5.

BISMTAE RIE, REBEAY =8N 1 0¥ A7 B HRUC
BWTC, VT VT NVEAE YR LG A ITR/LN TS, 20
S ClE, CRC NUTABHBIIH 05T I 3B a4
DAy =T TR ELELTEY, XOICLDTFRIAESLL
TORN, 2SO E AT TOBIRIETELSGHSE,
IFEAENIELW Ay E—UREEME O 1 By IS THK
DNLE LIRS TNDIEN DT, TUT T NV AEvhEL
7284, 6 FsEO Y77 11310101) 10011 11001 1010
[1100]10110) THY, ZHSR UM TWAZENRIH LIz
MHOFERTHD. 7-&21E, V770110 2L oAyt
— VT, TUT VT IVDOEH/RDOE YIS 0 Thdé, ELWVLE
M5 1 EYMPNEALEIZN1100) VWO E Y RIS TETLED.
CRC YT 13 7 MaEE AW THEHESNAZEND, 1B vk
I TIIEEIL CRC NUTAR—BLTLEIZERHVE
HDOTHS.

AT ADE T TIITIT 7 A0y MEEEHEL TH
WAL MERE I I B LA, Ay — SR EEAL B ORI
HFER 2B STV T, REOZEHCITRASN
TWaWbOEEbihd. —F, #4147 BIB ROV,

10



TVT VTN 8 EvhTHIUL, 1 ADAyE—T% AT 5
P THRTHILOLEL TEESN TOD AR D. L
MURND, TIVT T AN A yNIebl, ZO AT 1E
DAy —TE A LT CTrEaif B e R i 1o K &<
2%, TVT T NVE A MIELMET 5281 L5 SBASDO T 1
NAZPEL TERERREETRH200, ZEHANB W
TIEHAT B HDINNIREA©—V %% 2 U EELTZAT
B' O G RARAT D, ThbLEBDOAY E—TITbie
BDFVT T NNEHANTCAYE— R B L7-9% C, CRC
RUT LD EBATIUERDH LI ER DT

5. 590

L5 J& ¥ EcZ At 4% L5 SBAS DAL IEENBIIASH T
B, Aye—T ORI ENDE TV T T N ONT, B

ITHUE D 8 E Y b 4 By MTMEE T 2T LBREISNTND.

TUT 7T SBAS ZEMEAIHHIE CE AT 5L 0 TH
DTENDHEDEEIZOWTHREILIZEZA, VT T LDk
H%E 1 DDAy E—T OB TN G TIE 4 EvbhDTY
T T ICKHETE N2 e¥bhotz, 4 BT VT T
NTEL Ay =V REEA RN 35720121, oAt
— VN TVT T N E AN T A=V REEE R L,
ENFEIUTDWT CRC NI T A ZRET HIEN LI THD.

(CFpk 274 1 A 16 B3%A)

X ®|

[1] International Standards and Recommended Practices, Annex 10 to
the Convention on Civil Aviation: Aeronautical Telecommuni-
cations, Vol. I: Radio Navigation Aids, 6th Ed., July 2006.

[2] =R, “HiEZ B AR R AAEMTRS A7 A (MSAS) Ofik
FABAAE”, HAMIMESS GPIIGNSS Ry A, HUAT, Nov.
2007.

[8] LT, “MSAS OMRILEFIH ~DOHIFE”, RN ATIE S
GPS/GNSS > RPT A, HAL, Nov. 2009.

[4] PBA#], #HGEAE, “MSASOIUIR”, BINHIE T2 GPIGNSS v
VIRTVT A, B UK, Oct. 2013.

[5] D. Bunce, “Wide Area Augmentation System (WAAS) - Program
Update,” Proc. 26th Int'l Tech. Meeting of the Satellite Division

of the Institute of Navigation, pp. 2299-2326, Nashville, TN, Sept.

2013.
[6] D. Thomas, “EGNOS V2 Program Update,” Proc. 26th Int'l Tech.

Meeting of the Satellite Division of the Institute of Navigation, pp.

2327-2342, Nashville, TN, Sept. 2013.

[7] C. Aguilera, D. Bunce, D. Flament, F. Lecat, G W. Nam, J-M.
Pieplu, T. Sakai, V. Somasundaram, “SBASs: Striving towards
seamless satellite navigation,” Coordinates, Vol. 10, Issue 3,
March 2014.

[8] Minimum Operational Performance Standards for Global Pos-
itioning System/Wide Area Augmentation System Airborne
Equiment, RTCA, DO-229, Rev. D, Dec. 2006.

[9]1 M. Tran, C. Hegarty, A. J. Van Dierendonck, and T. Morrissey,
“SBAS L1/L5 Signal Design Options,” Proc. ION 59th Annual
Meeting and CIGTF 22nd Guidance Test Symposium, pp.

507-517, Albuquerque, NM, June 2003.

[20] D. Bobyn, A. J. Van Dierendonck, H. Kroon, M. Clayton, P.
Reddan, “A Prototype WAAS (SBAS) L1/L5 Signal Generator,”
Proc. 16th Intl Tech. Meeting of the Satellite Division of the
Institute of Navigation, pp. 2760-2768, Portland, OR, Sept. 2003.

[11] T. Walter, J. Blanch, and P. Enge, “L1/L5 SBAS MOPS to Support
Multiple Constellations,” Proc. 25th Int'| Tech. Meeting of the
Satellite Division of the Institute of Navigation, pp. 1287-1297,
Nashville, TN, Sept. 2012.

[12] A. J. Van Dierendonck, C. Hegarty, R. Niles, T. Morrissey, and
P. Reddan, “Next Generation Satellite Based Augmentation
System (SBAS) Signal Specification,” Proc. 2005 National Tech.
Meeting of the Institute of Navigation, pp. 371-384, San Diego,
CA, Jan. 2005.

[13] Global Positioning System Directorate, Navstar GPS Space Seg-
ment/User Segment L5 Interfaces, |S-GPS-705, Sept. 2011.

[14] Signal Specification for SBAS L1/L5, Eurocae ED-134, Draft
V3, May 2008.

[15] SBAS IWG, Draft IWG SBAS L5 Interface Control Document
(SBASL5ICD), April 2014.

EEBN

WH LR (EB) V8 RKBELIMET. F4EE L
WFSEET AR, BULE, RFHES A7 A8 HEie .
WL AT ZOMTZEHE IZ BT DI 98Ic1e . S 14~15
KEAS 7+ —RKRFREMEE, F 18~ FHEVEE KR
BUEHER, W26~ FHiZE i JC B SRS kB R B T 18
IEEE AES #8757 SCE, - 19 KEfTIEE2 ION GNSS #55
FSCE. B (T,

W& BIE GESB) F5iEmE AL, 7L KT
B7E. - 12~15 FHAZEM SRR AR, ¥ 17~
24 FFERE N O F e 2o 2 — g 2 EAE S L
TMSASHMITHESE. 21 KIKRFRFBLE LR T, F
24~26 [E 123 i@A W28 JR 2 A M 2ok 2 A i L R R
BAE, B MBI IIE S A7 AER F e B . # 2
WL AT DOMIZEREIE B9 AR FEIC e 55

11



