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Background of QZSS
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> Regqgional space-based PNT system

» Coverage: East Asia and Oceania region

> 6 Signals (0ZS-1):
v L1C/A, L1C, L2C and L5

—can provide seamless PNT services by combining usage
with GPS.

—Increasing coverage and availability of PNT services even in
downtown and mountainous areas.

v' L1-SAIF on 1575.42 MHz
v' LEX on 1278.75MHz

> Accelerate: the modernization of GPS in Asia
Oceania region.

Platform:. for Multi-GNSS augmentation.

First satellite: QZS-1 called “MICHIBIKI” was
launched in September 11, 2010.




QZS-1 Signals %%4
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Frequency Notes
L1-C/A » Fully compatibility and interoperability with
L1C 1575.42MH:z existing and future modernized GPS signals
» Integrity flag, lonospheric correction
L2C 1227.6MHz
» Almanac & Health for other GNSS SVs
L5 1176.45MHz
» Compatibility with GPS-SBAS (250bps)
L1-SAIF* 1575.42MHz
» Higher data rate message (2Kbps) for PPP, RTK
LEX 1278.75MHz » Compatibility & interoperability with Galileo E6

CS signal

* L1-SAIF: L1-Submeter-class Augmentation with Integrity Function




LEX Signal (1/2)
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Signal Structure

1744 Bits/s 8bits/Symbol 250 Symbols/s (2000 Bits/s)
Nav Message —— Reed-Solomon(255,223
Coding .
- 8 bits / symbol
Short Code (4ms) - 2.5575MChipis 2 5575MChip/s -

Data rate: 250 symbols/sec

SK Modulator (*
Ranging Code N MS (2 OOO bItS/SeC)

Crex
Generator 1 Frame — 250 SymbOIS
= 2000 bits

Long Code (410ms) : 2.5575MChip/s 2 5575MChi D-’

Clock 5. 1 15MHz
Squarewave 820ms period
which starts from*0”

ie. “010101..."

CSK Modulation is used.

(*) Definition of Code shift Keying (CSK) Modulation

MSE }, .......................... | LSB Nav Message Data

8 Bits (15Symbol) Value = N (as Decimal: N=0 - 255)
"1 PRN(1) [romsmsmmmmsss oo m e |PRN(‘|02301 Criginal PRN Code Pattern

| | Details of LEX signal is described in IS-
Nise Shift by CSK Modulation QZSS .

--{ PRN(N#1) === e T | prnonn) [ prny | CSKmeauated RN code (G 00gle “1S-QZSS”, or visit following site.

Pattern by “N” value

4 ms

v

Time http://qz-vision.jaxa.jp/USE/is-gzss/index e.html




LEX Signal (2/2)
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LEX Message Structure

DIRECTION OF DATA FLOW FROM SV
2000 Bits 1 seconds
1 50 !1?45
Header Data Part Reed-Solomon Code
(49 Bits) (1695 Bits) (256 Bits)
We evaluated followings;
- 1.Frame Error v.s. Elevation Angle
LSB .. .
1 - . . 2. Theoritical v.s. Experimental
Preamble PRN Message Type ID Frame Error Rate (F E R) ]
32 Bits 8 Bits 8 Bits
“Alert” Flag — 1 Bit—T

1695 bits as Data Part

Reed-Solomon (256 bits = 16 symbols)
-> Error Correction: up to 16 symbols.
Miss-decode more than 16 symbols
results in Frame Error.



Evaluation Data
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Elevation Angle vs C/No
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- Data Period: 24 -26 Oct, 2012

- Received at Tokyo in Japan




Evaluation Results (1/2)
- Elevation Angle v.s. Frame Error -
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Elevation Angle vs Frame Error
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Signals at more than 10 degrees of elevation angle, No Frame Error.




Evaluation Results (2/2)
/- Theoritical FER v.s. Experimental FER -
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Theoritical Frame Error Rate (FER) v.s. Experimental FER is almost same. 3




Conclusion
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B QZS-1 called “MICHIBIKI” transmits LEX signal which
has high data rate (2 kbps), and the CSK (Code Shift
Keying) modulation is used.
B \We evaluated followings;
O Elevation angle v.s. Frame Error
O Theoritical FER v.s. Experimental FER
B Experimental results showed that we could receive LEX
signal with No FER at more than 10 degrees.
B The results of theoritical FER and experimental FER
showed almost same.
B These results proved that our signal design and the CSK
modulation for higher data rate are not bad.




