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QZSS L6 Signal Structure
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[1] IS-QZSS-L6-003, Quasi-Zenith Satellite System Interface Specification Centimeter Level Augmentation Service, August 20, 2020

Carrier Frequency: 1278.75 MHz, Modulation: CSK + BPSK(5) 

CSK



Existing L6 Receivers
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Commercial Receivers Supporting L6
– Trimble : NetR9, Alloy (only track QZS-1 L6, no L6 NAV data)

– NovAtel : OEM7 (only track QZS-1 L6, no L6 NAV data)

– JAVAD : TR-2S/3S, TRE-3S/L (only track QZS-1 L6 ?)

– Septentrio : AsteRx4, AsteRx-m3 CLAS, mosaic-CLAS (no L6 range info ?)

– u-blox : NEO-D9C (no L6 range info, only 2CH)

– Allystar : HD9310 (no L6 range info, L6D or L6E)

– MSJ, Mitsubishi, Core, LHTC ...

Limitations
– Tracking L6L (LEX-L) and decoding CSK assisted by L6L as pilot CH [1]

-> only QZS-1, long acquisition time for L6L

– Decoding CSK assisted by L1C/A or L2C as pilot CH -> needs dual freq. or wide BW 
RF frontend, needs IFB calibration, long acquisition time for L2C

– No L6 range info of QZS-2 ~ for PVT

– Complicated H/W with many (> 256) correlators to decode CSK

[1] 王他, QZS-LEX受信機, GPS/GNSSシンポジウム2010, 2010年11月4 ~ 6日, 東京海洋大学越中島



New L6 Receiver Design
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Design Goal
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Simple and Low-Cost Architecture
– No pilot signal CH

– Narrow BW (10 MHz) single RF frontend

– Simplified FFT-based parallel correlator to decode CSK

– Full L6 signals (2CH x 7 sats) trackable by minimum H/W

Fast Signal Acquisition
– Direct search of L6 code

– No need of multi-stage acquisition

– High availability of L6 NAV data in severe environment

Range Info Available for PVT
– For L6-only standard positioning with A-GNSS

– For quad-freq. (L1/L2/L5/L6) RTK or PPP-AR



L6 Signal Acquisition (1/2)
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L6 Signal Acquisition (2/2)
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L6 Signal Tracking (1/2)
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Signal Tracking
– FFT-based parallel correlator to decode CSK
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L6 Signal Tracking (2/2)
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L6 NAV Data Decoder
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Implementation by SDR
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Pocket SDR
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[1] PocketSDR: An Open-Source GNSS SDR (https://www.github.com/tomojitakasu/PocketSDR)

Pocket SDR [1]

– An open-source GNSS-SDR project

– Current release: ver. 0.7 (2022-02-15)

– RF frontend H/W, F/W and driver

– GNSS-SDR APs and utilities

GNSS-SDR APs
– Written by Python 3 and C

– Support most of GNSS signals incl. L6

– Signal acquisition (pocket_acq.py)

– Signal tracking and NAV data decoding 
(pocket_trk.py) 

External Libraries
– FFTW3 (FFT/IFFT)

– LIBFEC (FEC decoding incl. RS(255,223))

– RTKLIB



RF Frontend
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Channel : CH2 (L2/L5/L6-band)

LO Frequency : 1278.75 MHz

IF Frequency : 0 MHz

IF Filter BW : 8.7 MHz (3rd Order)

Sampling  Frequency : 12 MHz

Sampling Type : I/Q, 2 bits
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Snapshots
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Performance Evaluation
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Test Configuration
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Ubuntu 18.04 LTS

Windows 11
Antenna
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L6 C/N0 and NAV Data Rate

172022-06-07 10:40:00 ~ 2022-06-08 07:39:59 UTC (21 hours)

pocket_trk.py (ver.0.7) u-blox NEO-D9C
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L6 Signal Acquisition Time
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Satellite QZS-4 (J03) QZS-3 (J07)

Signal L6D PRN 195 L6D PRN 199

pocket_trk.py
(ver.0.7) *2

3.0 s
(2 s ~ 4 s)

2.3 s
(1 s ~ 3 s)

u-blox NEO-D9C
33.0 s

(16 s ~ 77 s)
52.2 s

(28 s ~ 89 s)

u-blox NEO-D9C
aided by ZED-F9P

2.8 s
(2 s ~ 4 s)

2.4 s
(2 s ~ 3 s)

QZS-3

QZS-4

L6 Signal Acquisition Time *1

*1 Time to obtain 1st L6 NAV frame since RF signal on (average of 5 tries)
*2 Signal search cycle (CYC_SRCH) in pocket_trk.py modified to 1 s

2022-06-09 04:30:00 UTC



CPU Usage for SDR Codes
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CPU:
Core i5-7260U

(2.2~3.4GHz, 2C/4T) 
OS:

Ubuntu 18.04 LTS

pocket_trk.py
(ver. 0.7)

Signal: L6D 
PRN: 194,195,196

(3CH)

CPU Usage:
15.0 ~ 18.4 %
(user total)

58.9 ~ 67.1 %
(per 1 thread)



Summary
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Summary

21

Conclusion
– New L6 receiver design presented

– The L6 receiver implemented by SDR

– FLL/PLL and DLL work well to track L6 signal

– L6 NAV data properly decoded w/o pilot CH

– Performance comparable to commercial L6 receivers

Future Work
– Evaluation of L6 range info quality

– Porting Python 3 codes to C
(for improvement of multi-threads performance)

– Comparison of QZSS L6 to Galileo E6


