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Disclaimer of Liability 

 

The Cabinet Office, Government of Japan (“CAO”) and Quasi-Zenith Satellite System Services Inc. 

make the User Interface Specification (IS-QZSS) (“Document”) available to the public to promote 

the services using Quasi-Zenith Satellite System (“QZSS”) by development of receivers, applications 

and so on, and also are aiming for high accuracy and convenience with respect to satellite positioning 

services and message services of QZSS (collectively “Services”). The Services are freely available 

to any user. However, the receivers and/or applications developed based on this Document may not 

receive signals or may receive incorrect signals due to no warranty of the Services. You are therefore 

highly recommended to ensure appropriate measures to avoid accidents such as redundancy, backup 

and fail-safe, if you develop receivers and/or applications using the Services for the purpose that will 

possibly give an impact to human life, body and properties. The Services may be suspended or 

changed without prior notice in accordance with the decision by Government of Japan. This 

Document and the Services are available subject to the following terms and conditions. You may use 

this Document only if you agree to such terms and conditions. You shall be deemed to agree such 

terms and conditions by using this Document. 

 

(1) With respect to this Document and the information included in this Document, the Cabinet Office, 

Government of Japan (“CAO”) and Quasi-Zenith Satellite System Services Inc. (“QSS”) disclaim 

all warranties of any kind, express or implied, including but not limited to, the followings: 

i) warranty of accuracy, completeness, usefulness, and fitness for a particular request or purpose;  

ii) warranty that this Document and the information included in this Document will not be changed 

in to the future; and 

iii) warranty that this Document and the information included in this Document do not infringe any 

third party’s intellectual property rights. 

(2) With respect to satellite positioning services and message services (collectively “Services”), 

CAO and QSS disclaim all warranties of any kind, express or implied, from any cause whether it is 

related to Quasi-Zenith Satellite System, other outside systems or not, including but not limited to, 

the followings: 

 i) warranty as to service area, accuracy, availability, continuity, and integrity described in this 

Document; 

 ii) warranty of usefulness, and fitness for a particular request or purpose; and 

 iii) warranty that the use of Services does not infringe any third party’s intellectual property rights. 

(3) To the extent permitted by applicable laws, CAO and QSS shall not be responsible and liable for 

any damages and losses, including but not limited to, direct, indirect, incidental, special or 

consequential damages, whether under contractual liability, product liability, strict liability, tort 

liability or otherwise (including intent or negligence), caused by the use of this Document, the 

information included in this Document and the Services, the inability to use the Services, or the 

change of this Document and the information included in this Document. 
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Scope 

This document describes the interface specifications of the satellite positioning, navigation and 

timing service (PNT) between the space segment of QZSS and the user segment. The interface 

specifications described herein include the signal characteristics, message specifications and user 

algorithms. 

The content of system, service, accuracy, availability, continuity, integrity and other 

performance characteristics for users are described in the applicable document (1) "PS-QZSS 

QZSS Performance Standard." 

 

Relevant Documents and Definition of Terms 

2.1.  Applicable Documents 

The following documents constitute part of this document within the scope defined in this 

document: 

 

(1) PS-QZSS QZSS Performance Standard 

(2) IERS Technical Note 36 (IERS Conventions 2010) 

 

2.2.  Reference Documents 

The reference documents are as follows: 

 

(1) Global Positioning Systems Directorate Systems Engineering & Integration Interface 

Specification IS-GPS-200, Navstar GPS Space Segment/Navigation User Interfaces, 

Revision N, approved on 6-JUN-2022 

 

(2) Global Positioning Systems Directorate Systems Engineering & Integration Interface 

Specification IS-GPS-705, Navstar GPS Space Segment/User Segment L5 Interfaces, 

Revision J, approved on 7-JUN-2022 

 

(3) Global Positioning Systems Directorate Systems Engineering & Integration Interface 

Specification IS-GPS-800, Navstar GPS Space Segment/User Segment L1C Interfaces, 

Revision J, approved on 6-JUN-2022 

 

(4) Obsolete 
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2.3.  Definition of Terms 

Terms Definitions 

alert 

See Section 5.4.1 

If a service stops due to an error occurring in the GNSS system, an alert 

notifies the user that the service is not available. 

almanac 
See Section 4.1.2.6.2(2) 

Reduced-precision parameter of the satellite orbit and the SV clock 

almanac reference week 
See Section 4.1.2.6.3(2) 

Reference week number of almanac orbital information 

anti-spoof 
See Section 4.1.2.2(6) 

Protection against spoofing 

carrier phase noise Phase noise characteristics for the carrier waves of a PNT signal 

code characteristics 
See Section 3.1.1 

Code characteristics for the spread spectrum signal of a PNT signal 

code jitter 

See Section 3.1.11 

A PNT signal is transmitted using a spread spectrum signal. Code jitter 

is the time jitter of the spread spectrum code width. 

ephemeris 

See Section 4.1.2.4(2) 

The trajectory in the Earth-Centered, Earth-Fixed (ECEF) coordinates 

for each fit interval. 

epoch Reference time for ephemeris 

GEO Geostationary Orbits 

fit interval Available period since the ephemeris epoch. 

health 
See Section 5.4.1 

Health condition of each PNT signal 

navigation message 
Message transmitted by a satellite in a PNT signal. The messages are 

ephemeris, almanac, SV clock and satellite health. 

overlay code 

See Section 3.2.3.2 

Code that is overlaid on a PRN code. Also known as secondary code 

(L1CP, L5I and L5Q). 

PRN ID 
See Section 4.3.2.2(2) 

The number of the 6LSBs of the PRN number. 

QGEO The small inclined geosynchronous orbit with a slight eccentricity. 

QZNMA 
QZNMA is the message data for the Navigation Message 

Authentication generated by the QZSS. 

QZO 
The inclined geosynchronous orbit with a slight eccentricity called 

quasi-zenith orbit. 

ranging code 

See Section 3.2.3.1 

Code used to calculate the pseudo range between the satellite and the 

user 
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Terms Definitions 

SIS-URE 

Range error due to the orbit and clock of a satellite without errors due to 

propagation (ionospheric delay, tropospheric delay, etc.) and user's 

environment (multipass, receiver noise, etc.). 

special messages 

See Section 4.1.2.6.4(1) 

The text message in a navigation message. The message can contain 

information not related to positioning. 

This is a string composed of eight-bit ASCII characters. 

SV clock 
See Section 5.5.1 

Clock used in a satellite 

SV clock offset Offset between the GNSS system clock and the SV clock 

SV ID 
Space vehicle ID. The information to identify the message of subframe 

4 and 5 in LNAV(L1C/A, L1C/B). 

SV number The number of space vehicle  

telemetry word 
See Section 4.1.2.2 

Unit of navigation message 

text message 

See Section 4.3.2.6(1) 

The text message in a navigation message. The message can contain 

information not related to positioning. This is a string composed of 

eight-bit ASCII characters. 

Time-of-week 
GPS time is calculated by the week number and the week time. The 

week time is counted from UT 0:00 on Sunday. 

week changeover 
The changeover is occurred at end/start of time of week at UT 0:00 on 

Sunday. 

week number 

See Section 4.1.2.3(1) 

GPS time is calculated by the week number and the week time. The 

week number is counted from January 6th, 1980. 

 

 

2.4.  Abbreviations 

-A- 

AODO  Age of Data Offset 

A-S  Anti-Spoof 

-B- 

BOC  Binary Offset Carrier 

bps  bits per second 

BPSK  Binary phase-shift keying 

-C- 

CNAV  Civil Navigation 

CPS  Chips per Second 

CRC  Cyclic Redundancy Check 
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-D- 

-E- 

ECEF  Earth Center Earth Fixed 

ECI  Earth Centerd Inertial 

EOP  Earth Orientation Parameters 

ERD  Estimated Range Deviation 

EXOR  Exclusive or 

 

-F- 

FEC  Forward Error Correction 

-G- 

GEO  Geostationary Orbits 

GGTO  time offset between GPST and GNSST 

GPS  Global Positioning System 

GPST  GPS Time 

-H- 

HMI  Hazardous Mis- leading Information 

HOW  Hand Over Word 

-I- 

IERS  International Earth Rotation and Reference Systems Service 

IODC  Issue of Data Clock 

IODE  Issue of Data Ephemeris 

ISC  Inter Signal Correction 

ISF  Integrity Status Flag 

ITOW  Interval Time of week 

ITRF  International Terrestrial Reference Frame  

ITRS  International Terrestrial Reference System 

-J- 

-K- 

-L- 

LDPC  Low Density Parity Check 

LNAV  Legacy NAVigation 

LSB  Least Significant Bit 

-M- 

MSB  Most Significant Bit 

-N- 

NH Code Neuman-Hoffman Code 

NICT  National Institute of Information and Communications Technology  

NMCT  Navigation Message Correction Table 

NTE  Not-To-Exceed 

-O- 
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-P- 

PLL  Phase Locked Loop 

PRN  Pseudorandom Noise 

-Q- 

QGEO         Quasi-Geostationary Orbits 

QPSK  Quadrature Phase Shift Keying 

QZNMA Quasi-Zenith Satellite Navigation Message Authentication 

QZO  Quasi-Zenith Orbits 

QZS  Quasi-Zenith Satellite 

QZSS  Quasi-Zenith Satellite System 

QZSST  QZSS Time 

-R- 

RF  Radio Frequency 

RMS  Root Mean Square 

-S- 

SAS  Signal Authentication Service 

sc/s  semi-circle par second 

SF  Subframe 

SIS  Signal-In-Space 

SIS-URE Signal-In-Space User Range Error 

sps  symbols par second 

SV  Space Vehicle 

-T- 

TAI  International Atomic Time 

TGD  Timing Group Delay 

TLM Word Telemetry Word 

TMBOC Time Multiplex BOC 

TOI  Time of Interval 

TOW  Time of week 

TTA  Time-To-Alert 

-U- 

URA  User Range Accuracy 

USNO  United States Naval Observatory 

UT1  Universal Time1 

UTC  Coordinated Universal Time 

-V- 

-W- 

-X- 

xor  exclusive or 

-Y- 

-Z- 
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Signal Specifications 

3.1.  RF Characteristics 

3.1.1.  Signal Structure 

The signal structure, PRN code characteristics and message characteristics are as shown in Table 

3.1.1-1, Table 3.1.1-2 and Table 3.1.1-3. 

 

Table 3.1.1-1 Signal Structure 

Frequency 

band 

Signal  

name 
Modulation method 

PRN code 

name 

Overlay 

code name 
Message name 

L1 L1C/A (*1) BPSK C/A - LNAV(L1C/A, 

L1C/B) L1C/B (*1) BOC (Block IIA and 

III) (*2) 

L1C BOC (Block I) 

TMBOC (Block II 

and III) 

L1CP L1CO - 

BOC L1CD - CNAV2(L1C) 

L2 L2C BPSK(Block I and II) 

(*3) 

L2CL - - 

L2CM - CNAV(L2C) 

L5 L5 QPSK I5 Neuman 

-Hoffman 

CNAV(L5) 

Q5 Neuman 

-Hoffman 

- 

*1: L1C/A can be switched to L1C/B for Block IIA and III satellite. Current status on which of 

L1C/A or L1C/B signal is transmitted is found in LNAV SV health shown in Section 4.1.2.3(4) 

as well as described on the following QZSS website. 

https://sys.qzss.go.jp/dod/en/constellation.html 

*2: Definition of Block IIA is given in Section 3.2.1.   

*3: Two signals are time-division multiplexed into one channel for each chip. 

  

https://sys.qzss.go.jp/dod/en/constellation.html


 

Document subject to the disclaimer of liability 

7 

 

Table 3.1.1-2 PRN Code Characteristics 

PRN code name Chip rate Length Period Overlay Code 

C/A 1.023 Mcps 1023 chips 1 ms - 

L1CP 1.023 Mcps 10230 chips 10 ms L1CO 

Length: 1800 bits 

Period: 18 s 

L1CD 1.023 Mcps 10230 chips 10 ms - 

L2CL 0.5115 Mcps 767250 chips 1.5 s - 

L2CM 0.5115 Mcps 10230 chips 20 ms - 

I5 10.23 Mcps 10230 chips 1 ms Neuman-Hoffman 

Length: 10 bits 

Period: 10 ms 

Q5 10.23 Mcps 10230 chips 1 ms Neuman-Hoffman 

Length: 20 bits 

Period: 20 ms 

 

Table 3.1.1-3 Message Characteristics 

Message Name Bit Rate Symbol Rate 
Period 

(Minimum Frame) 
Encoding method 

LNAV(L1C/A, 

L1C/B) 

50 bps - 6 s Hamming Code 

CNAV2(L1C) Approx. 50 bps 100 sps 18 s CRC 

BCH, LDPC 

Interleave 

CNAV(L2C) 25 bps 50 sps 12 s CRC 

Convolutional code 

CNAV(L5) 50 bps 100 sps 6 s CRC 

Convolutional code 
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3.1.2.  Frequency 

The frequency band, nominal carrier frequency and occupied bandwidth are as shown in Table 

3.1.2-1. 

However, the nominal frequency (f0) = 10.23 MHz is offset by the nominal Δf/f0 = -5.399E-10 

to compensate for the frequency difference between the ground surface and satellite orbit due to 

the relativistic effects. For this reason, the carrier frequency in the satellite orbit differs in a 

precise sense. For example, the L1 band signal is offset by -0.8506 Hz (nominal). 

 

Table 3.1.2-1 Carrier Frequency and Occupied Bandwidth 

Frequency band Nominal carrier frequency Block I Block II Block III 

L1 band 

 

1575.42 MHz 

(=154 × f0) 

24.0 MHz 

(±12.0 MHz) 

30.69 MHz 

(±15.345 MHz) 

30.69 MHz 

(±15.345 MHz) 

L2 band 

 

1227.60 MHz 

(=120 × f0) 

24.0 MHz 

(±12.0 MHz) 

30.69 MHz 

(±15.345 MHz) 

- 

L5 band 

 

1176.45 MHz 

(=115 × f0) 

24.9 MHz 

(±12.45 MHz) 

24.0 MHz 

(±12.00 MHz) 

24.0 MHz 

(±12.00 MHz) 
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3.1.3.  Modulation Methods 

L1C/A and L1C/B 

(1) L1C/A 

L1C/A signals are modulated by BPSK. The modulation method is shown in Figure 3.1.3-1(a). 

LNAV(L1C/A, L1C/B) messages and C/A PRN codes are modulated by exclusive-or (modulo-2 

addition) and then multiplied with the L1 carrier waves and BPSK modulated. 

 

  

 

Figure 3.1.3-1(a) L1C/A Modulation 

LNAV(L1C/A, L1C/B)

Message

C/A PRN Code

L1 Carrier

BPSK Modulation

L1C/A Signal

Multiplier

EXOR (Modulo 2 sum)

50bps

1.023Mcps
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(b) L1C/B 

L1C/B signals are modulated by Binary Offset Carrier (BOC) modulation technique. The modulation 

method is shown in Figure 3.1.3-1(b). 

LNAV(L1C/A, L1C/B) messages, C/A PRN codes, and BOC sub-carrier waves are modulated by 

exclusive-or (modulo-2 addition) and then multiplied with the L1 carrier waves and BPSK modulated. 

Here, the BOC sub-carrier wave is a 1.023 MHz square wave of "1010...", beginning with a logical 

value of 1. 

 

 

Figure 3.1.3-1(b) L1C/B Modulation 

  

LNAV(L1C/A, L1C/B)

Message

C/A PRN Code

L1 Carrier

BOC Modulation

L1C/B Signal

Multiplier

EXOR (Modulo 2 sum)

50bps

1.023Mcps

Square wave subcarrier 

which stars from “1”

i.e. “101010…” Subcarrier frequency = 1.023MHz

(=2.046Mcps)
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L1C 

(1) L1CD 

L1CD signal containing navigation messages is modulated on the L1 RF carrier using a Binary 

Offset Carrier (BOC) modulation technique. The modulation methods are shown in Figure 

3.1.3-2. 

L1CD signals are generated by subjecting coded L1C navigation messages, L1CD PRN codes 

and BOC sub-carriers to an exclusive-or operation (modulo-2 addition) and then multiplying them 

by L1 carrier waves. Here, the BOC sub-carrier wave is modulated by a 1.023MHz square wave 

of "1010...", beginning with a logical value of 1. 

Like L1CD, the signals modulated by BOC at a sub-carrier wave of 1.023 MHz and a PRN code 

chipping rate of 1.023 Mcps are referred to as BOC (1,1). 

 

 

 

Figure 3.1.3-2 L1CD Modulation 

  

L1CD PRN Code
(Ranging Code)

L1C Navigation  
Message

(Encoded)

L1 Carrier

L1CD Signal

EXOR (Modulo 2 sum)

Multiplier

BOC Modulation

Squarewave
subcarrier

which starts from 
“1”

ie. “101010…”

Subcarrier frequency = 1.023MHz
(= 2.046Mcps)

100sps

1.023Mcps
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(2) L1CP 

L1CP signal (Block I) is modulated on the L1 RF carrier using a BOC, and L1CP signal (Block II 

and III) is modulated on the L1 RF carrier using a Time Multiplex BOC (TMBOC) modulation 

technique.  

The modulation methods are shown in Figure 3.1.3-3. 

L1CP signals are generated by modulating L1CD PRN codes and L1C overlay codes by 

exclusive-or, and then modulating them with TMBOC sub-carrier waves and L1 carrier waves. 

 

 

*: The modulation method differs between BOC and TMBOC. For details, refer to the text. 

 

Figure 3.1.3-3 L1CP Modulation 

  

L1CP PRN Code
(Ranging Code)

L1C Overlay Code
(L1CO)

L1 Carrier

L1CP Signal

TMBOC Modulation

Squarewave
Subcarrier ※

100sps

1.023Mcps

EXOR (Modulo 2 sum)

Multiplier
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Here, TMBOC technique uses a mixture BOC (1,1) spreading symbols and BOC (6,1) spreading 

symbols, where each BOC (6,1) spreading symbol consists of 6 cycles of a "6 x 1.023 MHz" 

squarewave, defined as binary 10101010101010 (1=binary bit value), with total duration 1/1.023 

ms. 

For L1CP signals with 10230 chips, which is equivalent to 1 bit (10 ms) of overlay code L1CO, 

as shown in Figure 3.1.3-4, the 0th, 4th, 6th, and 29th chips of every 33 chips (the serial number: 0, 

4, 6, 29, 33, 37, 39, 62, …, 10197, 10201, 10203, 10226 in the case of 0 to 10229) are modulated 

by BOC (6,1), and the other chips are modulated by BOC (1,1). 

 

 

 

Figure 3.1.3-4 TMBOC Modulation of L1CP (Block II and III) 

  

L1CO Bitstream

0 1 2 32 10229

L1Cp chip

0 1 2 3 4 5 6 29 32 10226

BOC Modulated Symbols

10ms

L1Cp Chip = '0' L1Cp Chip = '0'

~977.5ns

~489ns ~81.5ns

BOC(1,1) Modulation BOC(6,1) Modulation
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L2C 

L2CM (include L2C navigation messages) and L2CL are time-division multiplexed with each 

chip and then BPSK modulated to obtain the L2C signal. The modulation method is shown in 

Figure 3.1.3-5. 

L2C navigation messages with a data rate of 25 bps are convolutional coded at a coding rate of 

1/2 into the messages with a data rate of 50 sps, which are then modulated by exclusive-or with 

L2CM signals at 511.5 kcps. L2CM and L2CL codes are alternately switched and time-division 

multiplexed at a frequency of 1.023 MHz.  

 

 

 

 

Figure 3.1.3-5 L2C Modulation 

  

L2 CM PRN Code

Convolution
Encoder

(Rate=1/2)

L2 Carrier

L2C Signal

BPSK Modulation

L2 CL PRN Code
511.5kcps

Clock 1.023MHz

511.5kcps

1.023Mcps

50sps

511.5kcps

EXOR (Modulo 2 sum)

Multiplier

L2C Navigation  
Message 25bps
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L5 

L5I (include L5 navigation messages) and L5Q are modulated by QPSK. The modulation 

method is shown in Figure 3.1.3-6. 

L5 navigation messages with a data rate of 50 bps are convolutional coded at a coding rate of 

1/2 into the messages with a data rate of 100 sps, which are then modulated by exclusive-or with 

I5 PRN code and 10-bit Neuman-Hoffman code. On the other hand, Q5 PRN code is modulated 

by exclusive-or with 20-bit Neuman-Hoffman code at 100 bps. I5 and Q5 are modulated by QPSK 

so that Q5 lags behind I5 by 90°.  

 

  

 

Figure 3.1.3-6 L5 Modulation 

  

I5 PRN Code

Convolution
Encoder

(Rate=1/2)

20 bits
Neuman-Hofman

Code

L5 Signal

QPSK Modulation

Q5 PRN Code
10.23Mcps

100sps

10.23Mcps

EXOR (Modulo 2 sum)

Multiplier

L5 Navigation  
Message 50bps

L5 Carrier
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+

+ Add

10 bits
Neuman-Hofman
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Signal Timing 

As shown in Figure 3.1.3-7 and Figure 3.1.3-8, the leading end of all the PRN codes, navigation 

messages, and overlay codes are synchronized at the end/start of every week. 

 

   

 

Figure 3.1.3-7 PRN Code and Navigation Message Data Bit Timing 

 

End/start of week

LNAV(L1C/A) data bit @ 50bps

1023 chips @ 1.023 Mbps

C/A Code

L1CO chip @ 100bps

L1CP Code

CNAV2(L1C) data symbol @ 100sps

L1CD Code

CNAV(L2C) data symbol @ 50sps

L2 CM Code

L2 CL Code 767250 chips @ 0.5115 Mcps

CNAV(L5) data symbol @ 100sps

10 bits Neuman-Hofman Code

10230 chips @ 10.23 Mbps

I5 Code

20 bits Neuman-Hofman Code

10230 chips @ 10.23 Mbps

Q5 Code

10 bits @ 1kbps 10 bits @ 1kbps 10 bits @ 1kbps 10 bits @ 1kbps

20 bits @ 1kbps 20 bits @ 1kbps

10230 chips @ 1.023Mcps 10230 chips @ 1.023Mcps 10230 chips @ 1.023Mcps 10230 chips @ 1.023Mcps

10230 chips @ 0.5115 Mcps 10230 chips @ 0.5115 Mcps

10230 chips @ 1.023Mcps 10230 chips @ 1.023Mcps 10230 chips @ 1.023Mcps 10230 chips @ 1.023Mcps

20ms

20ms

10ms

10ms

10ms

1.5s

20ms

1ms

1ms

1ms

 LNAV(L1C/A, L1C/B) data bit @ 50bps 

 10-bit Neuman-Hoffman Code 

 20-bit Neuman-Hoffman Code 
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Figure 3.1.3-8 Navigation Message Timing 

 

 

3.1.4.  Correlation Loss 

The correlation loss is defined as the difference between the signal power received in the 

bandwidth defined in 3.1.2.  (excluding signal combining loss) and the signal power recovered in 

an ideal correlation receiver of the same bandwidth using an exact replica of the waveform within 

an ideal sharp-cutoff filter bandwidth, whose bandwidth corresponds to that specified in 3.1.2.  

and whose phase is linear over that bandwidth. 

The total allowable correlation loss due to SV modulation and filtering imperfections, which is a 

function of signal, shall be as follows: 

 

· Block I:  0.6 dB or less 

· Block II and III: 

L1C/A: 0.3 dB or less 

L1C/B: 0.3 dB or less (*1) 

L1C: 0.2 dB or less 

L2C: 0.3 dB or less (*2) 

L5: 0.6 dB or less 

 

*1: Transmitted from Block IIA and III satellite. 

*2: Not transmitted from Block III satellite. 

End/start of week

LNAV(L1C/A)
Subframe 1

CNAV2(L1C) Subframe 1-3 CNAV2(L1C) Subframe 1-3

LNAV(L1C/A)
Subframe 1

LNAV(L1C/A)
Subframe 2

LNAV(L1C/A)
Subframe 3

LNAV(L1C/A)
Subframe 4

LNAV(L1C/A)
Subframe 5

CNAV(L5)
Message Type XX

CNAV(L5)
Message Type XX

CNAV(L5)
Message Type XX

CNAV(L5)
Message Type XX

CNAV(L5)
Message Type XX

1800 chips L1CO 1800 chips L1CO

CNAV(L2C) Message Type XX CNAV(L2C) Message Type XX CNAV(L2C) Message Type XX

30s

6s

18s

18s

12s

6s

 LNAV(L1C/A, L1C/B)  LNAV(L1C/A, L1C/B)  LNAV(L1C/A, L1C/B)  LNAV(L1C/A, L1C/B)  LNAV(L1C/A, L1C/B)  LNAV(L1C/A, L1C/B) 
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3.1.5.  Carrier Phase Noise 

The phase noise spectral density of the unmodulated carrier shall be such that a phase locked 

loop (PLL) of 10 Hz one-sided noise bandwidth shall be able to track the carrier to the following 

values: 

 

· Block I:  0.1 rad (RMS) 

· Block II and III: 0.035 rad (RMS) 

 

3.1.6.  Spurious 

For all PNT signals, the spurious transmission of the unmodulated carrier wave before 

superposition of the PRN code and navigation message shall be as follows: 

 

· Block I:  -40 dB or less 

· Block II and III: -40 dB or less 

 

 

3.1.7.  Phase Relationship within Signals 

L1 

For L1 signals, the phase relationships between L1CD, L1CP, and L1C/A (or L1C/B) are shown 

in Table 3.1.7-1 and Figure 3.1.7-1: 

 

Table 3.1.7-1 Phase relationships 

 Carrier wave Phase lag accuracy 

Block I L1CD and L1C/A same phase ± 5° 

L1CP and L1C/A 90° phase lag ± 5° 

L1CP and L1CD 90° phase lag ± 5° 

Block II and III L1CD and L1C/A (or L1C/B) 90° phase lag ± 5° 

L1CP and L1C/A (or L1C/B) 90° phase lag ± 5° 

L1CP and L1CD same phase ± 5° 

 

  

Figure 3.1.7-1 Phase Relationship of L1 

L1CP

L1CD, L1C/A

L1C/A

L1CD, L1CP

Block I Block II

 L1C/A or L1C/B 

and III 
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L2 

L2 signals have no phase relationships because they are modulated by BPSK. 

 

L5 

I5 leads Q5 by 90°. The accuracy is ± 5°. 

 

 

Figure 3.1.7-2 Phase Relationship of L5 

  

L5I

L5Q
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3.1.8.  Minimum Received Power 

The minimum received power is measured at a ground-based isotropic antenna with a gain of 

0dBi for circularly polarized wave reception, when PNT signals are received from a satellite with 

an elevation angle of 10 degrees or more. The power is shown in Table 3.1.8-1. 

 

Table 3.1.8-1 Minimum Received Power 

Signal Name Block I Block II and III 

L1C/A -158.5 dBW SV ID =7: -164.0 dBW 

Other SV IDs: -158.5 dBW 

L1C/B - -158.5 dBW  

(for Block IIA-Q and III) (*1) 

L1C L1CD: -163.0 dBW 

L1CP: -158.25 dBW 

SV ID =7: 

L1CD: -167.2 dBW 

L1CP: -162.4 dBW 

OtherSV IDs: 

L1CD: -163.0 dBW 

L1CP: -158.25 dBW 

L2C -160.0 dBW 

(Sum of L2CL and L2CM) 

-158.5 dBW 

(Sum of L2CL and L2CM)(*2) 

L5 I5: -157.9 dBW 

Q5: -157.9 dBW 

I5: -157.0 dBW 

Q5: -157.0 dBW 

*1: Definition of Block IIA-Q and III is given in Section 3.2.1.   

*2: Not transmitted from Block III satellite. 

 

3.1.9.  Polarization Characteristics 

All PNT signals are right-hand circularly polarized. 

At the carrier frequency of each signal, the axial ratio (power ratio of the long axis to short axis) 

of the ellipse of the circularly polarized wave is within the beam range ± 10° from the boresight 

direction and is shown in Table 3.1.9-1. 

 

Table 3.1.9-1 Axial Ratio of the Ellipse of the Circularly Polarized Wave 

Frequency Band Block I Block II Block III 

L1 band 1.0 dB or less 1.0 dB or less 1.0 dB or less 

L2 band 2.0 dB or less 2.0 dB or less - 

L5 band 2.0 dB or less 2.0 dB or less 2.0 dB or less 
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3.1.10.  Group Delay Property 

Group Delay between Signals 

At the antenna phase center of a satellite, the absolute values of the group delay (PRN code 

phase difference) between the L1 signal and L2 signal, and between the L1 signal and L5 (I5 or 

Q5) signal are shown in Table 3.1.10-1. 

 

Table 3.1.10-1 Group Delay between Signals 

Signal Name Block I Block II Block III 

L1-L2 25 ns or less 25 ns or less - 

L1-L5 20 ns or less 20 ns or less 20 ns or less 

 

The variations within any day are shown in Table 3.1.10-2. 

 

Table 3.1.10-2 Variations of Group Delay between Signals 

Block I Block II and III 

2 ns or less (3σ) 0.6 ns or less (95%) 

 

Group Delay between Signals of Same Frequency 

At the antenna phase center of a satellite, the absolute values of group delay between any pair of 

L1C/A (or L1C/B), L1CD, and L1CP, and between I5 and Q5, are shown in Table 3.1.10-3. 

 

Table 3.1.10-3 Absolute Value of Group Delay between Signals of Same Frequency 

Block I Block II and III 

Not specified 10 ns or less 

 

The variations within any day are shown in Table 3.1.10-4. 

 

Table 3.1.10-4 Variations of the Group Delay between Signals of Same Frequency 

Block I Block II and III 

Not specified 1.0 ns or less (95%) 
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3.1.11.  PRN Code Jitter 

The code jitter is the time jitter of the spread spectrum code width. 

The jitter with the PRN code zero-crossing interval shall be as follows: 

 

2.0 ns or less (3σ). 

 

For PRN codes, the average time difference between the rising edge and the falling edge shall be 

as follows: 

 

1.0 ns or less 

 

 

3.1.12.  Code Carrier Coherence 

At the antenna output end of a satellite, the variation of the difference between the carrier wave 

phase and PRN code phase shall be as follows: 

 

1.2 ns or less 

 

 

3.1.13.  Antenna Phase Center Characteristics 

In an off-Nadir angle range of 0 to 9 degrees, the phase variation of the antenna phase center at 

L1, L2 and L5 frequency signals shall be as follows: 

 

within ±18°. 
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3.1.14.  Characteristics for Space Service Volume Users 

Minimum Signal Strength 

 For Space service volume (SSV) users, the information about the minimum received signal power 

obtained by a space user at GEO and the off-boresight angle of L1, L2 and L5 frequency signals are 

shown in Table 3.1.14-1. Each minimum received signal power is calculated based on transmission 

antenna EIRPs and radiation patterns measured on the ground. A free-space path loss (FSPL) is 

obtained from the distance between the apogee of each QZSS and the point at the intersection of GEO 

orbit with the edge of the simple conic RF pattern, whose cone half angle is defined as the reference 

off-boresight angle. 

 

 

 

Table 3.1.14-1 QZSS SSV information 

Parameters Value 

Satellite Signals 
Minimum received signal 

power at GEO (*2) 

Reference off-

boresight angle 

QZS-1 (*1) 

L1C/A -185.3 dBW 22 deg 

L1C -188.3 dBW 22 deg 

L2C -188.7 dBW 24 deg 

L5 -180.7 dBW 24 deg 

QZS-2 

L1C/A -184.1 dBW 22 deg 

L1C(L1CD) -187.3 dBW 22 deg 

L1C(L1CP) -182.5 dBW 22 deg 

L2C -181.8 dBW 23 deg 

L5 -177.4 dBW 25 deg 

QZS-3 

L1C/A -184.4 dBW 19 deg 

L1C(L1CD) -187.6 dBW 19 deg 

L1C(L1CP) -182.8 dBW 19 deg 

L2C -180.2 dBW 25 deg 

L5 -180.6 dBW 22 deg 

QZS-4 

L1C/A or L1C/B -184.3 dBW 22 deg 

L1C(L1CD) -187.5 dBW 22 deg 

L1C(L1CP) -182.7 dBW 22 deg 

L2C -182.0 dBW 23 deg 

L5 -177.8 dBW 25 deg 

QZS-1R 

L1C/A or L1C/B -181.7 dBW 18 deg 

L1C(L1CD) -184.9 dBW 18 deg 

L1C(L1CP) -180.1 dBW 18 deg 

L2C -183.0 dBW 22 deg 

L5 -181.9 dBW 22 deg 
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Parameters Value 

QZS-5 

L1C/A or L1C/B TBD TBD 

L1C(L1CD) TBD TBD 

L1C(L1CP) TBD TBD 

L5 TBD TBD 

QZS-6 

L1C/A or L1C/B TBD TBD 

L1C(L1CD) TBD TBD 

L1C(L1CP) TBD TBD 

L5 TBD TBD 

QZS-7 

L1C/A or L1C/B TBD TBD 

L1C(L1CD) TBD TBD 

L1C(L1CP) TBD TBD 

L5 TBD TBD 

*1: Reference: The Interoperable Global Navigation Satellite Systems Space Service Volume, 

UNITED NATIONS, Vienna, 2018 

*2: Assuming a 0 dBi user antenna. 

 

 

 

Group Delay 

TBD 
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3.1.15.  (Reference) Comparison of RF Characteristics between GPS and QZSS 

The comparison of the RF characteristics between GPS and QZSS is shown in Table 3.1.15-1. 

 

Table 3.1.15-1 Comparison of RF Characteristics between GPS and QZSS 

No. Item 
GPS 

(Reference document (1),(2),(3)) 
QZSS 

1 Correlation loss ■ L1C/A, L2C 

IIR, IIRM, IIF: 0.6 dB 

III, IIIF: 0.3 dB 

■ L1C 

0.2 dB 

■ L5 

0.6 dB 

 

■ L1C/A, L2C 

Block I: 0.6 dB 

Block II and III: 0.3dB(*1) 

■ L1C/B 

Block IIA and III: 0.3dB 

■ L1C 

Block I: 0.6 dB 

Block II and III: 0.2dB 

■ L5 

0.6 dB 

2 Carrier phase noise ■ L1C/A, L2C, L5 

0.1 rad (RMS) 

■ L1C 

0.035 rad (RMS) 

■ L1C/A,L1C,L2C,L5 

Block I: 0.1 rad (RMS) 

Block II and III: 0.035 rad 

(RMS)(*1) 

■ L1C/B 

Block IIA and III: 0.035 rad 

(RMS) 

3 Spurious -40 dBc -40 dBc 

4 Phase relationship ±100 mrad (5.73 deg) ±5 deg 

5 Minimum received power ■ L1C/A 

-158.5 dBW 

■ L1CD/L1CP 

-163.0/-158.25 dBW 

■ L2C 

IIRM, IIF: -160.0 dBW 

III, IIIF: -158.5 dBW 

■ L5I/L5Q 

IIF: -157.9/-157.9 dBW 

III, IIIF: -157.0/-157.0 dBW 

■ L1C/A 

-164.0 dBW(SVID = 7) 

-158.5 dBW(Other SVIDs) 

■ L1C/B 

Block IIA and III:-158.5 dBW 

■ L1CD/L1CP 

-167.2/-162.4 dBW 

(SVID = 7) 

-163.0/-158.25 dBW 

(Other SVIDs) 

■ L2C 

Block I: -160.0 dBW 

Block II: -158.5 dBW 

■ L5I/L5Q 

Block I: -157.9/-157.9 dBW 

Block II and III: -157.0/-157.0 

dBW 

6 Polarization characteristics ■ L1 

1.8 dB 

■ L2 

2.2 dB 

■ L5 

2.4 dB 

■ L1 

1.0 dB 

■ L2, L5 

2.0 dB(*1) 

7 Absolute group delay between 

signals of different frequencies 

L1-L2: 15.0 ns 

L1-L5: 30.0 ns 

L1-L2: 25 ns(*1) 

L1-L5: 20 ns 

8 Variation of group delay between 

signals of different frequencies 

3.0 ns (95%) Block I: 2.0 ns(3σ) 

Block II and III: 0.6 ns (95%) 

9 Absolute group delay between 

signals of same frequency 

10 ns Block I: Not specified 

Block II and III: 10 ns 

10 Variation of group delay between 

signals of same frequency 

1.0 ns (95%) Block I: Not specified 

Block II and III: 1.0 ns (95%) 
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No. Item 
GPS 

(Reference document (1),(2),(3)) 
QZSS 

11 PRN code jitter Not specified 2.0 ns (3σ) 

12 Code carrier coherence Not specified 1.2 ns 

13 Antenna phase center 

characteristics 

Not specified ±18° 

*1: Not transmitted L2 band signal from Block III satellite. 
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3.2.  PRN Codes 

3.2.1.  PRN Number Assignment 

The assignment of the PRN numbers by satellite categories are shown in Table 3.2.1-1. 

 

Table 3.2.1-1 Assignment of the PRN Numbers by Satellite Categories 

PRN number 

Satellite 

category 

Block 

Assignment 

SV 

Number 

SV ID 

(*2) 
Remarks 

L1C/A 

L1C 

L2C 

L5 

L1C/B 

193 - QZO Block I-Q 1 1 QZS01 

194 - QZO Block II-Q 2 2 QZS02 

195 - QZO Block II-Q 4 3 QZS04 

196 203(*4) QZO Block IIA-Q (*3) 5 4 QZS1R 

197(*5) 204(*4) QZO Block III-Q 6 5 QZS05 

198 - - - - 
Used as a non-

standard code (*1) 

199 - GEO Block II-G 3 7 QZS03 

200(*5) 205(*4) GEO Block III-G 7 8 QZS06 

201(*5) 206(*4) QGEO Block III-G 8 9 QZS07 

202 - - - - 
Used as a non-

standard code (*1) 

*1: There is a possibility that the code is used by users in the future. 

*2: The information to identify PRN number about QZS almanac in the message of subframe 4 and 

5 in LNAV(L1C/A, L1C/B) . For details, see Section 4.1.2.7.  

*3: The Block of PRN number 196 is assigned “IIA” or “IIA-Q” in order to distinguish it from other 

Block II satellites. In this IS-QZSS-PNT, Block II basically includes Block IIA unless otherwise 

indicated. 

*4: L1C/A and L1C/B signals are exclusively transmitted. 

*5: Not transmitted L2C signal from Block III satellite. 
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3.2.2.  C/A Codes 

The C/A PRN code which is used by both the L1C/A and L1C/B signals has 1ms in length at a 

chipping rate of 1.023 Mbps, for total length of 1023 chips. The PRN codes are generated as shown 

in Figure 3.2.2-1, Figure 3.2.2-2, and Figure 3.2.2-3. The PRN code sequence is identified by “G2 

Delay” and “Initial G2 Setting” in Table 3.2.2-1. 

 

 

 

Figure 3.2.2-1 C/A PRN Code Generator 
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Figure 3.2.2-2 G1 Shift Register 

 

Figure 3.2.2-3 G2 Shift Register 
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Table 3.2.2-1 C/A PRN Code Phase Assignments 

PRN Number 
G2 Delay 

(Chips) 

Initial G2 Setting 

(Octal) 

First 10 chips 

(Octal) 
Remarks 

193 339 1050 0727 L1C/A 

194 208 1607 0170 L1C/A 

195 711 1747 0030 L1C/A 

196 189 1305 0472 L1C/A 

197 263 0540 1237 L1C/A 

198 537 1363 0414 (non-standard code) 

199 663 0727 1050 L1C/A 

200 942 0147 1630 L1C/A 

201 173 1206 0571 L1C/A 

202 900 1045 0732 (non-standard code) 

203 30 0476 1301 L1C/B 

204 500 0604 1173 L1C/B 

205 935 1757 0020 L1C/B 

206 556 1330 0447 L1C/B 
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3.2.3.  L1C Codes 

The ranging codes of L1CD and L1CP have 10ms in length at a chipping rate of 1.023 Mbps, for 

total length of 10230 chips. L1CP has also an overlay code with 18s in length at a rate of 100 bps, 

for total length of 1800 bits in addition to the ranging code. 

 

 

Ranging Code 

The ranging code is the code used to calculate the pseudo range between the satellite and the user. 

Both L1CP and L1CD are constructed using the same method. Each ranging code is the Weil code 

of 10230 chips to be generated with the Weil index and the insertion index corresponding to the 

PRN code from the Legendre sequence of 10223 chips and a 7-bit expansion sequence as shown in 

Figure 3.2.3-1. 

The Weil index and the insertion index corresponding to each PRN number are as shown in Table 

3.2.3-1. 

The Legendre sequence with 10223 chips, L(t), for t=0,…,10222, is defined as follows: 

 

· L(0) = 0 

· L(t) = 1, If there exists an integer “x” such that “t” is a congruent to “x2” modulo 10223; 

· L(t) = 0, If there exists no integer “x” such that “t” is a congruent to “x2” modulo 10223. 

 

The above Legendre sequence is used to construct the unique length-10223 sequence used for 

each ranging code. This sequence, called a Weil-code, is the exclusive-or of L(t) and a shift of L(t). 

A Weil-code W(t;w) is specified by Weil Index “w”, ranging from 1 to 5111, which represents the 

shift of L(t) and is defined as follows: 

 

W(t;w) = L(t) xor L((t+w) modulo 10223 )  for t=0 to 10222 

 

A PRN code of 10230 chips is generated by inserting the 7-bit expansion sequence “0110100” at 

the location corresponding to the insertion index for the Weil code of 10223 chips. 
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Figure 3.2.3-1 L1CP and L1CD Ranging Code Generation 

 

Table 3.2.3-1 L1C PRN Code Assignments 

PRN 

number 

L1CP L1CD 

Weil Index 
Insertion 

Index 

First 24 

Chips 

(Octal) 

Last 24 

Chips 

(Octal) 

Weil Index 
Insertion 

Index 

First 24 

Chips 

(Octal) 

Last 24 

Chips 

(Octal) 

193 4311 9864 70670250 11640746 4834 9753 54420241 43473502 

194 5024 9753 24737373 51661203 4456 4799 75476311 32402217 

195 4352 9859 04467202 15610600 4056 10126 50612163 43454074 

196 4678 328 02551300 70117174 3804 241 77772455 06321507 

197 5034 1 32252546 77615261 3672 1245 03320402 22101365 

198 5085 4733 10121331 22447126 4205 1274 20225612 67251717 

199 3646 164 10537634 65022442 3348 1456 55426411 02047657 

200 4868 135 32014275 41243522 4152 9967 70477545 43352227 

201 3668 174 13126037 56605536 3883 235 71116442 04471535 

202 4211 132 60700561 13020736 3473 512 42077151 62510717 

  

FIXED LENGTH-10223 LEGENDRE SEQUENCE (INDEXD 0 THROUGH 10222)

INSERTION
INDEX (p )

EXPANSION SEQUENCE:

0 1 1 0 1 0 0

0 1 1 0 1 0 0

0 1 1 1 1 0 1 1 1 1 0 0 1 0 1 0 1 0 1 0 0 1 0 1 . . .  0 0 1 0 1 1 0 1 0 1 0 1 0 1 1 0 0 0 0 1 0 0 0 0 

WEIL
INDEX (ｗ )

・　・　・

W (10222)・　・　・

WEIL SEQUENCE WITH INDEX ｗ

C (10229)

W（0）W（1）W（2）

C（0）C（1）C（2）

・　・　・

NOTE:  WEIL INDICES AND INSERTION INDICES GIVEN IN TABLE 3.2-2

LENGTH - 10230 RANGING CODE WITH WEIL INDEX w AND INSERTION INDEX p
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Overlay Codes 

The overlay code is the code that is overlaid on a primary code (PRN code). Overlay code is 

applied to the L1CP, L5I, and L5Q signals. The overlay code of L1CO, the ranging code of L1CP 

added modulo 2, is the head 1800-bit of the 2047-bit code generated according to Figure 3.2.3-2. 

The polynomial coefficient corresponding to each PRN number and the initial value of shift register 

are as shown in Table 3.2.3-2. 

 

 

 

Note: S1 polynomial coefficients and initial conditions are given in Table 3.2.3-2. 

MSB of initial condition given in Table 3.2.3-2 is in stage 11. 

The first bit of the output is the MSB of the output sequence. 

For S1 polynomial, m11 is equal to "1". 

 

Figure 3.2.3-2 L1C Overlay Code Generator  
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Table 3.2.3-2 L1C Overlay Code Assignments 

PRN Number 
S1 Polynomial 

Coefficient 

Initial S1 Value 

(Octal) 

Initial S2 Value 

(Octal) 

First 11 Symbols 

(Octal) 

Last 11 Symbols 

(Octal) 

193 5403 0500 3261 3761 1676 

194 5403 0254 1760 1534 1620 

195 5403 3445 0430 3075 2340 

196 5403 2542 3477 1135 3477 

197 5403 1257 1676 0421 3241 

198 6501 0211 1636 1427 3011 

199 6501 0534 2411 2125 0674 

200 6501 1420 1473 0053 1746 

201 6501 3401 2266 1667 1110 

202 6501 0714 2104 2610 1415 
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3.2.4.  L2C Codes 

L2C consists of L2CM and L2CL, and PRN codes of L2CM and L2CL are generated using the 

same code generator polynomial each clocked at 511.5kbps. L2CM PRN codes is reset after 10230 

chips resulting in a code period of 20ms, and L2CL PRN codes is reset after 767250 chips resulting 

in a code period of 1.5s. Each PRN code is time-division multiplexed with each chip in the order of 

L2CM and L2CL as shown in Figure 3.2.4-1, and L2C code becomes the 1.023 Mcps code. 

 

 

Figure 3.2.4-1 L2C Timing 
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PRN codes of L2CM and L2CL are generated using the same polynomial as shown in Figure 

3.2.4-2, and the code pattern corresponding to each PRN number is generated based on the initial 

shift register value shown in Table 3.2.4-1. 

 

 

Figure 3.2.4-2 L2C Shift Register 

 

Table 3.2.4-1 L2C PRN Code Assignments 

PRN Number 
Initial Shift Register Value (Octal) Final Shift Register Value (Octal) 

L2CM L2CL L2CM L2CL 

193 204244652 235525312 415505547 722043377 

194 202133131 507056307 705146647 240751052 

195 714351204 221720061 006215430 375674043 

196 657127260 520470122 371216176 166677056 

197 130567507 603764120 645502771 123055362 

198 670517677 145604016 455175106 707017665 

199 607275514 051237167 127161032 437503241 

200 045413633 033326347 470332401 275605155 

201 212645405 534627074 252026355 376333266 

202 613700455 645230164 113771472 467523556 
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1 + X3 +  X4 +  X5 +  X6 +  X9 + X11 +  X13 +  X16 +  X19 +  X21 +  X24 + X27

OUTPUT

INITIAL CONDITIONS ARE A FUNCTION OF PRN AND CODE PERIOD (MODERATE/LONG)
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3.2.5.  L5 Codes 

PRN codes of I5 and Q5 signals have 1ms in length at a chipping rate of 10.23Mbps, for total 

length of 10230 chips. In addition, I5 has a Neuman-Hoffman (NH) code with a bit rate of 1kbps 

(cycle: 1ms) and a length of 10bits (10ms), and Q5 has a NH code with a bit rate of 1kbps (cycle: 

1ms) and a length of 20bits (20ms).The 10-bit and 20-bit NH codes of I5 and Q5 are as follows: 

 

1st        Last 

10-bit NH code = 0000 1101 01 

1st                   Last 

20-bit NH code = 0000 0100 1101 0100 1110 

 

Each PRN code is generated as shown in Figure 3.2.5-1. XA is an 8190 length code, with an 

initial condition of all 1's, that is short cycled 1-chip before its natural conclusion and restarted to 

run over a period of 1ms (synchronized with the C/A code) for a total of 10230 chips. 

XBI and XBQ are 8191 length codes that are not short cycled. 

They are restarted at their natural completion and run over a period of 1ms (synchronized with the 

XA code) for a total of 10230 chips. 

 

 

Figure 3.2.5-1 L5 PRN Code Generator 
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The code pattern of each PRN number is generated by the XB shift register advances and the 

initial XB code state as shown in Table 3.2.5-1. 

 

Table 3.2.5-1 L5 PRN Code Assignments 

PRN Number 
XB Code Advancement (Chips) XB Code Initial Value (Binary) 

I5 Q5 I5 Q5 

193 5836 4757 0110000101110 1001110000111 

194 0926 0427 0110010011111 0110100111010 

195 6086 5452 1000111001100 0110001100110 

196 0950 5182 1111101110001 0000100001100 

197 5905 6606 0011111100001 0101000101101 

198 3240 6531 0000001110001 1000001010111 

199 6675 4268 1010110100100 0011001110001 

200 3197 3115 0100001110110 0100011100110 

201 1555 6835 0111110100011 0100101100101 

202 3589 862 0001111001011 1110001010111 

 

 

3.2.6.  Non-Standard Codes 

The non-standard codes are used in case of system errors. Users cannot use them for satellite 

positioning. 

 

  



 

Document subject to the disclaimer of liability 

39 

Message Specifications 

4.1.  LNAV(L1C/A, L1C/B) 

4.1.1.  Message Configuration 

Timing 

(1) Message Patterns 

At the beginning of the week, the message pattern is reset. 

The message pattern of subframe 4 and subframe 5 is based on a transmission pattern table. 

 

(2) Update Timing 

Each navigation message may be updated at a different timing with each satellite and each 

signal. 

 

(3) Transmission Cycle 

Table 4.1.1-1shows maximum transmission intervals. 

 

Table 4.1.1-1 Maximum Transmission Intervals 

Message data Subframe 
Data 

ID 

SV 

ID 

Maximum 

Transmission  

Interval  

(seconds) 

Remarks 

SV clock SF1 - - 30  

Ephemeris SF2&3 - - 30  

Group delay SF1 - - 30  

QZS almanac SF4 or 5 3 1-10 600  

QZS almanac epoch and health SF4 or 5 3 51 60  

Special messages SF4 or 5 3 55 - Not specified 

Ionospheric (wide area) and UTC parameters SF4 or 5  3 56 60  

QZNMA SF4 or 5 3 60 (*1)  

Ionospheric (Japan area) and UTC parameters SF4 or 5  3 61 720  

*1: To be specified in "IS-QZSS-SAS" 
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(4) Update interval and Fit Interval 

Table 4.1.1-2 shows the nominal update intervals, fit intervals and validity period in the 

difference between the epoch and current time of the various parameters. 

 

Table 4.1.1-2 Update Interval and Fit Intervals 

Parameter Update interval Fit interval 
Validity Period 

(*1) 

SV clock 1 hour (*2) 2 hours 2 hours 

Ephemeris 1 hour (*2) 2 hours 2 hours 

URA 1 hour 
Not applicable because time information 

indicating the epoch is not included. 

Group delay 1 day 
Not applicable because time information 

indicating the epoch is not included. 

Almanac 1 day 6 days 144 hours 

Ionospheric parameter 

(wide area) 
1 hour 

Not applicable because time information 

indicating the epoch is not included. 

Ionospheric parameter 

(Japan area) 
1 hour 

Not applicable because time information 

indicating the epoch is not included. 

UTC parameter 1 day 6 days 144 hours 

*1: The validity periods are twice the absolute value of the difference between the current 

time (t) and the epochs (to) as follows: 

 

SV clock epoch toc:  |t – toc| 

Ephemeris epoch toe: |t – toe| 

Almanac epoch toa:  |t – toa| 

UTC parameter epoch tot: |t – tot| 

 

*2: The update interval is a nominal value, and users should detect the update of the clock 

and ephemeris parameter by IODC and IODE. 
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Overview 

LNAV(L1C/A, L1C/B) messages, which are transmitted by L1C/A or L1C/B signals, consist of 5 

subframes, 1 subframe is 10 words, as shown in Figure 4.1.1-1. 

Each word consists of 24-bit data and 6-bit parity. 

“Word 1” of each subframe is a telemetry word (TLM) including a preamble, and “Word 2” of 

each subframe is a hand-over word (HOW). 

 

 

Figure 4.1.1-1 LNAV(L1C/A, L1C/B) Message Configuration 
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Parity 

The 6-bit parity bits located at the end of the 30-bit word is a (32, 26) hamming code. The 

encoding method is shown in Table 4.1.1-3. 

 

Table 4.1.1-3 Satellite Parity Encoding Method 

 

  

D1 = d1 D30
＊

D2 = d2 D30
＊

D3 = d3 D30
＊

・ ・

・ ・

・ ・

・ ・

D24 = d24 D30
＊

D25 = D29
＊ d1 d2 d3 d5 d6 d10 d11 d12 d13 d14 d17 d18 d20 d23

D26 = D30
＊ d2 d3 d4 d6 d7 d11 d12 d13 d14 d15 d18 d19 d21 d24

D27 = D29
＊ d1 d3 d4 d5 d7 d8 d12 d13 d14 d15 d16 d19 d20 d22

D28 = D30
＊ d2 d4 d5 d6 d8 d9 d13 d14 d15 d16 d17 d20 d21 d23

D29 = D30
＊ d1 d3 d5 d6 d7 d9 d10 d14 d15 d16 d17 d18 d21 d22 d24

D30 = D29
＊ d3 d5 d6 d8 d9 d10 d11 d13 d15 d19 d22 d23 d24

ここで

d1, d2 ,…, d24 ：源泉となる情報のデータビット

記号 * ：前のサブフレームの最後の2ビット

D25, D26, …, D30 ：計算されたパリティビット

D1, D2, …, D24 ：衛星から送信されたデータビット

：モジュロ2加算、あるいは排他的論理和









             

             

             

             

             

           






Source data bits 

Last 2 bits of the previous word of the subframe 

Computed parity bits 

Data bits transmitted by the SV 

“Modulo-2” or “exclusive-or” operation 

Symbol* 

where 

30 
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Default Message 

When the system detects an error, the default message shown in Table 4.1.1-4 may be transmitted. 

 

Table 4.1.1-4 Default message 

Item Description 

Word 1  Normal TLM message  

Word 2  Appropriate TOW count and subframe ID  

The alert flag is "1".  

Word 3 to 9 1010101010 1010101010 1010000000(B)  

Word 10  1010101010 1010101010 1000000000(B) 

 

 

Invalid Message 

When the system detects an error, an error message in which all bits are 0 may be transmitted. 

 

 

4.1.2.  Message Content 

Overview 

The content shown in Table 4.1.2-1 are stored in each subframe of the LNAV(L1C/A, L1C/B) 

message. Subframes 4 and 5 store different content depending on the SV ID and data ID contained 

in Word 3. The content of SV ID and data ID are shown in Table 4.1.2-2. 

 

Table 4.1.2-1 LNAV(L1C/A, L1C/B) Message Content 

Subframe No. Description 

Subframe 1 SV clock parameter 

Subframe 2 
Ephemeris 

Subframe 3 

Subframe 4 
As per Table 4.1.2-2 

Subframe 5 

 

Table 4.1.2-2 SV ID and Data ID List 

Data ID SV ID Description 

3 0 Test mode(*) 

1 to 10 QZS almanac 

51 QZS almanac epoch and health 

55 Special messages 

56 Ionospheric parameter (Wide area) and UTC parameter 

60 QZNMA 

61 Ionospheric parameter (Japan area) and UTC parameter 



 

Document subject to the disclaimer of liability 

44 

     (*): SV ID 0 indicates that LNAV(L1C/A, L1C/B) signal of the QZS is in test mode. When 

receiving SV ID 0, the user should not use that subframes. 

TLM and HOW 

Word 1 and Word 2 of each subframe use a common TLM and HOW for every subframe. The bit 

assignment for the TLM and HOW are shown in Figure 4.1.2-1, and the definitions of each 

parameter are shown in Table 4.1.2-3. 

 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.  

Figure 4.1.2-1 TLM and HOW Formats 

 

Table 4.1.2-3 Parameter Definitions 

Parameter Description 
Effective 

Range 

Number 

of Bits 
LSB Units 

Preamble Preamble 10001011(B) 8 - - 

TLM Message Telemetry message For system 14 - - 

Integrity Status Flag Integrity status flag  0-1 1 - - 

TOW Count Message Time-of-week count message 0-604794 17 6 sec 

Alert Flag Alert flag 0-1 1 - - 

Anti-Spoof Flag Anti-spoof flag (*1) 0 1 - - 

Subframe ID Subframe ID 1-5 3 1 - 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.  
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(1) Preamble 

Fix to "10001011" (B). 

 

(2) TLM message 

This is undefined because it is used by the system. 

 

(3) Integrity status flag (ISF) 

This is the integrity assurance level of the signal. 

The definition is shown in Section 5.4.2.   

 

(4) TOW count message 

This is the time of week at the start of the next following subframe. 

 

(5) Alert flag 

This informs the user that the signal cannot be used due to increase of the user range error 

or occurrence of other error. 

For details, see Section 5.4.1.   

 

(6) Anti-spoof flag 

This is the flag of the protection against spoofing. 

This is always "0" because it is not used in QZSS. 

This parameter is defined differently from GPS. For details, see Section 4.1.2.7.  

 

(7) Subframe ID 

This is the subframe number. The range is from 1 to 5. 
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Subframe 1 (SV Clock) 

Figure 4.1.2-2 shows the data format of subframe 1 and Table 4.1.2-4 shows its parameter 

definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.   

Figure 4.1.2-2 Subframe 1 Format 

 

Table 4.1.2-4 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- TLM and HOW parameter (See Table 4.1.2-3) - - - - 

WN Week number 0-1023 10 1 weeks 

Ephemeris 

Status Flag 
Indicating the status of ephemeris(*1) 0-1 1 - - 

URA INDEX User range accuracy index 0-15 4 - - 

SV health SV health (*1)  - 6 - - 

IODC Issue of Data, Clock (*1)  0-1023 10 - - 

L2P data flag L2P code data flag (*1) 0-1 1 - - 

TGD Group delay between SV clock and L1C/A (or L1C/B)(*1) ** 8* 2-31 sec 

toc 

SV clock parameter  

Epoch of SV clock  

(time of week) 
0-604784 16 2+4 sec 

af0 
SV clock bias  

correction coefficient 
** 22* 2-31 sec 

af1 
SV clock drift  

correction coefficient 
** 16* 2-43 sec/sec 

af2 
SV clock drift rate  

correction coefficient 
** 8* 2-55 sec/sec2 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.  
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(1) Week number 

In GPS, time is expressed in the format of week number and week time. Week number is 

counted from January 6th, 1980. This is 10-bit binary data (0-1024) that shall be modulo 1024 

of each QZSS week number. QZSS week number increases at the start of every week epoch. 

 

(2) Ephemeris Status Flag 

The flag indicates when the ephemeris as well as SV clock parameter were uploaded. 

"0": within an hour 

"1": more than an hour ago 

This is defined differently from GPS. For details, see Section 4.1.2.7.  

 

(3) User range accuracy (URA) INDEX 

This is the RMS value of the maximum SIS range error in the validity period of each SV 

clock and ephemeris. When the URA is updated, IODE is also incremented in the same as the 

ephemeris. 

The definition and user algorithm are shown in Section 5.4.3.   

 

(4) SV health 

This consists of the 1MSB health and the 5LSBs health. The 1-bit health is the SV health of 

L1C/A or L1C/B and the 5-bit health is the SV health of all PNT signals including L1C/A, 

L1C/B, L1C, L2C, and L5. Because the L1C/A and L1C/B signals are exclusively transmitted, 

the L1C/B Health will be 1 when the L1C/A signal is transmitted. On the contrary, the L1C/A 

Health will be 1 when the L1C/B signal is transmitted.The 5-bit health parameter is defined 

differently from GPS. For details, see Sections 4.1.2.7.  

Table 4.1.2-5-1 and Table 4.1.2-5-2 show the definitions of each health. For details, see in 

Section 5.4.1.   

When the SV health is updated, IODE is also incremented in the same as the ephemeris. 

 

Table 4.1.2-5-1 Definitions of 1-bit Health 

Bit Location Name Target Signal 

1st bit (MSB) L1 Health L1C/A or L1C/B 

 

Table 4.1.2-5-2 Definitions of 5-bit Health 

Bit Location Name Target Signal 

1st bit (MSB) L1C/A Health L1C/A 

2nd bit L2 Health L2C 

3rd bit L5 Health L5 

4th bit L1C Health L1C 

5th bit (LSB) L1C/B Health L1C/B 
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(5) Issue of Data, Clock (IODC) 

This is the issue number of the SV clock parameter. 2 MSBs of IODC indicate fit intervals 

is as shown in Table 4.1.2-6.Users can detect the update of the SV clock parameter by IODC. 

This is defined differently from GPS. For details, see Section 4.1.2.7.  

 

Table 4.1.2-6 Definition of 2MSBs of IODC 

2 MSBs of IODC(binary) Fit intervals(minutes) 

00 15 

01 30 

10 60 

11 120 

 

(6) L2P data flag 

Fixed to "1". 

This is defined differently from GPS. For details, see Section 4.1.2.7.  

 

(7) Group delay between SV clock and L1C/A (or L1C/B) time 

This is one of the group delay parameters. The definition and user algorithm are shown in 

Section 5.8.   

This is defined differently from GPS. For details, see Section 4.1.2.7.  

 

(8) SV clock parameter 

These are used to correct the SV clock offset defined by the pseudo range of each signal by 

the user. 

The definition and user algorithm are shown in Section 5.5.   
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Subframe 2 (Ephemeris 1) 

Figure 4.1.2-3 shows the data format of subframe 2 and Table 4.1.2-7 shows its parameter 

definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.   

Figure 4.1.2-3 Subframe 2 Format 
 

Table 4.1.2-7 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- TLM and HOW parameter (See Table 4.1.2-3.) - - - - 

IODE Issue of data, ephemeris 0-255 8 - - 

Crs 

Ephemeris 

 

Amplitude of the sine harmonic 

correction term to the orbit radius 
** 16* 2-5 m 

Δn 
Mean motion difference from 

computed value 
** 16* 2-43 

semi-

circle/sec 

M0 Mean anomaly at reference time ** 32* 2-31 semi-circle 

Cuc 

Amplitude of the cosine harmonic 

correction term to the argument of 

latitude 

** 16* 2-29 rad 

e Eccentricity (*1) ** 32 2-33 - 

Cus 

Amplitude of the sine harmonic 

correction term to the argument of 

latitude 

** 16* 2-29 rad 

A  Square root of the semi-major axis ** 32 2-19 m1/2 

toe Reference time ephemeris 0-604784 16 2+4 sec 

FIT 

INTERVAL 

FLAG 

Fit interval flag (*1) 0-1 1 - - 

AODO 

Age of data offset (Navigation message correction 

table effective period) 

(*1) 

0-27000 5 900 sec 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.  
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(1) Issue of data, ephemeris (IODE) 

This is the issue number of the ephemeris parameter. Users can detect the update of the 

ephemeris parameter by IODE. The IODE is consistent with the 8LSBs of the IODC (10 bits). 

The IODE is contained in subframes 2 and 3, and when these three values are not the same, it 

indicates that subframes 1, 2 and 3 are not data sets issued at the same time, and thus the user 

needs to collect the same sets. 

The following rules apply to IODE and IODC of different data sets: 

 

(a)  IODC is different from other IODC in the previous 2 days. 

(b)  IODE is different from other IODE in the previous 6 hours. 

 

(2) Ephemeris 

These are the trajectory in the Earth-Centered, Earth-Fixed (ECEF) coordinates for each fit 

interval. 

The user algorithm is shown in Section 5.6.   

This is defined differently from GPS. For details, see Section 4.1.2.7.  

 

(3) Fit interval flag 

This is the fit interval period of the ephemeris. 

"0": 2 hours 

"1": Greater than 2 hours 

This is always “0” in QZSS because the fit interval period of the ephemeris is 2 hours as 

shown in Table 4.1.1-2. 

This is defined differently from GPS. For details, see Section 4.1.2.7.  

 

(4) Age of data offset (AODO) 

Because this system does not transmit any navigation message correction tables, AODO is 

fixed to "11111"(B). 

This is defined differently from GPS. For details, see Section 4.1.2.7.  
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Subframe 3 (Ephemeris 2) 

Figure 4.1.2-4 shows the data format of subframe 3 and Table 4.1.2-8 shows its parameter 

definitions. 

 

Figure 4.1.2-4 Subframe 3 Format 

 

Table 4.1.2-8 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- TLM and HOW parameter (See Table 4.1.2-3) - - - - 

Cic 

Ephemeris 

Amplitude of the cosine harmonic 

correction term to the angle of 

inclination 

** 16* 2-29 rad 

 0 
Longitude of ascending node of 

orbit plane at weekly epoch 
** 32* 2-31 semi-circle 

Cis 

Amplitude of the sine harmonic 

correction term to the angle of 

inclination 

** 16* 2-29 rad 

i0 Inclination angle at reference time ** 32* 2-31 semi-circle 

Crc 
Amplitude of the cosine harmonic 

correction term to the orbit radius 
** 16* 2-5 m 

ω Argument of perigee ** 32* 2-31 semi-circle 

̇ Rate of right ascension ** 24* 2-43 semi-circle/sec 

IODE Issue of data ,ephemeris 0-255 8 - - 

•

 IDOT 
Ephemeris Rate of inclination angle ** 14* 2-43 semi-circle/sec 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(1) Issue of data, ephemeris (IODE) 

See, section 4.1.2.4. (1) . 

(2) Ephemeris 

See, section 4.1.2.4. (2) . 

 

1 31 61 77  91 121 137

i0 - 32 BITS TOTAL

151 181 211 241 271 279

ω－32　BITS TOTAL

P = 6 PARITY BITS
t = 2 NONINFOMATION BEARING BITS USED FOR PARITY COMPUTATION 
C = TLM BITS 23 AND 24. BIT 23 IS THE INTEGRITY STATUS FLAG AND BIT 24 IS RESERVED

i0 - 32 BITS

LSBsMSBs

------------------------------------------------------------------  DIRECTION OF DATA FLOW FROM SV -------------------- MSB FIRST -------------------------------------------

----------------------------------------------------------------------------- 150 BITS -------------------------------------------------------------------------------------

PP

24 BITS

------------------------------------------------------------------  DIRECTION OF DATA FLOW FROM SV -------------------- MSB FIRST -------------------------------------------

----------------------------------------------------------------------------- 150 BITS -------------------------------------------------------------------------------------

LSBs
   Ω0 -32 BITS TOTAL

LSBｓ

Cis

16 BITS

P
IDOT
14

BITS

IODE
8

BITS
t

PP P
Cic

16 BITS

8
 BITS

24 BITS
TLM

22 BITS
C P

HOW

22 BITS
8

BITS

MSBs

24 BITS 8
BITS

Crc

16 BITS

24 BITSP P

------------------------------WORD 6------------------------------------------------------------WORD 7------------------------------------------------------------WORD 8------------------------------------------------------------WORD 9------------------------------------------------------------WORD 10-----------------------------

Pt

------------------------------WORD 1------------------------------------------------------------WORD 2------------------------------------------------------------WORD 3------------------------------------------------------------WORD 4------------------------------------------------------------WORD 5------------------------------

̇ 
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Subframes 4 and 5 

4.1.2.6.1. Overview 

Subframes 4 and 5 identify by data ID and SV ID in 8MSBs of Word 3 shown in Figure 

4.1.2-5 and Table 4.1.2-9. 

 

 

Figure 4.1.2-5 Common Section of Subframes 4 and 5 Format 

 

 

Table 4.1.2-9 Parameter Definitions 

Parameter Description 
Effective 

Range 

Number 

of Bits 
LSB Units 

- TLM and HOW parameters (See Table 4.1.2-3.) - - - - 

DATA ID Data ID 0-3 2 1 - 

SV ID 

Space vehicle ID. 

The information to identify the message of subframe 

4 and 5 in LNAV(L1C/A, L1C/B) 

0-63 6 1 - 

 

  

DATA ID

1 2 3 4 5 6 7 ～ 24 25 26 27 28 29 30 31 32 33 34 35 36 37 ～ 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68

TLM Word

30 BITS

HOW

30 BITS

2

BITS

  SV ID

6 BITS
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4.1.2.6.2. QZS Almanac (Data ID = "3", SV ID = 1 to 10) 

Figure 4.1.2-6 shows the data format and Table 4.1.2-10 shows its parameter definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.  

Figure 4.1.2-6 QZS Almanac Format 

 

Table 4.1.2-10 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- TLM and HOW parameters (See Table 4.1.2-3) - - - - 

DATA ID Data ID (See Table 4.1.2-9) 3 2 1 - 

SV ID PRN number ID (See Table 4.1.2-9) 1-10 6 1 - 

toa 

Almanac 

Almanac reference time of week 0-602112 8 2+12 sec 

e 
Difference from reference eccentricity 

(*1) 
** 16 2-21 - 

δi 

Difference from reference angle of 

inclination 

(*1) 

** 16* 2-19 semi-circle 

̇ Rate of right ascension ** 16* 2-38 
semi-

circle/sec 

SV 

HEALTH 
SV health (*1) - 8 - - 

A  

Almanac 

Square root of the semi-major axis ** 24 2-11 m1/2 

Ω0 
Longitude of ascending node of orbit 

plane at weekly epoch 
** 24* 2-23 semi-circle 

ω Argument of perigee ** 24* 2-23 semi-circle 

M0 Mean anomaly at reference time ** 24* 2-23 semi-circle 

af0 SV clock bias correction coefficient ** 11* 2-20 sec 

af1 SV clock drift correction coefficient ** 11* 2-38 sec/sec 

 (**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.  

 

 

 

 



 

Document subject to the disclaimer of liability 

54 

 

(1) SV health 

This consists of the 3MSBs health and the 5LSBs health as shown in Table 4.1.2-11. 

The 3-bit health is shown in Section 5.4.1.  The 5-bit health is defined differently from 

GPS. For details, see Section 4.1.2.7.  

Because the SV health is uploaded with the latest almanac, it may not be consistent with the 

real SV health. For the same reason, it may not be consistent with the SV health of subframe 

1. 

 

Table 4.1.2-11 QZS Almanac SV Health Definitions 

Bit Position Name Target Signal 

1st to 3rd bits (MSB) 3-bit health L1C/A or L1C/B 

4th to 8th bits (LSB) 5-bit health L1C/A, L2C, L5, L1C and L1C/B 

 

(2) Almanac 

This is a reduced-precision parameter of the satellite orbit and the SV clock. The almanac 

data is fitted in a period of 6 days, and is updated every 1 day. 

The user algorithm is shown in Section 5.7.1.   

This parameter is defined differently from GPS. For details, see Section 4.1.2.7.  
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4.1.2.6.3. QZS Almanac Epoch and Health (Data ID = "3", SV ID = 51) 

Figure 4.1.2-7 shows the data format andTable 4.1.2-12 shows its parameter definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7. 

Figure 4.1.2-7 QZS Almanac Epoch and Health Format 

 

Table 4.1.2-12 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- TLM and HOW parameters (See Table 4.1.2-3.) - - - - 

DATA ID Data ID (See Table 4.1.2-9.) 3 2 1 - 

SV ID PRN number ID (See Table 4.1.2-9.) 51 6 1 - 

toa Almanac reference time of week 0-602112 8 2+12 sec 

WNa Almanac reference week ** 8 1 weeks 

SV health SV health (*1) 

PRN193 - 6 - - 

PRN194 - 6 - - 

PRN195 - 6 - - 

PRN196 or 203(*2) - 6 - - 

PRN197 or 204(*2) - 6 - - 

PRN198 - 6 - - 

PRN199 - 6 - - 

PRN200 or 205(*2) - 6 - - 

PRN201 or 206(*2) - 6 - - 

PRN202 - 6 - - 

Reserved - 84 - - 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7. 

(*2) The PRN code differs between L1C/A signal and L1C/B signal. 
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(1) Almanac reference time of week 

This is the almanac reference time of week. 

The definition and user algorithm are shown in Section 5.7.1.   

 

(2) Almanac reference week 

This is the reference week number of almanac orbital information. 

The definition and user algorithm are shown in Section 5.7.1.   

 

(3) SV health 

See Sections 4.1.2.3. (4) . 

Because the SV health is uploaded with the latest almanac, it may not be consistent with the 

real health. For the same reason, it may not be consistent with the SV health data of subframe 

1. 
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4.1.2.6.4. Special Messages (Data ID = "3", SV ID = 55) 

Figure 4.1.2-8 shows the data format and Table 4.1.2-13 shows its parameter definitions. 

 

Figure 4.1.2-8 Special Messages Format 

 

Table 4.1.2-13 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- TLM and HOW parameters (See Table 4.1.2-3.) - - - - 

Data ID Data ID (See Table 4.1.2-9.) 3 2 1 - 

SV ID PRN number ID (See Table 4.1.2-9.) 55 6 1 - 

- Special messages - 176 - - 

 (**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

 

(1) Special messages 

Specially defined message transmitted in a navigation message. Special messages can 

contain information not related to positioning. Special messages are strings composed of 22 

eight-bit ASCII characters. 

 

In case that the 16 bits field of WORD3 is 0x2929(0010100100101001), SV Configuration 

information is broadcasted on and after WORD4. 

For details, refer to the following Figure and Table. 

** SPECIAL MESSAGES
*** RESERVED
P = 6 PARITY BITS
t = 2 NONINFOMATION BEARING BITS USED FOR PARITY COMPUTATION
C = TLM BITS 23AND 24 BIT 23 IS THE INTEGRITY STATUS FLAG AND BIT 24 IS RESERVED

TLM

22 BITS

1

WORD1

61 69 121

C P
HOW

22 BITS

DATA ID - 2 BITS

P

SV (PAGE) ID - 6 BITS

16 BITS** 24 BITS** P

DIRECTION OF DATA FLOW FROM SV MSB FIRST

150 BITS
DIRECTION OF DATA FLOW FROM SV MSB FIRST

151

24 BITS** PP

211181 241

24 BITS** P

271

31

t

63

P

91

24 BITS** P

WORD2 WORD3 WORD4 WORD5
150 BITS

24 BITS** 24 BITS** P 16 BITS** t P

WORD6 WORD7 WORD8 WORD9 WORD10

6 BITS***

287

SPECIAL MESSAGES 
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<Parameter definitions of SV Configuration> 

 

 

Field Parameter Value 

WORD3 
8BITS 1st CHARACTER 0010100100101001: SV Configuration 

Other combinations: Special Messages 8BITS 2nd CHARACTER 

WORD4 

8BITS SV Configuration (PRN193) 01100000:No satellite configuration 

01100001:Block I 

01100010:Block II 

01100011:Block III 

01100100~01101110: Reserved 

01101111:not in PNT Service 

8BITS SV Configuration (PRN194) 

8BITS SV Configuration (PRN195) 

WORD5 

8BITS SV Configuration (PRN196 or 203)*1 

8BITS SV Configuration (PRN197 or 204)*1 

8BITS SV Configuration (PRN198) 

WORD6 

8BITS SV Configuration (PRN199) 

8BITS SV Configuration (PRN200 or 205)*1 

8BITS SV Configuration (PRN201 or 206)*1 

WORD7 
8BITS SV Configuration (PRN202) 

16BITS Reserved  

WORD8 24BITS Reserved  

WORD9 24BITS Reserved  

WORD10 22BITS Reserved  

*1: The PRN code differs between L1C/A signal and L1C/B signal. 

 

  

*** RESERVED
P = 6 PARITY BITS
t = 2 NONINFOMATION BEARING BITS USED FOR PARITY COMPUTATION
C = TLM BITS 23AND 24 BIT 23 IS THE INTEGRITY STATUS FLAG AND BIT 24 IS RESERVED

TLM

22 BITS

1

WORD1

61 69 121

C P
HOW

22 BITS

DATA ID - 2 BITS

P

SV (PAGE) ID - 6 BITS

P

DIRECTION OF DATA FLOW FROM SV MSB FIRST

150 BITS
DIRECTION OF DATA FLOW FROM SV MSB FIRST

151

PP

211181 241

P

271

31

t

63

P

91

P

WORD2 WORD3 WORD4 WORD5
150 BITS

16 BITS*** P t P

WORD6 WORD7 WORD8 WORD9 WORD10

0ｘ29
(ASCII)

8 BITS

0ｘ29
(ASCII)

8 BITS

SV CONFIG 

SV1
8 BITS

SV CONFIG 

SV2
8 BITS

SV3
8 BITS

SV CONFIG 

SV4
8 BITS

SV5
8 BITS

SV6
8 BITS

SV CONFIG 

SV7
8 BITS

SV8
8 BITS

SV9
8 BITS

SV10
8 BITS

24 BITS***

189

24 BITS*** 22 BITS***
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4.1.2.6.5. Ionospheric (Wide Area) and UTC Parameters (Data ID = 3, SV ID = 56) 

Figure 4.1.2-9 shows the data format and Table 4.1.2-14 shows its parameter definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.  

Figure 4.1.2-9 Ionospheric and UTC Parameters Format 

 

Table 4.1.2-14 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- TLM and HOW parameters (See Table 4.1.2-3.) - - - - 

Data ID Data ID (See Table 4.1.2-9.) 3 2 1 - 

SV ID PRN number ID (See Table 4.1.2-9.) 56 6 1 - 

α0 

Ionospheric parameter (*1) 

** 8* 2-30 sec 

α1 ** 8* 2-27 sec/semi-circle 

α2 ** 8* 2-24 sec/semi-circle2 

α3 ** 8* 2-24 sec/semi-circle3 

β0 ** 8* 2+11 sec 

β1 ** 8* 2+14 sec/semi-circle 

β2 ** 8* 2+16 sec/semi-circle2 

β3 ** 8* 2+16 sec/semi-circle3 

A0 

UTC  

para

meter 

Bias coefficient between UTC and QZSS (*1) ** 32* 2-30 sec 

A1 Drift coefficient between UTC and QZSS (*1) ** 24* 2-50 sec/sec 

ΔtLS Current or past leap second count ** 8* 1 sec 

tot 
Epoch of UTC Parameter (Time data reference Time 

of Week) (*1) 
0-602112 8 2+12 sec 

WNt UTC reference week number (*1) ** 8 1 weeks 

WNLSF Leap second reference week number ** 8 1 weeks 

DN Leap second reference day number 1-7 8 1 days 

ΔtLSF Current or future leap second count  ** 8* 1 sec 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.  
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(1) Ionospheric parameter 

This is used to calculate the ionospheric delay for single frequency users. 

The parameters can be used in the wide area shown in Section 5.9.3.   

The user algorithm is shown in Section 5.9.   

This is defined differently from GPS. For details, see Section 4.1.2.7.  

 

(2) UTC parameter 

This is related to the modulo 1 second offset between QZSST and UTC (NICT), as well as 

to the leap second. 

The user algorithm is shown in Section 5.12.   

This is defined differently from GPS. For details, see Section 4.1.2.7.  

 

 

4.1.2.6.6. Ionospheric (Japan area) and UTC Parameters (Data ID = 3, SV ID = 61) 

Ionospheric (Japan area) and UTC parameters are same as a definition of ionospheric (Wide 

area) and UTC parameters. See Section 4.1.2.6.5. The ionospheric (Japan area) parameters 

can be used in the Japan area shown in Section 5.9.3.   
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(Reference) Differences from GPS 

Table 4.1.2-15 shows parameters that are defined differently from GPS definitions specified in the 

reference document (1) of Section 2.2.   

Table 4.1.2-15 Parameters Defined Differently from GPS (LNAV(L1C/A)) 

Subframe Page *1 Parameter GPS QZSS 

common common Anti-Spoof Flag Anti-spoof flag 

"0": Anti-spoof OFF 

"1": Anti-spoof ON 

Unused 

Fixed to "0" 

1 - EPHEMERIS 

STATUS FLAG 

C/A OR P ON L2 

L2 code identification 

"0": spare 

"1": P code 

"2": L1C/A code 

Indicating the status of ephemeris 

"0": within an hour 

"1": more than an hour ago 

L2P DATA 

FLAG 

Presence of L2P code message 

"0": L2P message ON 

"1": L2P message OFF 

Unused 

Fixed to "1" 

5-bit health L1 and L2 health L1C/A, L2, L5, L1C and L1C/B 

health 

IODC The issue number of the data set, 

Clock. The period without using 

the same value is undefined. 

The issue number of the data set, 

Clock. The period without using 

the same value is 2 days. 

TGD 

  

Group delay between SV clock 

and L1P (Y) 

Group delay between SV clock 

and L1C/A (or L1C/B) 

2 - Ephemeris 

(e) 

Eccentricity of ephemeris 

Upper limit of parameter range of 

0.03 

Parameter range is not restricted. 

FIT INTERVAL 

FLAG 

Fit interval flag 

"0": 4 hours 

"1": more than 4 hours 

"0": 2 hours 

"1": more than 2 hours 

AODO Offset time when NMCT data is 

used 

Unused 

Fixed to "11111"(B) 

4 13 NMCT Navigation message correction 

table 

Not transmitted. 

18 Ionospheric 

parameter 

(α0, α1, α2, α3, 

β0, β1, β2, β3) 

The target area 

The entire globe. Wide area 

Japan area 

UTC parameter 

(A0, A1, tot, 

WNt) 

Relationship between UTC 

(USNO) and GPST 

Relationship between UTC 

(NICT) and QZSST 

4,5 Subframe 4 

: Pages 

2–5, 7–10 

 

Subframe 5 

: Pages 

1–24 

Almanac 

(e) 

Eccentricity Difference from reference 

eccentricity (eREF) 

eREF=0.06[-](QZO) 

eREF=0[-](GEO/QGEO) 

Almanac 

(δi) 

Difference from reference angle 

of inclination (i0) 

i0 = 0.3[semi-circles] 

Difference from reference angle 

of inclination (iREF) 

iREF = 0.25 [semi-circles] (QZO) 

iREF = 0 [semi-circles] 

(GEO/QGEO) 

5 25 5-bit health L1 and L2 health L1C/A, L2, L5, L1C and L1C/B 

health 

*1: The pages number of subframe 4 and 5 depend on the definition of GPS.  
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(Delete)  
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4.2.  CNAV2(L1C) 

4.2.1.  Message Configuration 

Overview 

CNAV2(L1C) messages, which are transmitted by L1CD signal, consist of 3 subframes as 

shown in Figure 4.2.1-1. 

Subframe 1 is the epoch count for 18 seconds from the start of current ITOW epoch as a 9-bit 

Time of Interval (TOI) count. 

Subframe 2 is the clock and ephemeris.  

Subframe 3 is one of the messages by the page number. It shall be transmitted by the variable 

transmission pattern.  

Subframe 1 is BCH encoded, and subframes 2 and 3 are encoded by LDPC (Low Density Parity 

Check) and are subjected to interleaving. Subframes 1, 2 and 3 are an 1800-bit (18-second) 

message in total. 

 

 

Figure 4.2.1-1 CNAV2(L1C) Message Configuration 
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Timing 

(1) Message Patterns 

At the beginning of the week, the message pattern is reset.  

 

(2) Update Timing 

Each navigation message may be updated at a different timing with each satellite and 

signal. 

 

(3) Transmission Cycle 

Table 4.2.1-1 shows maximum transmission intervals. 

 

Table 4.2.1-1 Maximum Transmission Intervals 

Message data Subframe Page 

Maximum 

Transmission Interval 

(seconds) 

Remarks 

SV clock SF2 - 18  

Ephemeris SF2 - 18  

ISC SF2 - 18  

UTC parameter and ionospheric 

parameter (wide area) 
SF3 Page 1 144  

GGTO and earth orientation 

parameter 
SF3 Page 2 144  

QZS reduced almanac SF3 Page 3 600(*1)  

QZS Midi almanac SF3 Page 4 3600(*1)  

Text message SF3 Page 6 - Not specified 

QZNMA SF3 Page 60 (*2)  

UTC parameter and ionospheric 

parameter (Japan area) 
SF3 Page 61 720  

*1: Maximum interval when the message is transmitted 

*2: To be specified in "IS-QZSS-SAS" 
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(4) Update interval and Fit Interval 

Table 4.2.1-2 shows the nominal update intervals, fit intervals and validity periods in the 

difference between the epoch and current time of various parameters. 

 

Table 4.2.1-2 Update Interval and Fit Intervals 

Parameter Update Interval Fit Interval 
Validity Period 

(*1) 

SV clock 1 hour (*2) 2 hours 2 hours 

Ephemeris 1 hour (*2) 2 hours 2 hours 

Elevation-dependent URA 1 hour 
Not applicable because time information 

indicating the epoch is not included. 

Non-elevation-dependent URA 1 hour 2 hours 2 hours 

Group delay 1 day 
Not applicable because time information 

indicating the epoch is not included. 

Reduced almanac 1 day 6 days 144 hours 

Midi almanac 1 day 6 days 144 hours 

Ionospheric parameter 

(wide area) 
1 hour 

Not applicable because time information 

indicating the epoch is not included. 

Ionospheric parameter 

(Japan area) 
1 hour 

Not applicable because time information 

indicating the epoch is not included. 

Earth orientation parameter 1 hour (*3) 2 hours 12 hours 

UTC parameter 1 day 6 days 144 hours 

GGTO 1 day 6 days 144 hours 

*1: The validity periods are twice the absolute value of the differences between the current 

time (t) and the epochs (to) as follows: 

 

SV clock and ephemeris epoch toe  :|t – toe| 

Non-elevation-dependent URA epoch top :|t – top| 

Reduced almanac epoch toa   :|t – toa| 

Midi almanac epoch toa   :|t – toa| 

Earth orientation parameter epoch tEOP  :|t – tEOP| 

UTC parameter epoch tot   :|t – tot| 

GGTO epoch tGGTO   :|t – tGGTO| 

 

*2: The update interval is a nominal value, and users should detect the update of the clock 

and ephemeris parameter by toe. 

 

*3: The update interval is a nominal value. 
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TOI Data Encoding 

9 bits of TOI data are channel encoded using BCH (51, 8) code. The 8 Least Significant Bits 

(LSBs-the rightmost bits) of 9-bit TOI data are encoded using the generator polynomial of 763 

(octal). This code generator is conceptually shown in Figure 3.2.3-2 using an 8-stage linear shift 

register generator. TOI data bits 1 to 8 (8 LSBs) are loaded into the generator, Most Significant 

Bit (MSB) first, as initial conditions of the registers, which is then shifted 51 times to generate 51 

encoded symbols. The ninth bit of TOI data (MSB) shall be modulo 2 added to the 51 encoded 

symbols and it shall also be appended as MSB of the 52 symbols TOI message. The first output 

symbol of the generator (after modulo 2 added to the ninth bit of TOI data) shall be the 2nd MSB 

of the 52 symbols TOI message. 

Figure 4.2.1-2 shows a schematic of the 8-stage linear shift register generator used for code 

generation. 

 

 

Figure 4.2.1-2 TOI Data Encoding 
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Cyclic Redundancy Check (CRC) 

The 24-bit CRC bit string (p1,p2,・・・p24) is generated by the following generator polynomial 

g(X) from the message bit string (m1,m2,・・・mk): 


=

=
24

0

)(
i

i

i XgXg

 

gi are as follows when "CRC-24Q", Qualcomm 24-bit CRC. 

 

i = 0,1,3,4,5,6,7,10,11,14,17,18,23,24: 1=ig , 

i = 2,8,9,12,13,15,16,19,20,21,22: 0=ig . 

 

g(X) can be rewritten as follows. 

 

)()1()( XpXXg +=  

 

Here, )(Xp  is the following primitive polynomial: 

 

1)(
357891112131723

++++++++++= XXXXXXXXXXXp  

 

By expressing the information bit string ( )Xm  as follows, 

 
1

1

2

21)(
−

−− ++++=
k

kkk XmXmXmmXm   

 

and when dividing m(X)X 24 by g(X), the remainder is polynomial R(X) which becomes smaller 

than a degree of 24. The CRC bit pi (i＝1～24) is the coefficient of X 24-i of R(X). 
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Low Density Parity Check (LDPC) Code 

The data of subframe 2 and subframe 3 are separately encoded by LDPC codes with an encoding 

rate of 1/2. Subframe 2 has a total of 600 bits consisting of 576 bits for the clock and ephemeris 

and 24 bits for the CRC. Subframe 3 has a total of 274 bits consisting of 250 bits for variable data 

and 24 bits for the CRC. After LDPC encoding, subframe 2 has 1200 symbols and subframe 3 has 

548 symbols. 

The LDPC encoding structure is based on a parity-check matrix H(m, n). For subframe 2, m = 

600, and n = 1200, and for subframe 3, m = 274, and n = 548. H(m, n) is consists of 6 submatrices 

A, B, T, C, D and E as shown in Figure 4.2.1-3. Each element of H(m, n) is either "0" or "1." 

Tables 6-1 to 6-6 define the coordinates of elements with a value of "1" in each of the 

submatrices A, B, C, D, E and T, respectively, for subframe 2. Tables 6-7 to 6-16 define the 

coordinates of elements with a value of "1" in each of the submatrices A, B, C, D, E, and T, 

respectively, for subframe 3. 

The inverse matrix of T is not described in this document, but T can be easily obtained because 

it is a lower triangular matrix. 

The LDPC is encoded by the submatrices A, B, C, D, E and T as follows: 

p1
t＝φ-1(－ET1A＋C)st 

p2
t＝－T-1(Ast＋Bp1

t) 

 

However, 

DBET +−=
−1  

s  : Data of subframes 2 and 3 

[ ]t  : Transpose matrix 

Each element of matrix p1 and p2 is modulo 2 number. 

 

Figure 4.2.1-3 Low Density Parity Check (LDPC) Code Matrix 
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Interleaving 

Interleaving is the transformation method the 1748 symbols encoded by LDPC from subframes 

2 and 3 are transformed as a two-dimensional array of 38 rows and 46 columns as in Figure 

4.2.1-4. 

These symbols are written from left to right starting at Row 1. These symbols are sequentially 

read out of the array from top to bottom starting at Column 1. 

 

Figure 4.2.1-4 Interleaving 
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Default Message 

When the system detects an error, the default message shown in Table 4.2.1-3 may be 

transmitted. 

 

Table 4.2.1-3 Default message 

Item Description 

Subframe 1 Appropriate TOI 

 

Subframe 2 L1C health is "1" 

Appropriate WN and ITOW  

 

For the others, alternating "1" and "0" 

Appropriate CRC 

 

Subframe 3 The page number is "0"  

Appropriate PRN 

 

For the others, alternating "1" and "0" 

Appropriate CRC 

 

 

Invalid Message 

When the system detects an error, an error message in which all bits are 0 may be transmitted. 
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4.2.2.  Message Content 

Overview 

The content shown in Table 4.2.2-1 are stored in each subframe of the CNAV2(L1C) message. 

The content of the page are shown in Table 4.2.2-2. 

 

Table 4.2.2-1 CNAV2(L1C) Message Content 

Subframe No. Description 

Subframe 1 Time of Interval 

Subframe 2 Clock and ephemeris 

Subframe 3 As per Table 4.2.2-2 

 

Table 4.2.2-2 Correspondence between the Page Number and Content 

Page No. Description 

0 Test mode(*) 

1 UTC parameter and ionospheric parameter (wide area) 

2 GGTO and earth orientation parameter 

3 QZS reduced almanac 

4 QZS Midi almanac 

6 Text message 

60 QZNMA 

61 UTC parameter and ionospheric parameter (Japan area) 

      (*): Page No.0 indicates that CNAV2(L1C) signal of the QZS is in test mode. When 

receiving Page No.0, the user should not use that subframes.  
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Subframe 1 

Figure 4.2.2-1 shows the data format of subframe 1 and Table 4.2.2-3 shows its parameter 

definitions. 

 

Figure 4.2.2-1 Subframe 1 Format 

 

Table 4.2.2-3 Parameter Definitions 

Parameter Description Effective range Number of Bits LSB Units 

TOI Time Of Interval Count 0-7182 9 18 s 

 

(1) TOI count 

This is the number of next 18-second message epochs since the start of 2-hour ITOW 

epoch. The TOI count range is from 0 to 399. The start of the 2-hour ITOW epoch is 

synchronized with the start of subframe 1 and TOI count is “1”. The TOI count is nominally 

the same on all QZSs. 

  

DIRECTION OF DATA FLOW FROM SV -- MSB FIRST --
-------------------

1 10

TOI

9 BITS
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Subframe 2 

Figure 4.2.2-2 shows the data format of subframe 2, and Table 4.2.2-4 show its parameter 

definitions. 

 
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5. 

Figure 4.2.2-2 Subframe 2 Format 
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Table 4.2.2-4 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

WN Week number 0-8191 13 1 weeks 

ITOW Interval time of week 0-83 8 - - 

top Data predict time of week 0-604500 11 300 sec 

L1C health L1C health 0-1 1 - - 

URAEDIndex Elevation Dependent URA index -16-15 5* - - 

toe Ephemeris /clock data reference time of week 0-604500 11 300 sec 

ΔA 

Ephemeris  

Semi-major axis difference at reference 

time (*1) 
** 26* 2-9 m 

̇ Change rate in semi-major axis ** 25* 2-21 m/sec 

Δn0 
Mean motion difference from computed 

value at reference time 
** 17* 2-44 semi-circle/sec 

Δn0
．
 

Rate of mean motion difference from 

computed value 
** 23* 2-57 semi-circle/sec2 

M0-n Mean anomaly at reference time ** 33* 2-32 semi-circle 

en Eccentricity (*1) ** 33 2-34 - 

ωn Argument of perigee ** 33* 2-32 semi-circle 

Ω0-n 
Longitude of ascending node of orbit plane 

at weekly epoch 
** 33* 2-32 semi-circle 

i0-n Inclination angle at reference time ** 33* 2-32 semi-circle 

Δ̇ Rate of right ascension difference ** 17* 2-44 semi-circle/sec 

IDOT Rate of inclination angle ** 15* 2-44 semi-circle/sec 

Cis-n 
Amplitude of the sine harmonic correction 

term to the angle of inclination 
** 16* 2-30 rad 

Cic-n 
Amplitude of the cosine harmonic 

correction term to the angle of inclination 
** 16* 2-30 rad 

Crs-n 
Amplitude of the sine correction term to 

the orbit radius 
** 24* 2-8 m 

Crc-n 
Amplitude of the cosine correction term to 

the orbit radius 
** 24* 2-8 m 

Cus-n 
Amplitude of the sine harmonic correction 

term to the argument of latitude 
** 21* 2-30 rad 

Cuc-n 
Amplitude of the cosine harmonic 

correction term to the argument of latitude 
** 21* 2-30 rad 

URANED0Index 
Non elevation 

dependent URA  

Index - 5* - - 

URANED1Index Change index - 3 - - 

URANED2Index Change rate index - 3 - - 

af0-n 

SV clock 

Bias correction coefficient ** 26* 2-35 sec 

af1-n Drift correction coefficient ** 20* 2-48 sec/sec 

af2-n Drift rate correction coefficient ** 10* 2-60 sec/sec2 

TGD Group 

delay  

(*1) 

Between SV clock and L1C/A***  ** 13* 2-35 sec 

ISCL1CP Between L1C/A*** and L1CP ** 13* 2-35 sec 

ISCL1CD Between L1C/A*** and L1CD ** 13* 2-35 sec 

ISF Integrity status flag - 1 - - 

WNop Data predict week number ** 8 1 weeks 

Ephemeris 

Status Flag 
Indicating the status of ephemeris(*1) 0-1 1 - - 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(***) Indicates that L1C/A can be switched to L1C/B for Block IIA and III satellite. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5. 
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(1) Week number 

In GPS, time is expressed in the format of week number and week time. Week number is 

counted from January 6th, 1980. This is 13-bit binary data (0-8191) that shall be modulo 

8192 of each QZSS week number. QZSS week number increases at the start of every week 

epoch. 

 

(2) Interval time of week (ITOW) 

This is a 2-hour epoch starting from the beginning of the GPS week. The range is 0 to 83.  

As shown in Figure 4.2.2-3, the time-of-week calculated based on TOI and ITOW (ITOW 

× 7,200 + TOI × 18) is not always consistent with the start time of the next message (different 

values are found every 2 hours). 

 

Figure 4.2.2-3 ITOW 

 

(3) Data predict time of week 

This is the epoch time of week of the state estimate utilized for prediction of satellite quasi-

Keplerian ephemeris parameters. 

 

(4) L1C health 

This is the health of L1C. 

The definition and user algorithm are shown in Section 5.8.2.   

 

(5) Elevation Dependent URA index 

This is the RMS value of the SIS range error at the worst case location and at the maximum 

time in the effective time period of ephemeris of the same set. 

The definition and user algorithm are shown in Section 5.4.3.   

 

(6) Ephemeris / Clock data reference time of week 

This is the epoch for the Ephemeris and Clock data. 

The user algorithm is shown in Section 5.6.   
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(7) Ephemeris 

This is the trajectory in the Earth-Centered, Earth-Fixed (ECEF) coordinates for each fit 

interval. 

The user algorithm is shown in Section 5.6.   

These parameters are defined differently from GPS. For details, see Section 4.2.2.5.  

 

(8) Non elevation dependent URA 

This is the RMS values of the worst SIS range errors within the effective period of the SV 

clock. 

The definition and user algorithm are shown in Section 5.4.3.   

 

(9) SV clock 

This is the SV clock offset. 

The definition and user algorithm are shown in Section 5.5.   

For the epoch of the clock parameter, the epoch of the ephemeris toe (see above (6)) is used. 

 

(10) Group delay 

These are the parameters for single-frequency users who use L1C. The definition and user 

algorithms are shown in Section 5.8.   

This is defined differently from GPS. For details, see Section 4.2.2.5.  

 

(11) Integrity status flag (ISF) 

This is the integrity assurance level of the signal, see Section 5.4.2.   

 

(12) Data predict week number 

This is the week number of the state estimate utilized for the prediction of satellite quasi-

Keplerian ephemeris parameters. 

 

(13) Ephemeris Status Flag 

The flag indicates when the ephemeris as well as SV clock parameter were uploaded. 

"0": within an hour 

"1": more than an hour ago 

This is defined differently from GPS. For details, see Section 4.2.2.5.  
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Subframe 3 

4.2.2.4.1. Overview 

Subframe 3 identifies by page number. Every subframe 3 contains a PRN number and page 

number. 

 

4.2.2.4.2. Page 1 (UTC Parameters and Ionospheric Parameters (Wide Area)) 

Figure 4.2.2-4 shows the data format and Table 4.2.2-5 shows its parameter definitions. 

 

 
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5. 

 

Figure 4.2.2-4 Subframe 3, Page 1:UTC Parameters and Ionospheric Parameters (Wide Area) Format 

  



 

Document subject to the disclaimer of liability 

78 

 

Table 4.2.2-5 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

PRN PRN number for the satellite transmitting the message 193-202 8 1 - 

Page No Page number of the relevant page 1 6 1 - 

A0-n 

UTC 

parameter 

(*1) 

Bias coefficient of QZSST relative to 

UTC(NICT) 
** 16* 2-35 sec 

A1-n 
Drift coefficient of QZSST relative to 

UTC(NICT)  
** 13* 2-51 sec/sec 

A2-n 
Drift rate coefficient of QZSST 

relative to UTC(NICT)  
** 7* 2-68 sec/sec2 

ΔtLS Current or past leap second count ** 8* 1 sec 

tot 
Epoch of UTC Parameter (Time data 

reference Time of Week) 
0-604784 16 2+4 sec 

WNot Time data reference week number ** 13 1 weeks 

WNLSF Leap second reference week number ** 13 1 weeks 

DN Leap second reference day number ** 4 1 days 

ΔtLSF 
Current or future (updated) leap 

second count 
** 8* 1 sec 

α0 

Ionospheric parameter (*1) 

** 8* 2-30 sec 

α1 ** 8* 2-27 sec/semi-circle 

α2 ** 8* 2-24 sec/semi-circle2 

α3 ** 8* 2-24 sec/semi-circle3 

β0 ** 8* 2+11 sec 

β1 ** 8* 2+14 semi-circle/sec 

β2 ** 8* 2+16 sec/semi-circle2 

β3 ** 8* 2+16 sec/semi-circle3 

ISCL1C/A 

Group delay  

(*1) 

Between L1C/A*** and L1C/A*** 

(fixed to "0.0") 
** 13* 2-35 sec 

ISCL2C Between L1C/A*** and L2C ** 13* 2-35 sec 

ISCL5I5 Between L1C/A*** and L5I5 ** 13* 2-35 sec 

ISCL5Q5 Between L1C/A*** and L5Q5 ** 13* 2-35 sec 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(***) Indicates that L1C/A can be switched to L1C/B for Block IIA and III satellite. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5.  
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(1) PRN 

This is the PRN number for the satellite transmitting the message. 

 

(2) Page No 

This is the page number of the relevant page. 

 

(3) UTC parameter 

These are modulo 1 second offset between QZSST and UTC (NICT). 

The definition and user algorithms are shown in Section 5.12.   

These are defined differently from GPS. For details, see Section 4.2.2.5.  

 

(4) Ionospheric parameter 

These are used by the user who only uses L1C to calculate the ionospheric delay. 

The parameters can be used in the wide area shown in Section 5.9.3.   

The user algorithm is shown in Section 5.9.   

This is defined differently from GPS. For details, see Section 4.2.2.5.  

 

(5) Group delay 

These are the parameters for dual-frequency users who use L1/L2 and L1/L5. The 

definition and user algorithm are shown in Section 5.8.   

These parameters are defined differently from GPS. For details, see Section 4.2.2.5.  
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4.2.2.4.3. Page 2 (GGTO and Earth Orientation Parameter) 

Figure 4.2.2-5 shows the data format of page 2, and Table 4.2.2-6 shows its parameter 

definitions. 

 
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5. 

Figure 4.2.2-5 Subframe 3, Page 2: GGTO and EOP Format 

 

Table 4.2.2-6 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

PRN PRN number for the satellite transmitting the message 193-202 8 1 - 

Page No Page number of the relevant page 2 6 1 - 

GNSS ID GNSS Type ID(*1) - 3 - - 

tGGTO 

GGTO 

parameter 

(*1) 

Time data reference Time of Week 0-604784 16 2+4 sec 

WNGGTO Time data reference Week Number ** 13 1 weeks 

A0GGTO 
Bias coefficient of QZSS time scale relative to 

GNSS time scale 
** 16* 2-35 sec 

A1GGTO 
Drift coefficient of QZSS time scale relative to 

GNSS time scale 
** 13* 2-51 sec/sec 

A2GGTO 
Drift rate coefficient of QZSS time scale 

relative to GNSS time scale 
** 7* 2-68 sec/sec2 

tEOP 

Earth 

orientation 

parameter 

Earth orientation parameter data reference time 0-604784 16 2+4 sec 

PM_X X-axis polar motion value at reference time +/-1 21* 2-20 arc-sec 

PM_X
．

 X-axis polar motion drift at reference time +/-7.8125e-3 15* 2-21 
arc-

sec/day 

PM_Y Y-axis polar motion value at reference time +/-1 21* 2-20 arc-sec 

PM_Y
．

 Y-axis polar motion drift at reference time +/-7.8125e-3 15* 2-21 
arc-

sec/day 

ΔUT1(*1) UT1-UTC Difference at Reference Time +/-64 31* 2-24 sec 

ΔUT1
．
(*1) 

Rate of UT1-UTC Difference at Reference 

Time 
+/-7.8125e-3 19* 2-25 sec/day 

(*) Indicates numbers expressed in two's complement with the MSB used as a signed bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5. 

 



 

Document subject to the disclaimer of liability 

81 

(1) PRN 

This is the PRN number for the satellite transmitting the message. 

 

(2) Page No 

This is the page number of the relevant page. 

 

(3) GNSS ID 

This is the GNSS ID for GGTO.  

These are defined differently from GPS. For details, see Section 4.2.2.5.  

 

0: Data unusable 

1: Galileo 

2: GLONASS 

3: GPS 

4 to 7: Spare 

 

(4) GPS/GNSS time offset (GGTO) parameter 

These are time offset (GGTO) between GPS and GNSS. 

The definition and user algorithm are shown in Section 5.11.   

These are defined differently from GPS. For details, see Section 4.2.2.5.  

 

(5) Earth orientation parameter (EOP) 

These are used to transform ECEF coordinates to ECI coordinates. 

The definition and user algorithm are shown in Section 5.13.   
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4.2.2.4.4. Page 3 (QZS Reduced Almanac) 

Figure 4.2.2-6 shows the data format of page 3 and Table 4.2.2-7 shows its parameter 

definitions. 

 

Figure 4.2.2-6 Subframe 3, Page 3: Reduced Almanac Format 

 

Table 4.2.2-7 Parameter Definitions 

Parameter Description 
Effective 

Range 

Number 

of Bits 
LSB Units 

PRN 
PRN number for the satellite transmitting 

the message 
193-202 8 1 - 

Page No Page number of the relevant page 3 6 1 - 

WNa-n Almanac reference week 0-8191 13 1 weeks 

toa Almanac reference time of week 0-602112 8 2+12 sec 

- Reduced almanac packet 1 - 33 - - 

- Reduced almanac packet 2 - 33 - - 

- Reduced almanac packet 3 - 33 - - 

- Reduced almanac packet 4 - 33 - - 

- Reduced almanac packet 5 - 33 - - 

- Reduced almanac packet 6 - 33 - - 

 

(1) PRN 

This is the PRN number for the satellite transmitting the message. 

 

(2) Page No 

This is the page number of the relevant page. 

 

(3) Almanac reference week 

This is the reference week number of almanac orbital information. 

The definition and user algorithm are shown in Section 5.7.2.2.  

  

---------------------------------------------------------------------  DIRECTION OF DATA FLOW FROM SV ------------------ MSB FIRST ----------------------------------------

------------------------------------------------------------------------ 150 BITS -----------------------------------------------------------------------------------------

1 9 15 28 36 69  102 135

------------------------------------------------------  DIRECTION OF DATA FLOW FROM SV ------------------ MSB FIRST -------------------------

--------------------------------------------------------- 124 BITS --------------------------------------------------------------------------

151 168  201 234 251 274

NOTE：Broadcast sequence of subframe 3 pages is a variable and, as such, users must not expect a fixed pattern of page sequence.

Reduced Almanac
Packet 3
33 BITS

Reduced Almanac
Packet 5
33 BITS

Reduced Almanac
Packet 4
16 MSBs

Reduced Almanac
Packet 4
17 LSBs

Reduced Almanac
Packet 6
33 BITS

RESERVED

17 BITS

CRC

24 BITS

PRN

8 BITS

Page
No

6 BITS

WNa-n

13 BITS

Reduced Almanac
Packet 2
33 BITS

tOa

8 BITS

Reduced Almanac
Packet 1
33 BITS
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(4) Almanac reference time of week 

This is the almanac reference time of week. 

The definition and user algorithm are shown in Section 5.7.2.2.  

 

(5) Reduced almanac packet 

This is a reduced almanac of each QZS. 

Figure 4.2.2-7 shows the data format and Table 4.2.2-8 shows its parameter definitions. 

 

 

Figure 4.2.2-7 Reduced Almanac Packet Format 

 

Table 4.2.2-8 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

PRNa PRN number 193-202 8 1 - 

δA 
Difference from nominal semi-major 

axis (*1) 
** 8* 2+9 m 

Ω0 
Longitude of ascending node of orbit 

plane at weekly epoch 
** 7* 2-6 semi-circle 

Φ0 Argument of latitude at reference time ** 7* 2-6 semi-circle 

L1/L2/L5 health L1/L2/L5 health - 3 - - 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5. 

 

(6) PRN number 

This is a PRN number indicated by the satellite. 

If data are invalid, set to “0”. 

 

(7) Reduced almanac data 

These are low-accuracy orbit parameters of QZS. 

Their definition and user algorithm are shown in Section 5.7.2.2.  

These are defined differently from GPS. For details, see Section 4.2.2.5.  

 

(8) L1/L2/L5 health 

This is the health of the L1, L2, and L5 signals from the satellite that corresponds to the 

PRN number. Since the PRN numbers for the L1C/B signal are not included in the PRN 

number defined in (6), the health of the L1C/B signal is notified by the L1 health of the PRN 

number from 193 to 202 that defines the signal of the satellite transmitting the L1C/B signal. 

The definitions and user algorithm are shown in Section 5.4.1.   

  

----------------------------- 33 BITS ---------------------------------

1 9 17 24 313233

L1 HEALTH

L2 HEALTH

L5 HEALTH

PRNa (*1)

8 BITS

    δA (*1)

8 BITS

Ω0

7 BITS

Φ0

7 BITS
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4.2.2.4.5. Page 4 (QZS Midi Almanac) 

Figure 4.2.2-8 shows the data format of page 4, and Table 4.2.2-9 shows its parameter 

definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5. 

Figure 4.2.2-8 Subframe 3, Page 4: Midi Almanac Format 

 

Table 4.2.2-9 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

PRN PRN number for the satellite transmitting the message 193-202 8 1 - 

Page No Page number of the relevant page 4 6 1 - 

WNa-n 
Midi almanac  

Almanac reference week 0-8191 13 1 weeks 

toa Almanac reference time of week 0-602112 8 2+12 sec 

PRNa PRN number for almanac ** 8 1 - 

L1/L2/L5 health L1/L2/L5 health - 3 - - 

e 

Midi almanac 

(*1) 

Difference from reference eccentricity ** 11 2-16 - 

δi 
Difference from reference angle of 

inclination 
** 11* 2-14 semi-circle 

̇ Rate of right ascension ** 11* 2-33 semi-circle/sec 

A  Square root of the semi-major axis ** 17 2-4 m1/2 

Ω0 
Longitude of ascending node of orbit 

plane at weekly epoch 
** 16* 2-15 semi-circle 

ω Argument of perigee ** 16* 2-15 semi-circle 

M0 Mean anomaly at reference time ** 16* 2-15 semi-circle 

af0 SV clock bias correction coefficient ** 11* 2-20 sec 

af1 SV clock drift correction coefficient ** 10* 2-37 sec/sec 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5. 

 

(1) PRN 

This is the PRN number for the satellite transmitting the message. 

 

(2) Page No 

This is the page number of the relevant page. 
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(3) PRN number for almanac 

This is a PRN number indicated by the relevant almanac. If data are invalid, set to “0”. 

 

(4) L1/L2/L5 health 

This is the health of the L1, L2, and L5 signals from the satellite that corresponds to the 

PRN number. Since the PRN numbers for the L1C/B signal are not included in the PRN 

number for almanac defined in (3), the health of the L1C/B signal is notified by the L1 health 

of the PRN number from 193 to 202 that defines the signal of the satellite transmitting the 

L1C/B signal. 

The definition and user algorithm are shown in Section 5.4.1.   

 

(5) Midi almanac 

These are low-accuracy satellite orbit and the SV clock. 

The definition and user algorithm are shown in Section 5.7.2.1.  

These are defined differently from GPS. For details, see Section 4.2.2.5.  
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4.2.2.4.6. Page 6 (Text Message) 

Figure 4.2.2-9 shows the data format of page 6, and Table 4.2.2-10 shows its parameter 

definitions. 

 

 

Figure 4.2.2-9 Subframe 3, Page 6: Text Message Format 

 

Table 4.2.2-10 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

PRN PRN number for the satellite transmitting the message 193-202 8 1 - 

Page No Page number of the relevant page 6 6 1 - 

Text Page Text page 0-15 4 1 - 

Text Message Text message - 232 - - 

 (**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

 

(1) PRN 

This is the PRN number for the satellite transmitting the message. 

 

(2) Page No 

This is the page number of the relevant page. 

 

(3) Text page 

This is the page number of the text message. 

 

(4) Text message 

Text data message transmitted in a navigation message. A text message can contain 

information not related to positioning. Text messages are currently not used for any specific 

purpose. This is a string composed of 29 eight-bit ASCII characters. 

 

In case that the 4 bits field of Text Page is 0x0(0000) and the upper 16 bits field of Text 

message is 0x2929(0010100100101001), SV Configuration information is broadcasted on 

and after the 17 bits of Text message. 

For details, refer to the following Figure and Table. 

 

---------------------------------------------------------------------  DIRECTION OF DATA FLOW FROM SV ------------------ MSB FIRST ----------------------------------------

------------------------------------------------------------------------ 150 BITS -----------------------------------------------------------------------------------------

1 9 15 19  

TEXT PAGE

------------------------------------------------------  DIRECTION OF DATA FLOW FROM SV ------------------ MSB FIRST -------------------------

--------------------------------------------------------- 124 BITS --------------------------------------------------------------------------

151  251 274

NOTE：Broadcast sequence of subframe 3 pages is a variable and, as such, users must not expect a fixed pattern of page sequence.

CRC

24 BITS

TEXT MESSAGE (29 8-BIT CHARACTER)

100 LSBs

PRN

8 BITS

Page
No

6 BITS
4

BITS

TEXT MESSAGE (29 8-BIT CHARACTER)

132 MSBs
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<Parameter definitions of SV Configuration> 

 

Field Parameter Value 

Text Page 4BITS Text Page 0000 

Text 

Message 

8BITS 1st CHARACTER 0010100100101001: SV Configuration 

Other combinations: Text Messages 8BITS 2nd CHARACTER 

8BITS SV Configuration (PRN193) 01100000:No satellite configuration 

01100001:Block I 

01100010:Block II 

01100011:Block III 

01100100~01101110: Reserved 

01101111:not in PNT Service 

8BITS SV Configuration (PRN194) 

8BITS SV Configuration (PRN195) 

8BITS SV Configuration (PRN196) 

8BITS SV Configuration (PRN197) 

8BITS SV Configuration (PRN198) 

8BITS SV Configuration (PRN199) 

8BITS SV Configuration (PRN200) 

8BITS SV Configuration (PRN201) 

8BITS SV Configuration (PRN202) 

36BITS Reserved  

100BITS Reserved  

 

  

*** RESERVED

1

DIRECTION OF DATA FLOW FROM SV MSB FIRST

124 BITS
DIRECTION OF DATA FLOW FROM SV MSB FIRST

151

150 BITS

TEXT PAGE - 4 BITS

SV1
8 BITS

SV2
8 BITS

SV3
8 BITS

SV4
8 BITS

SV5
8 BITS

SV6
8 BITS

SV7
8 BITS

SV8
8 BITS

SV9
8 BITS

SV10
8 BITS

SV CONFIG 
PRN

8 BITS

Page
No

6 BITS

0ｘ29
(ASCII)

8 BITS

0ｘ29
(ASCII)

8 BITS

19 115

251 274

100 BITS***
CRC

24 BITS

36 BITS***
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4.2.2.4.7. Page 61 (UTC Parameter and Ionospheric Parameter (Japan area)) 

Ionospheric (Japan area) and UTC parameters is same as a definition of Ionospheric (Wide 

area) and UTC parameters. 

See Section 4.2.2.4.2.  

The Ionospheric (Japan area) parameters can be used in the Japan area shown in Section 

5.9.3.   
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(Reference) Differences from GPS 

Table 4.2.2-11 shows parameters that are defined differently from GPS definitions specified in 

Section 2.2 of Reference Document (3). 

 

 

Table 4.2.2-11 Parameters Defined Differently from GPS (CNAV2(L1C)) 

Sub 

frame 

Page 
Parameter GPS QZSS 

2 - Ephemeris 

(ΔA) 

Difference from reference semi-major axis (AREF) 

AREF = 26 559 710 [m] AREF = 42 164 200 [m] 

Ephemeris 

(en) 

Eccentricity of ephemeris 

Upper limit of parameter range of 0.03 Parameter range is not restricted. 

TGD Group delay between SV clock and L1P 

(Y) time 

Group delay between SV clock and 

L1C/A* time 

ISCL1CP Group delay between L1P (Y) and L1CP Group delay between L1C/A* and L1CP 

ISCL1CD Group delay between L1P (Y) and L1CD Group delay between L1C/A* and L1CD 

EPHEMERIS 

STATUS FLAG 

Reserved Indicating the status of ephemeris 

"0": within an hour 

"1": more than an hour ago 

3 1 UTC parameter 

(A0-n, A1-n, A2-n, 

tot, WNt) 

Relationship between UTC (USNO) and 

GPST 

Relationship between UTC (NICT) and 

QZSST 

Ionospheric 

parameter 

(α0, α1, α2, α3, 

β0, β1, β2, β3) 

The target area 

The entire globe Wide area (In addition, the target area is 

"Japan area" in page 61.) 

ISCL1C/A Group delay between L1P (Y) and L1C/A Group delay between L1C/A* and 

L1C/A* 

ISCL2C Group delay between L1P (Y) and L2C Group delay between L1C/A* and L2C 

ISCL5I5 Group delay between L1P (Y) and L5I5 Group delay between L1C/A* and L5I5 

ISCL5Q5 Group delay between L1P (Y) and L5Q5 Group delay between L1C/A* and L5IQ 

2 GNSS time 

offset 

Relationship between GPST and other 

GNSS time 

Relationship between QZSST and other 

GNSS time 

GNSS ID ID of GNSS indicated by the GNSS time offset parameter 

"0": N/A 

"1": Galileo 

"2": GLONASS 

"3 to 7": spare 

"0": N/A 

"1": Galileo 

"2": GLONASS 

"3": GPS 

"4 to 7": spare 

Earth 

orientation 

parameter 

UTGPS: UT1-GPS 

ΔUṪGPS: Rate of UT1-GPS 

LSB of UTGPS is equal to 2−23. 

UT1: UT1-UTC 

ΔUṪ1: Rate of UT1-UTC 

LSB of UT1 is equal to 2−24. 

3 Reduced 

almanac (δA) 

Difference from reference semi-major axis (AREF) 

AREF = 26 559 710 [m] AREF = 42 164 200 [m] 

Precondition for 

reduced 

almanac (e) 

Eccentricity 

e = 0 [-] e = 0.075 [-] (QZO) 

GEO/QGEO: Same as left 

Precondition for 

reduced 

almanac (i) 

Angle of orbit inclination 

i = 55 [deg] i = 43 [deg] (QZO) 

i = 0 [deg] (GEO/QGEO) 

Precondition for 

reduced 

almanac (̇) 

Rate of time change of right ascension of ascending node 

̇= -2.6 × 10-9 [sc/s] ̇= -8.7 × 10-10 [sc/s] (QZO) 

̇= 0 [sc/s] (GEO/QGEO) 
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Sub 

frame 

Page 
Parameter GPS QZSS 

Precondition for 

reduced 

almanac (ω) 

Argument of perigee 

ω = 0 [deg] ω = 270 [deg] (QZO) 

GEO/QGEO: Same as left 

4 Midi almanac 

(e) 

Eccentricity Difference from reference eccentricity 

(eREF) 

eREF = 0.06 [-] (QZO) 

eREF = 0 [-] (GEO/QGEO) 

Midi almanac 

(δi) 

Difference from reference angle of 

inclination (i0) 

i0 = 0.3 [semi-circles] 

Difference from reference angle of 

inclination (iREF) 

iREF = 0.25 [semi-circles] (QZO) 

iREF = 0 [semi-circles] (GEO/QGEO) 

5 Correction data Ephemeris correction data and clock 

correction data 

Not transmitted. 

6 Text Text message Not transmitted. 

7 SV 

Configuration 

3-bit SV Configuration Not transmitted. 

8 Integrity 

Support 

Message (ISM) 

ISM Parameters Not transmitted. 

(*) Indicates that L1C/A can be switched to L1C/B for Block IIA and III satellite. 
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(Delete)  
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4.3.  CNAV(L2C,L5) 

4.3.1.  Message Configuration 

Overview 

Each CNAV(L2C,L5) message to be transmitted by L2CM and L5I consists of 300 bits as 

shown in Figure 4.3.1-1, and a single message is transmitted in 12 seconds (25 bps) on L2C and 6 

seconds (50 bps) on L5. 

Each message consists of 8-bit preamble, 6-bit PRN ID, 6-bit type ID, 17-bit TOW count, 1-bit 

alert flag, 238-bit message and 24-bit CRC. The messages are encoded by forward error 

correction (FEC) at 1/2 encoding rate. 

 

 

Figure 4.3.1-1 CNAV(L2C,L5) Message Configuration 

  

-------------------------------------  DIRECTION OF DATA FLOW FROM SV ------------------ MSB FIRST ------------------

--------------------------------------------------------- 100 BITS -----------------------------------------------------

38

1 9 15 21 39  

-------------------------------------  DIRECTION OF DATA FLOW FROM SV ------------------ MSB FIRST ------------------

--------------------------------------------------------- 100 BITS -----------------------------------------------------

101  

-------------------------------------  DIRECTION OF DATA FLOW FROM SV ------------------ MSB FIRST ------------------

--------------------------------------------------------- 100 BITS -----------------------------------------------------

201

PREAMBLE

8 BITS

PRN
6

BITS
6

BITS

MESSAGE

62 MSBs

MESSAGE TYPE ID

MESSAGE
TOW COUNT

17 BITS

"ALERT" FLAG - 1 BIT

MESSAGE

 BITS 63-162

MESSAGE

76 LSBs

CRC

24 BITS

277
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Timing 

(1) Message pattern 

At the beginning of the week, the message pattern is reset.  

 

(2) Update timing 

Each navigation message may be updated at a different timing with each satellite and each 

signal. 

 

(3) Transmission Cycle 

Table 4.3.1-1 shows maximum transmission intervals. 

 

Table 4.3.1-1 Maximum Transmission Intervals 

Message Data 
Format 

(Message Type ID) 

Maximum 

Transmission 

Interval of L2C 

(seconds) 

Maximum 

Transmission 

Interval of L5 

(seconds) 

Remarks 

SV clock Types 30 to 37, 61 48 24  

Ephemeris Types 10 and 11 48 24  

Group delay Type 30 288 144  

Ionospheric parameter 

(wide area) 
Type 30 288 144  

Ionospheric parameter 

(Japan area) 
Type 61 288 720  

QZS reduced almanac Type 12 or 31 1200(*1) 600(*1)  

QZS Midi almanac Type 37 7200(*1) 3600(*1)  

Earth orientation 

parameter 
Type 32 1800 900  

UTC parameter Type 33 288 144  

GGTO Type 35 288 144  

Text message Type 15 - - Not specified 

QZNMA Type 60 -  (*2)  

*1: Maximum interval when this message is transmitted 

*2: To be specified in detail as data in "IS-QZSS-SAS". QZNMA applies to L5 signal only.  
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(4) Update interval and Fit interval 

Table 4.3.1-2 shows the nominal update intervals, fit intervals, and validity periods in the 

difference between the epoch and current time of various parameters. 

 

Table 4.3.1-2 Update Interval and Fit Intervals 

Parameter Update Interval Fit Interval 
Validity Period 

(*1) 

SV clock 1 hour (*2) 2 hours 2 hours 

Ephemeris 1 hour (*2) 2 hours 2 hours 

Elevation-dependent URA 1 hour 
Not applicable because time information 

indicating the epoch is not included. 

Non-elevation-dependent URA 1 hour 2 hours 2 hours 

Group delay 1 day 
Not applicable because time information 

indicating the epoch is not included. 

Reduced almanac 1 day 6 days 144 hours 

Midi almanac 1 day 6 days 144 hours 

Ionospheric parameter 

(wide area) 
1 hour 

Not applicable because time information 

indicating the epoch is not included. 

Ionospheric parameter 

(Japan area) 
1 hour 

Not applicable because time information 

indicating the epoch is not included. 

Earth orientation parameter 1 hour (*3) 2 hours 12 hours  

UTC parameter 1 day 6 days 144 hours 

GGTO 1 day 6 days 144 hours 

*1: The validity periods are twice the absolute value of the differences between the current 

time (t) and the epochs (to) as follows: 

 

SV clock epoch toc    :|t – toc| 

Ephemeris epoch toe   :|t – toe| 

Non-elevation-dependent URA epoch top :|t – top| 

Reduced almanac epoch toa   :|t – toa| 

Midi almanac epoch toa   :|t – toa| 

Earth orientation parameter epoch tEOP  :|t – tEOP| 

UTC parameter epoch tot   :|t – tot| 

GGTO epoch tGGTO    :|t – tGGTO| 

 

*2: The update interval is a nominal value, and users should detect the update of the clock 

and ephemeris parameter by toc and toe. 

 

*3: The update interval is a nominal value. 

 

Cyclic Redundancy Check (CRC) 

See, Section 4.2.1.4.  
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Forward Error Correction (FEC) 

The CNAV(L2C,L5) bit string will become a Forward Error Correction (FEC) encoded by a 

convolution code with an encoding rate of 1/2 rate. 25-bps L2C messages are encoded to 50sps 

symbols and 50-bps L5 messages are encoded to 100sps symbols. The convolutional coding will 

be constraint length 7, with a convolutional encoder logic arrangement as shown in Figure 4.3.1-2. 

The G1 symbol is selected on the output as the first half of a 40-millisecond data bit period (25 

bps) with L2C and of a 20-millisecond data bit period (50 bps) with L5. 

The beginning of the first symbol that contains any information about the first bit of a message 

will be synchronized, in SV clock, to the end/start of the week of QZSST. 

 

 

Figure 4.3.1-2 Convolutional Encoder 

 

 

Default message 

When the system detects an error, the default message shown in Table 4.3.1-3 may be 

transmitted. 

 

Table 4.3.1-3 Default message 

Item Description 

Preamble appropriate Preamble 

PRN appropriate PRN 

Type ID "0" 

TOW count appropriate TOW count 

Alert flag "1" 

Message alternating "1" and "0" 

CRC appropriate CRC 

 

 

Invalid Message 

When the system detects an error, an error message in which all bits are 0 may be transmitted. 
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4.3.2.  Message Content 

Overview 

The content shown in Table 4.3.2-1 are stored in each message type of CNAV(L2C,L5) 

message. 

 

Table 4.3.2-1 CNAV(L2C,L5) Message Content 

Message Type ID Description 

0 Test mode(*1) 

10 Ephemeris 1 

11 Ephemeris 2 

12 QZS reduced almanac 

15 Text message 

30 SV clock, ionospheric parameter (wide area) and ISC 

31 SV clock and QZS reduced almanac 

32 SV clock and earth orientation parameter 

33 SV clock and UTC parameter 

35 SV clock and GGTO 

37 SV clock and QZS Midi almanac 

60 QZNMA(*2) 

61 SV clock, ionospheric parameter (Japan area) and ISC 

    (*1): Message Type 0 indicates that CNAV (L2C,L5) signal of the QZS is in test mode. When 

receiving Message Type 0, the user should not use that messages. 

    (*2): QZNMA applies to L5 signal only. 
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Common Section 

All message types of CNAV(L2C,L5) navigation messages contain the common parameters 

shown in Figure 4.3.2-1 and Table 4.3.2-2. 

 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-1 Common Sections of CNAV(L2C,L5) Messages Format 

 

Table 4.3.2-2 Parameter Definitions 

Parameter Description 
Effective 

Range 

Number of 

Bits 
LSB Units 

Preamble Preamble - 8 - - 

PRN PRN ID (*1) 1-10 6 1 - 

Message Type ID Message type ID 0-63 6 1 - 

Message TOW Count Message time-of-week count 0-604794 17 6 sec 

Alert Flag Alert flag 0-1 1 - - 

*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

 

(1) Preamble 

Fix to “10001011”(B). 

 

(2) PRN ID 

The PRN number information is indicated by the 6LSBs of the PRN number. This is defined 

differently from GPS. For details, see Section 4.3.2.15.  

 

(3) Message type ID 

This is the type ID of the message. 

 

(4) Message TOW count 

This is the time of week at the end of the message. 

 

(5) Alert flag 

This informs the user that the signal cannot be used due to increase of the user range error 

or occurrence of other error. 

For details, see Section 5.4.1.   

 

Message Type 10 (Ephemeris 1) 

Figure 4.3.2-2 shows the data format of message type 10, and Table 4.3.2-3 shows its parameter 

definitions. 

"ALERT" FLAG - 1 BIT

1 0 0 0 1 0 1 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

PREAMBLE PRN(*1)

6 BITS

MESSAGE
TYPE ID

6 BITS

MESSAGE TOW COUNT

17 BITS
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(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15.  

Figure 4.3.2-2 Message Type 10: Ephemeris 1 Format 

 

Table 4.3.2-3 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- 
Common section of CNAV(L2C,L5) (See Table 

4.3.2-2) 
- 38 - - 

WN Week number 0-8191 13 1 weeks 

Signal health 

(L1/L2/L5) 

L1/L2/L5 health 
- 3 1 - 

top Data predict time of week 0-604500 11 300 seconds 

URAED Index Elevation dependent URA index -16-15 5* - - 

toe 

Ephemeris 

Ephemeris data reference time of 

week 
0-604500 11 300 seconds 

∆A 
Semi-major axis difference at 

reference time (*1) 
** 26* 2-9 meters 

Ȧ Change rate in semi-major axis ** 25* 2-21 meters/sec 

∆n0 
Mean motion difference from 

computed value at reference time 
** 17* 2-44 semi-circles/sec 

∆ṅ0 
Rate of mean motion difference from 

computed value 
** 23* 2-57 semi-circles/sec2 

M0-n Mean anomaly at reference time ** 33* 2-32 semi-circles 

en Eccentricity (*1) ** 33 2-34 dimensionless 

ωn Argument of perigee ** 33* 2-32 semi-circles 

ISF Integrity status flag 0-1 1 - - 

Ephemeris 

Status Flag 

Indicating the status of ephemeris(*1) 
0-1 1 - - 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 
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(1) Week number 

In GPS, time is expressed in the format of week number and week time. Week number is 

counted from January 6th, 1980. This is 13-bit binary data (0-8191) that shall be modulo 

8192 of each QZSS week number. QZSS week number increases at the start of every week 

epoch. 

 

(2) Signal health (L1/L2/L5) 

This is the health of L1, L2 and L5. 

The definitions and user algorithms are shown in Section 5.4.1.   

 

(3) Data predict time of week 

This is the epoch time of week of the state estimate utilized for the prediction of satellite 

quasi-Keplerian ephemeris parameters. 

 

(4) Elevation dependent URA index 

This is the RMS value of the SIS range error for the worst case location and at the 

maximum time in the effective time period of the ephemeris of the same set.  

The definition and user algorithm are shown in Section 5.4.3.   

 

(5) Ephemeris 

These are the trajectory in the Earth-Centered, Earth-Fixed (ECEF) coordinates for each 

fit interval. 

The user algorithm is shown in Section 5.6.   

These are defined differently from GPS. For details, see Section 4.3.2.15.  

 

(6) Integrity status flag (ISF) 

This is the integrity assurance level of the signal. 

The definition is shown in Section 5.4.2.   

 

(7) Ephemeris Status Flag 

The flag indicates when the ephemeris as well as SV clock parameter were uploaded.is 

generated. 

"0": within an hour 

"1": more than an hour ago 

This is defined differently from GPS. For details, see Section 4.3.2.15.  
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Message Type 11 (Ephemeris 2) 

Figure 4.3.2-3 shows the data format of message type 11, and Table 4.3.2-4 shows its parameter 

definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-3 Message Type 11: Ephemeris 2 Format 

 

Table 4.3.2-4 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- Common section of CNAV(L2C,L5) (See Table 

4.3.2-2) 
- 38 - - 

toe 

Ephemeris 

Ephemeris data reference time of 

week 
0-604500 11 300 seconds 

0-n 
Longitude of ascending node of orbit 

plane at weekly epoch 
** 33* 2-32 semi-circles 

i0-n Inclination angle at reference time ** 33* 2-32 semi-circles 

Δ̇ Rate of right ascension difference ** 17* 2-44 semi-circles/sec 

IDOT Rate of inclination angle ** 15* 2-44 semi-circles/sec 

Cis-n 

Amplitude of the sine harmonic 

correction term to the angle of 

inclination 

** 16* 2-30 radians 

Cic-n Amplitude of cosine harmonic 

correction term to the angle of 

inclination 

** 16* 2-30 radians 

Crs-n Amplitude of the sine correction term 

to the orbit radius 
** 24* 2-8 meters 

Crc-n 
Amplitude of the cosine correction 

term to the orbit radius 
** 24* 2-8 meters 

Cus-n 

Amplitude of the sine harmonic 

correction term to the argument of 

latitude 

** 21* 2-30 radians 

Cuc-n 

Amplitude of the cosine harmonic 

correction term to the argument of 

latitude 

** 21* 2-30 radians 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 
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(1) Ephemeris 

These are the trajectory in the Earth-Centered, Earth-Fixed (ECEF) coordinates for each 

fit interval. 

The user algorithm is shown in Section 5.6.   
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Message Type 12 (QZS Reduced Almanac) 

Figure 4.3.2-4 shows the data format of message type 12, and Table 4.3.2-5 shows its parameter 

definitions. 

 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-4 Message Type 12: Reduced Almanac Format 

 

Table 4.3.2-5 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- Common section of CNAV(L2C,L5) (See Table 

4.3.2-2) 
- 38 - - 

WNa-n Almanac reference week 0-8191 13 1 weeks 

toa Almanac reference time of week 0-602112 8 212 seconds 

- Reduced almanac packet 1 - 31 - - 

- Reduced almanac packet 2 - 31 - - 

- Reduced almanac packet 3 - 31 - - 

- Reduced almanac packet 4 - 31 - - 

- Reduced almanac packet 5 - 31 - - 

- Reduced almanac packet 6 - 31 - - 

- Reduced almanac packet 7 - 31 - - 

 (**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 
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(1) Almanac reference week 

This is the reference week number of almanac orbital information. 

The definition and user algorithm are shown in Section 5.7.2.2.  

 

(2) Almanac reference time of week 

This is the almanac reference time of week. 

The definition and user algorithm are shown in Section 5.7.2.2.  

 

(3) Reduced almanac packet 

Reduced almanac packets 1 to 7 contain reduced almanacs for QZSs. 

Figure 4.3.2-5 shows the data format of each reduced almanac packet, and Table 4.3.2-6 

shows its parameter definitions. 

 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-5 Reduced Almanac Packet Format 

 

Table 4.3.2-6 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

PRNa PRN ID (*1) 1-10 6 - - 

δA 

Reduced 

almanac data 

Difference from nominal 

semi-major axis (*1) 
** 8* 2+9 m 

Ω0 

Longitude of ascending 

node of orbit plane at 

weekly epoch 

** 7* 2-6 
semi-

circle 

Φ0 
Argument of latitude at 

reference time 
** 7* 2-6 

semi-

circle 

L1/L2/L5 health L1/L2/L5 health - 3 - - 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of 

that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

 

(a) PRN ID 

This is the number of the 6LSBs of the PRN number of QZS. 

If data are invalid, set to “0”. 

This is defined differently from GPS. For details, see Section 4.3.2.15.  

 

29 31
1 7 15 22 28

L1 HEALTH
L2 HEALTH
L5 HEALTH

6 BITS 8 BITS 7 BITS 7 BITS

-------------------31 BITS -------------------

PRNa

(*1)
δA(*1) Ω0 Φ0
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(b) L1/L2/L5 health 

This is the health of the L1, L2 and L5 signals from the satellite that corresponds to the 

PRN number. Since the PRN numbers for the L1C/B signal are not included in the PRN ID 

defined in (a), the health of the L1C/B signal is notified by the L1 health of the PRN number 

from 193 to 202 that defines the signal of the satellite transmitting the L1C/B signal. 

The definition and user algorithm are shown in Section 5.4.1.   

 

(c) Reduced almanac data 

These are low-accuracy orbit parameters of QZS. 

Their definition and user algorithms are shown in Section 5.7.2.2.  

These are defined differently from GPS. For details, see Section 4.3.2.15.  
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Message Type 15 (Text Message) 

Figure 4.3.2-6 shows the data format of message type 15, and Table 4.3.2-7 shows its parameter 

definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-6 Message Type 15: Text Message Format 

 

Table 4.3.2-7 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- Common section of CNAV(L2C,L5) (See Table 4.3.2-2) - 38 - - 

Text Message Text message in 29 ASCII characters - 232 - - 

Text Page Text page - 4 - - 

 (**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

 

(1) Text message 

Text data message transmitted in a navigation message. A text message can contain 

information not related to positioning. Text messages are currently not used for any specific 

purpose. This is a string composed of 29 eight-bit ASCII characters. 

 

(2) Text page 

This is the page number of the text message. 
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Common to Message Types 30 to 37 and 61 (SV Clock Parameters) 

Message types 30 to 37 and 61 contain SV clock parameters. Figure 4.3.2-7 shows the data 

format, and Table 4.3.2-8 shows the SV clock parameter definitions. 

 

 

Figure 4.3.2-7 SV Clock Parameter Format 

 

Table 4.3.2-8 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- 
Common section of CNAV(L2C,L5) (See 

Table 4.3.2-2) 
- - - - 

top Data predict time of week 0-604500 11 300 
seconds 

 

URANED0 

Index 

Non-elevation-dependent URA index  

(0 order) 
- 5* - - 

URANED1 

Index 

Non-elevation-dependent URA index  

(1st order) 
- 3 - - 

URANED2 

Index 

Non-elevation-dependent URA index 

(2nd order) 
- 3 - - 

toc 
SV clock parameter 

(clock data reference time of week) 
0-604500 11 300 

seconds 

 

af0-n 
SV clock parameter 

(bias correction coefficient) 
** 26* 2-35 seconds 

af1-n 
SV clock parameter 

(drift correction coefficient) 
** 20* 2-48 sec/sec 

af2-n 
SV clock parameter 

(drift rate correction coefficient) 
** 10* 2-60 sec/sec2 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

 

  

URANED1 INDEX 　URANED2 INDEX

1 ～ 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81

82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127

af0-n

16 LSBｓ

af1-n

20 BITS

af2-n

10 BITS

CNAV

メッ

セージ

共通部

top

11 BITS

URANED0

INDEX
5

BITS

 3
BITS

toc

11 BITS

 3
BITS

af0-n

10 MSBｓ

Common 

Section  

of CNAV 
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(1) Data predict time of week 

This is the epoch time of week of the state estimate utilized for the prediction of satellite 

quasi-Keplerian ephemeris parameters. 

 

(2) Non-elevation-dependent URA index 

This is the RMS values of the worst SIS range errors within the effective period of the SV 

clock. 

The definition and user algorithm are shown in Section 5.4.3.   

 

(3) SV clock parameter 

These are used to correct the SV clock offset by the user. 

The definition and user algorithm are shown in Section 5.5.   
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Message Type 30 (Clock, Ionospheric (Wide Area) and Group Delay Differential 

Correction Parameters) 

Figure 4.3.2-8 shows the data format of message type 30, and Table 4.3.2-9 shows its parameter 

definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-8 Message Type 30: Clock, IONO, and Group Delay Format 

 

Table 4.3.2-9 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- SV clock parameter (See Table 4.3.2-8) - - - - 

TGD 
Group delay correction parameter for group delay 

between SV clock and L1C/A*** (*1) 

** 13* 2-35 sec 

ISCL1C/A Inter-signal 

correction 

parameter 

for group 

delay(*1) 

Between L1C/A*** and L1C/A*** 

(fixed to "0.0")  

** 13* 2-35 sec 

ISCL2C Between L1C/A*** and L2C ** 13* 2-35 sec 

ISCL5I5 Between L1C/A*** and L5I5 ** 13* 2-35 sec 

ISCL5Q5 Between L1C/A*** and L5Q5 ** 13* 2-35 sec 

α0 

Ionospheric parameter (*1) 

** 8* 2-30 sec 

α1 ** 8* 2-27 sec/semi-circle 

α2 ** 8* 2-24 sec/semi-circle2 

α3 ** 8* 2-24 sec/semi-circle3 

β0 ** 8* 2+11 sec 

β1 ** 8* 2+14 sec/semi-circle 

β2 ** 8* 2+16 sec/semi-circle2 

β3 ** 8* 2+16 sec/semi-circle3 

WNop Data predict week number  8 1 weeks 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(***) Indicates that L1C/A can be switched to L1C/B for Block IIA and III satellite. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

 
(1) Group delay correction parameter 

These are the parameters for single-frequency users who use L2C or L5. The definition 

and user algorithms are shown in Section 5.8.   

These are defined differently from GPS. For details, see Section 4.3.2.15.  
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(2) Ionospheric parameter 

These are used by user who only uses L2C or L5 to calculate the ionospheric delay. 

The parameters can be used in the wide area shown in Section 5.9.3.   

The user algorithm is shown in Section 5.9.   

This is defined differently from GPS. For details, see Section 4.3.2.15.  

 

(3) Data predict week number 

This is the week number of the state estimate utilized for the prediction of satellite quasi-

Keplerian ephemeris parameters. 
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Message Type 31 (Clock and Reduced Almanac) 

Figure 4.3.2-9 shows the data format of message type 31, and Table 4.3.2-10 shows its 

parameter definitions. 

 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-9 Message Type 31: Clock and Reduced Almanac Format 

 

Table 4.3.2-10 Parameter Definitions 

Parameter Description 
Effective 

Range 

Number 

of Bits 
LSB Units 

- SV clock parameter (See Table 4.3.2-8) - - - - 

WNa-n Almanac reference week 0-8191 13 1 weeks 

toa Almanac reference time of week 602112 8 212 seconds 

- Reduced almanac packet 1 - 31 - - 

- Reduced almanac packet 2 - 31 - - 

- Reduced almanac packet 3 - 31 - - 

- Reduced almanac packet 4 - 31 - - 

 

(1) Almanac reference week 

This is the reference week number of almanac orbital information. 

The definition and user algorithm are shown in Section 5.7.2.2.  

 

(2) Almanac reference time of week 

This is the almanac reference time of week. 

The definition and user algorithm are shown in Section 5.7.2.2.  

 

(3) Reduced almanac packet 

These are the same as that in Section 4.3.2.5. (3) . 
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Message Type 32 (Clock and Earth Orientation Parameter (EOP)) 

Figure 4.3.2-10 shows the data format of message type 32, and Table 4.3.2-11 shows its 

parameter definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-10 Message Type 32: Clock and EOP Format 

 

Table 4.3.2-11 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- SV clock parameter (See Table 4.3.2-8) - - - - 

tEOP 
Earth orientation parameter data reference time 

(Epoch of earth orientation parameter) 
0-604784 16 24 seconds 

PM_X 
Earth orientation parameter 

(X-axis polar motion value at reference time) 
+/-1 21* 2-20 arc-seconds 

PM_X
．

 
Earth orientation parameter 

(X-axis polar motion drift at reference time) 
+/-7.8125e-3 15* 2-21 arc-seconds/day 

PM_Y 
Earth orientation parameter 

(Y-axis polar motion value at reference time) 
+/-1 21* 2-20 arc-seconds 

PM_Y
．

 
Earth orientation parameter 

(Y-axis polar motion drift at reference time) 
+/-7.8125e-3 15* 2-21 arc-seconds/day 

UT1(*1) 
Earth orientation parameter 

(UT1-UTC Difference at Reference Time) 
+/-64 31* 2-24 seconds 

UT1
．
(*1) 

Earth orientation parameter 

(Rate of UT1-UTC Difference at Reference 

Time) 

+/-7.8125e-3 19* 2-25 seconds/day 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) 0-n is the right ascension angle in the week epoch (0-w) that is transmitted as the rate of right ascension when referenced. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

 

(1) Earth orientation parameter (EOP) 

These are used to transform ECEF coordinates to ECI coordinates. 

The definition and user algorithm are shown in Section 5.13.   
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Message Type 33 (Clock and UTC Parameters) 

Figure 4.3.2-11 shows the data format of message type 33, and Table 4.3.2-12 shows its 

parameter definitions. 

 
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-11 Message Type 33: Clock and UTC Format 

 

Table 4.3.2-12 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- SV clock parameter (See Table 4.3.2-8) - - - - 

A0-n 

UTC 

parameter  

Bias coefficient of QZSSTe relative to 

UTC(NICT) (*1) 
** 16* 2-35 seconds 

A1-n 
Drift coefficient of QZSSTe relative to 

UTC(NICT) (*1) 
** 13* 2-51 sec/sec 

A2-n 
Drift rate coefficient of QZSST relative to 

UTC(NICT) (*1) 
** 7* 2-68 sec/sec2 

∆tLS Current or past leap second count ** 8* 1 seconds 

tot 
Epoch of UTC Parameter (Time data 

reference Time of Week) (*1) 
0-604784 16 2+4 seconds 

WNot Time data reference week number (*1) ** 13 1 weeks 

WNLSF Leap second reference week number ** 13 1 weeks 

DN Leap second reference day number ** 4** 1 days 

∆tLSF Current or future leap second count ** 8* 1 seconds 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

 

(1) UTC parameter 

These are modulo 1 second offset between QZSST and UTC (NICT). 

The definition and user algorithm are shown in Section 5.12.   

These are defined differently from GPS. For details, see Section 4.3.2.15.   

 



 

Document subject to the disclaimer of liability 

113 

Message Type 35 (Clock and QZSS/GNSS Time Offset) 

Figure 4.3.2-12 shows the data format of message type 35, and Table 4.3.2-13 shows its 

parameter definitions. 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15.  

Figure 4.3.2-12 Message Type 35: Clock and GGTO Format 

 

Table 4.3.2-13 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- SV clock parameter (See Table 4.3.2-8) - - - - 

tGGTO Time data reference Time of Week 604784 16 24 seconds 

WNGGTO Time data reference Week Number ** 13 1 weeks 

GNSS ID GNSS Type ID (*1) - 3 - see text 

A0GGTO 
Bias coefficient of GPS time scale relative to GNSS time 

scale 
** 16* 2-35 seconds 

A1GGTO 
Drift coefficient of GPS time scale relative to GNSS time 

scale 
** 13* 2-51 sec/sec 

A2GGTO 
Drift rate correction coefficient of GPS time scale relative to 

GNSS time scale 
** 7* 2-68 sec/sec2 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

 

(1) GPS/GNSS time offset (GGTO) 

These are time offset (GGTO) between GPS and GNSS. 

The definition and user algorithms are shown in Section 5.11.   

However, this parameter is fixed to “0”. Because there are no difference between QZSST 

and GPST by system operation. 

These are defined differently from GPS. For details, see Section 4.3.2.15.  
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Message Type 37 (Clock and Midi Almanac) 

Figure 4.3.2-13 shows the data format of message type 37, and Table 4.3.2-14 shows its 

parameter definitions. 

 
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15.  

Figure 4.3.2-13 Message Type 37: Clock and Midi Almanac Format 

 

Table 4.3.2-14 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- SV clock parameter (See Table 4.3.2-8) - - - - 

WNa-n 
Midi almanac 

Epoch of almanac (week number) 0-8191 13 1 weeks 

toa Epoch of almanac (time of week) 0-602112 8 2+12 sec 

PRNa Almanac PRN ID(*1) ** 6 1 - 

L1/L2/L5 health L1/L2/L5 health - 3 - - 

e 

Midi almanac 

Difference from reference 

eccentricity (*1) 
** 11 2-16 - 

δi 
Difference from reference angle of 

orbit inclination (*1) 
** 11* 2-14 semi-circle 

̇ Rate of right ascension ** 11* 2-33 semi-circle/sec 

A  Square root of the semi-major axis ** 17 2-4 m1/2 

Ω0 
Longitude of ascending node of 

orbit plane at weekly epoch 
** 16* 2-15 semi-circle 

ω Argument of perigee ** 16* 2-15 semi-circle 

M0 Mean anomaly at reference time ** 16* 2-15 semi-circle 

af0 SV clock bias correction coefficient ** 11* 2-20 sec 

af1 SV clock drift correction coefficient ** 10* 2-37 sec/sec 

(*) Indicates numbers expressed in two's complement with the MSB used as a signed bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

 

(1) Midi almanac 

These are low-accuracy satellite orbit and SV clock. 

The definition and user algorithm are shown in Section 5.7.2.1.  

These are defined differently from GPS. For details, see Section 4.3.2.15.  

(*1) 
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(2) Almanac PRN ID 

This is the number of the 6LSBs of the PRN number of QZS. 

If data are invalid, set to “0”.  

This is defined differently from GPS. For details, see Section 4.3.2.15. 

 

(3) L1/L2/L5 health 

This is the health of the L1, L2 and L5 signals from the satellite that corresponds to the 

PRN number. Since the PRN numbers for the L1C/B signal are not included in the Almanac 

PRN ID defined in (2), the health of the L1C/B signal is notified by the L1 health of the 

PRN number from 193 to 202 that defines the signal of the satellite transmitting the L1C/B 

signal. 

The definition and user algorithm are shown in Section 5.4.1.   
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Message Type 61 (Clock, Ionospheric (Japan area) and Group Delay Differential 

Correction Parameters) 

Figure 4.3.2-14 shows the data format of message type 61, and Table 4.3.2-15 shows its 

parameter definitions. 

 

 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 

Figure 4.3.2-14 Message Type 61: Clock, IONO and Group Delay Format 

 

Table 4.3.2-15 Parameter Definitions 

Parameter Description 
Effective 

Range** 

Number 

of Bits 
LSB Units 

- SV clock parameter (See Table 4.3.2-8) - - - - 

TGD 
Group delay correction parameter for group delay 

between SV clock and L1C/A*** (*1) 
** 13* 2-35 sec 

ISCL1C/A 
Inter-signal 

correction parameter 

for group delay (*1) 

Between L1C/A*** and 

L1C/A*** (fixed to "0.0")  
** 13* 2-35 sec 

ISCL2C Between L1C/A*** and L2C ** 13* 2-35 sec 

ISCL5I5 Between L1C/A*** and L5I5 ** 13* 2-35 sec 

ISCL5Q5 Between L1C/A*** and L5Q5 ** 13* 2-35 sec 

α0 

Ionospheric parameter (＊1) 

** 8* 2-30 sec 

α1 ** 8* 2-27 sec/semi-circle 

α2 ** 8* 2-24 sec/semi-circle2 

α3 ** 8* 2-24 sec/semi-circle3 

β0 ** 8* 2+11 sec 

β1 ** 8* 2+14 sec/semi-circle 

β2 ** 8* 2+16 sec/semi-circle2 

β3 ** 8* 2+16 sec/semi-circle3 

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit. 

(**) Indicates that the maximum range expressed by the number of bits and the LSB is the effective range of that item. 

(***) Indicates that L1C/A can be switched to L1C/B for Block IIA and III satellite. 

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15. 
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(1) Group delay correction parameter 

These are the parameters for single-frequency users who use L2C or L5. The definition 

and user algorithms are shown in Section 5.8.   

These are defined differently from GPS. For details, see Section 4.3.2.15.  

 

(2) Ionospheric parameters 

These are used by user who only uses the L2C or L5 to calculate the ionospheric delay. 

The parameters can be used in the wide area shown in Section 5.9.3.   

The user algorithm is shown in Section 5.9.   

These are defined differently from GPS For details, see Section 4.3.2.15.  
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(Reference) Differences from GPS  

Table 4.3.2-16 show parameters that are defined differently from GPS definitions specified in 

Section 2.2 of Reference Documents (1) and (2). 

 

Table 4.3.2-16 Parameters Defined Differently from GPS (CNAV(L2C,L5)) 

Message 
Type 

Parameter GPS QZSS 

common PRN PRN number of GPS PRN ID of QZS 

10 Ephemeris 
(ΔA) 

Difference from reference semi-major axis (AREF) 

AREF = 26 559 710 [m] AREF = 42 164 200 [m] 

Ephemeris 
(en) 

Eccentricity of ephemeris Eccentricity of ephemeris 

Upper limit of parameter range of 0.03 Parameter range is not restricted. 

Ephemeris 
Status Flag 

L2C Phasing 
Phase relationship between L2C and L2P 

Indicating the status of ephemeris 
"0": within an hour 
"1": more than an hour ago 

30 TGD Group delay between SV clock and L1P 
(Y) time 

Group delay between SV clock and L1C/A* 
time 

ISCL1C/A Group delay between L1P (Y) and L1C/A Group delay between L1C/A* and L1C/A* 

ISCL2C Group delay between L1P (Y) and L2C Group delay between L1C/A* and L2C 

ISCL5I5 Group delay between L1P (Y) and L5I5 Group delay between L1C/A* and L5I5 

ISCL5Q5 Group delay between L1P (Y) and L5Q5 Group delay between L1C/A* and L5IQ 

Ionospheric 
parameter 
(α0, α1, α2, α3, β0, 
β1, β2, β3) 

The target area 

The entire globe Wide area (In addition, the target area is 
"Japan area" in Message Type 61.) 

12, 31 
37 
12 
31 

PRNa  PRN number of GPS PRN ID of QZS 

Reduced 
almanac (δA) 

Difference from reference semi-major axis (AREF) 

AREF = 26 559 710 [m] AREF = 42 164 200 [m] 

Precondition for 
reduced 
almanac (e) 

Eccentricity 

e = 0 [-] e = 0.075 [-] (QZO) 
GEO/QGEO: Same as left 

Precondition for 
reduced 
almanac (i) 

Angle of orbit inclination 

i = 55 [deg] i = 43 [deg] (QZO) 
i = 0 [deg] (GEO/QGEO) 

Precondition for 
reduced 
almanac (̇) 

Rate of time change of right ascension of ascending node 

̇= -2.6 × 10-9 [sc/s] ̇= -8.7 × 10-10 [sc/s] (QZO) 
̇= 0 [sc/s] (GEO/QGEO) 

Precondition for 
reduced 
almanac (ω) 

Argument of perigee 

ω = 0 [deg] ω = 270 [deg] (QZO) 
GEO/QGEO: Same as left 

32 Earth 
Orientation 
Parameter 

UTGPS: UT1-GPS 
ΔUṪGPS: Rate of UT1-GPS 
LSB of UTGPS is equal to 2−23. 

UT1: UT1-UTC 
ΔUṪ1: Rate of UT1-UTC 
LSB of UT1 is equal to 2−24. 

33 UTC parameter 
(A0-n, A1-n, A2-n, 
tot, WNt) 

Relationship between UTC (USNO) and 
GPST 

Relationship between UTC (NICT) and 
QZSST 

35 GNSS time 
offset 

Relationship between GPS time and other 
GNSS time 

Relationship between QZSS time and other 
GNSS time 

GNSS ID ID of GNSS indicated by GNSS time offset parameter 

"0": N/A 
"1": Galileo 
"2": GLONASS 
"3 to 7": spare 

"0": N/A 
"1": Galileo 
"2": GLONASS 
"3": GPS 
"4 to 7": spare 

37 Midi almanac 
(e) 

Eccentricity Difference from reference eccentricity 
(eREF) 
eREF = 0.06 [-] (QZO) 
eREF = 0 [-] (GEO/QGEO) 

Midi almanac 
(δi) 

Difference from reference angle of 
inclination (i0) 
i0 = 0.3 [semi-circles] 

Difference from reference angle of 
inclination (iREF) 
iREF = 0.25 [semi-circles] (QZO) 
iREF = 0 [semi-circles] (GEO/QGEO) 
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Message 
Type 

Parameter GPS QZSS 

34 
13 
14 

Correction data SV clock correction data and ephemeris 
correction data 

Not transmitted. 

40 Integrity 
Support 
Message (ISM) 

ISM Parameters Not transmitted. 

(*) Indicates that L1C/A can be switched to L1C/B for Block IIA and III satellite. 
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(Delete) 

  



 

Document subject to the disclaimer of liability 

121 

User Algorithms 

5.1.  Time System 

The PNT time system shall is the QZSS time system (QZSST) shown below. 

 

(1)  Definitions 

(a) Length of 1 second 

The length of 1 second in QZSST shall be identical to the International Atomic Time (TAI). 

 

(b) Offset between QZSST and TAI 

QZSST shall be delayed from TAI by 19 seconds. 

 

(c) Starting point of week number for QZSST 

The starting point of the week number for QZSST shall be the same as the GPS time system 

(GPST), which is 0:00 am (UTC) on January 6, 1980. 

 

(2) Navigation message reference time 

The parameters relating to time such as the SV clock parameter, mean motion and UTC 

parameters shall all be based on QZSST. 

 

 

5.2.  Coordinate System 

The PNT coordinate system is defined as follows. 

 

< Definitions > 

· Origin: Mass center of the earth 

· Z-axis: the IERS Reference north pole 

· X-axis: Intersection of the IERS Reference Meridian (IRM) and the equatorial plane  

· Y-axis: Completes a right-handed, Earth-centered, Earth-Fixed (ECEF) orthogonal coordinate 

system 

 

< Realizations > 

· The positions of monitor stations are managed by being applied the PNT reference coordinate 

system stipulated by IERS. The offset of the PNT reference coordinate system relative to 

ITRF should be within 2 cm (95%). The applied version of ITRF is published at the Survice 

Support Information page (https://qzss.go.jp/en/technical/dod/pnt/index.html) on the QZSS 

website. 
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5.3.  Constants 

5.3.1.  Speed of Light 

c = 299792458 [m/s]. 

 

5.3.2.  Circular Constant 

 =  3.1415926535898. 

 

5.3.3.  Angular Velocity of the Earth's Rotation 

̇e= 7.2921151467 × 10-5 [rad/s]. 

 

5.3.4.  Earth's Gravitational Constant 

 =  3.986005  1014 [m3/s2]. 

 

5.3.5.  Semi-Circle 

1 [semi-circle] =  [rad] (defined in Section 5.3.2) 
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5.4.  Health and Integrity 

5.4.1.  Health and Alert Flag 

The health flags indicate the health condition of each signal. The alert flags indicate the health 

condition of the transmit signals. If any of these signals is "1", the user can not use the signals. 

These conditions are shown in Section 4.4.1 of Applicable Document (1) "PS-QZSS". 

Table 5.4.1-1 shows the types and definitions of the health and alert flags. Table 5.4.1-2 shows 

the messages contains health and alert flag. 

There are two types of health: almanac health and ephemeris health. The almanac health has a 

low cycle update, and the ephemeris health has a high cycle update. Accordingly, in some cases, 

the almanac health may not match the current signal condition and the ephemeris health. 

Therefore, we recommend that you use the ephemeris health when there is a difference between 

the almanac health and the ephemeris health. 

 

Table 5.4.1-1 Types and Definitions of Health and Alert Flags 

Item Number of Bits Definitions 

Alert Flag 1 One-bit flag of the alert condition 

3bit Health 3 Three-bit flag of the health condition of L1C/A or L1C/B 

L1C/A Health 1 One-bit flag of the health condition of L1C/A 

L1C/B Health 1 One-bit flag of the health condition of L1C/B 

L1 Health 1 One-bit flag of the health condition of L1C/A or L1C/B 

L2 Health 1 One-bit flag of the health condition of L2C 

L5 Health 1 One-bit flag of the health condition of L5 

L1C Health 1 One-bit flag of the health condition of L1C 

 

Table 5.4.1-2 Messages Contains Health and Alert Flags 

Item LNAV(L1C/A, L1C/B) CNAV(L2C,L5) CNAV2(L1C) 

Alert Flag All subframes All message types - 

3bit Health 
Almanac(Subframe 4 or 5,  

Data ID="3",SV ID =1 to 10) 
- - 

L1C/A Health 
SV Clock (Subframe 1) 

Almanac(Subframe 4 or 5) 
- - 

L1C/B Health 
SV Clock (Subframe 1) 

Almanac(Subframe 4 or 5) 
- - 

L1 Health 
SV Clock (Subframe 1) 

Almanac(Subframe 4 or 5) 

Ephemeris 

Midi Almanac 

Reduced Almanac 

Midi Almanac 

Reduced Almanac 

L2 Health 
SV Clock (Subframe 1) 

Almanac(Subframe 4 or 5) 

Ephemeris 

Midi Almanac 

Reduced Almanac 

Midi Almanac 

Reduced Almanac 

L5 Health 
SV Clock (Subframe 1) 

Almanac(Subframe 4 or 5) 

Ephemeris 

Midi Almanac 

Reduced Almanac 

Midi Almanac 

Reduced Almanac 

L1C Health 
SV Clock (Subframe 1) 

Almanac(Subframe 4 or 5) 
- Ephemeris 
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The 3-bit health included only with the LNAV(L1C/A, L1C/B) almanac is the condition of 

L1C/A or L1C/B in more detail, and bits definitions are shown in Table 5.4.1-3. 

 

Table 5.4.1-3 3bit Health Definitions 

1st bit 2nd bit 3rd bit Description 

0 0 0 All data are healthy. 

0 0 1 Parity error 

0 1 0 TLM/HOW format error (except TOW error) 

0 1 1 TOW error 

1 0 0 Subframe 1, 2, or 3 is erroneous. (except TLM and HOW errors) 

1 0 1 Subframe 4 or 5 is erroneous. (except TLM and HOW errors) 

1 1 0 
Any of the subframe data is erroneous. 

(except TLM and HOW errors) 

1 1 1 Any of the subframe data including TLM/HOW is erroneous. 

 

 

5.4.2.  Integrity Status Flag 

The integrity status flag (ISF) of LNAV(L1C/A, L1C/B), CNAV2(L1C), and CNAV(L2C,L5) 

indicates the integrity assurance level as follows. 

 

[If ISF is ON ("1")] 

• NTE (Not-To-Exceed Tolerance) = 5.73 × URA (defined in Section 5.4.3) 

• TTA = 5.2 sec 

• HMI probability (*) = 1 × 10-8/h or less 

 

[If ISF is OFF ("0")] 

• NTE = 4.42 × URA 

• TTA = 5.2 sec 

• HMI probability (*) = 1 × 10-5/h or less 

 

(*) Probability that the SIS-URE exceeds NTE without an alarm within the TTA time 
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5.4.3.  URA Index 

The URA index indicates the user range accuracy (URA) of the satellite. 

The URA index parameter definition differs among LNAV(L1C/A, L1C/B), CNAV2(L1C) and 

CNAV(L2C,L5) as below. 

 

LNAV(L1C/A, L1C/B) 

URA value of LNAV(L1C/A, L1C/B) indicates the RMS value of the worst and the maximum 

SIS range errors in the effective period of the clock and ephemeris of the same set. When URA of 

LNAV(L1C/A, L1C/B) is updated, IODE is also incremented. 

The URA includes the SIS component of the user range error as follows. Note that it does not 

include the ionospheric model error for a single frequency user: 

· Satellite clock error 

· Ephemeris error 

· TGD/ISC error 

 

Table 5.4.3-1 shows the URA parameter. 

 

Table 5.4.3-1 URA Parameter of LNAV(L1C/A, L1C/B) 

Parameter Description Units 

URA INDEX URA index - 

 

The relationship between URA value and URA index is as shown in Table 5.4.3-2. 

Table 5.4.3-2 URA Indexes 

URA Index URA value[m] 

0 0.00 < URA ≤ 2.40 

1 2.40 < URA ≤ 3.40 

2 3.40 < URA ≤ 4.85 

3 4.85 < URA ≤ 6.85 

4 6.85 < URA ≤ 9.65 

5 9.65 < URA ≤ 13.65 

6 13.65 < URA ≤ 24.00 

7 24.00 < URA ≤ 48.00 

8 48.00 < URA ≤ 96.00 

9 96.00 < URA ≤ 192.00 

10 192.00 < URA ≤ 384.00 

11 384.00 < URA ≤ 768.00 

12 768.00 < URA ≤ 1536.00 

13 1536.00 < URA ≤ 3072.00 

14 3072.00 < URA ≤ 6144.00 

15 6144.00 < URA or invalid 
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If each URA index is "Ui," the nominal URA value X[m] is calculated by following equations: 

 

If 60  Ui , then 
)2/1(

2
Ui

X
+

=  

If 156  Ui , then 
)2(

2
−

=
Ui

X  

 

Ui = 15 shall indicate the absence of an accuracy prediction and shall advise the standard 

positioning service user to use that SV at his own risk. 

Also, if Ui = 1, 3 or 5, X is rounded to 2.8m, 5.7m or 11.3 m, respectively. 

 

 

CNAV2(L1C) and CNAV(L2C,L5) 

URA value of CNAV2(L1C) and CNAV(L2C,L5) consists of the elevation-dependent 

URA"URAED" and the non-elevation-dependent URA "URANED" defined as below. 

The URA at time "t" and elevation angle "El" is calculated by the following equation: 

( ) ( ) ][)([deg])90sin(),(
22

mtURAElURAEltURA NEDED ++=
 

 

 

5.4.3.2.1. Elevation-dependent URA 

URAEDof CNAV2(L1C) and CNAV(L2C,L5) is the RMS value of the worst and the maximum 

SIS range error in the effective period of the ephemeris of the same set. 

URAED includes the SIS component of the user range error as follows. Note that it does not 

include the ionospheric model error for a single frequency user. 

 

• Ephemeris error 

 

Table 5.4.3-3 shows URAED parameters. 

 

Table 5.4.3-3 Elevation-dependent URA Parameter 

Parameter Description Units 

URAED Index Elevation-dependent URA index - 
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The relationship between the URA value and URA index is as shown in Table 5.4.3-4. 

 

Table 5.4.3-4 Elevation-dependent URA Indexes (1/2) 

URA Index URA value(m) 

15 6144.00 < URA or there is no prediction value 

14 3072.00 < URA ≤ 6144.00 

13 1536.00 < URA ≤ 3072.00 

12 768.00 < URA ≤ 1536.00 

11 384.00 < URA ≤ 768.00 

10 192.00 < URA ≤ 384.00 

9 96.00 < URA ≤ 192.00 

8 48.00 < URA ≤ 96.00 

7 24.00 < URA ≤ 48.00 

6 13.65 < URA ≤ 24.00 

5 9.65 < URA ≤ 13.65 

4 6.85 < URA ≤ 9.65 

3 4.85 < URA ≤ 6.85 

2 3.40 < URA ≤ 4.85 

1 2.40 < URA ≤ 3.40 

0 1.70 < URA ≤ 2.40 

-1 1.20 < URA ≤ 1.70 

-2 0.85 < URA ≤ 1.20 

-3 0.60 < URA ≤ 0.85 

-4 0.43 < URA ≤ 0.60 

-5 0.30 < URA ≤ 0.43 

-6 0.21 < URA ≤ 0.30 

-7 0.15 < URA ≤ 0.21 

-8 0.11 < URA ≤ 0.15 

-9 0.08 < URA ≤ 0.11 

-10 0.06 < URA ≤ 0.08 

-11 0.04 < URA ≤ 0.06 

-12 0.03 < URA ≤ 0.04 

-13 0.02 < URA ≤ 0.03 

-14 0.01 < URA ≤ 0.02 

-15  URA ≤ 0.01 

-16 There is no prediction value. 
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If each URA index is "Ui," the nominal URA value X(m) obtained from it is calculated by the 

following equation: 

 

If 60  Ui , then 
)2/1(

2
Ui

X
+

=  

If 156  Ui , then 
)2(

2
−

=
Ui

X  

 

Ui = -16 or Ui = 15 shall indicate the absence of an accuracy prediction and shall advise the 

standard positioning service user to use that SV at his own risk. 

Also, if N = 1, 3, or 5, X is rounded to 2.8m, 5.7m, or 11.3 m, respectively. 
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5.4.3.2.2. Non-elevation-dependent URA 

URANED of CNAV2(L1C) and CNAV(L2C,L5) is the RMS value of the worst and the maximum 

SIS range errors in the effective time period of the SV clock of the same set. 

URANED includes the SIS component of the user range error as follows: 

 

· Satellite clock error (single frequency and dual frequency users) 

· TGD/ISC error (single frequency and dual frequency users) 

 

Table 5.4.3-5 shows the URANED parameters. 

 

Table 5.4.3-5 Non-elevation-dependent URA Parameters 

Parameter Description Units 

WNop Data predict week number seconds 

top Data predict time of week seconds 

URANED0Index Non-elevation-dependent (NED) accuracy index - 

URANED1Index NED accuracy change index - 

URANED2Index NED accuracy change rate index - 

 

URANED at a time "t" is calculated by the following equation: 

 

If  t－top＋604800*(WN－WNop)≦93600 [s],  

Then,  URANED(t)＝URANED0＋URANED1(t－tOP＋604800*(WN－WNOP))[m] 

 

and 

 

If  t－top＋604800*(WN－WNop)＞93600 [s], 

Then, URANED(t)＝URANED0＋URANED1(t－tOP＋604800*(WN－WNOP)) 

＋URANED2(t－tOP＋604800*(WN－WNOP)－93600)2 [m] 

 

Here, the relationship between URANED0Index and URANED0 value is the same as shown in 

Table 5.4.3-4. 

 

The relationship between URANED1Index and URANED1 is shown in the following equations: 

]/[
2

1
1 smURA

NNED =
 

Where, N = 14 + URANED1Index 

 

The relationship between URANED2Index and URANED2 is shown in the following equations: 

]/[
2

1 2

2 smURA
NNED =

 

Where, N = 28 + URANED1Index  
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5.5.  Satellite Clock Correction Using the SV Clock Parameters 

This is the same calculation for LNAV(L1C/A, L1C/B), CNAV2(L1C) and CNAV(L2C,L5). 

 

 

5.5.1.  Parameter Definition 

Table 5.5.1-1 shows the SV clock parameters. Table 5.5.1-2 shows the constant for calculation. 

 

Table 5.5.1-1 SV Clock Parameters 

Parameter Description Units 

toc Clock data referencing time of week seconds 

af0-n  SV clock bias correction coefficient seconds 

af1-n SV clock drift correction coefficient sec/sec 

af2-n SV clock drift rate correction coefficient sec/sec2 

 

Table 5.5.1-2 Constant 

Constant Description Units 

F  
10

2
10442807633.4

2 −
−=

−
=

c
F


 ][

m

s  

 

 

5.5.2.  Algorithm 

Table 5.5.2-1 shows the SV clock offset calculation algorithms. 

 

Table 5.5.2-1 SV Clock Offset Calculation Algorithms 

kr EAFet sin=  
Correction term required due to the 

relativistic effect [s] 

The orbit parameters are obtained 

from the ephemeris parameter. 

rocfocffSV tttattaat +−+−+=
2

210 )()(  
SV clock offset [s] 

 

Note that the relationship among QZSST, SV clock, and SV clock offset is shown below: 

SVSVQZSST ttt −=
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5.6.  Satellite Position Using the Ephemeris 

This is the difference calculation for LNAV(L1C/A, L1C/B), CNAV2(L1C) and CNAV(L2C, 

L5) shown below. 

Here, satellite position means the antenna phase center of a satellite in the pseudo range of the 

ionosphere-free linear combinations of the dual-frequency signals shown in Table 5.6-1, 

expressed by the coordinate system defined in Section 5.2.   

The definition changes from L1C/A(or L1C/B) and L2C to L1CP and L5Q5 because L2C is 

abolished at Block III Satellite. However, in order to avoid burdening users who have been using 

dual frequency L1C/A(or L1C/B) and L2C for some time with this change, LNAV in Block I and 

Block II remains L1C/A(or L1C/B) and L2C. 

The pseudo range of the ionosphere-free linear combinations are defined in Section 5.10.   

 

Table 5.6-1 Signals for the ionosphere-free linear combinations 

Message 
Pseudo Range 

Block I and Block II Block III 

LNAV L1C/A(or L1C/B) and L2C L1CP and L5Q5 

CNAV2 
L1CP and L5Q5 L1CP and L5Q5 

CNAV 
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5.6.1.  LNAV(L1C/A, L1C/B) 

Parameter Definition 

Table 5.6.1-1 shows the ephemeris parameters for LNAV(L1C/A, L1C/B). Table 5.6.1-2 shows 

the constants for calculation. 

 

Table 5.6.1-1 LNAV(L1C/A, L1C/B) Ephemeris Parameters 

Parameter Description Units  

toe Ephemeris data reference time of week sec  

A  Square root of the semi-major axis m1/2  

Δn Mean motion difference from computed value semi-circle/sec  

M0 Mean anomaly in epoch semi-circle  

e Eccentricity -  

ω Argument of perigee semi-circle  

Ω0 Longitude of ascending node of orbit plane at weekly epoch semi-circle  

̇ Rate of right ascension semi-circle/sec  

i0 Inclination angle at reference time semi-circle  

̇ Rate of change of angle of inclination semi-circle/sec  

Cis 
Amplitude of the sine harmonic correction term to the angle of 

inclination 
rad  

Cic 
Amplitude of the cosine harmonic correction term to the angle of 

inclination 
rad  

Crs 
Amplitude of the sine harmonic correction term to the orbit 

radius 
m  

Crc 
Amplitude of the cosine harmonic correction term to the orbit 

radius 
m  

Cus 
Amplitude of the sine harmonic correction term to the argument 

of latitude 
rad  

Cuc 
Amplitude of the cosine harmonic correction term to the 

argument of latitude 
rad  

 

Table 5.6.1-2 Constants 

Constant Description Units 

  Earth's gravitational constant (described in Section 5.3.4.  ) [m3/s2] 

̇e Angular velocity of the earth's rotation (described in Section 5.3.3.  ) [rad/s] 
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Algorithms 

Table 5.6.1-3 shows the satellite position calculation algorithms. 

 

Table 5.6.1-3 Satellite Position Calculation Algorithms 

( )2

AA =  Semi-major axis [m] 

30
A

n


=  
Mean motion [rad/s] 

tk＝t－t0e Elapsed time from ephemeris epoch [s] 

n＝n0＋Δn Correction of mean motion [rad/s] 

Mk＝M0＋ntk Mean anomaly [rad] 

Mk＝Ek－e sinEk Calculation of eccentric anomaly by Kepler’s Equation 

[rad] 













−

−
=

−

eE

Ee
v

k

k

k
cos

sin1
tan

2

1  

True anomaly [rad] 

Φk＝νk＋ω Argument of latitude [rad] 

δuk＝cussin2φk＋cuccos2φk Second harmonic perturbation for argument of latitude 

correction [rad] 

δrk＝crssin2φk＋crccos2φk Second harmonic perturbation for radius correction 

harmonic [m] 

δik＝cissin2φk＋ciccos2φk Second harmonic perturbation for inclination angle 

correction [rad] 

uk＝Φk＋δuk Correction of argument of latitude [rad] 

rk＝A(1－e cosEk)＋δrk Correction of radius [m] 

ik＝i0＋δik＋(̇)tk Correction of inclination angle [rad] 

xk’＝rk cos uk 

yk’＝rk sin uk 

Position in orbital plane [m] 

k＝0＋(̇－̇e)tk－̇etoe 
Correction of longitude of ascending node [rad] 

xk＝xk’cosk－yk’cos ik sink  

yk＝xk’sink＋yk’cos ik cosk  

zk＝yk’ sin ik 

Satellite position in earth-fixed coordinate system [m] 
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5.6.2.  CNAV2(L1C) and CNAV(L2C,L5) 

Parameter Definition 

Table 5.6.2-1 shows the ephemeris parameters for CNAV2(L1C) and CNAV(L2C,L5). Table 

5.6.2-2 shows the constants for calculations. 

 

Table 5.6.2-1 CNAV2(L1C) and CNAV(L2C,L5) Ephemeris Parameters 

Parameter Description Units 

toe Ephemeris data reference time of week sec 

ΔA Difference from reference semi-major axis m 

Ȧ Rate of change of reference semi-major axis m/sec 

Δn Mean motion difference from computed value semi-circle/sec 

Δṅ Rate of change of mean motion difference from computed value semi-circle/sec2 

M0-n Mean anomaly in epoch semi-circle 

en Eccentricity - 

ωn Argument of perigee semi-circle 

Ω0-n Longitude of ascending node of orbit plane at weekly epoch semi-circle 

Δ̇ Rate of right ascension difference semi-circle/sec 

i0-n Inclination angle at reference time semi-circle 

IDOT Rate of change of angle of inclination semi-circle/sec 

Cis-n Amplitude of the sine harmonic correction term to the angle of inclination rad 

Cic-n Amplitude of the cosine harmonic correction term to the angle of inclination rad 

Crs-n Amplitude of the sine correction term to the orbit radius m 

Crc-n Amplitude of the cosine correction term to the orbit radius m 

Cus-n Amplitude of the sine harmonic correction term to the argument of latitude rad 

Cuc-n Amplitude of the cosine harmonic correction term to the argument of latitude rad 

 

Table 5.6.2-2 Constants 

Constant Description Units 

  Earth's gravitational constant (described in Section 5.3.4.  ) [m3/s2] 

̇e Angular velocity of the earth's rotation (described in Section 5.3.3.  ) [rad/s] 

REFA  
Reference semi-major axis 

42164200=REFA  
[m] 

̇REF 
Rate of reference right ascension 

̇REF＝－2.6×10-9 

[semi-

circle/sec] 
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Algorithms 

Table 5.6.2-3 shows the satellite position calculation algorithms. 

 

Table 5.6.2-3 Satellite Position Calculation Algorithms 

AAA REF +=0
 Semi-major axis at reference time [m] 

k＝0＋(̇)tk Semi-major axis [m] 

3

0

0
A

n


=
 Mean motion [rad/s] 

tk＝t－t0e Elapsed time from ephemeris epoch [s] 

ΔnA＝Δn0＋1/2Δṅ0tk Correction value of mean motion [rad/s] 

nA＝n0＋ΔnA Correction of mean motion [rad/s] 

Mk＝M0＋nAtk Mean anomaly [rad] 

Mk＝Ek－en sinEk Calculation of eccentric anomaly by Kepler’s Equation [rad] 















−

−
=

−

nk

kn

k
eE

Ee
v

cos

sin1
tan

2

1  

True anomaly [rad] 

Φk＝νk＋ω Argument of latitude [rad] 

δuk＝cus-nsin2φk＋cuc-ncos2φk Second harmonic perturbation for argument of latitude 

correction [rad] 

δrk＝crs-nsin2φk＋crc-ncos2φk Second harmonic perturbation for radius correction [m] 

δik＝cis-nsin2φk＋cic-ncos2φk Second harmonic perturbation for inclination angle 

correction [rad] 

uk＝Φk＋δuk Correction of argument of latitude [rad] 

rk＝Ak(1－en cosEk)＋δrk Correction of semi-major axis [m] 

ik＝i0-n＋δik＋(𝐼𝐷𝑂𝑇)tk Correction of angle of inclination [rad] 

xk’＝rk cos uk 

yk’＝rk sin uk 

Positions in orbital plane [m] 

̇＝̇REF＋Δ̇ Rate of right ascension [rad/s] 

k＝0-n＋(̇－̇e)tk－̇etoe Correction of longitude of ascending node [rad] 

xk＝xk’cosk－yk’cos ik sink  

yk＝xk’sink＋yk’cos ik cosk  

zk＝yk’ sin ik 

Satellite position in earth-fixed coordinate system [m] 
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5.7.  Satellite Position Using the Almanac 

5.7.1.  LNAV(L1C/A, L1C/B) 

Parameter Definitions 

Table 5.7.1-1 shows the almanac parameters for LNAV(L1C/A, L1C/B). Table 5.7.1-2 shows 

the constants for calculations. 

 

Table 5.7.1-1 Almanac Parameters 

Parameter Description Units 

WNa Almanac reference week Weeks 

toa Almanac reference time of week sec 

e Difference from reference eccentricity (*) - 

δi Difference from reference angle of inclination (*) semi-circle 

̇ Rate of right ascension semi-circle/sec 

A  Square root of the semi-major axis m1/2 

Ω0 Longitude of ascending node of orbit plane at weekly epoch semi-circle 

ω Argument of perigee semi-circle 

M0 Mean anomaly in epoch semi-circle 

af0 SV clock bias correction coefficient sec 

af1 SV clock drift correction coefficient sec/sec 

*: The definitions are shown in Table 5.7.1-3. 

 

Table 5.7.1-2 Constants 

Constant Description Units 

  Earth's gravitational constant (described in Section 5.3.4) [m3/s2] 

̇e Angular velocity of the earth's rotation (described in Section 5.3.3) [rad/s] 

 

 

Algorithms 

The satellite positions shall be calculated using the algorithms shown in Table 5.6.1-3. The 

parameters for the algorithms are shown in Table 5.7.1-3 and Table 5.7.1-4  

 

Table 5.7.1-3 Almanac Parameters for Satellite 

Parameter QZO Satellite GEO/QGEO Satellite 

e [-] Difference from eREF = 0.06 Difference from eREF = 0 

i [semi-circles] Difference from iREF = 0.25 Difference from iREF = 0 
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Table 5.7.1-4 Settings for Satellite Position Using the Almanac 

Parameter Description Units 

toe From almanac parameter toa sec 

A  From almanac parameter m1/2 

Δn 0 (zero) semi-circle/sec 

M0 From almanac parameter semi-circle 

e 
From almanac parameter 

(e = eREF + e) 
- 

ω From almanac parameter semi-circle 

0 From almanac parameter semi-circle 

̇ From almanac parameter semi-circle/sec 

i0 
From almanac parameter 

(i0 = iREF + δi) 
semi-circle 

̇ 0 (zero) semi-circle/sec 

Cis 0 (zero) rad 

Cic 0 (zero) rad 

Crs 0 (zero) m 

Crc 0 (zero) m 

Cus 0 (zero) rad 

Cuc 0 (zero) rad 

 

The SV clock offsets shall be calculated using the algorithms shown in Table 5.5.2-1. The 

parameters for the algorithms are shown in Table 5.7.1-5 

 

Table 5.7.1-5 SV Clock Parameters for Almanac 

Item Description Units 

toc From almanac parameter toa seconds 

af0-n From almanac parameter seconds 

af1-n From almanac parameter sec/sec 

af2-n 0 (zero) sec/sec2 
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5.7.2.  CNAV2(L1C) and CNAV(L2C,L5) 

Midi Almanac 

5.7.2.1.1. Parameter Definitions 

Table 5.7.2-1 shows the Midi almanac parameters for CNAV2(L1C) and CNAV(L2C,L5). Table 

5.7.2-2 and Table 5.7.2-3 show the constants for calculations. 

 

Table 5.7.2-1 Midi Almanac Parameters 

Parameter Description Units 

WNa-n Almanac reference week weeks 

toa Almanac reference time of week sec 

e Difference from reference eccentricity - 

δi Difference from reference angle of inclination semi-circle 

̇ Rate of right ascension  semi-circle/sec 

A  Square root of the semi-major axis m1/2 

Ω0 Longitude of ascending node of orbit plane at weekly epoch semi-circle 

ω Argument of perigee semi-circle 

M0 Mean anomaly in epoch semi-circle 

af0 SV clock bias correction coefficient sec 

af1 SV clock drift correction coefficient sec/sec 

 

Table 5.7.2-2 Constants 

Constant Description Units 

  Earth's gravitational constant (described in Section 5.3.4) [m3/s2] 

̇e Angular velocity of the earth's rotation (described in Section 5.3.3) [rad/s] 

 

Table 5.7.2-3 Midi Almanac Parameters for Satellite 

Parameter QZO Satellite GEO/QGEO Satellite 

e [-] Difference from eREF = 0.06 Difference from eREF = 0 

i [semi-circles] Difference from iREF = 0.25 Difference from iREF = 0 

 

 

5.7.2.1.2. Algorithms 

The Midi almanac algorithms are the same as those shown in Section 5.7.1.2.  
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Reduced Almanac 

5.7.2.2.1. Parameter Definitions 

Table 5.7.2-4 shows the reduced almanac parameters for CNAV2(L1C) and CNAV(L2C,L5). 

Table 5.7.2-5 and Table 5.7.2-6 show the constants for calculations. 

The SV clock parameter is not included in the reduced almanac. 

 

Table 5.7.2-4 Reduced Almanac Parameters 

Parameter Description Units 

WNa-n Almanac reference week weeks 

toa Almanac reference time of week sec 

δA Difference from nominal semi-major axis m 

Ω0 
Longitude of ascending node of orbit plane 

at weekly epoch 
semi-circle 

Φ0 Argument of latitude at reference time semi-circle 

 

Table 5.7.2-5 Constants 

Parameter Description Units 

  
Earth's gravitational constant (described in 

Section 5.3.4.  ) 
[m3/s2] 

̇e 
Angular velocity of the earth's rotation 

(described in Section 5.3.3.  ) 
[rad/s] 

REFA  
Reference semi-major axis 

42164200=REFA  
m 

 

Table 5.7.2-6 Reduced Almanac Parameters for Satellite 

Parameter QZO Satellite GEO/QGEO Satellite 

e 

[-] 
e＝0.075 e＝0 

i  

[semi-circles] 

i＝0.2389 

(= 43 [deg]) 

i＝0.0 

(= 0 [deg]) 

̇ 

[semi-circles/s] 
̇=－8.7×0-10 ̇＝0 

ωREF 

[semi-circles] 

ωREF ＝－0.5 

(= 270 [deg]) 

ωREF ＝0 

(= 0 [deg]) 
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5.7.2.2.2. Algorithms 

Table 5.7.2-7 shows the satellite position calculation algorithms that are based on the reduced 

almanac. 

 

Table 5.7.2-7 Satellite Position Calculation Algorithms 

AREFAA +=0  
Semi-major axis [m] 

3

0

0
A

n


=  

Mean motion [rad/s] 

oak ttt −=  
Elapsed time from almanac epoch [s] 

REFM −= 00  
Mean anomaly in almanac epoch [rad] 

kk tnMM 00 +=  
Mean anomaly [rad] 

kkk EeEM sin−=  
Calculation of eccentric anomaly by 

Kepler’s Equation [rad] 













−

−
=

−

eE

Ee
v

k

k

k
cos

sin1
tan

2

1
 

True anomaly [rad] 

REFkk vu +=  
Argument of latitude [rad] 

)cos1(0 kk EeAr −=  
Correction of radius [m] 

kkk urx cos'=  

kkk ury sin'=  

Position in orbital plane [m] 

k＝0＋(̇－̇e)tk－̇etoa 
Correction of longitude of ascending 

node [rad] 

kkkkk iyxx −= sincos'cos'  

kkkkk iyxy += coscos'sin'  

iyz kk sin'=  

Satellite position in earth-fixed 

coordinate system [m] 
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5.8.  Satellite Clock Correction Using Group Delay Differential Correction Parameters 

5.8.1.  Parameter Definition 

Table 5.8.1-1 shows the group delay parameters for LNAV(L1C/A, L1C/B), CNAV2(L1C) and 

CNAV(L2C,L5). 

Using these group delay parameters, the SV clock of each signal is calculated from the SV clock 

defined by the pseudo range of the ionosphere-free linear combination of L1C/A and L2C in 

LNAV in Block I and II, L1CP and L5Q5 for the rest. For details, see Section 5.6.   

The group delay parameters shall be a value applied to the measured pseudo range in a receiver 

that has an ideal correlator with a bandwidth of 20.46 MHz and a correlator width of 97.75 ns. 

 

Table 5.8.1-1 Navigation Messages (Group Delay Parameters) 

Parameter Description Units 

TGD Group delay between SV clock and L1C/A* sec 

ISCL1C/A Inter-signal correction for group delay between L1C/A* and L1C/A* 

(fixed to "0") 

sec 

ISCL2C Inter-signal correction for group delay between L1C/A* and L2C sec 

ISCL5I5 Inter-signal correction for group delay between L1C/A* and L5I5 sec 

ISCL5Q5 Inter-signal correction for group delay between L1C/A* and L5Q5 sec 

ISCL1CP Inter-signal correction for group delay between L1C/A* and L1CP sec 

ISCL1CD Inter-signal correction for group delay between L1C/A* and L1CD sec 

(*) Indicates that L1C/A can be switched to L1C/B for Block IIA and III satellite. 

 

In QZSS, because TGD is the group delay between the SV clock and L1C/A (or L1C/B). The 

relationship between TGD and ISCL2C of LNAV in Block I and Block II is as follows: 

CLGD ISCT 2

121

1

−
=

 

( ) ( )

ACLCL

ACLSVCLSVCL

tt

ttISC

/12

/122

−=

−=

 

Where, (ΔtSV)L2C, (ΔtSV)L1C/A: SV clock offset [s] of L2C and L1C/A 

 

tL2C, tL1C/A : SV clock [s] of L2C and L1C/A 
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For CNAV / CNAV2 in all blocks and LNAV after Block III, the relationship between TGD, ISCL1CP 

and ISCL5Q5 is as follows: 

 

 

 

 

 

 

 

 

 

 

 

Where, (ΔtSV)L1CP, (ΔtSV)L5Q5, (ΔtSV)L1C/A: SV clock offset [s] of L1CP, L5Q5 and L1C/A 

tL1CP, tL5Q5, tL1C/A : SV clock [s] of L1CP, L5Q5 and L1C/A 
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𝑇𝐺𝐷 =
𝐼𝑆𝐶𝐿5𝑄5 − 𝛾15𝐼𝑆𝐶𝐿1𝐶𝑃

1 − 𝛾15
 

𝐼𝑆𝐶𝐿1𝐶𝑃 = (∆𝑡𝑠𝑣)𝐿1𝐶𝑃 − (∆𝑡𝑠𝑣)𝐿1𝐶/𝐴 

       = 𝑡𝐿1𝐶𝑃 − 𝑡𝐿1𝐶/𝐴

1 −
 𝐼𝑆𝐶𝐿5𝑄5 = (∆𝑡𝑠𝑣)𝐿5𝑄5 − (∆𝑡𝑠𝑣)𝐿1𝐶/𝐴 

       = 𝑡𝐿5𝑄5 − 𝑡𝐿1𝐶/𝐴

1 −
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5.8.2.  Algorithms 

The algorithms represent the relationship between the SV clock and the SV clock offset. 

Single frequency users of L1C/A shall use the following equation to calculate the SV clock 

offset. Note ISC L1C / A = 0. 

 

( )
GDSVACLGDSVACLSV TtISCTtt −=+−= /1/1  

 

Single frequency users of L1C shall use the following equations to calculate the SV clock offset: 

 

( )
CPLGDSVCPLSV ISCTtt 11

+−=
 

( )
CDLGDSVCDLSV ISCTtt 11

+−=
 

 

Single frequency users of L2C shall use the following equation to calculate the SV clock offset: 

( )
CLGDSVCLSV ISCTtt 22

+−=
 

 

Single frequency users of L5 shall use the following equation to calculate the SV clock offset: 

( )
5555 ILGDSVILSV ISCTtt +−=

 

( )
5555 QLGDSVQLSV ISCTtt +−=
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Dual frequency users of L1C/A (or L1C/B) and L2C shall use the following equation to 

calculate the SV clock offset: 

 

 

 

Here, when LNAV is used for Block I and II, the following relationship can be used, 

( )
SVCLACLSV tt =

− 2/1  

 

Dual frequency users of L1C/A (or L1C/B) and L5 shall use the following equations to calculate 

the SV clock offset: 
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Dual frequency users of L1C and L2C shall use the following equations to calculate the SV 

clock offset: 
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Here, using LNAV in Block I and II is as follows,( )
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Here, using LNAV in Block I and II is as follows,( )
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(∆𝑡𝑠𝑣)𝐿1𝐶/𝐴−𝐿2𝐶 = ∆𝑡𝑠𝑣 − 𝑇𝐺𝐷 +
𝐼𝑆𝐶𝐿2𝐶

1 − 𝛾12
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Dual frequency users of L1C and L5 shall use the following equations to calculate the SV clock 

offset: 

( )
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Here, when CNAV / CNAV2 is used the following relationship can be used, 

 

  
(∆𝑡𝑠𝑣)𝐿1𝐶𝑃−𝐿5𝑄5 = ∆𝑡𝑠𝑣  
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5.9.  Ionospheric Delay Correction Using Ionospheric Parameters 

5.9.1.  Parameter Definition 

Table 5.9.1-1 shows the ionospheric parameters of LNAV(L1C/A, L1C/B), CNAV2(L1C) and 

CNAV(L2C,L5). In addition, Table 5.9.1-2 shows the other parameters for calculations. Note that 

the elevation angle, azimuthal angle, latitude, and longitude are calculated using a spheroid that 

has a semimajor axis of 6,378,137 m and an oblateness of 298.257223563. 

 

Table 5.9.1-1 Ionospheric Parameters 

Parameter Description Units 

α0 Ionospheric parameter sec 

α1 Ionospheric parameter sec/semi-circle 

α2 Ionospheric parameter sec/semi-circle2 

α3 Ionospheric parameter sec/semi-circle3 

β0 Ionospheric parameter sec 

β1 Ionospheric parameter sec/semi-circle 

β2 Ionospheric parameter sec/semi-circle2 

β3 Ionospheric parameter sec/semi-circle3 

 

Table 5.9.1-2 Other Parameters 

Parameter Description Units 

E Elevation angle viewed from user [semi-circles] 

A 
Azimuthal angle of satellite viewed from user  

(with north as 0 and the clockwise direction as positive) 
[semi-circles] 

φu Latitude of user [semi-circles] 

λu Longitude of user [semi-circles] 

tQZSST QZSS time calculated by receiver [s] 

 

 

5.9.2.  Algorithms 

Table 5.9.2-1 shows the L1 ionospheric delay correction calculation algorithms that are based on 

the ionospheric parameters. 
ionoT  is the delay amount at the L1 frequency. When this algorithm is 

used for the L2 signal and L5 signal, transform by the following equations: 

 

( )
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2

1

5
=

 [s] 

where, fL1, fL2, fL5: Frequencies [Hz] of L1, L2, and L5 
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Table 5.9.2-1 L1 Ionospheric Delay Correction Calculation Algorithms 
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5.9.3.  Applicable Area 

There are two types of ionospheric parameters: Wide area and Japan area. The areas shall be 

shown in Figure 5.9.3-1 and Table 5.9.3-1. 

The ionospheric parameter for each area can only be used in the target area. Therefore, it must 

not be used in the other area. 

 

Figure 5.9.3-1 Target Areas of Ionospheric Parameters 

 

Table 5.9.3-1 Boundary Lines of Target Areas 

Azimuth 

Direction 
Wide Area Japan Area 

North North latitude 60° North latitude 50° 

South South latitude 60° North latitude 22° 

West East longitude 90° East longitude 110° 

East East longitude 180° East longitude 160° 
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5.10.  Ionospheric Delay Correction Using Dual Frequency Observation 

Users who correct ionospheric delays using dual frequency observation shall be the pseudo 

range of the ionosphere-free linear combination using the following equation. 

 

Dual frequency users of L1 and L2 shall use the following equation: 
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PRL1x-L2ｘ: Pseudo range after ionospheric delay correction 

PRL1ｘ   : Pseudo range measured by the PRN code (C/A, L1CP, L1CD) of the L1 frequency 

PRL2ｘ   ：Pseudo range measured by the PRN code (L2CM, L2CL) of the L2 frequency 

 

 

Dual frequency users of L1 and L5 shall use the following equation: 
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PRL1x-L5ｘ: Pseudo range after ionospheric delay correction 

PRL5ｘ  : Pseudo range measured by the PRN code (I5, Q5) of the L5 frequency 
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5.11.  GNSS Time Offset Correction 

5.11.1.  Parameter Definition 

Table 5.11.1-1 shows the GNSS time offset parameters for CNAV2(L1C) and CNAV(L2C,L5). 

 

Table 5.11.1-1 GNSS Time Offset Parameters 

Parameter Description Units 

tGGTO Time data reference Time of Week sec 

WNGGTO Time data reference Week Number weeks 

A0GGTO Bias coefficient of QZSS time scale relative to GNSS time scale sec 

A1GGTO Drift coefficient of QZSS time scale relative to GNSS time scale sec/sec 

A2GGTO Drift rate coefficient of QZSS time relative to GNSS time scale sec/sec2 

GNSS ID GNSS Type ID - 

 

 

5.11.2.  Algorithm 

The algorithm to transform from QZSST to another GNSS time is shown in Table 5.11.2-1. 

 

Table 5.11.2-1 Calculation Algorithm 
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5.12.  UTC Offset Correction 

5.12.1.  Parameter Definition 

Table 5.12.1-1 shows the UTC parameters of LNAV(L1C/A, L1C/B), and Table 5.12.1-2 shows 

those of CNAV2(L1C) and CNAV(L2C,L5). Here, the UTC parameters of QZSS are the value of 

UTC(NICT). 

 

Table 5.12.1-1 LNAV(L1C/A, L1C/B) UTC Parameters 

Parameter Description Units 

A0 Bias coefficient of QZSS time scale relative to UTC time scale sec 

A1 Drift coefficient of QZSS time scale relative to UTC time scale sec/sec 

ΔtLS Current or past leap second count sec 

tot Epoch of UTC parameter (time data reference time of week)  sec 

WNt Modulo-256 expression of UTC reference week number weeks 

WNLSF Modulo-256 expression of leap second reference week number (*1) weeks 

DN Leap second reference day number (*2) days 

ΔtLSF Current or future leap second count sec 

 

Table 5.12.1-2 CNAV2(L1C) and CNAV(L2C,L5) UTC Parameters 

Parameter Description Units 

A0-n Bias coefficient of QZSS time scale relative to UTC time scale sec 

A1-n Drift coefficient of QZSS time scale relative to UTC time scale sec/sec 

A2-n Drift rate correction coefficient of QZSS time scale relative to UTC time scale sec/sec2 

ΔtLS Current or past leap second count sec 

tot Epoch of UTC parameter (time data reference time of week) sec 

WNot Time data reference week number weeks 

WNLSF Leap second reference week number weeks 

DN Leap second reference day number (*2) days 

ΔtLSF Current or future leap second count sec 

 

*1: The value of WNLSF, which is the modulo-256 expression of the leap second reference week 

number, is managed so that the absolute value of the difference between the untruncated WN 

defined in Section 4.1.2.3 and WNLSF values shall not exceed 127 in order to enable the leap 

second reference week number to be determined uniquely when ΔtLS and ΔtLSF are not equal. 

 

*2: The leap second reference day number DN means that the leap second is inserted at the end 

of the day indicated by DN. Note that a value of "1" indicates the first day from the week end/start 

of the week. 
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5.12.2.  UTC Offset Calculation Algorithm 

The UTS offset calculation algorithm indicates an algorithm that uses the UTC parameter to 

transform from QZSS time tQZSST to UTC tUTC. The transform algorithm from QZSS time to UTC 

uses different calculation methods depending on the relationship between the user's current time 

and the leap second update timing indicated by WNLSF and DN, and these calculation methods are 

classified into three case types. 

 

(1) When the user's current time is 6 hours or more before the leap second update timing 

indicated by WNLSF and DN 

 

The relationship between UTC [s] and QZSS time [s] is shown in the following equation: 

 

tUTC＝(tQZSST－ΔtUTC) [mod 86400][s] 

 

Here, ΔtUTC is calculated by the algorithm shown in Table 5.12.2-1 

 

 

Table 5.12.2-1 UTC Offset Calculation Algorithm 

For LNAV(L1C/A, L1C/B): 

ΔtUTC＝ΔtLS＋A0＋A1(tQZSST－tot＋604800(WN－WNt)) 

 

Note: Because WNt is a modulo-256 expression, an integral multiple of 256 shall be added in 

order to match the current week. 

 

For CNAV2(L1C) and CNAV(L2C,L5): 

ΔtUTC＝ΔtLS＋A0-n＋A1-n(tQZSST－tot＋604800(WN－WNot))＋A2-n(tQZSST－tot＋604800(WN

－WNot))2 
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(2) When the user's current time is less than 6 hours before or after the leap second update 

timing indicated by WNLSF and DN 

 

The relationship between UTC [s] and QZSS time [s] is shown in the following equation: 

 

W＝(tQZSST－ΔtUTC－43200) [mod 86400]＋43200[s] 

tUTC＝W [mod (86400＋ΔtLSF－ΔtLS][s] 

 

Here, ΔtUTC is calculated by the algorithm shown in Table 5.12.2-1 

 

 

(3) When the user's current time is 6 hours or more after the leap second update timing indicated 

by WNLSF and DN 

 

The relationship between UTC [s] and QZSS time [s] is shown in the following equation: 

 

tUTC＝(tQZSST－ΔtUTC) [mod 86400][s] 

 

Here, ΔtUTC is calculated by the algorithm shown in Table 5.12.2-1 using ΔtLSF in place 

ofΔtLS . 
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5.13.  Earth Orientation Parameters (EOP) 

5.13.1.  Parameter Definition 

Table 5.13.1-1 shows the earth orientation parameters (EOP) for CNAV2(L1C) and 

CNAV(L2C,L5). 

Users can transform coordinates between ECEF and ECI by using EOP. 

 

Table 5.13.1-1 EOP Parameters 

Parameter Description Units 

tEOP Epoch of earth orientation parameter (EOP data reference time) sec 

PM _X X-axis polar motion value at reference time+ arc-sec 

PM _𝑋̇ X-axis polar motion drift at reference time arc-sec/day 

PM _Y Y-axis polar motion value at reference time++ arc-sec 

PM _𝑌̇ Y-axis polar motion drift at reference time arc-sec/day 

ΔUT1 UT1-UTC Difference at Reference Time+++ sec 

ΔU𝑇̇1 Rate of UT1-UTC Difference at Reference Time sec/day 

 

5.13.2.  Algorithm 

In the algorithm to transform coordinate between ECEF and ECI, calculations shall be 

conducted in accordance with Chapter 5 of Applicable Document (2) IERS Technical Note 36 

(IERS Conventions 2010). In the calculation process, the relationship between UT1 and UTC at 

time t indicated by Table 5.13.2-1 and the X-axis and Y-axis polar motions shall be used when 

both criteria are met. If both criteria are not met, the week number for tEOP is not equal to the 

WNot value, so the calculation in Table 5.13.2-1 should not be used. 

Note that the relationship between UT1 and UTC and the X-axis and Y-axis polar motions 

include zonal, diurnal, and semi-diurnal components that are described in Chapter 8 of IERS 

Technical Note 36 (IERS Conventions 2010), and thus the user does not need to additionally 

apply these effects. 

 

Table 5.13.2-1 EOP Calculation Algorithm 

tdiff＝t－tEOP＋604800(WN－WNot) 
difference time between time t and EOP 

reference time [sec] 

UT1＝UTC＋ΔUT1＋ΔU𝑇̇1*tdiff/86400 UT [sec] at time t 

xP＝PM _X＋PM _𝑋̇*tdiff/86400 X-axis polar motion [arc-sec] 

yP＝PM _Y＋PM _𝑌̇*tdiff/86400 Y-axis polar motion [arc-sec] 

Criteria for CNAV2  

・tEOP in subframe 3 page 2 is equal to the tot in subframe 3 page 1 

・Subframe 3 page 1 and subframe 3 page 2 were transmitted within a continuous 4-hour period 

Criteria for CNAV  

・tEOP in Message Type 32 is equal to the tot in Message Type 33 

・top in Message Type 32 is equal to the top in Message Type 33 
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LDPC Matrix of CNAV2(L1C) 

The definitions of LDPC submatrices A, B, C, D, E and T of CNAV2(L1C) subframe 2 are 

shown in Table 6.2-2 to Table 6.2-7 of Reference Document (3), and those of CNAV2(L1C) 

subframe 3 are shown in Table 6.2-8 to Table 6.2-17 of Reference Document (3). 
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