Quasi-Zenith Satellite System
Interface Specification
Satellite Positioning, Navigation and Timing Service
(1S-QZSS-PNT-004)

(January 25, 2021)

Cabinet Office

Document subject to the disclaimer of liability




Disclaimer of Liability

The Cabinet Office, Government of Japan (“CAQO”) and Quasi-Zenith Satellite System Services Inc.
make the User Interface Specification (1S-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 (“CAQ”) 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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1. 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."

2. 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 K, approved on 6-MAY-2019

(2) Global Positioning Systems Directorate Systems Engineering & Integration Interface
Specification IS-GPS-705, Navstar GPS Space Segment/User Segment L5 Interfaces,
Revision F, approved on 6-MAY-2019

(3) Global Positioning Systems Directorate Systems Engineering & Integration Interface
Specification IS-GPS-800, Navstar GPS Space Segment/User Segment L1C Interfaces,
Revision F, approved on 6-MAY-2019

(4) QZSS Interface Specification (I1S-QZSS), Ver. 1.6, November, 2014 (JAXA)
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2.3. Definition of Terms

Terms Definitions
See Section 5.4.1

alert If a service stops due to an error occurring in the GNSS system, an alert
notifies the user that the service is not available.
See Section 4.1.2.6.2(2)

almanac

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

See Section 3.1.11

code jitter A PNT signal is transmitted using a spread spectrum signal. Code jitter
is the time jitter of the spread spectrum code width.
See Section 4.1.2.4(2)

ephemeris The trajectory in the Earth-Centered, Earth-Fixed (ECEF) coordinates
for each fit interval.

epoch Reference time for ephemeris

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, L5l and L5Q).

PRN ID

See Section 4.3.2.2(2)
The number of the 6LSBs of the PRN number.

ranging code

See Section 3.2.3.1
Code used to calculate the pseudo range between the satellite and the
user

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.
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Terms

Definitions

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

SVID

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
A-S

BOC
bps
BPSK

CNAV
CPS
CRC

ECEF
ECI
EOP
ERD
EXOR

Age of Data Offset
Anti-Spoof

Binary Offset Carrier
bits per second
Binary phase-shift keying

Civil Navigation
Chips per Second
Cyclic Redundancy Check

Earth Center Earth Fixed
Earth Centerd Inertial

Earth Orientation Parameters
Estimated Range Deviation
Exclusive or
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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
-1-
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-
-P-
PLL Phase Locked Loop
PRN Pseudorandom Noise
_Q_
QPSK Quadrature Phase Shift Keying
Qz0 Quasi-Zenith Orbits
QZSs Quasi-Zenith Satellite

Document subject to the disclaimer of liability




QZzSS
QZSST

RF
RMS

scls

SF

SIS
SIS-URE
sps

5\

TAI

TGD

TLM Word
TMBOC
TOlI

TOW

TTA

URA
USNO
UT1
uTC

Xor

Quasi-Zenith Satellite System
QZSS Time

Radio Frequency
Root Mean Square

semi-circle par second

Subframe

Signal-In-Space
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3. 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 Signal Modulation method PRN code Overlay Message name
band name name code name
L1 L1C/A (*1) BPSK C/IA - LNAV(L1C/A,
L1C/B (*1) | BOC (Block I1A) (*2) L1C/B)
L1C BOC (Block I) L1CP L1CO -
TMBOC (Block I1)
BOC L1CD - CNAV2(L1C)
L2 L2C BPSK (*3) L2CL - -
L2CM - CNAV(L2C)
L5 L5 QPSK 15 Neuman CNAV(L5)
-Hoffman
Q5 Neuman -
-Hoffman

*1: L1C/A can be switched to L1C/B for Block 1A 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 I1A is given in Section 3.2.1.

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

Table 3.1.1-2 PRN Code Characteristics

PRN code name Chip rate Length Period Overlay Code
C/IA 1.023 Mcps 1023 chips 1ms -
L1CP 1.023 Mcps 10230 chips 10ms | L1CO
Length: 1800 bits
Period: 18 s
L1CD 1.023 Mcps 10230 chips 10 ms
L2CL 0.5115 Mcps 767250 chips 15s
L2CM 0.5115 Mcps 10230 chips 20 ms
15 10.23 Mcps 10230 chips 1ms Neuman-Hoffman
Length: 10 bits
Period: 10 ms
Q5 10.23 Mcps 10230 chips 1ms Neuman-Hoffman
Length: 20 bits
Period: 20 ms
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https://sys.qzss.go.jp/dod/en/constellation.html

Table 3.1.1-3 Message Characteristics

Message Name Bit Rate Symbol Rate (Mini;zrrl:(lj:rame) Encoding method
LNAV(L1C/A, 50 bps - 6s Hamming Code
L1C/B)
CNAV2(L1C) | Approx. 50 bps 100 sps 18s CRC
BCH, LDPC
Interleave

CNAV(L2C) 25 bps 50 sps 12s CRC
Convolutional code

CNAV(L5) 50 bps 100 sps 6s CRC
Convolutional code

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 (fo) = 10.23 MHz is offset by the nominal Af/fy = -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 | Block Il
L1 band 1575.42 MHz 24.0 MHz 30.69 MHz
(=154 x fo) (x12.0 MHz) (£15.345 MHz)
L2 band 1227.60 MHz 24.0 MHz 30.69 MHz
(=120 x fo) (x12.0 MHz) (£15.345 MHz)
L5 band 1176.45 MHz 24.9 MHz 24.9 MHz
(=115 x fg) (x12.45 MHz) (£12.45 MHz)
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3.1.3. Modulation Methods
3.1.3.1. L1C/Aand 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.

BPSK Modulation

LNAV(L1C/A, L1C/B) ;/
Message 50bps 'k

A

]/

v
-
[N
Q
>
2]
Q
]
S8

C/A PRN Code

1.023Mcps

L1 Carrier ® Multiplier
@ EXOR (Modulo 2 sum)

Figure 3.1.3-1(a) L1C/A Modulation
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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.

LNAV(L1C/A, L1C/B)
Message

BOC Modulation

__________________________

C/A PRN Code

L1
soors |/

A

Square wave subcarrier
which stars from “1”
i.e. “101010..."

1.023Mcps

L1 Carrier

Subcarrier frequency = 1.023MHz
(=2.046Mcps)

1
1
1
i
1
1 L1C/B Signal
i
1
1
1
1

® Multiplier

Figure 3.1.3-1(b) L1C/B Modulation
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3.1.3.2.L1C
(1) L1ICD

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).

L1C Navigation
Message
(Encoded)

d

BOC Modulation

L1CD PRN Code
(Ranging Code)

\
100sps \\ /

A

Squarewave
subcarrier
which starts from
g
ie. “101010..."”

1.023Mcps

1
@

L1 Carrier

Subcarrier frequency = 1.023MHz
(= 2.046Mcps)

Figure 3.1.3-2 L1CD Modulation
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(2) L1CP

L1CP signal (Block I) is modulated on the L1 RF carrier using a BOC, and L1CP signal (Block
I1) 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 LICD PRN codes and L1C overlay codes by
exclusive-or, and then modulating them with TMBOC sub-carrier waves and L1 carrier waves.

TMBOC Modulation

L1C Overlay Code ‘/

L1
(L1co) 100sps \\j

A

> L1CP Signal

N
@

L1CP PRN Code
(Ranging Code) 1023MCpS

Squarewave o
Subcarrier 3 Multiplier
@ EXOR (Modulo 2 sum)

L1 Carrier

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

Figure 3.1.3-3 L1CP Modulation
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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 Oth, 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).

L1CO Bitstream

A

—’
10ms

32

10229

L1Cp chip

0123456

29

32

10226

BOC Modulated Symbols I l]

~977.5ns

le— LiCpChip='0' —»|€«— LiCpChip='0' —¥|

HUUUUL

~489ns

BOC(1,1) Modulation

Figure 3.1.3-4 TMBOC Modulation of L1CP (Block I1)

< —>
~81.5ns

BOC(6,1) Modulation
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3.1.3.3. 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.

L2C Navigation Convolution f\ 511.5keps

M Encoder
essage 25bps (Rate=1/2) 50sps \\J

BPSK Modulation

I
I
i
'
1.023Mcps
L2 CM PRN Code
'
511.5kcps ? '
i i
1 1
1
1

Clock 1.023MHz

L2 CL PRN Code @ Multiplier
511.5keps

@ EXOR (Modulo 2 sum)

L2C Signal

L2 Carrier

Figure 3.1.3-5 L2C Modulation
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3.1.3.4.L5

L51 (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. 15 and Q5 are modulated by QPSK

so that Q5 lags behind I5 by 90°.

10-bit.
Neuman-Hoffman

L5 Carrier

Figure 3.1.3-6 L5 Modulation
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| |
1 1
| |
| |
i v i
! |
I5 PRN Code ' L
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' 1
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3 : :
' 1
| |
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| |
1 1
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|
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3.1.3.5. 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.

End/start of week

LNAV(L1C/A, L1C/B)data bit @ 50bps
—— 20ms
i ims
1023 chips @ 1.023 Mbps >
L1CO chip @ 100bps
| [ 10ms 44
L1CP Code 10230 chips @ 1.023Mcps | 10230 chips @ 1.023Mcps 10230 chips @ 1.023Mcps ‘ 10230 chips @ 1.023Mcps
CNAV2(L1C) data symbol @ 100sps
[¢—— 10ms 44
L1CD Code 10230 chips @ 1.023Mcps | 10230 chips @ 1.023Mcps 10230 chips @ 1.023Mcps ‘ 10230 chips @ 1.023Mcps
CNAV(L2C) data symbol @ 50sps
< — 20ms
L2 CM Code 10230 chips @ 0.5115 Mcps 10230 chips @ 0.5115 Mcps
1.5s | >
]
L2 CL Code 767250 chips @ 0.5115 Mcps I /
1 I
CNAV(L5) data symbol @ 100sps
[¢—— 10ms 4.‘
10-bit Neuman-Hoffman Code
10 bits @ 1kbps | 10 bits @ 1kbps 10 bits @ 1kbps ‘ 10 bits @ 1kbps ‘
I
i | i dms ;
10230 chips @ 10.23 Mbps P e— i
19 Goce ‘ | | ‘ | ‘ ‘ ‘ | ‘ ‘ ‘ | ‘ ‘ | ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
20-bit Neuman—Hoffman Gode
20 bits @ 1kbps 20 bits @ 1kbps ‘
b
| i Ams - 2ms —
10230 chips @ 10.23 Mbps —>
0 Gode ‘ | | ‘ | ‘ ‘ ‘ | ‘ ‘ ‘ | ‘ ‘ | ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Figure 3.1.3-7 PRN Code and Navigation Message Data Bit Timing
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End/start of week

i A

<
<

30s

——— 65 —»

Subframe 1

LNAV(L1C/A, L1C/B)

LNAV(LIC/A, L1C/B) i
Subframe 2 i

LNAV(L1C/A, L1C/B)
Subframe 3

i LNAV(LIC/A,L1C/B) | LNAV(LIC/A L1C/B)

Subframe 4 Subframe 5

LNAV(L1G/A, L1C/B) |
Subframe 1 i

18s

CNAV2(L1C) Subframe 1-3

CNAV2(L1C) Subframe 1-3

18s

A

I A

1800 chips L1CO

1800 chips L1CO

12s »

A

CNAV(L2C) Message Type XX

CNAV(L2C) Message Type XX

CNAV(L2C) Message Type XX

le——— 65 —»i

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

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:
Block I1:

0.6 dB or less

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

L1C: 0.2dBor less
L2C: 0.3 dBor less
L5: 0.6 dB or less

*1: Transmitted only from Block I1A satellite.
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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:  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 Il:  -40 dB or less

3.1.7. Phase Relationship within Signals
3.1.71. 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 | L1CD and L1C/A same phase +5°

L1CP and L1C/A 90° phase lag +5°

L1CP and L1CD 90° phase lag +5°
Block Il 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°

L1CD, L1C/A L1CD, L1CP
] ]
L1CP L1C/Aor L1C/B
Block | Block Il

Figure 3.1.7-1 Phase Relationship of L1
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3.1.7.2. L2
L2 signals have no phase relationships because they are modulated by BPSK.

3.1.7.3. L5
I5 leads Q5 by 90°. The accuracy is * 5°.

L5I

N

1 .

L5Q

Figure 3.1.7-2 Phase Relationship of L5
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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

L1CP: -158.25 dBW

Signal Name Block | Block 11
L1C/A -158.5 dBW SV ID =7:-164.0 dBW
Other SV IDs: -158.5 dBW
L1C/B - -158.5 dBW
(for Block 11A-Q) (*1)
Li1C L1CD: -163.0 dBW SVID=T:

L1CD: -167.2 dBW

L1CP: -162.4 dBW
OtherSV IDs:

L1CD: -163.0 dBW

L1CP: -158.25 dBW

Q5. -157.9 dBW

L2C -160.0 dBW -158.5 dBW
(Sum of L2CL and L2CM) (Sum of L2CL and L2CM)
L5 I5: -157.9 dBW I5: -157.0 dBW

Q5. -157.0dBW

*1. Definition of Block I1A-Q is given in Section 3.2.1.

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 | Block 11
L1 band 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
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3.1.10. Group Delay Property

3.1.10.1. 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 (15 or Q5)

signal are shown in Table 3.1.10-1.

Table 3.1.10-1 Group Delay between Signals

Signal Name Block | Block 11
L1-L2 25 ns or less 25 ns or less
L1-L5 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 |

Block 11

2 ns or less (30)

0.6 ns or less (95%)
0.9 ns or less (30)

3.1.10.2. 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 |

Block 11

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 |

Block 11

Not specified

1.0 ns or less (95%)
1.5 ns or less (30)
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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 (30).

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 nsor 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
3.1.14.1. 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 3.14.1-1 QZSS SSV information

Parameters Value
. . Minimum received signal Reference off-
Satellite Signals ]
power at GEO (*2) boresight angle
L1C/A -185.3 dBW 22 deg
L1C -188.3 dBW 22 deg
QSz-1 (*1)

L2C -188.7 dBW 24 deg
L5 -180.7 dBW 24 deg
L1C/A -184.1 dBW 22 deg
L1C(L1CD) -187.3 dBW 22 deg
QSz-2 L1C(L1CP) -182.5 dBW 22 deg
L2C -181.8 dBW 23 deg
L5 -177.4 dBW 25 deg
L1C/A -184.4 dBW 19 deg
L1C(L1CD) -187.6 dBW 19 deg
QSz-3 L1C(L1CP) -182.8 dBW 19 deg
L2C -180.2 dBW 25 deg
L5 -180.6 dBW 22 deg
L1C/A -184.3 dBW 22 deg
L1C(L1CD) -187.5 dBW 22 deg
QSz-4 L1C(L1CP) -182.7 dBW 22 deg
L2C -182.0 dBW 23 deg
L5 -177.8 dBW 25 deg

*1. Reference: The Interoperable Global Navigation Satellite Systems Space Service \Volume,
UNITED NATIONS, Vienna, 2018
*2: Assuming a 0 dBi user antenna.
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3.1.14.2. 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

GPS
No. Item (Reference document (1),(2),(3)) QZSS
1 Correlation loss W L1C/A, L2C W L1C/A, L2C
IR, IIRM, IIF: 0.6 dB Block I: 0.6 dB
111: 0.3 dB Block I1: 0.3dB
H L1C H L1C/B
0.2dB Block I1A: 0.3dB
H L5 N L1C
0.6 dB Block I: 0.6 dB
Block I1: 0.2dB
B L5
0.6 dB
2 Carrier phase noise B L1C/A, L2C, L5 W L1C/AL1C/B,L1C,L2C,L5
0.1 rad (RMS) Block I: 0.1 rad (RMS)
Bl L1C Block 1I: 0.035 rad (RMS)
0.035 rad (RMS)
3 | Spurious -40 dBc -40 dBc
4 | Phase relationship +100 mrad (5.73 deg) +5 deg
5 | Minimum received power H L1C/A W L1C/A
-158.5 dBW -164.0 dBW(SVID =7)
Bl L1CD/L1CP -158.5 dBW/(Other SVIDs)
-163.0/-158.25 dBW H L1C/B
H L2C -158.5 dBW
IIRM, IIF: -160.0 dBW Bl L1CD/L1CP
11I: -158.5 dBW -167.2/-162.4 dBW
W L5//L5Q (SVID = 7)
IIF: -157.9/-157.9 dBW -163.0/-158.25 dBW
111: -157.0/-157.0 dBW (Other SVIDs)
W L2C
Block I: -160.0 dBW
Block IlI: -158.5 dBW
B L5I/L5Q
Block I: -157.9/-157.9 dBW
Block IlI: -157.0/-157.0 dBW
6 | Polarization characteristics H Ll H Ll
1.8dB 1.0dB
H L2 B L2 L5
2.2dB 2.0dB
H L5
2.4dB
7 | Absolute group delay between L1-L2:15.0ns L1-L2:25ns
signals of different frequencies L1-L5:30.0 ns L1-L5:20ns
8 | Variation of group delay between 3.0 ns (95%) Block I: 2.0 ns(30)
signals of different frequencies Block I1I: 0.6 ns (95%)
9 | Absolute group delay between 10 ns Block I: Not specified
signals of same frequency Block II: 10 ns
10 | Variation of group delay between 1.0 ns (95%) Block I: Not specified
signals of same frequency Block I1I: 1.0 ns (95%)
11 | PRN code jitter Not specified 2.0ns (30)
12 | Code carrier coherence Not specified 1.2 ns
13 | Antenna phase center Not specified +18°
characteristics
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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

Satellite

SV

SV ID

PRN number Block Assignment Remarks
category Number (*2)

193 - Qz0 Block I-Q 1 1 Qzso01

194 - Qz0 Block I1-Q 2 2 QZzs02

195 - Qz0 Block I1-Q 4 3 QZS04

196 203(*4) Qz0 Block I1A-Q (*3) 5 4 QZS1R

197 204(*4) Qz0 Block 11 6 5 QZS05

198 - QZO/GEO | Undetermined - 6 Used as a non-
standard code
(*1)

199 - GEO Block I1-G 3 QZs03

200 205(*4) GEO Block I11 7 QZS06

201 206(*4) GEO Block 11 8 Qzso7

202 - QZO/GEO | Undetermined - 10 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
5in LNAV(L1C/A, L1C/B) . For details, see Section 4.1.2.7.
*3: The Block of PRN number 196 is assigned “I1A” or “l1A-Q” in order to distinguish it from other
Block Il satellites. In this 1S-QZSS-PNT, Block Il basically includes Block 1A unless otherwise

indicated.

*4: PRN number from 203 to 206 are assigned for L1C/B signals. The L1C/A and L1C/B signals are
exclusively transmitted.
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3.2.2. C/ACodes

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.

3 10
EPOCH /r T
I G1
10.23 MHz c REGISTER
SYNCH . @
O—————> -
~10 —9 G_H
2 3 6 8 9 10
I
c G2
° SYNCH S REGISTER

REGISTER INPUTS

C - CLOCK
I = INPUT
S - SETALL ONES

Figure 3.2.2-1 C/APRN Code Generator
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| POLYNOMIAL G1:

3 10
 STAGE 1+X+X
NUMBERS

1 2 3 4 5
O 1 1 1 1 1
INPUT OUTPUT
O
0 1 2 3 4 5 6 7 8 9 10
INITIAL Y\TAP
GCONDITIONS

NUMBERS
SHIFT DIRECTION
%

Figure 3.2.2-2 G1 Shift Register

POLYNOMIAL G2:

_ STAGE 1+X2+X3+X6+X8+X9+X]0
NUMBERS

1 2 3 4 5
O 1 1 1 1 1
INPUT OUTPUT
O
0 1 2 3 4 5 6 7 8 9 10
INITIAL Y\TAP
CONDITIONS

NUMBERS
SHIFT DIRECTION
_—

Figure 3.2.2-3 G2 Shift Register
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Table 3.2.2-2 C/A PRN Code Phase Assignments

PRN Number %éﬁ;lg Initiz?IOGCZtaSStting Fir(s:)lc(iaclf;ips 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 LiCIAorLICIB
( 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 LiCIAorLICIB
( 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.

3.2.3.1. 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
L(t)=1, If there exists an integer “x” such that “t” is a congruent to “x?” modulo 10223;
L(t) =0, If there exists no integer “x” such that “t” is a congruent to “x*” 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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FIXED LENGTH-10223 LEGENDRE SEQUENCE (INDEXD 0 THROUGH 10222)

011110111100101010100101...

001011010101011000010000

WEIL
INDEX (w)

p
@
WEIL SEQUENCE WITH INDEX w
|
W(O)W(1)W(2) ! W (10222)
N\ ——  INSERTION
INDEX (p)
EXPANSION SEQUENCE:
0110100
c(0)c(1)C(2) 0110100 C (10229)

LENGTH - 10230 RANGING CODE WITH WEIL INDEX » AND INSERTION INDEX p

Figure 3.2.3-1 L1CP and L1CD Ranging Code Generation

Table 3.2.3-1 L1C PRN Code Assignments

L1CP L1CD

PRN . . First 24 Last 24 . . First 24 Last 24

Weil Insertion . . Weil Insertion . .

number Chips Chips Chips Chips
Index Index Index Index
(Octal) (Octal) (Octal) (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
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3.2.3.2. 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.

S1 POLYNOMIAL:

10 11
l+mix+mx” 2+. s+ mupgx tx

@
70N

Mg Mg M my

3 4 5 6 7 8 o 10 11
L5} Ha Hi Ha Tz s My Mg My

] 1 2 3 4 6 7 3 9 10 11
INTTIAL \_ TAP
SHIFT DIRECTION
—

S2POLYNOMIAL:

@ 1+x?+x!

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, ma1 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 Initial S1 Value Initial S2 Value First 11 Symbols Last 11 Symbols
Coefficient (Octal) (Octal) (Octal) (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.

0 1
End/start of
week
= m s 1.5 seconds ——===----------------------- >
; !
767250 etc.
| 767250 BIT L2 CL-Code @ 511.5 Chips :
i Kbps i
: 1 2 3 4 4 4 73 74 75 !
10230 10230 | 10230 | 10230 / / 10230 10230 10230 etc.
1 10230 BIT L2 CM-Code @ 511.5 o 20 !
| Kbps / ) > msec :5
! T--..__ Data@eso /7
| T~~~ cps
i ‘~\~~‘~_
: T
: , T
0 0 1 / / 1 1
: L2 CM @ 511.5 T
' Kbps / /
1 0 0 / / 1 0
: L2CL@511.5 r
E Kbps

0 1 0 0 1 0 1

// 1
L2 c@1023 /

Kbps

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.

POLY NOMIAL:
1433+ X4+ X0+ X0+ X0+ X"+ X¥+ X84+ X194 x2' 4+ X244+ x27

DELAY
NUMBERS

/

INITIAL CONDITIONS ARE A FUNCTION OF PRN AND CODE PERIOD (MODERATE/LONG)

OUTPUT

SHIFT DIRECTION

Figure 3.2.4-2 L2C Shift Register

Table 3.2.4-1 L2C PRN Code Assignments

Initial Shift Register Value (Octal) Final Shift Register Value (Octal)
PRN Number
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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3.2.5. L5 Codes

PRN codes of 15 and Q5 signals have 1ms in length at a chipping rate of 10.23Mbps, for total
length of 10230 chips. In addition, 15 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 15 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.

—4 Exclusive OR ‘
T T T T Reset to all 1s on next clock
:E1‘2‘3‘4‘5‘6 7 8‘9‘10‘11 1213 [
T' T' T' T' T] T' T' T' T' T' T' T' T' =|Dec0d81111111111101
‘ All 1's ‘
XA Coder =M
) >t
XBI State for SV 1 O [ XI(t)
code Clock—s) i‘ e Imml YBISWE_ e ‘ XBI(tnTo) -
1 ms Epoch » ‘ N
e I T i T iy iy —ae
"_}{* 2 3‘4‘ ‘6‘ |8‘9‘10‘111?1%}>—
[T Iyt
‘{ Exclusive OR ‘ XBQ(t-n,Tc)
| XBICeder
XBQ State for SV 1 2 L
‘ Initial XBQ State ‘
liiliiiiilili
_}1 11213 ‘ 4 12 1%
[Py T
~‘ Exclusive OR ‘

XBQ Coder
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

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

5 Q5 15 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.
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4. Message Specifications
4.1. LNAV(L1C/A, L1C/B)
4.1.1. Message Configuration

4.1.1.1. 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

Maximum
Message data Subframe DIaDta ?I\D/ Tra:r;ig:\ils;i on Remarks

(seconds)

SV clock SF1 - - 30

Ephemeris SF2&3 - - 30

Group delay SF1 - - 30

QZS almanac SF4 or5 3 1-10 600 Max. 9 QZSs

QZS almanac epoch and health SF4or5 3 51 60

Special messages SF4or5 3 55 - Not specified

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

lonospheric (Japan area) and UTC parameters | SF4 or 5 3 61 60
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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 Fitinterval Valldl(tillg’erlod
SV clock 1 hour (*2) 2 hours 2 hours
Ephemeris 1 hour (*2) 2 hours 2 hours
Not applicable because time information
URA 1 hour o ] ]
indicating the epoch is not included.
Not applicable because time information
Group delay 1 day o ] ]
indicating the epoch is not included.
Almanac 1 day 6 days 144 hours
lonospheric parameter h Not applicable because time information
our
(wide area) indicating the epoch is not included.
lonospheric parameter o Not applicable because time information
1 hour
(Japan area) 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 tee: [t — toe
Almanac epoch toa: |t — toa|

UTC parameter epoch tor: |t — tof|

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

and ephemeris parameter by I0DC and IODE.
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4.1.1.2. 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).

Data Parity
24 Bits 6 Bits

Word
30 Bits

Word 1 | Word 2
1
LM HOW Word 3 | Word 4 | Word 5| Word 6 | Word 7 | Word 8 | Word 9 {Word 10
Subframe
10 words
Subframe 1 Subframe 2 Subframe 3 Subframe 4 Subframe 5
Page
5 Subframes

Figure 4.1.1-1 LNAV(L1C/A, L1C/B) Message Configuration
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4.1.1.3. 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

D, = di ®Dg"
D, = d, ®Dg"
Ds = d; @ Dg*
D4 = Oy @ Dao*
Das = ng* ® D d Dd ®d®d Ddy®dy D d, D di3® dyy® diy @ dig @ dyp @ g
Do = Dso* ® & ® d3 ®d @ dg @ dy ®dyy Ddp® dis @ Uiy @ disD dig @ dig @ dyy @ dyy
Dy = Dp" @ @ d ®@d; @ds® @ dg D@ Uiy @ iy @ dis® dig @ dig @ oo @ I
Dyg = Dy @ h @ d ®ds @ ds @ dg ® dy @iz ® dyy @ dis @ dyg® diy @ Uy @ dyy @ g
Dy = Dp* @ 0 ® dy @ ds @ dg ® by ® g @ yo® iy D s D dig® di7 @ dis @ oy @ A @ oy
Dy = Dy ® ds ® ds ® dg @ dg @ dy @ iy @ dyy @ dis @ dys @ dyo @ dyy D s D g
where

dy, dy ..., Oy : Source data bits

Symbol* : Last 2 bits of the previous word of the subframe

Dys, Dog, ..., Dgp  : Computed parity bits

D,,D,, ...,D5y  :Data bits transmitted by the SV

@ : “Modulo-2” or “exclusive-or” operation
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4.1.1.4. 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 1D
The alert flag is "1".

Word 3t0 9 1010101010 1010101010 1010000000(B)

Word 10 1010101010 1010101010 1000000000(B)

4.1.1.5. 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
4.1.2.1. 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(*)
1t09 QZS almanac
51 QZS almanac epoch and health
55 Special messages
56 lonospheric parameter (Wide area) and UTC parameter
61 lonospheric parameter (Japan area) and UTC parameter

(*): 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.
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4.1.2.2. 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.

TLM Word
(D= Reserved Bit
@ = Integrity Status Flag(*2)
MSB LSB Parity
PREAMBLE
TLM Message O]
1 00 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

HOW

Solved for bits to preserve
Anti-Spoof Flag(*1) parity check with zeros in

“Alert Flag? bits 29 and 30
MSB LSB \\ \L\ Parity
TOW-Count Message Sub-
frame 0]0
(Truncated) D

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

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.

Figure 4.1.2-1 TLM and HOW Formats

Table 4.1.2-3 Parameter Definitions

Parameter Description E:zﬁgze '\:)lfjgki);r LSB Units
Preamble Preamble 10001011(B) 8 - -
TLM Message Telemetry message For system 14 - -
Integrity Status Flag Integrity status flag (*2) 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.

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.
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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.
This is defined differently from IS-QZSS-JAXA. For details, see Section 4.1.2.8.

(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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4.1.2.3. 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.
DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
NORD 1 } ORD } ORD } ORD 4 NORD
al
1 31 61 73 |77 83 91 121
TLM HOW WN
[ P t P 10 P 23 BITS**x P 24 BITS*¥* P
22 BITS 22 BITS BITS
C/AORP ON L2(x1) - 2 BITS —J L 12 P DATA FLAG(*1) - 1 BIT
URA INDEX - 4 BITS J I—ZMBs fffffff I0DC(*1,%2) - 10 BITS TOTAL
SV HEALTH(*1*2) - 6 BITS
DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
NORD } WORD 7 } WORD 8 } NORD WORD 10
151 181 197 211 219 241 271
24 BITS##* P 16 BITS#xx Toot1) | e P o o P am P
8 BITS 16 BITS 8 BITS 16 BITS 22 BITS '
Y S —— 10DC(x1,%2) - 10 BITS TOTAL
sokk RESERVED
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
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.
Figure 4.1.2-2 Subframe 1 Format
Table 4.1.2-4 Parameter Definitions
- Effective ~ Number .
Parameter Description . LSB Units
P Range** of Bits
- TLM and HOW parameter (See Table 4.1.2-3) - - - -
WN Week number 0-1023 10 1 weeks
Code on L2 L2 channel code (*1) 0-3 2 - -
URAINDEX  User range accuracy index 0-15 4 - -
SV health SV health (*1) (*2) - 6 - -
10DC Issue of Data, Clock (*1) (*2) 0-1023 10 - -
L2P dataflag  L2P code data flag (*1) 0-1 1 - -
Tep Group delay between SV clock and L1C/A (or L1C/B)(*1) *x 8* 23 sec
Epoch of SV clock
toc . 0-604784 16 2+ sec
(time of week)
SV clock bias
am . - ** 22* 23 sec
correction coefficient
SV clock parameter -
SV clock drift
an . . ** 16* 28 seclsec
correction coefficient
SV clock drift rate
an ** 8* 2% sec/sec?

correction coefficient

(*) 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.

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.
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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) Code on L2
Fixed to "2".

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 and 1S-QZSS-JAXA. For details, see Sections 4.1.2.7. and 4.1.2.8.

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
1st bit (MSB) L1 Health

Target Signal
L1C/Aor 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 LiC
5th bit (LSB) L1C/B Health L1C/B
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(5) Issue of Data, Clock (I0DC)
This is the issue number of the SV clock parameter. 2 MSBs of I0DC 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 and 1S-QZSS-JAXA. For details, see Section 4.1.2.7.
and Section 4.1.2.8.

Table 4.1.2-6 Definition of 2MSBs of IODC

2 MSBs of IODC(binary) Fit intervals(minutes)
00 15
01 30
10 60
1 120

(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.
TGD = "10000000"(B) indicates that the parameter cannot be used for the SV clock
correction.
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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4.1.2.4. 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.
DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
WORD 1 } WORD } WORD 3 } WORD 4 } ORD
1 31 61 69 91 107 121
TLM HOwW I0DE Crs An
[} P t P 8 P 8 P 24 BITS P
22 BITS 22 BITS BITS 16 BITS 16 BITS BITS
MsBs—T LsBs
Mo - 32 BITS TOTAL 1 |
DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
WORD } WORD 7 } WORD 8 } WORD } WORD 1
151 167 181 211 227 241 271 287
Cuc Cus toe
8 P 24 BITS P 8 P 24 BITS P t P
16 BITS BITS 16 BITS BITS 16 BITS
MSBs - LsBs —J MsSBs — LsBs — FIT INTERVAL FLAG(x1) - 1 BIT -
e(x1) - 32 BITS TOTAL B — | A -32 BITS AODO(*1,%2) - 5 BITS
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
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.
Figure 4.1.2-3 Subframe 2 Format
Table 4.1.2-7 Parameter Definitions
- Effective Number .
Parameter Description . LSB Units
P Range** of Bits
- TLM and HOW parameter (See Table 4.1.2-3.) - - - -
I0ODE Issue of data, ephemeris 0-255 8 - -
Crs Ephemeris | Amplitude of the sine harmonic faied 16* 25 m
correction term to the orbit radius
An Mean motion difference from *x 16* 243 semi-
computed value circle/sec
Mo Mean anomaly at reference time ** 32* 23 semi-circle
Cuc Amplitude of the cosine harmonic *ok 16* 2-29 rad
correction term to the argument of
latitude
e Eccentricity (*1) *x 32 23 -
Cus Amplitude of the sine harmonic *ok 16* 2-29 rad
correction term to the argument of
latitude
JA Square root of the semi-major axis ki 32 210 mY2
toe Reference time ephemeris 0-604784 16 2% sec
FIT
INTERVAL  Fitinterval flag (*1) 0-1 1 - -
FLAG
AODO Age of data offset (Navigation message correction
table effective period) 0-27000 5 900 sec
(*1) (*2)
(*) 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.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.
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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 I0DC of different data sets:

(a) 10DC 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 and 1S-QZSS-JAXA. For details, see Section 4.1.2.7.
and Section 4.1.2.8.
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4.1.2.5. 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.

DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
NORD 1 } WORD } WORD } WORD 4 } WORD
1 31 61 77 91 121 137
™ How Cio Cis
cl p t| P 8 P 24 BITS P 8 P
22 BITS 22 BITS 16 BITS BITS 16 BITS BITS
MSBs = LSBs—) io - 32 BITS TOTAL —
- 4 00000
Q0 -32 BITS TOTAL I
DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
NORD } WORD } WORD } WORD } WORD 1
151 181 211 241 271 279
Ce O I0DE DOT
24 BITS P 8 P 24 BITS P P 8 14 t| P
16 BITS BITS 24 BITS BITS BITS
L 1sBs L msBs LSBs
) N
io - 32 BITS w—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

Figure 4.1.2-4 Subframe 3 Format

Table 4.1.2-8 Parameter Definitions

o Effective Number )
Parameter Description . LSB Units
Range** of Bits
- TLM and HOW parameter (See Table 4.1.2-3) - - - -
Cic Amplitude of the cosine *x 16* 2% rad
harmonic correction term to the
angle of inclination
Qo Longitude of ascending node of *x 32* 23 semi-circle
orbit plane at weekly epoch
Cis Amplitude of the sine harmonic *x 16* 2% rad
correction term to the angle of
: Ephemeris |ncI|.nat|.0n _
io Inclination angle at reference ** 32* 23 semi-circle
time
Crc Amplitude of the cosine faied 16* 25 m
harmonic correction term to the
orbit radius
® Argument of perigee ** 32* 23 semi-circle
Q Rate of right ascension ok 24* 24 semi-circle/sec
I0DE Issue of data ,ephemeris 0-255 8 - -
. Ephemeris | Rate of inclination angle *ok 14* 2-43 semi-circle/sec
[ipot
(*) 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) .
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4.1.2.6. 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.

DATAID ]
TLM Word HOW 9 SV ID
30 BITS 30 BITS BITS 6 BITS

1 2 3 456 7 ~ 242526272829 3031 32 33 34 3536 37 ~ 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68

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

Table 4.1.2-9 Parameter Definitions

Parameter Description Effective Numper LSB Units
Range of Bits
- TLM and HOW parameters (See Table 4.1.2-3.) - - - -
DATAID  DatalD 0-3 2 1 -
Space vehicle ID.
SV ID The information to identify the message of subframe 0-63 6 1 -
4 and 5 in LNAV(L1C/A, L1C/B)
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4.1.2.6.2. QZS Almanac (Data ID ="3", SV ID =110 9)
Figure 4.1.2-6 shows the data format and Table 4.1.2-10 shows its parameter definitions.

DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
ORD 1 } NORD } ORD WORD 4 } ORD
61
1 31 63 69 91 99 121
TLM HOW e (¥1,%2) toa 8 (x1,%2) O
¢l P tf P 8 P 8 P
22 BITS 22 BITS 16 BITS BITS 16 BITS 16 BITS BITS
DATAID - 2 BITS —J L—sviDb-6BITS SV HEALTH (%1,%2) I
DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
WORD 6 } NORD } WORD 8 } WORD } WORD 10
151 181 211 241 271 279 290
\/K 90 w Mo aft
24 BITS P 24 BITS P 24 BITS 24 BITS P 11 BITS ¢ P
TOTAL
8 MSBs — 31SBs —
afo 11 BITS TOTAL
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
NOTE: PAGES 2, 3, 4,5, 7, 8, 9 & 10 OF SUBFRAME 4 HAVE THE SAME FORMAT AS PAGES 1 THROUGH 24 OF SUBFRAME 5
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.
Figure 4.1.2-6 QZS Almanac Format
Table 4.1.2-10 Parameter Definitions
- Effective Number .
Parameter Description o~ : LSB Units
Range of Bits
- TLM and HOW parameters (See Table 4.1.2-3) - - - -
DATAID 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 reference time of week 0-602112 8 2+12 sec
Difference from reference eccentricity o 21
e 1\ (% 16 2 -
(*1) (*2)
Difference from reference angle of
Almanac | -~ L . g 19 I
Si inclination wx 16* 2 semi-circle
(*1) (*2)
. . . semi-
Q Rate of right ascension foll 16* 238 .
circle/sec
S\
SV health (*1) (*2 - 8 - -
HEALTH (*1) (*2)
JA Square root of the semi-major axis *x 24 u mY2
Longitude of ascending node of orbit .
Qo 9 9 *x 24* 2% semi-circle
plane at weekly epoch
® Almanac | Argument of perigee ** 24* 23 semi-circle
Mo Mean anomaly at reference time ** 24* 23 semi-circle
an SV clock bias correction coefficient ol 11* 2:20 sec
an SV clock drift correction coefficient ol 11* 2% 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.

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.
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(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
and 1S-QZSS-JAXA. For details, see Section 4.1.2.7. and Section 4.1.2.8.

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/Aor 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 and 1S-QZSS-JAXA. For details, see Section
4.1.2.7. and Section 4.1.2.8.
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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.

DIRECTION OF DATA FLOW FROM SV

FIRST

worot | oro2 | worp | | woros
woRD | oR07 i wo worps ; 001
- - I U Y
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.
(*2) This parameter is defined differently from that in 1S-QZSS-JAXA. For details, see Section 4.1.2.8.
Figure 4.1.2-7 QZS Almanac Epoch and Health Format
Table 4.1.2-12 Parameter Definitions
Parameter Description Egﬁggl’i '\él;gﬁir 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+ sec
WNa Almanac reference week faied 8 1 weeks
PRN193 - 6 - -
PRN194 - 6 - -
PRN195 - 6 - -
PRN196 or 203(*3) - 6 - -
PRN197 or 204(*3) - 6 - -
SV health SV health (*1) (*2) PRN198 - 6 - -
PRN199 - 6 - -
PRN200 or 205(*3) - 6 - -
PRN201 or 206(*3) - 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) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.

(*3) 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.

DIRECTION OF DATA FLOW FROM SV

FIRST

150 BI

WORD1

WORD: |

| ORD2 |

WORD: }

WORDS

DATAID-2BITS J LSV(PAGEHD—SBITS
WORD! } ORD7 { ‘v:o?z‘; } WORD9 } RD1
*# | SPECIAL MESSAGES
k% RESERVED
pj;;gm:l‘;oal}l!;ﬁ'loN BEARING BITS USED FOR PARITY COMPUTATION
Figure 4.1.2-8 Special Messages Format
Table 4.1.2-13 Parameter Definitions
- Effective Number .
Parameter Description . LSB Units
P Range** of Bits
- TLM and HOW parameters (See Table 4.1.2-3.) - - - -
DatalD  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 WORDA4.
For details, refer to the following Figure and Table.
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<Parameter definitions of SV Configuration>

DIRECTION OF DATAFLOW FROM SV
150 BIT:

FIRST

WORD:

WORD:

WORDS

WORD1

| /ORD2

l61 |63

69

91

121

Y

How

t P

0x29
(AsCll)

0x29
(Asci)

SV CONFIG

SV CONFIG

wol { /ORD7 { wol WORDS {
Field Parameter Value
WORD3 8BITS | 1st CHARACTER 0010100100101001: SV Configuration
8BITS | 2nd CHARACTER Other combinations: Special Messages
WORDA4 8BITS | SV Configuration (PRN193) 01100000:No satellite configuration
8BITS | SV Configuration (PRN194) 01100001:Block |
8BITS | SV Configuration (PRN195) 01100010:Block 11
WORD5 | 8BITS | SV Configuration (PRN196 or 203)*1 01100011:Block 111
8BITS | SV Configuration (PRN197 or 204)*1 01100100~01101110: Reserved
8BITS | SV Configuration (PRN198) 01101111:not in PNT Service
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
WORDS8 | 24BITS | Reserved
WORD9 | 24BITS | Reserved
WORD10 | 22BITS | Reserved

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

DIRECTION OF DATA FLOW FROM SV —============—————me MSB FIRST
150 BITS
WORD 1 } WORD } WORD 3 } WORD 4 WORD 5
1 31 6163 69 77 91 99 107 121 129 137
TLM HOW @o(x1,%2)| @ 10x1 %2) @ 2(+1 %2)| o 3(k1,%2)[ B OGk1 %2) B1Gk1 %2)| B 20k1 %2)| B 31 %2)
c P t P 8 8 P 8 8 8 P 8 8 8 P
22 BITS 22 BITS BITS BITS BITS BITS BITS BITS BITS BITS
DATAID - 2BTS = T— SV (PAGE) ID - 6 BITS
DIRECTION OF DATA FLOW FROM SV ———————————————————— MSB FIRST
150 BITS
WORD } WORD } WORD } WORD ORD 10
151 181 211 241 249 257 271 279
tot WN,
Ai(k1,%2) . . . 1x2) | k1x2) . ALBLS . [;N . A'-;sr 14 .
24 BITS 24 BITS BITS B?TS B]g'S BITS BITS BITS BITS BITS*
MsBs = LsBs— [
Ao (¥1,%2) _32 BITS TOTAL 1 ILsF
** RESERVED FOR SYSTEM USE
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
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.1.2.7.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.
Figure 4.1.2-9 lonospheric and UTC Parameters Format
Table 4.1.2-14 Parameter Definitions
_ Effective Number .
Parameter Description ) LSB Units
Range** of Bits
- TLM and HOW parameters (See Table 4.1.2-3.) - - - -
DatalD  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 -
0o ** 8* 2% sec
o1 ** 8* 221 sec/semi-circle
02 ** 8* 2% sec/semi-circle?
a3 . ** 8* 2% sec/semi-circle®
e — * *
6o lonospheric parameter (*1) (*2) — . Py o
1 ** 8* 214 sec/semi-circle
B2 ** 8* 2*16 sec/semi-circle?
Bs ** 8* 2*16 sec/semi-circle3
Ao Bias coefficient between UTC and QZSS (*1) (*2) *x 32* 230 sec
A1 Drift coefficient between UTC and QZSS (*1) (*2) *x 24* 20 sec/sec
Atis Current or past leap second count il 8* 1 sec
UTC | Epoch of UTC Parameter (Time data reference Time 2
tot 1\ (% 0-602112 8 2 sec
para | of Week) (*1) (*2)
WN: meter | UTC reference week number (*1) (*2) il 8 1 weeks
WNLsr Leap second reference week number il 8 1 weeks
DN Leap second reference day number 1-7 8 1 days
Atise Current or future leap second count il 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.

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.1.2.8.
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(1) lonospheric 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 and 1S-QZSS-JAXA. For details, see Section 4.1.2.7.
and Section 4.1.2.8.

(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 and 1S-QZSS-JAXA. For details, see Section 4.1.2.7.
and Section 4.1.2.8.

4.1.2.6.6. lonospheric (Japan area) and UTC Parameters (Data ID = 3, SV ID = 61)
lonospheric (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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4.1.2.7. (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 Unused
"0": Anti-spoof OFF Fixed to "0"
"1": Anti-spoof ON
1 - C/A OR P ON | L2 code identification Unused
L2 "0": spare Fixed to "2"
"1": P code
"2": L1C/Acode
L2P DATA | Presence of L2P code message Unused
FLAG "0": L2P message ON Fixed to "1"
"1": L2P message OFF
5-bit health L1 and L2 health L1C/A, L2, L5, L1C and L1C/B
health
10DC The issue number of the data set, | The issue number of the data set,
Clock. The transmitted IODC will | Clock. The transmitted IODC will
be different from any value | be different from any value
transmitted by the SV during the | transmitted by the SV during the
preceding 7 days. preceding 2 days.
TGD Group delay between SV clock | Group delay between SV clock
and L1P (Y) and L1C/A (or L1C/B)
No invalid values are defined. "10000000"(B) indicates that no
effective group delay is stored.
2 - Ephemeris Eccentricity of ephemeris
© Upper limit of parameter range of | Parameter range is not restricted.
0.03
FIT INTERVAL Fit interval flag
FLAG "0": 4 hours "0": 2 hours
"1": more than 4 hours "1": more than 2 hours
AODO Offset time when NMCT data is | Unused
used Fixed to "11111"(B)
4 13 NMCT Navigation message correction | Not transmitted.
table
18 lonospheric The target area
parameter The entire globe. Wide area
(0w, 01, 02, 03, Po, Japan area
B1, B2, Bs)
UTC parameter | Relationship  between  UTC | Relationship  between  UTC
(Ao, A1, to, | (USNO) and GPST (NICT) and QZSST
WNy)
45 Subframe 4 | Almanac Eccentricity Difference from reference
: Pages (e) eccentricity (erer)
2-5,7-10 eREF=0.06[-](QZ0)
eREF=0[-](GEQ)
Subframe 5 | Almanac Difference from reference angle of | Difference from reference angle of
: Pages (i) inclination (io) inclination (irer)
1-24 io = 0.3[semi-circles] irer = 0.25 [semi-circles] (QZO)
irer = 0 [semi-circles] (GEO)
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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4.1.2.8. (Reference) Differences from 1S-QZSS-JAXA
Table 4.1.2-16 shows parameters that are defined differently from definitions specified in Section

2.2. 1S-QZSS-JAXA.
Table 4.1.2-16 Parameters Defined Differently from IS-QZSS-JAXA (LNAV(L1C/A))
Subframe | svIp Parameter IS-QZSS-JAXA Block |
common | common | ISF Unused Integrity status flag (1: ON, 0:
Fixed to "0" OFF)
1 - 5-bit health L1C/A, L1C, L2C, L5 and LEX L1C/A, L2, L5, L1Cand L1C/B
health health
10DC The issue number of the data set, Clock. The transmitted IODC will
be different from any value transmitted by the SV in the preceding 2
days.
Fixed to "00"(B) since the 2MSBs | Indicates the fit interval in the
are unused. 10DC value range.
2 - AODO Offset time when NMCT data is Unused
used Fixed to "11111"(B).
45 1-32 | GPS almanac Retransmission of GPS Not transmitted.
transmission
Data ID 51 GPS almanac epoch and | GPS almanac epoch is Not transmitted.
= GPS health retransmitted GPS transmission.
GPS health (PRNL1 to 24) is MCS
judgment values.
56 Relationship between Retransmission of GPS Not transmitted.
ionospheric parameter, | transmission
UTC (USNO) and GPST
63 GPS A-S flag, satellite | GPS A-S flag is retransmitted GPS | Not transmitted.
configuration, and GPS | transmission. GPS health (PRN25
(PRN25 to 32) health to 32) is MCS judgment values.
Data ID 1-32 | QZS Almanac Difference from reference eccentricity (erer)
=3 ® erer = 0.06 [-] QZO: Same as left
GEO: erer=0[-]
QZS Almanac Difference from reference angle of inclination (irer)
(6) irer = 0.25 [semi-circles] QZO: Same as left
GEO: irer = 0 [semi-circles]
49-50 | GPS almanac epoch and | Retransmitted GPS transmission. | Not transmitted.
GPS health information | GPS health is MCS judgment
values.
51 PRN code assignment of | SV1 to 5: PRN193 to 197 SV1to 9: PRN193 to 202
SV1to 24 SV6 to 24: spare SV10 to 24: spare
5-bit health L1C/A, L1C, L2C, L5 and LEX|L1C/A, L2, L5, L1C and L1C/B
health. health
52-53 |QZS and GPS | ERD values of QZS and GPS Not transmitted.
navigation message
correction table (NMCT)
54 Spare satellite navigation | The entire ERD range is a spare | Not transmitted.
message correction table | range.
(NMCT)
56 UTC parameter Relationship between UTC (NICT) | Relationship ~ between  UTC
(Ao, Ag, tot, WNy) and GPST (NICT) and QZSST
lonospheric ~ parameter | The target area is the Japan area. | The target area is the wide area.
(010-3, Po-3)
61 lonospheric  parameter | Not transmitted. lonospheric  parameter  (Japan

(Japan area) and UTC
parameter

area) and UTC parameter
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4.2. CNAV2(L1C)
4.2.1. Message Configuration
4.2.1.1. 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.

Subframe 1 Subframe 2 Subframe 3
\ A A
[ )
TOI Clock & Ephemeris CRC Pagen CRC
Variable Data
(9 Bits) (576 Bits) (24 Bits) (250 Bits) (24 Bits)

I-<
I

LDPC Encode LDPC Encode
\ (1200 Symbols) (548 Symbols) )

BCH Encode Y
/

/\

TOI NAV message
(52 Symbols) (1748 Symbols)

18 seconds
DIRECTION OF SYMBOL FLOW

Figure 4.2.1-1 CNAV2(L1C) Message Configuration

N
NV
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4.2.1.2. 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

Maximum
Message data Subframe Page Transmission Interval Remarks
(seconds)
SV clock SF2 - 18
Ephemeris SF2 - 18
ISC SF2 - 18
UTC parameter and ionospheric Page 1
. SF3 144
parameter (wide area)
GGTO and earth orientation Page 2
SF3 144
parameter
QZS reduced almanac SF3 Page 3 600* Max. 9 QZSs
QZS Midi almanac SF3 Page 4 3600* Max. 9 QZSs
Text message SF3 Page 6 - Not specified
UTC parameter and ionospheric Page 61
SF3 144
parameter (Japan area)

*: Maximum interval when the message is transmitted
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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

Update Interval ] Validity Period
Parameter Fit Interval
(*1)

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

Not applicable because time information
Elevation-dependent URA 1 hour o ] ]

indicating the epoch is not included.
Non-elevation-dependent URA | 1 hour 2 hours 2 hours

Not applicable because time information
Group delay 1 day o ] ]

indicating the epoch is not included.
Reduced almanac 1 day 6 days 144 hours
Midi almanac 1 day 6 days 144 hours
lonospheric parameter h Not applicable because time information

our
(wide area) indicating the epoch is not included.
lonospheric parameter h Not applicable because time information
our

(Japan area) 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 tee |t — toe|
Non-elevation-dependent URA epoch top |t = top|
Reduced almanac epoch toa |t — todl
Midi almanac epoch ta |t — todl
Earth orientation parameter epoch teop |t — teor|
UTC parameter epoch tot Jt—tof
GGTO epoch teeTo |t = teeTol

*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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4.2.1.3. TOIl 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 TOIl 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 TOl message.

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

generation.
POLYNOMINAL
THXHX XX B T+x8
_ STAGE
NUMBERS
O 1 (01 2 (& 3 & 4 (& 5 (& 6 & 7 & 8 r&—(O
INPUT OUTPUT
O O O O O O O O O
0 1 2 3 4 5 6 7 8
SHIFT DIRECTION TAP
NUMBER

NOTE: INITIAL CONDITIONS ARE 8 LSBs of TOI DATA (MSB IS SHIFTED IN FIRST)
Figure 4.2.1-2 TOI Data Encoding
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4.2.1.4. 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 (mz,mz, = * =my):

900=39,x'

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

i=0,1,3456,7,10,11,14,17,18,23,24: g _1,
i=289,12,13,15,16,19,20,21,22: g 0.

g(X) can be rewritten as follows.

g(X) =@+ X)p(X)

Here, p(X) Iis the following primitive polynomial:
PX)=XZB 4 X 4+ XB 4 X2 X4 X0+ X84 X7+ X3+ X341
By expressing the information bit string m(x ) as follows,
m(X)=m, +m, ;X +m, , X +---4+mX**

and when dividing m(X)X 2* 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 241 of R(X).
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4.2.1.5. 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:

pi'= ¢}(—ET'A+C)st

p2i=—T1(As'+Bp,)

However,

$p=—-ET'B+D

S : Data of subframes 2 and 3

[1 : Transpose matrix

Each element of matrix p; and p2 is modulo 2 number.

n columns

(1200/548)

N

m rows < A B T > 599/273

(600/274)

C D E 1

N

600/274 1 599/273

Figure 4.2.1-3 Low Density Parity Check (LDPC) Code Matrix
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4.2.1.6. 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.

WRITE
Combined LDPC Encoded Subframes 2 and 3
Row 1 g Row 2 Row 3 >
it e
1|2| ------------ |45|46 47|48| --------------- |91|92 93|94| --------------- | | | | o0 @
Direction of Data Flow
Row 1 L I 44 | 45 | 4
p e I e ) e I
Row2 | 47 4 _48-A¢4--"[7_____ L __ .0 318
R 4 | o5 ]---F--~"""" i 136 | 137 | 1
ow3 | B MerIEgmIIlT L 136 ) 157 ] 138
Row 38 | 1703 | 1704 | 1705 1746 | 1747 | 1748
\ J
Y
46 columns
READ
Interleaved Subframes 2 and 3
e e [ o] e w] [ [w %] | ieee

Direction of Symbol Flow from SV

Row 1 1 2 3 44 45 46
4l 4
Row2 | 47| 4gil 4oy 9 | o1 | 92
1 1
11 ]
Row3 | 93| oulf 96 136 | 137 | 138
L
T 1| ¢4 1
I 1
i IR
Hyoalg-
1] 11 1
: 1 1|r 1
1 1
1 1 ! 1
t T T
Ll 1] 1
NA 'y A
V ¥ v
Row 38 | 1703 | 1704 | 1705 1746 | 1747 | 1748
N 7

Y

46 columns

Figure 4.2.1-4 Interleaving
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4.2.1.7. 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

4.2.1.8. 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
4.2.2.1. 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
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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4.2.2.2. Subframe 1

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

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

TOI

9 BITS

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

definitions.
DIRECTION OF DATA FLOW FROM SV —————————————-———— MSB FIRST |
150 BITS |
33
il 14 22 34 139 50 16 101 118 141
WN Tow e 5 e AAD) A Ano Ao Mo-n
13 BITS gerrs | 11ems ||BTS| 1S 26 BITS 25 BITS 178ITS 23 BITS 10 MSBs
L1C HEALTH - 1 BIT —URA & INDEX
I DIRECTION OF DATA FLOW FROM SV ————————————————— MSB FIRST
| 150 BITS
151 174 207 240 73
M o-n en(k1) Wa Qo-n ion
23 LSBs 33 BITS 33 BITS 33 BITS 28 MSBs
DIRECTION OF DATA FLOW FROM SV ——=--———————-———— MSB FIRST
150 BITS
301|306 323 338 354 370 304 418 439
o A io-n Cien Cicn Crn Cren Cun Cuen
5 16 BITS 16 BITS 24 BITS 24 BITS 21 BITS 12 MSBs
LSBs| 17 BITS 15 BITS
I DIRECTION OF DATA FLOW FROM SV —————————————————— MSB FIRST
| 150 BITS
66 57:
97 517 527 540 553 567 577
C aen an an Teot) | 15Cuer) | 15Cue (k) | [ WNos cRe
S 24 BITS
9LsBs |BITS 26 BITS 20 BITS 10 BITS 13 BITS 13 BITS 13 BITS 8 BITS

URAneooNDEXTT T
URA neoi INDEX - 3 BITS

— URA ez INDEX — 3 BITS

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

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.2.2.6.

Figure 4.2.2-2 Subframe 2 Format
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RESERVED - 2BITS




Table 4.2.2-4 Parameter Definitions

_ Effecti Numb .
Parameter Description ective um_ e LSB Units
Range** of Bits
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 - -
URAepIndex  Elevation Dependent URA index -16-15 5* - -
toe Ephemeris /clock data reference time of week 0-604500 11 300 sec
AA Seml-major axis difference at reference . 6+ 29 m
time (*1)
A Change rate in semi-major axis *x 25% 22 m/sec
Ao Mean motion dlffer.ence from computed . 17% 24 semi-circle/sec
value at reference time
Al Rate of mean motion difference from . g 25T semi-circle/sec?
computed value
Mo-n Mean anomaly at reference time ** 33* 232 semi-circle
en Eccentricity (*1) *x 33 234 -
®n Argument of perigee ** 33* 2% semi-circle
Qo Longitude of ascending node of orbit plane . 3% )% semi-circle
at weekly epoch
ion Inclination angle at reference time ** 33* 2% semi-circle
AQ Ephemeris | Rate of right ascension difference il 17* 2% semi-circle/sec
lo- Rate of inclination angle ** 15* 24 semi-circle/sec
Cn Amplitude of the sine hzf\rmc.)nlc correction . 16% ) rad
term to the angle of inclination
Cen Amlet}Jde of the cosine harmolnlc o . 16% ) rad
correction term to the angle of inclination
Con Amplltyde qf the sine correction term to . oa 28 m
the orbit radius
Coon Amplltyde qf the cosine correction term to . oa 28 m
the orbit radius
Cuon Amplitude of the sine harmonlc correction . o1 ) rad
term to the argument of latitude
Amplitude of the cosine harmonic
Cuc- . . *x 21* 2% d
ven correction term to the argument of latitude e
| URAwepolndex Non elevation Index - > - -
URAnep1Index Change index - 3 - -
———————— dependent URA -
URAnNep2Index Change rate index - 3 - -
afon Bias correction coefficient *x 26* 2% sec
arn SV clock | Drift correction coefficient *x 20* 248 sec/sec
arn Drift rate correction coefficient *x 10* 2:60 sec/sec?
Tep Group Between SV clock and L1C/A*** ** 13* 2% sec
ISCLicp delay Between L1C/A*** and L1CP *x 13* 2% sec
ISCLicp (*1) Between L1C/A*** and L1CD ol 13* 2% sec
ISF Integrity status flag (*2) - 1 - -
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 I1A satellite.

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

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.2.2.6.
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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) 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 TOl and ITOW (ITOW
x 7,200 + TOI x 18) is not always consistent with the start time of the next message (different
values are found every 2 hours).

END/Start of week (GPS time)

2-hour epoch 18 seconds 2-hour epoch
%
TOI=399 TOI=0 TOI=1 TOI=0 TOI=1
= = ITOW=0 ITOW=1
WN=2 WN=2

time

Corresponding time 2week,

to the message 7218s

2week,
Actual GPS Time
7182s

same NOT same ! NOT same !

The Corresponding time to the
message dose not increase
continuously .

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 tq. (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.

The bit string of “1000000000000"(B) shall indicate that the group delay value is not
available.

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.

This is defined differently from I1S-QZSS-JAXA. For details, see Section 4.2.2.6.

(12) 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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4.2.2.4. 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 lonospheric Parameters (Wide Area))
Figure 4.2.2-4 shows the data format and Table 4.2.2-5 shows its parameter definitions.

DIRECTION OF DATA FLOW FROM SV MSB FRST ———————————————]
150 BITS
1 ] 15 =1 44 51 55 75 22 101|108 ma 121 126 137 145
Page A2-n a0
PRM o AO-rH 2] Al —rlH k2) pgy | DTS tat (61 x2) What{k1 #2) WHLSF DN | AtLSF | @012 | citeiad) | ceiad) et | (B
SEMS BSS 16 BITS 13 BITS |7 EITS| 8 EITS 16 BITS 13 BITS 13 BITS Eﬂ;‘m G EITS | 6 EITS | 8 BITS | 8 BITS | 8 BITS |6 MsBs
DREGTION OF DATA FLOW FROM S M3B FRST —-———-——m ===
124 BITS
151153 161 168 177 180 203 216 220 251 274
A 82 83 o CAGK) | I8C_L2C0x ) | ISC_LSIE0A) | ISC_LEQS( ) RESERVED CRC
[ k2] | (k1 k2] | (K e2) - - - -
BEITS | 6 BITS | 8 BITS 13 BITS 13 BITS 13 BITS 13 BITS 22 BITS 24 BITS
[ Bo-2(s8s

MOTE :Broadeast sequence of subframe 3 pazes is 2 varizble and, ac such, users must not expsct a fixed pattern of paze ssquence
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.2.2.6.

Figure 4.2.2-4 Subframe 3, Page 1:UTC Parameters and lonospheric Parameters (Wide Area) Format
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Table 4.2.2-5 Parameter Definitions

Parameter Description Egsgzri '\:)lfjg:)tzr 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 -
Ao LBJl_?é (c'\j):egf_li;ient of QZSST relative to . 16% 035 sec
Avs B_rlig('il(:eé:f_fri)cient of QZSST relative to . 13% 251 sec/sec
Ao E)rthTré\E?\l Icg?rf)ﬁcient of QZSST relative . 7 568 sec/sec?
Atis UTC Current or past leap second count faied 8* 1 sec
Sl o I
WNot Time data reference week number foll 13 1 weeks
WNLsk Leap second reference week number ** 13 1 weeks
DN Leap second reference day number ** 4 1 days
At Current or future (updated) leap second . g . sec
count
0o ** 8* 2% sec
o1 ** 8* 22 sec/semi-circle
02 ** 8* 224 sec/semi-circle?
a3 ** 8* 224 sec/semi-circle®
lonospheric parameter (*1) (*2)
Bo ** 8* 2+11 sec
1 ** 8* 2*14  semi-circle/sec
B2 ** 8* 2*16 sec/semi-circle?
Bs ** 8* 2*16 sec/semi-circle3
ISCLic/a Between L1C/A*** and L1C/A*** wx 13* 2% sec
(fixed to "0.0")
ISCLac G*roup delay Between L1C/A*** and L2C *x 13* 2% sec
ISCsis Y Between L1C/A*** and L5I5 *x 13* 2% sec
ISCusqs Between L1C/A*** and L5Q5 *x 13* 2% 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 I1A satellite.

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.2.2.6.
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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 and 1S-QZSS-JAXA. For details, see Section
4.2.2.5. and Section 4.2.2.6.

(4) lonospheric 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 and 1S-QZSS-JAXA. For details, see Section 4.2.2.5.
and Section 4.2.2.6.

(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.
The bit string of “1000000000000"(B) shall indicate that the group delay value is not
available.
These parameters are defined differently from GPS and 1S-QZSS-JAXA. For details, see
Section 4.2.2.5. and Section 4.2.2.6.
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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.
DIRECTION OF DATA FLOW FROM SV MEB FIRET
150 BITS
1 o 1% 18 24 47 53 78 == S0 120 138
T tamo Whlgsro Ao-gar Aosto | Avssto teo P X PMX PRV
SEITS EH(?FS 16 BITS 13 BITS 16 BITS 13 BITS 7 BITS 16 BITS 21 BITS 15 BITS 16 MSBs
[ eussDix1#2)-2E0S
DIRECTION OF DATA FLOW FROM 2V MSB FIRST
124 BITS
151 1568 17 202 221 251 274
FhY PM_Y AUTH AUTH RESERVED cRC
LSSES 15 BITS 31 BITS 19 BITS 30 BITS 24 BITS
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.2.2.5.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.2.2.6.
Figure 4.2.2-5 Subframe 3, Page 2: GGTO and EOP Format
Table 4.2.2-6 Parameter Definitions
_ Effecti Numb .
Parameter Description ective um_ o SB Units
Range** of Bits
PRN PRN number for the satellite transmitting the message 193-202 8 1 -
Page No  Page number of the relevant page 2 6 1 -
GNSSID  GNSS Type ID - 3 - -
teeTo GGTO Time data reference Time of Week 0-604784 16 2% sec
WNgeto  parameter Time data reference Week Number *x 13 1 weeks
Aero  (*1)(*2) Bias coefficient of QZSS time scale relative to ok 16* 2% sec
GNSS time scale
AiceTo Drift coefficient of QZSS time scale relative to ** 13* 251 sec/sec
GNSS time scale
AzceTo Drift rate coefficient of QZSS time scale *x 7* 268 sec/sec?
relative to GNSS time scale
teor Earth orientation parameter data reference time 0-604784 16 2% sec
PM_X X-axis polar motion value at reference time +-1 21* 2% arc-sec
PM_X X-axis polar motion drift at reference time +/-7.8125¢-3  15* 224 sei;(cj-ay
Earth - - -
PM_Y orientation | Y-axis polar motion value at reference time +-1 21* 220 arc-sec
- arameter . . . . -
PM_Y P Y-axis polar motion drift at reference time +/-7.8125e-3 15% 22 arc
- sec/day
AUT1 UT1-UTC Difference at Reference Time +/-64 31* 2 sec
: Rate of UT1-UTC Difference at Reference
AUT1 Time +/-7.8125e-3 19* 2% 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.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.2.2.6.
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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) GNSS ID
This is the GNSS ID for GGTO

0: Data unusable
1: Galileo

2: GLONASS

3: GPS

4to7: 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 and 1S-QZSS-JAXA. For details, see Section
4.2.2.5. and Section 4.2.2.6.

(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

DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
1 9 15 28 36 69 102 135
PRN Page WNa-n toa Reduced Almanac Reduced Almanac Reduced Almanac Reduced Almanac
No Packet 1 Packet 2 Packet 3 Packet 4
8 BITS (6 BITS 13 BITS 8 BITS 33 BITS 33 BITS 33 BITS 16 MSBs
DIREGTION OF DATA FLOW FROM SV MSB FIRST
124 BITS
151 168 201 234 251 274)
Reduced Almanac Reduced Almanac Reduced Almanac RESERVED CRC
Packet 4 Packet 5 Packet 6
17 LSBs 33 BITS 33 BITS 17 BITS 24 BITS

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

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

Table 4.2.2-7 Parameter Definitions

Parameter Description E:zﬁgze '\:)lfjg:)tzr LSB Units
PRN IchF;I\rln:Sl;?gbeer for the satellite transmitting 193-202 8 1 i
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.
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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.

| 33 BITS |

PRNa (1) 8 a(x1) Qo Do

8 BITS 8 BITS 7BITS 7BITS
L1 HEALTH — ‘
L2 HEALTH ———
L5 HEALTH

Figure 4.2.2-7 Reduced Almanac Packet Format

Table 4.2.2-8 Parameter Definitions

- Effective Number .
Parameter Description . LSB Units
P Range** of Bits
PRNa PRN number 193-202 8 1 -
5a leference from nominal semi-major o g* 49 m
axis (*1)
Q0 Longitude of ascending node of orbit o 7% 26 semi-circle
plane at weekly epoch
Do Argument of latitude at reference time ** 7* 2¢ 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.
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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

DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS

1 9 15 28 36 4 |a 58 69 80 97 113 129 145

PRN | Page WNa-n tos PRNa e(¥1%2) 8i(x1,%2) o] Qo ® afo

No A
8BITS |6 BITS 13 BITS 8BITS | 8BITS 11 BITS 11 BITS 11 BITS 17 BITS BITS 16 BITS 16 BITS 6 MSBs
L1 HEALTH - 1 BIT — L L5 HEALTH - 1 BIT
L2 HEALTH - 1 BIT
DIRECTION OF DATA FLOW FROM SV MSB FIRST
124 BITS

151|156 166 251 274

afo aft RESERVED CRC

5
LSBs 10 BITS 85 BITS 24 BITS

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

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

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.2.2.6.

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

Table 4.2.2-9 Parameter Definitions

Effective

Number

Parameter Description ) LSB Units
Range** of Bits
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 il 8 1 -
L1/L2/L5 health  L1/L2/L5 health - 3 - -
e Difference from reference eccentricity il 11 216 -
5 !Diff.erer)ce from reference angle of . 11% e semi-circle
inclination
Q Rate of right ascension *x 11* 23 semi-circle/sec
. . . Kk -4 172
B it . S S
Qo (*1) (*2) ** 16* 215 semi-circle
plane at weekly epoch
® Argument of perigee ** 16* 215 semi-circle
Mo Mean anomaly at reference time ** 16* 215 semi-circle
af SV clock bias correction coefficient *x 11* 220 sec
an SV clock drift correction coefficient *x 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.

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.2.2.6.

(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 and 1S-QZSS-JAXA. For details, see Section
4.2.2.5. and Section 4.2.2.6.
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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

DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
1 9 15 |19
PRN | Page TEXT MESSAGE (29 8-BIT CHARACTER)
No | 4
8BITS |6 BITS [BITS 132 MSBs
L TEXT PAGE
DIRECTION OF DATA FLOW FROM SV MSB FIRST
124 BITS
151 251 274
TEXT MESSAGE (29 8-BIT CHARACTER) CRC
100 LSBs 24 BITS

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

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

Table 4.2.2-10 Parameter Definitions

- Effective Number .

Parameter Description Range** 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.
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<Parameter definitions of SV Configuration>

DIRECTION OF DATA FLOW FROM SV

MSB FIRST

19

115

PRN Page

6BITS

0x29
(Ascil)

8BITS

0x29
(Asci)

8BITS

SV CONFIG

sv1
8BITS

sv2
8BITS

sv3
8BITS

sva
8BITS

Vs
8BITS

V6
8BITS

sv7
8BITS

sv8
8BITS

sv9
8BITS

sV10
8BITS

36 BITS***

| onscronr priow srowsy |
Field Parameter Value
Text Page 4BITS Text Page 0000
Text 8BITS 1st CHARACTER 0010100100101001: SV Configuration
Message 8BITS 2nd CHARACTER Other combinations: Text Messages
8BITS SV Configuration (PRN193) | 01100000:No satellite configuration
8BITS SV Configuration (PRN194) | 01100001:Block |
8BITS SV Configuration (PRN195) | 01100010:Block Il
8BITS | SV Configuration (PRN196) | 01100011:Block Il
8BITS SV Configuration (PRN197) | 01100100~01101110: Reserved
8BITS | SV Configuration (PRN198) | 01101111:notin PNT Service
8BITS SV Configuration (PRN199)
8BITS SV Configuration (PRN200)
8BITS SV Configuration (PRN201)
8BITS SV Configuration (PRN202)
36BITS | Reserved
100BITS | Reserved
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4.2.2.4.7. Page 61 (UTC Parameter and lonospheric Parameter (Japan area))
lonospheric (Japan area) and UTC parameters is same as a definition of lonospheric (Wide
area) and UTC parameters.
See Section 4.2.2.4.2.
The lonospheric (Japan area) parameters can be used in the Japan area shown in Section
5.9.3.
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4.2.2.5. (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))

almanac (8A)

Sub | Page Parameter GPS QZSS
frame
2 - | Ephemeris Difference from reference semi-major axis (Arer)
(AA) Arer = 26 559 710 [m] | Arer = 42 164 200 [m]
Ephemeris Eccentricity of ephemeris
(en) Upper limit of parameter range of 0.03 Parameter range is not restricted.
Tep Group delay between SV clock and L1P|Group delay between SV clock and
(Y) time L1C/A* time
ISCLicp Group delay between L1P (Y) and LICP | Group delay between L1C/A* and L1CP
ISCrLicp Group delay between L1P (Y) and LICD | Group delay between L1C/A* and L1CD
3 1 |UTC parameter |Relationship between UTC (USNO) and | Relationship between UTC (NICT) and
(Ao-n, Arn, Az, | GPST QZSST
tot, WN)
lonospheric The target area
parameter The entire globe Wide area (In addition, the target area is
(0w, a1, 02, 03, Po, "Japan area” in page 61.)
P1, B2, Bs)
ISCuicia Group delay between L1P (Y) and L1C/A | Group delay between L1C/A* and L1C/A*
ISCi2c Group delay between L1P (YY) and L2C Group delay between L1C/A* and L2C
ISCisis Group delay between L1P (Y) and L5I5 | Group delay between L1C/A* and L5I5
ISCisgs Group delay between L1P (Y) and L5Q5 | Group delay between L1C/A* and L5IQ
2 |GNSS time | Relationship between GPST and other | Relationship between QZSST and other
offset GNSS time GNSS time
GNSS ID ID of GNSS indicated by the GNSS time offset parameter
"0": N/A "0": N/A
"1": Galileo "1": Galileo
"2": GLONASS "2": GLONASS
"3 to 7": spare "3": GPS
"4 10 7": spare
Earth AUTGPS: UT1-GPS AUT1: UT1-UTC
orientation AUTGPS: Rate of UT1-GPS AUT1: Rate of UT1-UTC
parameter LSB of AUTGPS is equal to 2723, LSB of AUT1 is equal to 2724,
3 | Reduced Difference from reference semi-major axis (Arer)

Arer = 26 559 710 [m]

[ Arer = 42 164 200 [m]

Precondition for
reduced
almanac (e)

Eccen

tricity

e=0[]

e =0.075 [-] (QZO)
GEO: Same as left

Precondition for
reduced
almanac (i)

Angle of orbit inclination

i =55 [deq]

i = 43 [deg] (QZO)
i =0 [deg] (GEO)

Precondition for
reduced
almanac ()

Rate of time change of right

ascension of ascending node

Q=-2.6 x 10 [sc/s]

Q= -8.7 x 10" [sc/s] (QZO)
Q=0 [sc/s] (GEQ)

Precondition for
reduced

Argument

of perigee

® =0 [deg]

® =270 [deg] (QZO)

correction data

almanac (w) GEQ: Same as left
4 | Midialmanac | Eccentricity Difference from reference eccentricity
(e) (erer)
erer = 0.06 [-] (QZO)
erer =0 [-] (GEO)
Midi almanac | Difference from reference angle of|Difference from reference angle of
(i) inclination (io) inclination (irer)
io = 0.3 [semi-circles] irer = 0.25 [semi-circles] (QZO)
irer = 0 [semi-circles] (GEO)
5 |Correction data | Ephemeris correction data and clock | Not transmitted.

(*) Indicates that L1C/A can be switched to L1C/B for Block 1A satellite.
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4.2.2.6. (Reference) Differences from 1S-QZSS-JAXA
Table 4.2.2-12 shows parameters that are defined differently from the definitions specified in
Section 2.2 1S-QZSS-JAXA.

Table 4.2.2-12 Parameters Defined Differently from IS-QZSS-JAXA (CNAV2(L1C))

(i)

frsal:rk1)e Page Parameter IS-QZSS-JAXA SIISCCE III
2 ISF Unused (fixed to "0") Integrity status flag (1: ON, 0: OFF)
3 1 |UTC parameter Relationship between UTC (USNO) | Relationship between UTC (NICT)
(AO-n, Al-n, A2-n, tot, WNt) and GPST and QZSST
lonospheric parameter The target area is the Japan area. The target area is the wide area.
(010-3, Po-3)
3 2 | GNSS time offset Relationship between GPST and | Relationship between QZSST and
other GNSS time other GNSS time
GNSS ID ID of GNSS indicated by the GNSS time offset parameter
0": N/A "0": N/A
"1": Galileo "1": Galileo
"2": GLONASS "2": GLONASS
"3": QZSS "3": GPS
"4 to 7": spare "4 to 7"(B): spare
3 3 |Precondition for reduced Eccentricity
almanac e =0.075[] QZO: Same as left
(e) GEO:e=0]]
Precondition for reduced Angle of orbit inclination
almanac i =43 [deg] QZO: Same as left

GEO: i =0 [deg]

Precondition for reduced
almanac

©)

Rate of time change of right

ascension of ascending node

Q= -8.7 x 102 [sc/s]

QZO: Same as left
GEO: Q=0 [sc/s]

Precondition for reduced

Argument

of perigee

almanac ® =270 [deg] QZO: Same as left
(o) GEO: » = 0 [deg]
4 | Midi almanac Difference from reference eccentricity (erer)
(e) erer = 0.06 [-] QZO: Same as left
GEO: erer = 0[]
Midi almanac Difference from reference angle of inclination (irer)
(i) irer = 0.25 [semi-circles] QZO: Same as left
GEO: irer = 0 [semi-circles]
5 | Correction data Ephemeris correction data and clock | Not transmitted.
correction data
17 |lonospheric  parameter, | Retransmission of GPS parameter | Not transmitted.
UTC parameter
18 |[Time offset of GGTO | Retransmission of GPS parameter | Not transmitted.
(GPS and GNSS (Galileo
or GLONASS))
19 |Reduced almanac of GPS | Retransmission of GPS parameter | Not transmitted.
20 | Midi almanac of GPS Retransmission of GPS parameter | Not transmitted.
61 | lonospheric parameter Not transmitted. lonospheric parameter (Japan area)

and UTC parameter
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4.3. CNAV(L2C,L5)
4.3.1. Message Configuration
4.3.1.1. 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 1D, 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.

DIRECTION OF DATA FLOW FROM SV ———=-----————————— MSB FIRST ——----——————————
100 BITS
38
1 9 15 21 39
MESSAGE
P(I;{N ] TOW GOUNT MESSAGE
8 BITS | BITS | BITS 17 8ITS 62 MSBs

MESSAGE TYPE ID

PREAMBLE
“ALERT” FLAG - 1 BIT
DIRECTION OF DATA FLOW FROM SV —=—------—--—————- MSB FIRST ——-----—————————
100 BITS
101
MESSAGE
BITS 63-162
DIRECTION OF DATA FLOW FROM SV ———-----—--——————- MSB FIRST ——-----—————————-
100 BITS
201 277
MESSAGE CRC
76 LSBs 24 BITS

Figure 4.3.1-1 CNAV(L2C,L5) Message Configuration
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4.3.1.2. 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

Maximum Maximum
Message Data Format Transmission Transmission Remarks
(Message Type ID) Interval of L2C Interval of L5
(seconds) (seconds)
SV clock Types 30 to 37, 61 48 24
Ephemeris Types 10 and 11 48 24
Group delay Type 30 288 144
lonospheric parameter 144
(Wideparea) P Type 30 288
lonospheric parameter 144
(Japar? area) P Type 61 288
QZS reduced almanac Type 12 or 31 1200* 600* Max. 9 QZSs
QZS Midi almanac Type 37 7200* 3600* Max. 9 QZSs
Earth orientation Type 32 1800 900
parameter
UTC parameter Type 33 288 144
GGTO Type 35 288 144
Text message Type 15 - - Not specified

*: Maximum interval when this message is transmitted
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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 Valldl(tillg’erlod
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
Not applicable because time information

Group delay 1 day indicating the epoch is not included.
Reduced almanac 1 day 6 days 144 hours

Midi almanac 1 day 6 days 144 hours

lonospheric parameter 1 hour Not applicable because time information
(wide area) indicating the epoch is not included.
lonospheric parameter 1 hour Not applicable because time information
(Japan area) 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 to It tocl
Ephemeris epoch tee |t — toe|
Non-elevation-dependent URA epoch top |t = top|
Reduced almanac epoch toa |t — todl
Midi almanac epoch ta |t — todl
Earth orientation parameter epoch teop |t — teor|
UTC parameter epoch tot Jt—tof
GGTO epoch teeTo |t = teeTol

*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.

4.3.1.3. Cyclic Redundancy Check (CRC)
See, Section 4.2.1.4.
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4.3.1.4. 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.

DATA INPUT

——

IR

(L2C: 25 BPS)
(L5 : 50 BPS)

G2 (133 0CTAL)

H—>D

H—D

*«*

L)

G1 (171 OCTAL)

Figure 4.3.1-2 Convolutional Encoder

4.3.1.5. 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

SYMBOL
CLOCK

Item Description

Preamble appropriate Preamble
PRN appropriate PRN

Type ID "o

TOW count appropriate TOW count
Alert flag "1

Message alternating "1" and "0"
CRC appropriate CRC

4.3.1.6. 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
4.3.2.1. 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(*)
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
61 SV clock, ionospheric parameter (Japan area) and 1ISC

(*): 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.
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4.3.2.2. 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.

“ALERT” FLAG - 1 BIT

MESSAGE
E3
PREAMBLE PRN(*1) TYPE ID MESSAGE TOW COUNT
10001011 6 BITS 6 BITS 17 BITS

123 456 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

(*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

Effective Number of

Parameter Description Range Bits LSB Units
Preamble Preamble - 8 - -
PRN PRN ID (*1) 1-10 6 1 -
Message Type ID Message type 1D 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.

Document subject to the disclaimer of liability

94




4.3.2.3. 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.

DIRECTION OF DATA FLOW FROM SV MSB FRET
150 BITS
38
1 il B |2 [l 52 |55 oe |71 52 108 133 150
PRM MESSAGE TOW - 0
&
(1) COUNTH Wihin tep tee AAK ) A An
6 & 5
8ETS
ars |ams 17 BITS 13 BITS MBS || 11 ETS 26 BITS 25 BITS 17 BITS
[ I ’\ts HEALTH - 1 BIT LURA ¢, INDEX A0 -1 MSBS
PREAMELE MESSAGE TYFE D "ALERT FLAG - 1BIT  \'LZHEALTH - 1 BIT
L1 HEALTH - 1 BIT
DIREGTION OF DATA FLOW FROM SV MSB FRST
150 BITS
272
151 173 206 239 274277
An® Wy (¥ ) Wy CRG
22 SBs 33 BITS 33 BITS 33 BITS 24 BITS

L2C PHASING*1) - 1 BIT

INTEGRITY STATUS FLAG(H2) - 1BIT f
RESERWED - 3BITS

*MESSAGE TOW COUNT = 17 MSE OF ACTUAL TOW COUNT AT SATART OF NEXT & SECOND MESSAGE

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

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.

Figure 4.3.2-2 Message Type 10: Ephemeris 1 Format

Table 4.3.2-3 Parameter Definitions

Effective Number

Parameter Description Range** of Bits LSB Units
- Common section of CNAV(L2C,L5) (See Table - 38 - -
4.3.2-2)
WNn Week number 0-8191 13 1 weeks
Signal health  L1/L2/L5 health - 3 1 -
(L1/L2/L5)
top Data predict time of week 0-604500 11 300 seconds
URAep Index  Elevation dependent URA index -16-15 5* - -
AA Semi-major axis difference at faied 26* 2° meters
reference time (*1)
A Change rate in semi-major axis faied 25* 22 meters/sec
Ano Mean motion difference from ** 17* 24 semi-circles/sec
. computed value at reference time
———-_— Ephemeris — = ” = — >
Ano Rate of mean motion difference from 23 2 semi-circles/sec
computed value
Mo-n Mean anomaly at reference time ** 33 2% semi-circles
en Eccentricity (*1) ** 33 2% dimensionless
®n Argument of perigee ** 33* 2% semi-circles
ISF Integrity status flag (*2) 0-1 1 - -
L2C Phasing  L2C phase (*1) 0 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.

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.
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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) 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.
This is defined differently from IS-QZSS-JAXA. For details, see Section 4.3.2.16.

(7) L2C phase
This is unused (fixed to "0").
This is defined differently from GPS. For details, see Section 4.3.2.15.

Document subject to the disclaimer of liability

96



4.3.2.4. 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

DIREGTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
38
1 9 15 |21 39 50 83 116 133 149
PRN MESSAGE . Q . )
@n | TOW COUNT* o0 IN-) io-n-DOT
6
8BTS | grg | BITS 17 BITS 11 BITS 33 BITS 33 BITS 17 BITS 15 BITS
PREAMBLE ~ MESSAGE TYPE ID “ALERT” FLAG - 1 BIT Gis—n - IMSE
DIREGTION OF DATA FLOW FROM SV MSB FIRST
150 BITS |
151 164 180 204 228 249 270 |or7
[ Gieen [ Cromn Curn Guomn GRC
13 LSBs 16 BITS 24 BITS 24 BITS 21 BITS 21 BITS 78ITS 24 BITS

T RESERVED
*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT SATART OF NEXT 6-SECOND MESSAGE

(*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

Effective Number

Parameter Description ) LSB Units
Range** of Bits
- Common section of CNAV(L2C,L5) (See Table - 38 - -
4.3.2-2)

oo \IIEvzzimerls data reference time of 0-604500 1 300 seconds

o Longitude of ascending node of orbit . 33 )% semi-circles
plane at weekly epoch

io-n Inclination angle at reference time ** 33* 2% semi-circles

AQ Rate of right ascension difference il 17* 2% semi-circles/sec

ion-DOT Rate of inclination angle ** 15* 2% semi-circles/sec
Amplitude of the sine harmonic

Cis-n correction term to the angle of ** 16* 2% radians
inclination

Cicn Amplitude of cosine harmonic ** 16* 2% radians

Ephemeris | correction term to the angle of

inclination

Crsn Amplitude of the sine correction term faied 24* 28 meters
to the orbit radius

Coon Amplitude of the Co§ine correction . oa 28 meters
term to the orbit radius
Amplitude of the sine harmonic

Cusn correction term to the argument of ** 21* 2% radians
latitude
Amplitude of the cosine harmonic

Cuc-n correction term to the argument of ** 21* 2% radians
latitude

(*) 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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4.3.2.5. 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

DIREGTION OF DATA FLOW FROM SV MSB FIRST |
150 BITS i
13
1 9 5|2 39 52 60 91 122
PRN MESSAGE - . Reduced Almanac Reduced Almanac Reduced Almanac
o0 | TOW COUNT* oo o Packet 1 Packet 2 Packet 3
6
8BITS | grg | BITS 17 BITS 13 BITS 8 BITS 31 BITS 31 BITS 29 MSBs
PREAMBLE MESSAGE TYPEID  "ALERT” FLAG - 1 BIT
DIRECTION OF DATA FLOW FROM SV MSB FIRST |
150 BITS i
151
153 184 215 245 277
Reduced Almanac Reduced Almanac Reduced Almanac Reduced Almanac oro
Packet 4 Packet 5 Packet 6 Packet 7
318ITS 31 BITS 31 8IS 31 BITS 24 BITS

T—Reduced Almanac Packet 3 - 2 LSBs
*MESSAGE TOW COUNT = 17 MSBs OF ACTUAL TOW COUNT AT SATART OF NEXT 6-SECOND MESSAGE

(*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

Effective Number

Parameter Description Range** of Bits LSB Units
- Common section of CNAV(L2C,L5) (See Table - 38 - -
4.3.2-2)

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.

(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.
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(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.

i 31 BITS

1 1 15 22 293031

PRN, (*1,42) 8 a(x1) Qo Do

6 BITS 8 BITS 7 BITS 7BITS

L1 HEALTH — ‘
L2 HEALTH ——
L5 HEALTH

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

(*2) This parameter is defined differently from that in IS-QZSS-JAXA. For details, see Section 4.3.2.16.

Figure 4.3.2-5 Reduced Almanac Packet Format

Table 4.3.2-6 Parameter Definitions
Effective  Number

Parameter Description Range**  of Bits LSB Units
PRN. PRN ID (*1) (*2) 1-10 6 - -
oa Diffferen?e fr(?m nominal . g 2+ m
semi-major axis (*1)
Longitude of ascending .
Qo Reduced node of orbit plane at ** 7* 26 sem|
almanac data circle
weekly epoch
Do Argument of latitude at . 7 26 semi-
reference time 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.

(*2) This parameter is defined differently from that in IS-QZSS-JAXA. For details, see Section 4.3.2.16.

(@) 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.

(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.
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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.

4.3.2.6. 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.

DIREGTION OF DATA FLOW FROM SV

MSB FIRST ———--——-——-——-———-
150 BITS

38

1 el 15 21 39

PRN MESSAGE TOW
[#) COUNTH TEXT MESSAGE (22 8-BIT GHAR)
& 8

8BTS ars | e 17 BITS

PREAMBLE MESZAGE TYFE D “ALERT" FLAG - 1 BIT

112 MSBs

DIRECTION OF DATA FLOW FROM 3V

MSE FRET ~——m—mm o]
150 BITS

275

181 271 277
TEXT MESSAGE (28 B-BIT CHAR) cRC
120 LSB it 24 BITS
S errs

TEXT PAGEJ l—RESERVED -2B=
*#MESSAGE TOW COUNT = 17 M3B OF ACGTUAL TOW COUNT AT SATART OF NEXT 6-SECOND MESSAGE

(*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 Egrig:l/i %?g:);r 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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4.3.2.7. 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.

URANED1 INDEX—' — URANEDZ INDEX
Common URANEDO
t -
Section * INDEX 3 3 oo 2o
5 BITS | BITS
of CNAV 11 BITS BITS 11 BITS 10 MSBs
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
af0-n af1-n af-n
16 LSBs 20 BITS 10 BITS

82 8 8 8 8 87 8 8 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

Figure 4.3.2-7 SV Clock Parameter Format

Table 4.3.2-8 Parameter Definitions

L Effective Number .
P i D t . LSB Unit
arameter escription Range** of Bits nits

- Common section of CNAV(L2C,L5) (See - - - -

Table 4.3.2-2)

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

URANepo  Non-elevation-dependent URA index - 5* - -

Index (0 order)

URANep:  Non-elevation-dependent URA index - 3 - -

Index (1% order)

URANep2  Non-elevation-dependent URA index - 3 - -

Index (2" order)

toc SV clock parameter 0-604500 11 300 seconds
(clock data reference time of week)

afo-n SV clock parameter ** 26* 2% seconds
(bias correction coefficient)

af-n SV clock parameter ** 20* 28 sec/sec
(drift correction coefficient)

afn SV clock parameter ** 10* 260 sec/sec?

(drift rate correction coefficient)

(*) 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) 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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4.3.2.8. Message Type 30 (Clock, lonospheric (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.
DIREGTION OF DATA FLOW FROM S MSB FRST ———-—-—————-————]
150 BITS
28
1 o 15 21 39 S0 55 |58 |61 72 s 118 128 141
w | e |- - . N S T
& [} 5
B8BTS eTs | BITE 17 BITS 11 BITS EITs 11 BITS 26 BITS 20 BITS 10 BITS 13 BITS 10 M3Bs
‘ I TURAyer; MOEX - 3 BITS
PREAMBLE MESSAGE TVPE D “ALERT” FLAG - 1 BIT URAyeps NDEX - 3 BITS
URAyepy INDEX
DIRECTION OF DATA FLOW FROM SV MSB FRST ———-————————————-——
1B0BITS
151154 167 180 183 201 200 217 225 233 241 245 257 265 277
o a a a 8 8 8 8
150001 ) IS0 55*1 ) IS0 5ggl*1 ) - ;2) - ﬁ:z) - 4:2) - ’:2) - ;2) - ’;2) - ‘:2) - ‘:2) Wiy, | RESERVED GRC
13 BITS 13 BITS 13 BITS 8 BITS | 8 BITS | 8 BITS | 8 BITS | 8 BITS | 8 BITS | 8 BITS | 8 BITS | 8 BITS 12 BITS 24 BITS
— I5Gonml*1) - 8 LSBs
*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT SATART OF MEXT 6-SECOND MESSAGE
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.
Figure 4.3.2-8 Message Type 30: Clock, IONO, and Group Delay Format
Table 4.3.2-9 Parameter Definitions
- Effective  Number .
Parameter Description o - LSB Units
Range of Bits
- SV clock parameter (See Table 4.3.2-8) - - - -
Tep Group delay correction parameter for group delay faied 13* 2% sec
between SV clock and L1C/A*** (*1)
. Ex 3 Ex 3 ** * -35
ISCLicia  Inter-signal | Between LIC/A***and L1C/A 13 2 sec
correction (fixed to "0.0")
| ISCLoc  parameter Between L1C/A*** and L2C ol 13* 2% sec
ISCisis for  group | Between L1C/A*** and L5I5 ** 13* 2% sec
ISCsgs  delay(*1) Between L1C/A*** and L5Q5 o 13* 23 sec
0o ol 8* 2-%0 sec
o1 ol 8* 227 sec/semi-circle
02 ol 8* 2% sec/semi-circle?
o3 . ol 8* 2% sec/semi-circle®
o * *
Bo lonospheric parameter (*1) (*2) = . il seC
1 ** 8* 214 sec/semi-circle
B2 ** 8* 216 sec/semi-circle?
Bs ** 8* 2*16 sec/semi-circle®
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 II1A satellite.

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.

(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.

Each parameter "1000000000000"(B) indicates that the parameter cannot be used.
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These are defined differently from GPS. For details, see Section 4.3.2.15.

(2) lonospheric 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 and IS-QZSS-JAXA. For details, see Section
4.3.2.15. and Section 4.3.2.16.

(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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4.3.2.9. 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.
DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
38
1 9 15 21 39 50 55 |58 [61 72 98 118 128 141 149
PR A t t 200 W, to
sois EI‘;S B[‘;S 17 BTs 11BTs | BITS 118ITS 26 BITS 20 BITS 10 BITS 13 BITS 8 BITS
“ALERT” FLAG - 1 BT —J I_‘—URANED2 INDEX - 3 BITS Reduced Almanac_|
PREAMBLE MESSAGE TYPE ID URAepo INDEX URAyep; INDEX - 3 BITS Packet 1 = 2 MSBs
DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS
151 180 211 242 273 1277
Reduced Almanac Reduced Almanac Reduced Almanac Reduced Almanac
Packet 1 Packet 2 Packet 3 Packet 4 4 CRC
29 LSBs 31 BITS 31 BITS 31 BITS BITS 24 BITS
T RESERVED
*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT SATART OF NEXT 6-SECOND MESSAGE
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15.
(*2) This parameter is defined differently from that in 1S-QZSS-JAXA. For details, see Section 4.3.2.16.
Figure 4.3.2-9 Message Type 31: Clock and Reduced Almanac Format
Table 4.3.2-10 Parameter Definitions
. Effective Number .
Parameter Description . LSB Units
Range of Bits
- 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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4.3.2.10. 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.

DIREGTION CF DATA FLOW FROM Sv MSB FIRST — e |
180 BITS
38
1 el 15 21 el 50 55 |58 |61 72 o8 18 128 144
PRM MESSAGE TOW
) COUNT* te tee a0 a0 B teop Phi X
8BTS EI?FS EEI(?I'S 17 BITS 11 BITS EEI?FS 11 BITS 26 BITS 20 BITS 10 BITS 16 BITS 7 MSBs
‘ [ [ TuRAess TMDEX — 3 BITS
PREAMBLE MESSAGE TVPE D “ALERT” FLAG - 1 BIT URAyer INDEX - 3 BITS
URA yeon TNDEX,
DIRECTION OF DATA FLOW FROM SV MEB FIRST e ]
150 BITS
151 165 180 201 216 247 266 277
Phi_X PM,)‘( PR FM,\-’ AUT1 A UT-1 RESERVED CRC
14 LSBs 15 BITS 21 BITS 15 BITS 31 BITS 18 BITS 11 BITS 24 BITS
FMESSAGE TOW COUNT =17 MSB OF ACTUAL TOwW COUNT AT SATART OF NEXT 6-SECOMD MESEAGE
(*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
- Effective Number .
Parameter Description . LSB Units
P Range** of Bits
_ SV clock parameter (See Table 4.3.2-8) _ _ _ _
Earth orientation parameter data reference time
teop P . 0-604784 16 24 seconds
(Epoch of earth orientation parameter)
Earth orientation parameter
PM_X . P . +-1 21* 220 arc-seconds
- (X-axis polar motion value at reference time)
: Earth orientation parameter
PM_X . P . . +/-7.8125e-3 15* 22 arc-seconds/day
- (X-axis polar motion drift at reference time)
Earth orientation parameter
PM_Y . b . +-1 21* 220 arc-seconds
- (Y-axis polar motion value at reference time)
: Earth orientation parameter
PM_Y . param . +/-7.8125e-3 15* 22 arc-seconds/day
- (Y-axis polar motion drift at reference time)
Earth orientation parameter
AUT1 . i +/-64 31* 24 seconds
(UT1-UTC Difference at Reference Time)
) Earth orientation parameter 19* 2% seconds/day
AUT1 (Rate of UT1-UTC Difference at Reference +/-7.8125e-3

Time)

(*) Indicates numbers expressed in two's complement with the MSB used as a sign bit.
(**) Qo-n is the right ascension angle in the week epoch (Qo-w) that is transmitted as the rate of right ascension when referenced.

(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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4.3.2.11. 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.

DIRECTION OF DATA FLOW FROM SV

MSB FIRST

150 BITS

DIRECTION OF DATA FLOW FROM SV

8
1 9 15 21 39 50 |55 |58 |61 72 98 118 128 144
PRN MESSAGE Ar-
o - . . Ag-(*1,%2, "
*1) TOW COUNT* 4 5 oo a0 &t oz ’ ) (¥1,%2)
6 6
8BTS | oo | arrs 178ITS 11BITS | BITS 11 BITS 26 BITS 20 BITS 10 BITS 16 BITS 2 MSBs
["ALERT” FLAG - 1 BIT | T—URAep, INDEX - 3 BITS
PREAMBLE MESSAGE TYPE ID URAepo INDEX URAepr INDEX - 3 BITS

MSB FIRST

150 BITS

188 201 214 [218 226

277

Arp
A
) | *142

6 LSBs 7 BITS 8 BITS 16 BITS

Ats tor(*1,%2)

WN(1,%2) whs [PV Ans

4
13 BITS 13 BITS pirs| 8 BITS

RESERVED

51 BITS

CRC

24 BITS

*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT SATART OF NEXT 6-SECOND MESSAGE

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.

Figure 4.3.2-11 Message Type 33: Clock and UTC Format

Table 4.3.2-12 Parameter Definitions

- Effective Number .
Parameter Description Range** of Bits LSB Units
) SV clock parameter (See Table 4.3.2-8) ) ) ) )
Bias coefficient of QZSSTe relative to i
Aon UTC(NICT) (*1) (*2) ** 16* 2% seconds
Drift coefficient of QZSSTe relative to |
At UTC(NICT) (1) (*2) * 13* 2% sec/sec
Drift rate coefficient of QZSST relative to .
Az e UTC(NICT) (*1) (*2) * 7* 28 sec/sec?
Atis parameter Current or past leap second count il 8* 1 seconds
Epoch of UTC Parameter (Time data "
fo reference Time of Week) (*1) (*2) 0-604784 16 2 seconds
WNot Time data reference week number (*1) (*2) il 13 1 weeks
WNLsr Leap second reference week number il 13 1 weeks
DN Leap second reference day number il 4** 1 days
Atisr Current or future leap second count il 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.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.

(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 and 1S-QZSS-JAXA. For details, see Section
4.3.2.15. and Section 4.3.2.16.
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4.3.2.12. 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.

DIREGTION OF DATA FLOW FROM S MEE FIRST ~— ]
150 BITS
38
1 o B |z ES 50 |55 |58 |61 72 B3 118 128 144
PRN MESSAGE T QW
1) COUNT#* L L= S Snn Bnn tatto Whlssra
6 6 5
CELCH SR 17 BITS TETS | 11 BITS 26 BITS 20 BITS 10 BITS 16 BITS 7 M3Bs
I [ [ TURAues MDEX - 3 BITE
PREAMELE MESSAGE TYPED  “ALERT" FLAG - 18I URAueor NDEX - 3 BITS
URMyegs NDEX
DIREGTION OF DATA FLOW FROM S MEE FIRST ~— ]
150 BITS
51 |157)160 178 188 [1ms |201 277
Aosata #1gaT0 AomaTo RESERVED CRC
6 LEBs 16 BITS 13 EITS |7 BITS BISTS 76 BITS 24 BITS

| Iy — L LRESERVED
GNSS D(*1,42) - 3 BITS

*#MESSAGE TOW COUNT = 17 M3B OF ACGTUAL TOW COUNT AT SATART OF NEXT 6-SECOND MESSAGE

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

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.

Figure 4.3.2-12 Message Type 35: Clock and GGTO Format

Table 4.3.2-13 Parameter Definitions

Parameter Description Etfective Numper LSB Units
Range** of Bits
) SV clock parameter (See Table 4.3.2-8) - - ) -

teeTo Time data reference Time of Week 604784 16 24 seconds
WNgeTo Time data reference Week Number ** 13 1 weeks
GNSS ID GNSS Type ID (*1) (*2) - 3 - see text
Ausero g;sé coefficient of GPS time scale relative to GNSS time o 16* 235 seconds
Assero SI?Cr;Ifet) coefficient of GPS time scale relative to GNSS time o 13* 551 sec/sec

Drift rate correction coefficient of GPS time scale relative to o 68 )
A26cTO GNSS time scale I 2 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 4.3.2.15.

(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.

(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 and 1S-QZSS-JAXA. For details, see Section
4.3.2.15. and Section 4.3.2.16.
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4.3.2.13. 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.

DIRECTION OF DATA FLOW FROM SV

MSB FIRST

21

150 BITS

50 55 |58 72

118

128

141

PRN
(k1)
6 6

8 BITS BITS | BITS

MESSAGE
TOW COUNT*

17 BITS

11 BITS

top toc
5
BITS

11 BITS 26 BITS

afi-n

20 BITS

an-n

10 BITS

WN;-

13 BITS

toa

8 BITS

PREAMBLE

["ALERT” FLAG - 1 BIT
MESSAGE TYPE ID

J

| L—URAyepz INDEX - 3 BITS
URAygpo INDEX URAygp1 INDEX - 3 BITS

DIRECTION OF DATA FLOW FROM SV

PRNa - 2 MSBs—J

MSB FIRST

151 |155{158

169

180

191

150 BITS

208 224

240

256

267

277

e(¥1,%2)

11 BITS

&(+1,%2) o

11 BITS

11 BITS

LA Qo

17 BITS 16 BITS 16 BITS

Mo an

16 BITS 11 BITS

an

10 BITS

CRC

24 BITS

5 HEALTH - 1BIT

\Ez HEALTH - 1BIT

PRNa - 4 LSBSL1 HEALTH - 1BIT
(1)

(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.

Figure 4.3.2-13 Message Type 37: Clock and Midi Almanac Format

*MESSAGE TOW COUNT = 17 MSBs OF ACTUAL TOW COUNT AT SATART OF NEXT 6-SECOND MESSAGE

Table 4.3.2-14 Parameter Definitions

Parameter Description Egﬁgtelrf ’\(l)lflgiir LSB Units
- SV clock parameter (See Table 4.3.2-8) - - - -
WNa-n - Epoch of almanac (week number) 0-8191 13 1 weeks
Midi almanac -
toa Epoch of almanac (time of week) 0-602112 8 2+12 sec
PRNa Almanac PRN ID(*1) il 6 1 -
L1/L2/L5 health  L1/L2/L5 health - 3 - -
o Difference from reference . 1 216 i
eccentricity (*1) (*2)
Difference from reference angle of .
o orbit inclination (*1) (*2) ’ - w2 semi-circle
Q Rate of right ascension *x 11* 23 semi-circle/sec
i i i ** -4 12
e o | et 0 S
Qo . ** 16* 215 semi-circle
orbit plane at weekly epoch
® Argument of perigee ** 16* 215 semi-circle
Mo Mean anomaly at reference time ** 16* 215 semi-circle
af SV clock bias correction coefficient *x 11* 220 sec
an 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.
(*2) This parameter is defined differently from that in I1S-QZSS-JAXA. For details, see Section 4.3.2.16.

(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 and 1S-QZSS-JAXA. For details, see Section
4.3.2.15. and Section 4.3.2.16.
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@) Al

manac 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.

4.3.2.14. Message Type 61 (Clock, lonospheric (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.
‘ DIRECTION OF DATA FLOW FROM MSB FIRST |
| 1508ITS |
\ . I
1 9 15 21 39 50 55 58 61 72 98 118 128 141
PRN MESSAGE 1SCug/a
(1) TOW COUNT* Top Toc A0, ap. Top(*1) (*1)
BITS BISTS BlsTS 17 BITS 11 BITS 5 BITS| 3 BITS| 3 BITS| 11 BITS 26 BITS 20 BITS 10 BITS 13 BITS 10 MSBs
‘ "ALERT" FLAG- 1 B\TJ ‘ L URA, 0, INDEX.
PREAMBLE MESSAGE TYPE ID URAyepo INDEX ~ URAneo: INDEX
‘ DIRECTION OF DATA FLOW FROM SV — = — = = = = = = — e e e e — — MSB FIRST |
} 150BITS I
1154154 167 180 193 201 209 217 225 33 241 1249 57 1277
15Cac*1) 15C(*1) 15Cisqs(*1) a0(*1%2) | «l(*1*2) | a2(*1°2) | o3(*1,%2) | Bo(1*2) | BU*L*2) | B2A*L2) | B3(*1*2) RESERVED CRC
13BITS 13BITS 13BITS 8BITS 8BITS 8BITS 8BITS 8BITS 8BITS 8BITS 8BITS 208BITS BBITS
(I
(*1) This parameter is defined differently from that for GPS. For details, see Section 4.3.2.15.
(*2) This parameter is defined differently from that in IS-QZSS-JAXA. For details, see Section 4.3.2.16.
Figure 4.3.2-14 Message Type 61: Clock, IONO and Group Delay Format
Table 4.3.2-15 Parameter Definitions
.. Effective Number .
Parameter Description ) LSB Units
Range** of Bits
- SV clock parameter (See Table 4.3.2-8) - - - -
Tep Group delay correction parameter for group delay falad 13* 2% sec
between SV clock and L1C/A*** (*1)
ISCLic/a Between L1C/A*** and ** 13* 2% sec
Inter-signal L1C/A*** (fixed to "0.0")
ISCiac correction parameter | Between L1C/A*** and L2C *x 13* 2:% sec
ISCLsis for group delay (*1) | Between L1C/A*** and L515 *k 13* 2% sec
ISCisgs Between L1C/A*** and L5Q5 *x 13* 2% sec
ao ol 8* 230 sec
a1 ol 8* 2% sec/semi-circle
a2 lonospheric parameter (1) (x2) ** 8* 224 sec/semi-circle?
a3 ol 8* 2% sec/semi-circle®
B 0 ** 8* 2+11 sec
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Effecti Numb .
ective umber LSB Units

Parameter Description )
Range** of Bits

B1 ol 8* 214 sec/semi-circle

B2 ol 8* 216 sec/semi-circle?

B3 ol 8* 216 sec/semi-circle®

(*) 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 I1A satellite.

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

(*2) This parameter is defined differently from that for IS-QZSS-JAXA For details, see Section 4.3.2.16.

(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.
Each parameter "1000000000000"(B) indicates that the parameter cannot be used.
These are defined differently from GPS. For details, see Section 4.3.2.15.

(2) lonospheric 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 and 1S-QZSS-JAXA For details, see Section

4.3.2.15. and Section 4.3.2.16.
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4.3.2.15. (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))

M_lgssage Parameter GPS QZSS
ype
common | PRN PRN number of GPS PRN ID of QZS
10 Ephemeris Difference from reference semi-major axis (Arer)
(AA) Arer = 26 559 710 [m] Arer =42 164 200 [m]
Ephemeris Eccentricity of ephemeris Eccentricity of ephemeris
(en) Upper limit of parameter range of 0.03 Parameter range is not restricted.
L2C Phasing Phase relationship between L2C and L2P | Unused
Fixed to "0"(B)
30 TGD Group delay between SV clock and L1P | Group delay between SV clock and L1C/A*
(Y) time time
ISCuicia Group delay between L1P (Y) and LIC/A | Group delay between L1C/A* and L1C/A*
ISCi2c Group delay between L1P (YY) and L2C Group delay between L1C/A* and L2C
ISCisis Group delay between L1P (Y) and L5I5 Group delay between L1C/A* and L515
ISCisgs Group delay between L1P (Y) and L5Q5 Group delay between L1C/A* and L5IQ
lonospheric The target area
parameter The entire globe Wide area (In addition, the target area is
(0w, a1, o2, as, Po, "Japan area” in Message Type 61.)
B1, B2, Bs)
12,31 PRNa PRN number of GPS PRN ID of QZS
37
12 Reduced Difference from reference semi-major axis (Arer)
31 almanac (8A) Arer = 26 559 710 [m] | Arer =42 164 200 [m]
Precondition for Eccentricity
reduced e=0[] e =0.075 [-] (QZO)
almanac (e) GEOQ: Same as left
Precondition for Angle of orbit inclination
reduced i = 55 [deg] i =43 [deg] (QZO)
almanac (i) i =0 [deg] (GEO)
Precondition for Rate of time change of right ascension of ascending node
reduced Q=-2.6 x 10 [sc/s] 0= -8.7 x 109 [sc/s] (QZO)
almanac (Q) Q=0 [sc/s] (GEQ)
Precondition for Argument of perigee
reduced ® =0 [deg] ® =270 [deg] (QZO)
almanac (w) GEOQ: Same as left
32 Earth AUTGPS: UT1-GPS AUT1: UT1-UTC
Orientation AUTGPS: Rate of UT1-GPS AUT1: Rate of UT1-UTC
Parameter LSB of AUTGPS is equal to 2723, LSB of AUT1 is equal to 2724,
33 UTC parameter | Relationship between UTC (USNO) and | Relationship between UTC (NICT) and
(Ao-n, A1, Az, | GPST QZSST
tot, WN1)
35 GNSS time | Relationship between GPS time and other | Relationship between QZSS time and other
offset GNSS time GNSS time
GNSS ID ID of GNSS indicated by GNSS time offset parameter
"0": N/A "0": N/A
"1": Galileo "1": Galileo
"2": GLONASS "2": GLONASS
"3 to 7": spare "3": GPS
"4 1o 7": spare
37 Midi almanac Eccentricity Difference from reference eccentricity
(e) (erer)
erer = 0.06 [-] (QZO)
erer =0 [-] (GEO)
Midi almanac Difference from reference angle of | Difference from reference angle of
(i) inclination (io) inclination (irer)
io = 0.3 [semi-circles] irer = 0.25 [semi-circles] (QZO)
irer = 0 [semi-circles] (GEO)

Document subject to the disclaimer of liability

113




Message Parameter GPS QZSS
Type
34 Correction data | SV clock correction data and ephemeris | Not transmitted.
13 correction data
14

(*) Indicates that L1C/A can be switched to L1C/B for Block 1A satellite.
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4.3.2.16. (Reference) Differences from IS-QZSS-JAXA
Table 4.3.2-17 shows parameters that are defined differently from the definitions specified in
Section 2.2 1S-QZSS-JAXA.

Table 4.3.2-17 Parameters Defined Differently from IS-QZSS-JAXA (CNAV(L2C,L5))

M_?;f)ige Parameter IS-QZSS-JAXA Eﬁl(?ccli( III
10 ISF Unused (fixed to "0") Integrity status flag (1: ON, 0: OFF)
13 SV clock correction data SV clock correction data Not transmitted.
14 Ephemeris correction data | Ephemeris correction data Not transmitted.
28 Reduced almanac data Retransmission of GPS transmission | Not transmitted.
30 lonospheric parameter The target area is the Japan area. The target area is the wide area.
(010-3, Po-3)
12 PRN ID If the 6-bit section indicating the SV | If the 6-bit section indicating the PRN
31 number is "111111"(B), a valid reduced | number is "000000"(B), a valid
almanac is not stored. reduced almanac is not stored.
Precondition for reduced Eccentricity
almanac (e) e =0.075[] QZO: Same as left
GEO:e=01["]
Precondition for reduced Angle of orbit inclination
almanac (i) i =43 [deg] QZO: Same as left
GEO: i =0 [deg]
Precondition for reduced Rate of time change of right ascension of ascending node
almanac ()
Q= -8.7 x 102 [sc/s] QZO: Same as left
GEO: ©=0 [sc/s]
Precondition for reduced Argument of perigee
almanac (o) ® =270 [deg] QZO: Same as left
GEO: » = 0 [deg]
33 UTC parameter Relationship between UTC (NICT) | Relationship between UTC (NICT) and
(AO-n, Al-n, A2-n, tot, WNt) and GPST QZSST
34 Correction data SV clock correction data and|Not transmitted.
ephemeris correction data
35 GNSS time offset Relationship between GPST and other | Relationship between QZSST and
GNSS time other GNSS time
GNSS ID ID of GNSS indicated by GNSS time offset parameter
"0": N/A "0": N/A
"1": Galileo "1": Galileo
"2": GLONASS "2": GLONASS
"3": QZSS "3": GPS
"4 1o 7": spare "4 10 7": spare
37 Midi almanac Difference from reference eccentricity (erer)
e
© erer = 0.06 [] QZO: Same as left
GEO: erer = 0[]
Midi almanac Difference from reference angle of inclination (irer)
di
(®1 irer = 0.25 [semi-circles] QZO: Same as left
GEO: irer = 0 [semi-circles]
46 lonospheric parameter Retransmission of GPS transmission | Not transmitted.
49 UTC parameter Retransmission of GPS transmission | Not transmitted.
51 GGTO Retransmission of GPS transmission | Not transmitted.
53 Midi almanac Retransmission of GPS transmission | Not transmitted.
61 lonospheric parameter Not transmitted. lonospheric parameter ( Japan area)
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5. 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://gzss.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
€ = 299792458 [m/s].

5.3.2. Circular Constant
= 3.1415926535898.

5.3.3. Angular Velocity of the Earth's Rotation
Qe=7.2921151467 x 107 [rad/s].

5.3.4. Earth's Gravitational Constant
1= 3.986005 x 10 [m3/s?].

5.3.5. Semi-Circle
1 [semi-circle] = 7z [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

Almanac(Subframe 4 or 5)

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 Al subframes All message types -
Almanac(Subframe 4 or 5,
3bit Health - -
Data ID="3",SV ID =1 t0 9)
- it SV Clock (Subframe 1)
L1CIA Healt Almanac(Subframe 4 or 5) i i
- it SV Clock (Subframe 1)
L1C/B Healt Almanac(Subframe 4 or 5) i i
Ephemeris -
L1 Health SV Clock (Subframe 1) Midi Almanac Midi Almanac
Almanac(Subframe 4 or 5) Reduced Almanac
Reduced Almanac
Ephemeris -
L2 Health SV Clock (Subframe 1) Midi Almanac Midi Almanac
Almanac(Subframe 4 or 5) Reduced Almanac
Reduced Almanac
Ephemeris -
L5 Health SV Clock (Subframe 1) Midi Almanac Midi Almanac
Almanac(Subframe 4 or 5) Reduced Almanac
Reduced Almanac
L1C Health SV Clock (Subframe 1) - 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

Ist bit | 2nd bit | 3rd bit Description

All data are healthy.

Parity error

TLM/HOW format error (except TOW error)

TOW error

Subframe 1, 2, or 3 is erroneous. (except TLM and HOW errors)
Subframe 4 or 5 is erroneous. (except TLM and HOW errors)
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.

P = B, O O O
R O O  +— O
SO r Ok O+, O

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 ISFis ON ("1")]

o NTE (Not-To-Exceed Tolerance) = 5.73 x URA (defined in Section 5.4.3)
e TTA=5.2sec

e HMI probability (*) = 1 x 10%/h or less

[If ISF is OFF ("0™)]
o NTE = 4.42 x URA

e TTA=5.2sec

e HMI probability (*) = 1 x 105/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.

5.4.3.1. 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<240

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
1 384.00 < 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 O<Ui<6,then X — 9 (Ui/2)
If 6<Ui<15,then X =242

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.

5.4.3.2. CNAV2(L1C) and CNAV(L2C,L5)

URA value of CNAV2(L1C) and CNAV(L2C,L5) consists of the elevation-dependent
URA"URAEep" and the non-elevation-dependent URA "URAnep" defined as below.

The URA at time "t" and elevation angle "EI" is calculated by the following equation:

URA(t, EIl) = \/(URAED -sin(El +90[deg]))* + (URA (t))* [m]

5.4.3.2.1. Elevation-dependent URA

URAepof 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.

URAEp 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.

o Ephemeris error
Table 5.4.3-3 shows URAgp parameters.

Table 5.4.3-3 Elevation-dependent URA Parameter

Parameter Description Units

URAEp 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
1 384.00 < 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 0<Ui<6,then X =2@V/2
If 6<Ui<15,then X =242

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

URANep 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.

URANep 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 URAnep 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
URAweDoIndex Non-elevation-dependent (NED) accuracy index
URAwep: Index NED accuracy change index
URAweDzIndex NED accuracy change rate index

URANEp at a time "t" is calculated by the following equation:

If t—top+604800*(WN —WNop) < 93600 [s],
Then, URANED(t) = URANEDO+ URANEDl(t—top+ 604800*(WN —WNop))[m]

and

If t—top+604800*(WN —WNop) > 93600 [s],
Then, URANED(t) = URANEDO+ URANEDl(t—top+ 604800*(WN —WNop))
+U RANEDz(t— top + 604800*(WN —WNop) —_ 93600)2 [m]

Here, the relationship between URAnepolndex and URAnepo Value is the same as shown in Table
5.4.3-4.
The relationship between URAnep1lndex and URANeps is shown in the following equations:
1
URANEDI = 2_N [m/S]

Where, N = 14 + URANep1Index

The relationship between URAnep2Index and URANep2 is shown in the following equations:
1
URAep. ToN [m/s?]

Where, N = 28 + URANep1Index
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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
afon SV clock bias correction coefficient seconds
afn SV clock drift correction coefficient sec/sec
amn SV clock drift rate correction coefficient sec/sec?

Table 5.5.1-2 Constant

Constant Description Units

-2u 10 S
E F= = —4.442807633 x10 (7]

CZ

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

. Correction term required due to the
At = FeyJAsInE o
b =FevASInE, relativistic effect [s]

The orbit parameters are obtained
from the ephemeris parameter.

SV clock offset [s]
Aty =ao+ag(t—1) +ay,(t _toc)2 +AtL,

Note that the relationship among QZSST, SV clock, and SV clock offset is shown below:

tQZSST :tsv _Atsv
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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 combination of L1 and L2 frequencies expressed by the coordinate system
defined in Section 5.2.

The pseudo range of the ionosphere-free linear combination of L1 and L2 frequencies is defined
in Section 5.10.

5.6.1. LNAV(L1C/A, L1C/B)
5.6.1.1. 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
JA Square root of the semi-major axis mY2
An Mean motion difference from computed value semi-circle/sec
Mo Mean anomaly in epoch semi-circle
e Eccentricity -
® Argument of perigee semi-circle
Qo Longitude of ascending node of orbit plane at weekly epoch semi-circle
Q Rate of right ascension semi-circle/sec
i0 Inclination angle at reference time semi-circle
I 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
Y2 Earth's gravitational constant (described in Section 5.3.4. ) [m®/s?]
Qe Angular velocity of the earth's rotation (described in Section 5.3.3. ) [rad/s]
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5.6.1.2. Algorithms

Table 5.6.1-3 shows the satellite position calculation algorithms.

Table 5.6.1-3 Satellite Position Calculation Algorithms

Semi-major axis [m]

Mean motion [rad/s]

tk=t—toe Elapsed time from ephemeris epoch [s]

n=ng+ An Correction of mean motion [rad/s]

Myx=Mo+ nt Mean anomaly [rad]

Myx=Ex—e sinEx Calculation of eccentric anomaly by Kepler’s Equation

[rad]

— 2 1
v, =tan‘1{\/1 e“sin Ek}

cosE, —e

True anomaly [rad]

Oy=vtw

Argument of latitude [rad]

O Uk=CysSIiN2 ¢ k1 CucCOS2 ¢ k

Second harmonic perturbation for argument of latitude
correction [rad]

O Ik=CrsSiN2 ¢ k1 CrcCOS2 ¢ k

Second harmonic perturbation for radius correction
harmonic [m]

O k=CisSIN2 ¢ =+ CicCOS2 ¢ k

Second harmonic perturbation for inclination angle
correction [rad]

U= (Dk+ §Uk

Correction of argument of latitude [rad]

rk=A(1—e cosEx)+or

Correction of radius [m]

ik=lg+ i+ (btk

Correction of inclination angle [rad]

Xk’ =TIk COS Uk
YK’ =k Sin U

Position in orbital plane [m]

Q=Qp+ (Q - Qe)tk —Qetoe

Correction of longitude of ascending node [rad]

Xk=Xk’COSQ — Yk’ COS ik SINQY
Yk=Xk’SINC+ Yk’ COS ik COSY

Zk=Yx’ sin ik

Satellite position in earth-fixed coordinate system [m]
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5.6.2. CNAV2(L1C) and CNAV(L2C,L5)
5.6.2.1. 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
AA Difference from reference semi-major axis m
A Rate of change of reference semi-major axis m/sec
An Mean motion difference from computed value semi-circle/sec
AR Rate of change of mean motion difference from computed value semi-circle/sec?
Mo-n Mean anomaly in epoch semi-circle
€n Eccentricity -
®n Argument of perigee semi-circle
Qon Longitude of ascending node of orbit plane at weekly epoch semi-circle
AQ Rate of right ascension difference semi-circle/sec
ion Inclination angle at reference time semi-circle
lo-n 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
Cicn Amplitude of the cosine harmonic correction term to the angle of inclination rad
Crsn Amplitude of the sine correction term to the orbit radius m
Cren 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
Cucn Amplitude of the cosine harmonic correction term to the argument of latitude rad
Table 5.6.2-2 Constants
Constant Description Units
M Earth's gravitational constant (described in Section 5.3.4. ) [m3/s?]
Qe Angular velocity of the earth's rotation (described in Section 5.3.3. ) [rad/s]
Arer Reference semi-major axis [m]
Ager = 42164200
Qrer Rate of reference right ascension [semi-
Orer= —2.6X10°° circle/sec]
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5.6.2.2. Algorithms

Table 5.6.2-3 shows the satellite position calculation algorithms.

Table 5.6.2-3 Satellite Position Calculation Algorithms

Ay = Ager +AA

Semi-major axis at reference time [m]

Ac— Ao+ (A)tk

Semi-major axis [m]

Mean motion [rad/s]

ny = A‘}

tk=t—toe Elapsed time from ephemeris epoch [s]
Ana= Ang+1/2 A siotx Correction value of mean motion [rad/s]
na=no+ Ana Correction of mean motion [rad/s]

Mx= Mo+ natk Mean anomaly [rad]

My=Ex—en sinEx

Calculation of eccentric anomaly by Kepler’s Equation [rad]

L|y1-e’sinE,

vV, =tan
COsE, —e,

True anomaly [rad]

Oy=vtw

Argument of latitude [rad]

O Uk=Cus-nSIN2 ¢ k+ Cuc-nCOS2 ¢ k

Second harmonic perturbation for argument of latitude
correction [rad]

O I'k=Crs:nSIN2 ¢ k+ Cre-nCOS2 ¢ k

Second harmonic perturbation for radius correction [m]

0 k="Cis.nSIN2 ¢ k+ Cic-nCOS2 ¢ k

Second harmonic perturbation for inclination angle

correction [rad]

U= (Dk+ §Uk

Correction of argument of latitude [rad]

ri=Ax(1—en cosEx) + drk

Correction of semi-major axis [m]

ik=1lo-n+ ikt Jo-ntk

Correction of angle of inclination [rad]

Xk’ =TIk COS Uk
YK’ =k Sin U

Positions in orbital plane [m]

Q:QREF+AQ

Rate of right ascension [rad/s]

Q=Qon+ (Q - Qe)tk —Qetoe

Correction of longitude of ascending node [rad]

Xk=Xk’COSQ —Yik’COS ik SINQY
Y= Xk’ SINC+ Yk’ COS ik COSY

Zk=Yx’ sin ik

Satellite position in earth-fixed coordinate system [m]

Document subject to the disclaimer of liability

129




5.7. Satellite Position Using the Almanac
5.7.1. LNAV(L1C/A, L1C/B)
5.7.1.1. 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 (*) -
di Difference from reference angle of inclination (*) semi-circle
Q Rate of right ascension semi-circle/sec
JA Square root of the semi-major axis mY2
Qo Longitude of ascending node of orbit plane at weekly epoch semi-circle
® Argument of perigee semi-circle
Mo Mean anomaly in epoch semi-circle
af SV clock bias correction coefficient sec
afn 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
a4 Earth's gravitational constant (described in Section 5.3.4) [m3/s?]

Qe Angular velocity of the earth's rotation (described in Section 5.3.3) [rad/s]

5.7.1.2. 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 Satellite
el-] Difference from erer = 0.06  Difference from erer =0
&, [semi-circles] Difference from irer= 0.25  Difference from irer = 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
JA From almanac parameter mY2
An 0 (zero) semi-circle/sec
Mo From almanac parameter semi-circle
e From almanac parameter -
(e =erer t€)
® From almanac parameter semi-circle
Qo From almanac parameter semi-circle
Q From almanac parameter semi-circle/sec
i0 From almanac parameter semi-circle
(i0 = irer + &i)
I 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
afo-n From almanac parameter seconds
aftn From almanac parameter sec/sec
an-n 0 (zero) sec/sec?
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5.7.2. CNAV2(L1C) and CNAV(L2C,L5)
5.7.2.1. 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 -
di Difference from reference angle of inclination semi-circle
. semi-
Q Rate of right ascension
circle/sec
JA Square root of the semi-major axis mY2
Qo Longitude of ascending node of orbit plane at weekly epoch semi-circle
® Argument of perigee semi-circle
Mo Mean anomaly in epoch semi-circle
af SV clock bias correction coefficient sec
afn SV clock drift correction coefficient sec/sec

Table 5.7.2-2 Constants

Constant Description Units
M Earth's gravitational constant (described in Section 5.3.4) [m3/s?]
Qe 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 QZO0 Satellite GEO Satellite
el-] Difference from erer = 0.06  Difference from erer =0
&, [semi-circles] Difference from irer= 0.25  Difference from irer = 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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5.7.2.2. 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
OA Difference from nominal semi-major axis m
Longitude of ascending node of orbit plane o

Qo semi-circle
at weekly epoch

Do Argument of latitude at reference time semi-circle

Table 5.7.2-5 Constants

Parameter Description Units

Earth's gravitational constant (described in
H . [m3/s?]
Section 5.3.4. )

) Angular velocity of the earth's rotation
Qe o ) [rad/s]
(described in Section 5.3.3. )

Reference semi-major axis

A m
REr Aner = 42164200

Table 5.7.2-6 Reduced Almanac Parameters for Satellite

Parameter QZO0 Satellite GEO Satellite
e[-] e=0.075 e=0
) . i=0.2389 i=0.0
i [semi-circles]
(= 43 [deq]) (= 0 [deg])
. Q=—8.7X010 Q=0
[semi-circles/s]
W REF wrer = —0.5 wrer =0
[semi-circles] (= 270 [deq]) (= 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
_ Semi-major axis [m]
Ao - AREF +§A
Mean motion [rad/s]
n, = a
AO3
Elapsed time from almanac epoch [s]
t =t-t,
Mean anomaly in almanac epoch [rad
My =D — e ’ poen Lracl
Mean anomaly [rad
M, =M, +nt, Y lrecl
. Calculation of eccentric anomaly b
Kepler’s Equation [rad]
. True anomaly [rad
4| V1-€%sinE, ylrad]
v, =tan”"{ —
cosk, —e
_ Argument of latitude [rad]
U =V + Oper
Correction of radius [m
= Ay(l-ecosE,) ]
. Position in orbital plane [m]
X, =1 COSU,
y, =1, sinu,
. . Correction of longitude of ascending
Qk: QO + (Q - Qe)tk_Qetoa
node [rad]
. . . . Satellite osition in  earth-fixed
X, =X, 'C0SQ, —, 'cosisinQ, eop
coordinate system [m]
Y, =X,'sinQ, +Y,'cosicosQ,
Z, =Y, 'sini
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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.

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
Tep Group delay between SV clock and L1C/A* sec
ISCuicia Inter-signal correction for group delay between L1C/A* and L1C/A* sec
(fixed to "0")
ISCi2c Inter-signal correction for group delay between L1C/A* and L2C sec

ISCisis Inter-signal correction for group delay between L1C/A* and L5I5

Sec

ISClsqs Inter-signal correction for group delay between L1C/A* and L5Q5

Sec

ISCLicr Inter-signal correction for group delay between L1C/A* and L1CP

Sec

ISCrLico Inter-signal correction for group delay between L1C/A* and L1CD

Sec

(*) Indicates that L1C/A can be switched to L1C/B for Block 1A satellite.

In QZSS, because Tep is a group delay between the SV clock and L1C/A (or L1C/B), the

relationship between Tep and ISCyoc is as follows:

1
TGD =7 ISCch

1-7,

ISC . = (Atsv )ch - (Atsv )LlC/A

=T 5c ~licra

Where, (Atsv)iac, (Atsv)Licia: SV clock offset [s] of L2C and L1C/A

tioc, tuaca: SV clock [s] of L2C and L1C/A

(fu 2_(1575.42)2
e =% ) 12076
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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 ic/a = 0.

(Atsv )LlC/A = Aty _TGD + ISCLlC/A = Aty _TGD

Single frequency users of L1C shall use the following equations to calculate the SV clock offset:

(Atsv )LlCP - Atsv _TGD + ISCLlCP
(Atsv )LlCD = Aty _TGD + ISCLlCD

Single frequency users of L2C shall use the following equation to calculate the SV clock offset:

(Atsv )ch = Atg, —Tgp +1SC 5

Single frequency users of L5 shall use the following equation to calculate the SV clock offset:

(Atsv )les = Atg, —Tgp +15C 55

(Atsv )L5Q5 = Aty _TGD + ISC|_5QS

Dual frequency users of L1C/A (or L1C/B) and L2C shall use the following equation to calculate
the SV clock offset:

(Atsv )LlC/A—LZC = ALy,

Dual frequency users of L1C/A (or L1C/B) and L5 shall use the following equations to calculate
the SV clock offset:

ISC
(Atsv )LlC/A—LSIS = Aty —Tep +1—L5|5
— 715
ISCLSQS
(Atsv )LlC/A—LSQS = Aty —Tgp "‘1—
—71s

Where,
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(fu 2_(1575.42}2
7571, | "\1176.45

Dual frequency users of L1C and L2C shall use the following equations to calculate the SV clock
offset:

ISC e —71,1SC 1ep

(Atsv )LlCP—LZC =Atg, —Tgp + 1—y
12

= Aty, - 71215Cicp
1-7,

ISC ,c —71,15C 1cp
1-7,

(Atsv )LlCD—LZC =Atg, —Tgp +

= Aty - 71215C Liep
1-7

Dual frequency users of L1C and L5 shall use the following equations to calculate the SV clock
offset:

1SC 515 — 7151SC Lycp

(Atsv )LlCP—L5I5 =Atg, —Tgp +
175

1SC 515 — 715 15C 1cp

(Atsv )LlCD—L5I5 =Atg, —Tgp +
1-7s

ISCL5Q5 —71515C Licp

(Atsv )LlCP—L5Q5 =Aty, —Tgp + 1—y
15

ISC L5Qs — V15 ISC 1o

(Atsv )L1CD—L5Q5 =Aty, —Tgp + 1-y
15
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5.9. lonospheric Delay Correction Using lonospheric 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 lonospheric Parameters

Parameter Description Units
a0 lonospheric parameter sec
o1 lonospheric parameter sec/semi-circle
02 lonospheric parameter sec/semi-circle?
a3 lonospheric parameter sec/semi-circled
Bo lonospheric parameter sec
1 lonospheric parameter sec/semi-circle
B2 lonospheric parameter sec/semi-circle?
B3 lonospheric parameter sec/semi-circled
Table 5.9.1-2 Other Parameters
Parameter Description Units
E Elevation angle viewed from user [semi-circles]
Azimuthal angle of satellite viewed from user
A (with north as 0 and the clockwise directionas  [semi-circles]
positive)
du Latitude of user [semi-circles]
Au Longitude of user [semi-circles]
tozsst 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. 1 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:

2
le

(Tiono )Lz =

fio [s], fis [s]

where, fi1, fio, fus: Frequencies [Hz] of L1, L2, and L5
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Table 5.9.2-1 L1 lonospheric Delay Correction Calculation Algorithms

_ 00137 o,

Y T Eto1nl

Earth's central angle between the
user position and the earth
projection of ionospheric
intersection point

[semi-circles]

Py @peosA, |¢i|=0.416
$i={ +0416, ¢ >+0.416
—0.416, ¢ <—0.416

Latitude of the earth projection of
the ionospheric pierce point
[semi-circles]

wsin A

A=A+
CoS ¢,

Longitude of the ionospheric pierce
point
[semi-circles]

é m= ¢ i1+0.064cos( A i—1.617)

Magnetic latitude of ionospheric
pierce point (Average ionospheric
altitude of 350 km is assumed.)
[semi-circles]

t=4.32x10% 1 i +tozsst
where, 0=t<<86400 [s].

If t=86400, subtract 86400 [s]. If t<<0, add 86400 [s].

Local time [s]

ER:{ 70 B 0 PER272000}
72000,  PER<72000

Phase [s]

. _ 27(t—50400)

Phase [rad]

PER
AMP= {Zﬁ=0 o o, AMP2O} Amplitude [s]
0, AMP<0

F=1.0+16.0(0.53—E)?

Obliquity factor [-]

x2 X!
F* 5.0*10_9+(A|\/|P) 1-—+—13,
Tiono = 2 24

F*(5.0%10°°),

L1 ionospheric delay [s]
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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.

o0

;f
;

T\ -
e - . L
?‘Q"\Tﬂfw North Latitod= 60°.

60

North lativda 507,

o
i

30

p
-
Nerth latiteda Iﬂ

N

S é“‘
3N}
~OR
&%/

.}

o™

/x/j« fl
Q:;:

B
R f
RN £ . )
: ' v JE b .
i — g QIM\ » 1-—.‘7\“{13 area+' ;_/
60 oo )
South latimda 60° | o
= 0 30 &0 o0 120 150 180 210 240 270 300 330 360
Figure 5.9.3-1 Target Areas of lonospheric Parameters
Table 5.9.3-1 Boundary Lines of Target Areas
Apmgth Wide Area Japan Area
Direction
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. lonospheric 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:

PR oy = 712PRLy

PRle—sz = 1_7/
12

where,

NER _(1575.42j2
Pe =% ) T\ 12276
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:

PR s, — 715PR L,
1-ys

PR sk =

where,
[ty (157542

75715 1176.45

PRL1x-15x: Pseudo range after ionospheric delay correction

PRisx  : Pseudo range measured by the PRN code (15, 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
teeTo Time data reference Time of Week sec
WNeeto  Time data reference Week Number weeks
AoceTo Bias coefficient of QZSS time scale relative to GNSS time scale sec
AiceTo Drift coefficient of QZSS time scale relative to GNSS time scale sec/sec

AaxceTo Drift rate coefficient of QZSS time relative to GNSS time scale sec/sec?
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

tGNss :tQZSST - (AOGGTO + A.'l(tQZSST _tGGTO + 604800(VVN _WNGGTO)) Anothe

, r GNSS
+ Aysero (tQZSST —tsero +604800(WN —WN5r )) ) time [s]
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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
Ao Bias coefficient of QZSS time scale relative to UTC time scale sec
AL Drift coefficient of QZSS time scale relative to UTC time scale sec/sec
Atis Current or past leap second count sec
tot Epoch of UTC parameter (time data reference time of week) sec
WN: Modulo-256 expression of UTC reference week number weeks
WNLsr Modulo-256 expression of leap second reference week number (*1) weeks
DN Leap second reference day number (*2) days
Atise Current or future leap second count sec

Table 5.12.1-2 CNAV2(L1C) and CNAV(L2C,L5) UTC Parameters

Parameter Description Units
Aon Bias coefficient of QZSS time scale relative to UTC time scale sec
Ain Drift coefficient of QZSS time scale relative to UTC time scale sec/sec
Azn Drift rate correction coefficient of QZSS time scale relative to UTC time scale  sec/sec?
Atis 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
WNLsr Leap second reference week number weeks

DN Leap second reference day number (*2) days

Atise Current or future leap second count sec

*1: The value of WN_sg, 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 WN_sr values shall not exceed 127 in order to enable the leap
second reference week number to be determined uniquely when At s and At.se 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 tozsst to UTC turc. 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 WN_se 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 WN_se and DN

The relationship between UTC [s] and QZSS time [s] is shown in the following equation:

tutc= (tQZSST_ AtUTc) [mod 86400] [S]

Here, Aturc 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):
Atytc=At s+ Ao+ Al(tQZSST_ tor+ 604800(WN —WNt))

Note: Because WN; 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):
A tutc= A ts + Ao-n + Al-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 WN_sr and DN

The relationship between UTC [s] and QZSS time [s] is shown in the following equation:

W:(tQZSST— AIUTC—43200) [mod 86400] +43200[S]
tutc=W [mod (86400+ ALSF_ ﬂLs] [S]

Here, Aurc 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 WN_se and DN

The relationship between UTC [s] and QZSS time [s] is shown in the following equation:

tutc= (tQZSST_ AtUTc) [mod 86400] [S]

Here, Aturc is calculated by the algorithm shown in Table 5.12.2-1 using Atise in place
OfAth .
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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
¢ Epoch of earth orientation parameter (EOP sec
FoP data reference time)
PM X X-axis polar motion value at reference arc-sec
- time+
PM X X-axis polar motion drift at reference time arc-sec/day
PM Y Y-axis polar motion value at reference arc-sec
- time++
PM Y Y-axis polar motion drift at reference time arc-sec/day
UT1-UTC Difference at Reference
AUTL Time+++ Sec
AUTL 'I?iartneeOf UT1-UTC Difference at Reference 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 WNo
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

difference time between time t and EOP
tain=t—teop +604800(WN —WNqr) .
reference time [sec]

UT1=UTC+AUT1+ AUT 1*4i/86400 UT [sec] at time t

Xp=PM _X+PM _X*4i/86400 X-axis polar motion [arc-sec]
yp=PM _Y+PM _Y*t4iu/86400 Y-axis polar motion [arc-sec]
Criteria for CNAV2

« teop in subframe 3 page 2 is equal to the to: 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 ty: in Message Type 33
* top in Message Type 32 is equal to the typ in Message Type 33
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6. 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).

Document subject to the disclaimer of liability

147



	1.   Scope
	2.   Relevant Documents and Definition of Terms
	2.1.   Applicable Documents
	(1)  PS-QZSS QZSS Performance Standard
	(2)  IERS Technical Note 36 (IERS Conventions 2010)

	2.2.   Reference Documents
	(1)  Global Positioning Systems Directorate Systems Engineering & Integration Interface Specification IS-GPS-200, Navstar GPS Space Segment/Navigation User Interfaces, Revision K, approved on 6-MAY-2019
	(2)  Global Positioning Systems Directorate Systems Engineering & Integration Interface Specification IS-GPS-705, Navstar GPS Space Segment/User Segment L5 Interfaces, Revision F, approved on 6-MAY-2019
	(3)  Global Positioning Systems Directorate Systems Engineering & Integration Interface Specification IS-GPS-800, Navstar GPS Space Segment/User Segment L1C Interfaces, Revision F, approved on 6-MAY-2019
	(4)  QZSS Interface Specification (IS-QZSS), Ver. 1.6, November, 2014 (JAXA)

	2.3.   Definition of Terms
	2.4.   Abbreviations

	3.   Signal Specifications
	3.1.   RF Characteristics
	3.1.1.   Signal Structure
	3.1.2.   Frequency
	3.1.3.   Modulation Methods
	3.1.3.1.  L1C/A and L1C/B
	3.1.3.2.  L1C
	3.1.3.3.  L2C
	3.1.3.4.  L5
	3.1.3.5.  Signal Timing

	3.1.4.   Correlation Loss
	3.1.5.   Carrier Phase Noise
	3.1.6.   Spurious
	3.1.7.   Phase Relationship within Signals
	3.1.7.1.  L1
	3.1.7.2.  L2
	3.1.7.3.  L5

	3.1.8.   Minimum Received Power
	3.1.9.   Polarization Characteristics
	3.1.10.   Group Delay Property
	3.1.10.1.  Group Delay between Signals
	3.1.10.2.  Group Delay between Signals of Same Frequency

	3.1.11.   PRN Code Jitter
	3.1.12.   Code Carrier Coherence
	3.1.13.   Antenna Phase Center Characteristics
	3.1.14.   Characteristics for Space Service Volume Users
	3.1.14.1.  Minimum Signal Strength
	3.1.14.2.  Group Delay

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

	3.2.   PRN Codes
	3.2.1.   PRN Number Assignment
	3.2.2.   C/A Codes
	3.2.3.   L1C Codes
	3.2.3.1.  Ranging Code
	3.2.3.2.  Overlay Codes

	3.2.4.   L2C Codes
	3.2.5.   L5 Codes
	3.2.6.   Non-Standard Codes


	4.   Message Specifications
	4.1.   LNAV(L1C/A, L1C/B)
	4.1.1.   Message Configuration
	4.1.1.1.  Timing
	(1)  Message Patterns
	(2)  Update Timing
	(3)  Transmission Cycle
	(4)  Update interval and Fit Interval

	4.1.1.2.  Overview
	4.1.1.3.  Parity
	4.1.1.4.  Default Message
	4.1.1.5.  Invalid Message

	4.1.2.   Message Content
	4.1.2.1.  Overview
	4.1.2.2.  TLM and HOW
	(1)  Preamble
	(2)  TLM message
	(3)  Integrity status flag (ISF)
	(4)  TOW count message
	(5)  Alert flag
	(6)  Anti-spoof flag
	(7)  Subframe ID

	4.1.2.3.  Subframe 1 (SV Clock)
	(1)  Week number
	(2)  Code on L2
	(3)  User range accuracy (URA) INDEX
	(4)  SV health
	(5)  Issue of Data, Clock (IODC)
	(6)  L2P data flag
	(7)  Group delay between SV clock and L1C/A (or L1C/B) time
	(8)  SV clock parameter

	4.1.2.4.  Subframe 2 (Ephemeris 1)
	(1)  Issue of data, ephemeris (IODE)
	(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
	(3)  Fit interval flag
	(4)  Age of data offset (AODO)

	4.1.2.5.  Subframe 3 (Ephemeris 2)
	(1)  Issue of data, ephemeris (IODE)
	(2)  Ephemeris

	4.1.2.6.  Subframes 4 and 5
	4.1.2.6.1.  Overview
	4.1.2.6.2.  QZS Almanac (Data ID = "3", SV ID = 1 to 9)
	(1)  SV health
	(2)  Almanac

	4.1.2.6.3.  QZS Almanac Epoch and Health (Data ID = "3", SV ID = 51)
	(1)  Almanac reference time of week
	(2)  Almanac reference week
	(3)  SV health

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

	4.1.2.6.5.  Ionospheric (Wide Area) and UTC Parameters (Data ID = 3, SV ID = 56)
	(1)  Ionospheric parameter
	(2)  UTC parameter

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

	4.1.2.7.  (Reference) Differences from GPS
	4.1.2.8.  (Reference) Differences from IS-QZSS-JAXA


	4.2.   CNAV2(L1C)
	4.2.1.   Message Configuration
	4.2.1.1.  Overview
	4.2.1.2.  Timing
	(1)  Message Patterns
	(2)  Update Timing
	(3)  Transmission Cycle
	(4)  Update interval and Fit Interval

	4.2.1.3.  TOI Data Encoding
	4.2.1.4.  Cyclic Redundancy Check (CRC)
	4.2.1.5.  Low Density Parity Check (LDPC) Code
	4.2.1.6.  Interleaving
	4.2.1.7.  Default Message
	4.2.1.8.  Invalid Message

	4.2.2.   Message Content
	4.2.2.1.  Overview
	4.2.2.2.  Subframe 1
	(1)  TOI count

	4.2.2.3.  Subframe 2
	(1)  Week number
	(2)  Interval time of week (ITOW)
	(3)  Data predict time of week
	(4)  L1C health
	(5)  Elevation Dependent URA index
	(6)  Ephemeris / Clock data reference time of week
	(7)  Ephemeris
	(8)  Non elevation dependent URA
	(9)  SV clock
	(10)  Group delay
	(11)  Integrity status flag (ISF)
	(12)  Data predict week number

	4.2.2.4.  Subframe 3
	4.2.2.4.1.  Overview
	4.2.2.4.2.  Page 1 (UTC Parameters and Ionospheric Parameters (Wide Area))
	(1)  PRN
	(2)  Page No
	(3)  UTC parameter
	(4)  Ionospheric parameter
	(5)  Group delay

	4.2.2.4.3.  Page 2 (GGTO and Earth Orientation Parameter)
	(1)  PRN
	(2)  Page No
	(3)  GNSS ID
	(4)  GPS/GNSS time offset (GGTO) parameter
	(5)  Earth orientation parameter (EOP)

	4.2.2.4.4.  Page 3 (QZS Reduced Almanac)
	(1)  PRN
	(2)  Page No
	(3)  Almanac reference week
	(4)  Almanac reference time of week
	(5)  Reduced almanac packet
	(6)  PRN number
	(7)  Reduced almanac data
	(8)  L1/L2/L5 health

	4.2.2.4.5.  Page 4 (QZS Midi Almanac)
	(1)  PRN
	(2)  Page No
	(3)  PRN number for almanac
	(4)  L1/L2/L5 health
	(5)  Midi almanac

	4.2.2.4.6.  Page 6 (Text Message)
	(1)  PRN
	(2)  Page No
	(3)  Text page
	(4)  Text message

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

	4.2.2.5.  (Reference) Differences from GPS
	4.2.2.6.  (Reference) Differences from IS-QZSS-JAXA


	4.3.   CNAV(L2C,L5)
	4.3.1.   Message Configuration
	4.3.1.1.  Overview
	4.3.1.2.  Timing
	(1)  Message pattern
	(2)  Update timing
	(3)  Transmission Cycle
	(4)  Update interval and Fit interval

	4.3.1.3.  Cyclic Redundancy Check (CRC)
	4.3.1.4.  Forward Error Correction (FEC)
	4.3.1.5.  Default message
	4.3.1.6.  Invalid Message

	4.3.2.   Message Content
	4.3.2.1.  Overview
	4.3.2.2.  Common Section
	(1)  Preamble
	(2)  PRN ID
	(3)  Message type ID
	(4)  Message TOW count
	(5)  Alert flag

	4.3.2.3.  Message Type 10 (Ephemeris 1)
	(1)  Week number
	(2)  Signal health (L1/L2/L5)
	(3)  Data predict time of week
	(4)  Elevation dependent URA index
	(5)  Ephemeris
	(6)  Integrity status flag (ISF)
	(7)  L2C phase

	4.3.2.4.  Message Type 11 (Ephemeris 2)
	(1)  Ephemeris

	4.3.2.5.  Message Type 12 (QZS Reduced Almanac)
	(1)  Almanac reference week
	(2)  Almanac reference time of week
	(3)  Reduced almanac packet
	(a)  PRN ID
	(b)  L1/L2/L5 health
	(c)  Reduced almanac data


	4.3.2.6.  Message Type 15 (Text Message)
	(1)  Text message
	(2)  Text page

	4.3.2.7.  Common to Message Types 30 to 37 and 61 (SV Clock Parameters)
	(1)  Data predict time of week
	(2)  Non-elevation-dependent URA index
	(3)  SV clock parameter

	4.3.2.8.  Message Type 30 (Clock, Ionospheric (Wide Area) and Group Delay Differential Correction Parameters)
	(1)  Group delay correction parameter
	(2)  Ionospheric parameter
	(3)  Data predict week number

	4.3.2.9.  Message Type 31 (Clock and Reduced Almanac)
	(1)  Almanac reference week
	(2)  Almanac reference time of week
	(3)  Reduced almanac packet

	4.3.2.10.  Message Type 32 (Clock and Earth Orientation Parameter (EOP))
	(1)  Earth orientation parameter (EOP)

	4.3.2.11.  Message Type 33 (Clock and UTC Parameters)
	(1)  UTC parameter

	4.3.2.12.  Message Type 35 (Clock and QZSS/GNSS Time Offset)
	(1)  GPS/GNSS time offset (GGTO)

	4.3.2.13.  Message Type 37 (Clock and Midi Almanac)
	(1)  Midi almanac
	(2)  Almanac PRN ID
	(3)  L1/L2/L5 health

	4.3.2.14.  Message Type 61 (Clock, Ionospheric (Japan area) and Group Delay Differential Correction Parameters)
	(1)  Group delay correction parameter
	(2)  Ionospheric parameters

	4.3.2.15.  (Reference) Differences from GPS
	4.3.2.16.   (Reference) Differences from IS-QZSS-JAXA



	5.   User Algorithms
	5.1.   Time System
	(1)   Definitions
	(a)  Length of 1 second
	(b)  Offset between QZSST and TAI
	(c)  Starting point of week number for QZSST

	(2)  Navigation message reference time

	5.2.   Coordinate System
	5.3.   Constants
	5.3.1.   Speed of Light
	5.3.2.   Circular Constant
	5.3.3.   Angular Velocity of the Earth's Rotation
	5.3.4.   Earth's Gravitational Constant
	5.3.5.   Semi-Circle

	5.4.   Health and Integrity
	5.4.1.   Health and Alert Flag
	5.4.2.   Integrity Status Flag
	5.4.3.   URA Index
	5.4.3.1.  LNAV(L1C/A, L1C/B)
	5.4.3.2.  CNAV2(L1C) and CNAV(L2C,L5)
	5.4.3.2.1.  Elevation-dependent URA
	5.4.3.2.2.  Non-elevation-dependent URA



	5.5.   Satellite Clock Correction Using the SV Clock Parameters
	5.5.1.   Parameter Definition
	5.5.2.   Algorithm

	5.6.   Satellite Position Using the Ephemeris
	5.6.1.   LNAV(L1C/A, L1C/B)
	5.6.1.1.  Parameter Definition
	5.6.1.2.  Algorithms

	5.6.2.   CNAV2(L1C) and CNAV(L2C,L5)
	5.6.2.1.  Parameter Definition
	5.6.2.2.  Algorithms


	5.7.   Satellite Position Using the Almanac
	5.7.1.   LNAV(L1C/A, L1C/B)
	5.7.1.1.  Parameter Definitions
	5.7.1.2.  Algorithms

	5.7.2.   CNAV2(L1C) and CNAV(L2C,L5)
	5.7.2.1.  Midi Almanac
	5.7.2.1.1.  Parameter Definitions
	5.7.2.1.2.  Algorithms

	5.7.2.2.  Reduced Almanac
	5.7.2.2.1.  Parameter Definitions
	5.7.2.2.2.  Algorithms



	5.8.   Satellite Clock Correction Using Group Delay Differential Correction Parameters
	5.8.1.   Parameter Definition
	5.8.2.   Algorithms

	5.9.   Ionospheric Delay Correction Using Ionospheric Parameters
	5.9.1.   Parameter Definition
	5.9.2.   Algorithms
	5.9.3.   Applicable Area

	5.10.   Ionospheric Delay Correction Using Dual Frequency Observation
	5.11.   GNSS Time Offset Correction
	5.11.1.   Parameter Definition
	5.11.2.   Algorithm

	5.12.   UTC Offset Correction
	5.12.1.   Parameter Definition
	5.12.2.   UTC Offset Calculation Algorithm
	(1)  When the user's current time is 6 hours or more before the leap second update timing indicated by WNLSF and DN
	(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
	(3)  When the user's current time is 6 hours or more after the leap second update timing indicated by WNLSF and DN


	5.13.   Earth Orientation Parameters (EOP)
	5.13.1.   Parameter Definition
	5.13.2.   Algorithm


	6.   LDPC Matrix of CNAV2(L1C)

