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Description of Change

The change items in this PIRN are; (1) removal of all Letters of Exception (LOEs), except for one, and
incorporation of contents of technical LOEs into the text of ICD-GPS-200, (2) updatedeletion of calendar year
data requirement—te—al—bleeks—ofSV, (3) clarification of applicable UTC/GPS-time relationships, (4)
clarification of t,, value update in the nav message, (5) clarification of t,. offset for new upload cutover, (6)

changes to IODC values and data set lengths, and (76) other general clean up and editorial update.

It should be noted that attached proposed changes to ICD-GPS-200 paragraphs 6.2.2.2.3, 6.3.3, 6.3.4, 20.3.2,
20.3.3.3.1.3, 20.3.3.5.2.2 are due to Martin Marietta LOE on page 61 of ICD-GPS-200, while changes to
paragraphs 20.3.3.5.1, 20.3.3.5.1.1, 20.3.3.5.1.2, 20.3.3.5.1.3, and Table 20-V are due to IBM LOE on page 59
of ICD-GPS-200. These changes have been previously coordinated with LMSSC, AFSPC/DRN, and
LMM&DS as Draft PIRN-200C-005.

The proposed changes are described in this PIRN as follows;

deletion - strikeout,

addition - italic.
The changes are described using the extracts from ICD-GPS-200C with IRN-200C-001 & IRN-200C-002 &
IRN-200C-003 & IRN-200C-004 & IRN-200C-005R1.
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3.2.2 NAV Data. The NAV data, D(t), includes SV ephemerides, system time, SV clock behavior data, status
messages and C/A to P (or Y) code handover information, etc. The 50 bps data is Modulo-2 added to the P(Y)-
and C/A- codes; the resultant bit-trains are used to modulate the L1 and L2 carriers. For a given SV, the data train
D(t), if present, is common to the P(Y)- and C/A- codes on both the L1 and L2 channels. The content and

characteristics of the NAV data, D(t), are given in Appendix II of this document.

For Block IIR-M, the NAV data, D(t), is also Modulo-2 added to the L2 CM-code. However, the NAV data, D(t),
can be used in one of two different data rates which are selectable by ground command. D(t) with a data rate of 50
bps can be commanded to be Modulo-2 added to the L2 CM-code, or D(t) with a symbol rate of 50 symbols per
second (sps) (rate Y2 convolutional encode of a 25 bps NAV data) can be commanded to be Modulo-2 added to the
L2 CM-code. The resultant bit-train is combined with L2 CL-code using chip by chip time-division multiplexing
method (i.e. alternating between L2 CM @ data and L2 CL chips). and-theThis multiplexed bit-trains areis used to

modulate the L2 carrier.

The above described (and throughout this document) NAV data, D(t), and its modulation onto the L2 CM-code for

Block IIR-M may change prior to operational broadcast of L2 C signal.

For Block IIF, and subsequent blocks of SVs, L2 CNAYV data, Dc(t), also includes SV ephemerides, system time,
SV clock behavior, status messages, etc. The D¢(t) is a 25 bps data stream which is coded by a rate 2 convolutional
coder. When selected by ground command, the resulting 50 sps symbol stream is Modulo-2 added to the L2 CM-
code; the resultant bit-train is combined with L2 CL-code using chip by chip time-division multiplexing method (i.e.
alternating between L2 CM @ data and L2 CL chips); the multiplexed bit-trains—are is used to modulate the L2

carrier. The content and characteristics of the L2 CNAV data, D¢(t), are given in Appendix III of this document.

PIRN-200C-008A
ICD-GPS-200C
7 June 2004
1

UNCLASSIFIED



UNCLASSIFIED

3.2.3 L1/L2 Signal Structure. The L1 }ink-consists of two carrier components which are in phase quadrature with ‘

each other. Each carrier component is bi-phase shift key (BPSK) modulated by a separate bit train. One bit train is
the Modulo-2 sum of the P(Y)-code and NAV data, D(t), while the other is the Modulo-2 sum of the C/A-code and
the NAV data, D(t). For Block II/IIA and IIR, the L2 hnk-is BPSK modulated by only one of those two bit trains;
the bit train to be used for L2 modulation is selected by ground command. A third modulation mode is also
selectable on the L2 channel by ground command: it utilizes the P(Y)-code without the NAV data as the
modulating signal. For a particular SV, all transmitted signal elements (carriers, codes and data) are coherently

derived from the same on-board frequency source.

For Block IIR-M SVs, the L2 consists of two carrier components. One carrier component is BPSK modulated by
the bit train which is the Modulo-2 sum of the P(Y)-code with or without NAV data D(t), while the other is BPSK
modulated by any one of four other bit trains which are selectable by ground command. The four possible bit trains
are:: (1) the Modulo-2 sum of the C/A-code and D(t); (2) the C/A-code with no data; (3) a chip-by-chip time
multiplex combination of bit trains consisting of the L2 CM-code with D(t) at 50 bps and the L2 CL-code with no
data and; (4) a chip-by-chip time multiplex combination of bit trains consisting of the L2 CM-code with
convolutionally encoded D(t) (50 sps) and the L2 CL-code with no data. The L2 CM-code with D(t) is time-
multiplexed with L2 CL-code at a 1023 kHz rate as described in paragraph 3.2.2. The first L2 CM-code chip starts

synchronously with the end/start of week epoch.

For Block IIF, and subsequent blocks of SVs, the L2 consists of two carrier components. One carrier component is
BPSK modulated by the bit train which is the Modulo-2 sum of the P(Y)-code with or without NAV data D(t), while
the other is BPSK modulated by any one of three other bit trains which are selectable by ground command. The
three possible bit trains are:: (1) the Modulo-2 sum of the C/A-code and D(t); (2) the C/A-code with no data and;
(3) a chip-by-chip time multiplex combination of bit trains consisting of the L2 CM-code with D¢(t) and the L2 CL-
code with no data. The L2 CM-code with the 50 sps symbol stream of D¢(t) is time-multiplexed with L2 CL-code at

a 1023 kHz rate as described in paragraph 3.2.2. The first L2 CM-code chip starts synchronously with the end/start ‘

of week epoch.

The different configuration and combination of codes/signals specified in this section are shown in Table 3-IIA.
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3.3.3 Navigation Data. The content and format of the NAV data, D(t), and the L2 CNAV data, D¢(t), are given in
Appendices II and 111, respectively, of this document.

3.3.3.1 Navigation Data Modulation. For Block IIF, the L2 CNAYV bit train, D(t), is rate %2 encoded and, thus,
clocked at 50 sps. The resultant symbol sequence is then Modulo-2 added to the L2 CM-code. For Block IIR-M,

upon ground command, the NAV bit train, D(t), can be rate %2 encoded and be used to modulate the L2 CM-code.

However, the data rate of D(t) for this purpose will be 25 bps resulting in 50 sps.

3.3.3.1.1 Forward Error Correction. The L2 CNAYV bit train, D¢(t), will always be Forward Error Correction (FEC)

encoded by a rate 1/2 convolutional code. For Block IIR-M, the NAV bit train, D(t), can be selected to be
convolutionally encoded. The resulting symbol rate is 50 sps. The convolutional coding will be constraint length 7,
with a convolutional encoder logic arrangement as illustrated in Figure 3-12C. The G1 symbol is selected on the

output as the first half of a 40-millisecond data bit period.

Twelve-second navigation messages broadcast by the SV are synchronized with every eighth of the SV's P(Y)-code
X1 epochs. However, the navigation message is FEC encoded in a continuous process independent of message
boundaries (i.e. at the beginning of each new message, the encoder registers illustrated in Figure 3-12C contains the

last six bits of the previous message).

Because the FEC encoding convolves successive messages, it is necessary to define which transmitted symbol is
synchronized to SV time, as follows. The beginning of the first symbol that contains any information about the first
bit of a message will be synchronized to every eighth X1 epoch (referenced to end/start of week). The users’
convolutional decoders will introduce a fixed delay that depends on their respective algorithms (usually 5 constraint
lengths, or 35 bits), for which they must compensate to determine system time from the received signal. This
convolutional decoding delay and the various relationships with the start of the data block transmission and SV time

are illustrated in Figure 3-12D.

3.3.4 GPS Time and SV Z-Count. GPS time is established by the Control Segment and is referenced to a

Coordinated Universal Time (UTC) €as maintained by the U.S. Naval Observatory (UTC(USNO)) zero time-point
defined as midnight on the night of January 5, 1980/morning of January 6, 1980. The largest unit used in stating
GPS time is one week defined as 604,800 seconds. GPS time may differ from UTC because GPS time shall be a
continuous time scale, while UTC is corrected periodically with an integer number of leap seconds. There also is an
inherent but bounded drift rate between the UTC and GPS time scales. The OCS shall control the GPS time scale to

be within one microsecond of UTC (Modulo one second).
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[para. 3.3.4 cont.] The NAV data contains the requisite data for relating GPS time to UTC. The accuracy of this
data during the transmission interval shall be such that it shall relate GPS time (maintained by the MCS of the CS)
to UTC (USNO) within 90 nanoseconds (one sigma). This data is generated by the CS; therefore, the accuracy of
this relationship may degrade if for some reason the CS is unable to upload data to a SV. At this point, it is
assumed that alternate sources of UTC are no longer available, and the relative accuracy of the GPS/UTC
relationship will be sufficient for users. Range error components (e.g. SV clock and position) contribute to the GPS
time transfer error, and under normal operating circumstances (two frequency time transfers from SV(s) whose
navigation message indicates a URA of eight meters or less), this corresponds to a 97 nanosecond (one sigma)
apparent uncertainty at the SV. Propagation delay errors and receiver equipment biases unique to the user add to

this time transfer uncertainty.

In each SV the X1 epochs of the P-code offer a convenient unit for precisely counting and communicating time.
Time stated in this manner is referred to as Z-count, which is given as a 29-bit binary number consisting of two

parts as follows:

a. The binary number represented by the 19 least significant bits of the Z-count is referred to as the time of
week (TOW) count and is defined as being equal to the number of X1 epochs that have occurred since the
transition from the previous week. The count is short-cycled such that the range of the TOW-count is
from 0 to 403,199 X1 epochs (equaling one week) and is reset to zero at the end of each week. The TOW-
count's zero state is defined as that X1 epoch which is coincident with the start of the present week. This
epoch occurs at (approximately) midnight Saturday night-Sunday morning, where midnight is defined as
0000 hours on the Universal-Coordinated—TFime(UTC) scale which is nominally referenced to the
Greenwich Meridian. Over the years the occurrence of the "zero state epoch" may differ by a few seconds
from 0000 hours on the UTC scale since UTC is periodically corrected with leap seconds while the TOW-
count is continuous without such correction. To aid rapid ground lock-on to the P-code signal, a truncated
version of the TOW-count, consisting of its 17 most significant bits, is contained in the hand-over word
(HOW) of the L/ and L2-Band-dewnlink data stream; the relationship between the actual TOW-count and
its truncated HOW version is illustrated by Figure 3-13.

b. The ten most significant bits of the Z-count are a Modulo 1024 binary representation of the sequential
number assigned to the current GPS week (see paragraph 6.2.4). The range of this count is from 0 to 1023
with its zero state being defined as the GPS week number zero and every integer multiple of 1024 weeks,

thereafter (i.e. 0, 1024, 2048, etc.).
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6. NOTES
6.1 Acronyms

Al - Availability Indicator
AODO - Age of Data Offset
A-S - Anti-Spoofing
Autonav - Autonomous Navigation
BPSK - Bi-Phase Shift Key
cps - cycles per second
CRC - Cyclic Redundancy Check
CS - Control Segment
DN - Day Number
EAROM - Electrically Alterable Read-Only Memory
ECEF - Earth-Centered, Earth-Fixed
ECI - Earth-Centered, Inertial
EOE - Edge-of-Earth
EOL - End of Life
ERD - Estimated Range Deviation
FEC - Forward Error Correction
GPS - Global Positioning System
HOW - Hand-Over Word
ICC - Interface Control Contractor
ICD - Interface Control Document
ID - Identification
IERS - International Earth Rotation and Reference Systems Service
10DC - Issue of Data, Clock
IODE - Issue of Data, Ephemeris
IRM - 1ERS Reference Meridian
IRP - IERS Reference Pole
ISC - Inter-Signal Correction
LSB - Least Significant Bit
LSF - Leap Seconds Future
L2C - L2 Civil Signal
L2 CL - L2 Civil-Long Code
L2CM - L2 Civil-Moderate Code
L2 CNAV - L2 C Navigation
PIRN-200C-008A
ICD-GPS-200C
7 June 2004
5

UNCLASSIFIED

V Ay



UNCLASSIFIED

MCS - Master Control Station
MSB - Most Significant Bit
NAV - Navigation
NDUS - Nudet Detection User Segment
NMCT - Navigation Message Correction Table
NSC - Non-Standard C/A-Code
NSCL - Non-Standard L2 CL-Code
NSCM - Non-Standard L2 CM-Code
NSY - Non-Standard Y-code
OBCP - On-Board Computer Program
OCS - Operational Control SystemSegment
PRN - Pseudo-Random Noise
RF - Radio Frequency
RMS - Root Mean Square
SA - Selective Availability
SEP - Spherical Error Probable
sps - symbols per second
SS - Space Segment
SV - Space Vehicle
SVN - Space Vehicle Number
TBD - To Be Determined
TBS - To Be Supplied
TLM - Telemetry
TOW - Time Of Week
UE - User Equipment
URA - User Range Accuracy
URE - User Range Error
Us - User Segment
USNO - U.S. Naval Observatory
UTC - Coordinated Universal Time
WGS 84 - World Geodetic System 1984
WN - Week Number
WN, - Extended Week Number
PIRN-200C-008A
ICD-GPS-200C
] 7 June 2004

UNCLASSIFIED



UNCLASSIFIED

6.2.2.2.1 Block II SVs. The first block of full scale operational SVs developed by Rockwell International are
designated as SVNs 13-21 and are termed "Block II" SVs. These SVs were designed to provide 14 days of

positioning service without contact from the CS.

6.2.2.2.2 Block IIA SVs. The second block of full scale operational SVs developed by Rockwell International are
designated as SVNs 22-40 and are termed "Block IIA" SVs. These SVs were designed to provide 180 days of

positioning service without contact from the CS.

6.2.2.2.3 Block IIR SVs. The block of operational replenishment SVs developed by Lockheed Martin Marietta-are
designated as SVNs 41-61 and are termed "Block IIR" SVs. These SVs have the capability of storing at least 60
days of navigation data with current memory margins, while operating in a IIA mode, to provide positioning service
without contact from the CS for that period. (Contractual requirements for these SVs specify transmission of correct

data for only 14 days to support short-term extended operations while in IIA mode.)wil-provide-atleast+4-days-of
I . . e e-andThe IIR SV

he Rlo A1
B

will provide a minimum of 180 days of positioning service without contact from the CS when operating in

autonomous navigation (Autonav) mode.

6.2.2.2.4 Block IIR-M SVs. The subset of operational replenishment SVs developed by Lockheed Martin which

are “Modernized” configuration of “Block IIR” SVs are termed “Block IIR-M”.
6.2.2.2.5 Block IIF SVs. The block of operational replenishment SVs developed by Boeing are designated as SVNs
62-73 and are termed “Block IIF” SVs. This is the first block of operational SVs that transmit the L5 Civil signal.

These SVs will provide at least 60 days of positioning service without contact from the CS.

6.2.3 Operational Interval Definitions. The following three operational intervals have been defined. These labels

will be used to refer to differences in the interface definition as time progresses from SV acceptance of the last

navigation data upload.

6.2.3.1 Normal Operations. The SV is undergoing normal operations whenever the fit interval flag (reference

paragraph 20.3.3.4.3.1) is zero.

6.2.3.2 Short-term Extended Operations. The SV is undergoing short-term extended operations whenever the fit

interval flag is one and the IODE (reference paragraph 20.3.4.4) is less than 240.
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6.2.3.3 Long-term Extended Operations. The SV is undergoing long-term extended operations whenever the fit

interval flag is one and the IODE is in the range 240-255.

6.2.4 GPS Week Number. The GPS week numbering system is established with week number zero (0) being

defined as that week which started with the X1 epoch occurring at midnight UTC(USNO) on the night of January 5,
1980/ morning of January 6, 1980. The GPS week number continuously increments by one (1) at each end/start of
week epoch without ever resetting to zero. Users must recognize that the week number information contained in the
Nav Message may not necessarily reflect the current full GPS week number (see paragraphs 20.3.3.3.1.1,

20.3.3.5.1.7,20.3.3.5.2.4, and 30.3.3.1.1.1).

6.2.5 : ar-yeary
atmbertrom-the-Gregortan-Calendar-DELETED.

for- that partieslar UFC(USNOY-day=-DELETED.
6.2.7 L5 Civil Signal. L5 is the GPS downlink signal at a nominal carrier frequency of 1176.45 MHz. The L5
signal is only available on Block IIF and subsequent blocks of SVs and the signal is specified/described in a separate

and different interface control document.

6.3 Supporting Material

6.3.1 Received Signals. The guaranteed minimum user-received signal levels are defined in paragraph 3.3.1.6.
As additional supporting material, Figure 6-1 illustrates an example variation in the minimum received power of the

near-ground user-received L1 and L2 signals from Block II/IIA/IIR SVs as a function of SV elevation angle.
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6.3.3 Block ITA Mode (Block IIR/IIR-M). The Block IIR/IIR-M SVs, when operating in the Block IIA mode, will

perform similarly to the Block IIA SVs and have the capability of storing at least 60 days of navigation data, with
current memory margins, to provide positioning service without contact from the CS for that period (through
short-term and long-term extended operations). (Contractual requirements for these SVs specify transmission of
correct data for only 14 days to support short-term extended operations while in IIA mode.)will-previde-atleast

4—days—ofpositionine—service—{(throush—short-term—extended—operations)—without—conta om—the-CS: Under

normal conditions, the CS will provide daily uploads to each SV, which will allow the SV to maintain normal

operations as defined in paragraph 6.2.3.1 and described within this ICD.

If the CS is unable to upload the SVs (the CS is unavailable or the SV is unable to accept and process the upload),
each SV will individually transition to short-term extended operations and eventually to long-term extended
operations (based on time from each SV'’s last upload) as defined in paragraph 6.2.3.2 and 6.2.3.3, and as further
described throughout this ICD. As time from upload continues through these three operational intervals, the user

range error of the SV will increase, causing a positioning service accuracy degradation.

6.3.4 Autonomous Navigation Mode. The Block IIR/IIR-M and Block IIF SV, in conjunction with a sufficient

number of other Block IIR/IIR-M or Block IIF SVs, operates in an Autonav mode when commanded by the CS.
Each Block IIR/IIR-M/IIF SV in the constellation determines its own ephemeris and clock correction parameters via
SV-to-SV ranging, communication of data, and on-board data processing which updates data uploaded by the CS.
In the Autonav mode the Block IIR/IIR-M/IIF SV will maintain normal operations as defined in paragraph 6.2.3.1
and as further described within this ICD, and will have a user range error (URE) of no larger than 6 meters, one
sigma for Block IIR/IIR-M. URE of 6 meters, one sigma, is expectedthat-is—at-or-below-alevelrequired to support
16 meter SEP accuracy under a nominal position dilution of precision. 1If the CS is unable to upload the SVs, the
Block IIR/IIR-M SVs will maintain normal operations for period of at least 180 days after the last upload and the

Block IIF SVs will maintain normal operations for period of at least 60 days.

In the Autonav mode, the almanac data, UTC parameters and ionospheric data are still calculated and maintained
current by the CS and uploaded to the SV as required. If the CS is unable to upload the SVs, the almanac data,
UTC parameters and ionospheric data will not be maintained current and will degrade in accuracy from the time of

the last upload.
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Lockheed Martin Space Systems Company

Space & Strategic Missiles
Valley Forge Operations
P.O. Box 8555 Philadelphia, PA 19101 LOCKHEED MARTIN

26 May 2003
GPS IIR-CM-MOD-147

SMC/CZK
2420 VELA WAY, SUITE 1467
LOS ANGELES AFB CA 90245-4659

Attention: Mr. David Smith

Subject: GPS Block IIR Modernization Contract F04701-00-C-0006
Review and approval of ICD-GPS-PIRN-200C-007B, dated 08 November 2003, post 9
April 2003 CCB (L2C =-160).

Reference: 1) PCOL# 03-012, dated 22 May 03; F04701-00-C-0006; REQUEST FOR IMPACTS
DUE TO IMPLEMENTING PROPOSED CHANGES TO PIRN-200C-007
REVISION B

Dear Mr. Smith:

Lockheed Martin Space Systems Company has been asked to review and comment on changes made to
ICD-GPS-PIRN-200C-007B at the JPO CCB boarded on or about 09 April 2003. It is our understanding
that the ONLY change made to the 08 November 2002 of the subject ICD is L2C for IIR-M SVs changed
from —161.4 dBW to —160.0 dBW.

Based on that change, Lockheed Martin takes exception to IIR-M L2 C signal power specified in Table 3-
III. Per Lockheed Martin contract requirements as specified in SS-SS-500, Rev. A, dated 14 May 2001,
LMSSC calculates links using:
e (-dBi circularly polarized user receiving antenna (located) near ground when the SV is above a 5°
elevation angle
e Atmospheric loss of 0.5 dB at edge of earth
e Assumes SV antenna gains are averaged about azimuth

Using the assumptions as specified in paragraph 3.3.1.6 of PIRN-200C-007B, the GPS IIRM SVs provide
a minimum receive signal of -161.4 dBW for L2 C signal. Lockheed Martin therefore takes exception to -
160 dBW for L2C of PIRN-200c-007B. Formal request for cost and schedule impacts should come
through the JPO Contracting Officer.

To change from -161.4 dBW to -160.0 dBW would have to be analyzed and coordinated between
Lockheed Martin and ITT. If such a change were technically possible, there would be impacts to L-Band
level testing, SV level testing, test scripts, Specs, OOH, and various ICDs. These impacts would be in
both cost and schedule.

Figure 10-1. Letters of Exception—sheet+7-of1+8}.
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GPS IIR-CM-MOD-147
Page 2

Currently, there is an ongoing effort between Lockheed Martin, Boeing, Arinc, Aerospace, and the JPO
concerning signal flexibility under the ConOps study. Lockheed Martin recommends, based on the
outcome and direction of this effort, that an impact to the ICD-200 change be included in the resulting
request for ROMs for Flex Power implementation.

Note that if Lockheed Martin has taken earlier exception to a change in any requirements in a previous
revision of this document, Lockheed Martin continues to take exception to that change. A letter explicitly

stating that the exception is no longer valid will accomplish the retraction of an exception.

Should you have any questions, please contact Martin O’Connor at (610) 354-7866 for technical
concerns, or the undersigned at (610) 354-7989 for contractual matters.

Very truly yours,

LOCKHEED MARTIN CORPORATION

Signature on file
Brent B. Achee II
GPS Block IIR Deputy Program Director

XC: Capt. K. Eggehorn
Mary Guyes
Soon Yi, ARINC
J. Windfelder, DCMC

Figure 10-1. Letters of Exception—{sheet+8-ef18).
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DIRECTION OF DATA FLOW FROM SV MSB FIRST —

150 BITS ———————— 3 SECONDS
le—— WORD 1 —>|<— WORD 2 —>|<— WORD 3 —>|<— WORD 4 —>|<— WORD 5 ——>
SUBFRAME  PAGE
NO. NO. 1 31 63 |69 91 121
SV HEALTH SV HEALTH
M de HOw i p toa | WN, P 6 BITS/SV P 6 BITS/SV P
5 25 8 | 8 sv|sv|sv|sv| |sv|sv|sv]|sv
22 BITS 22 BITS s |eirs M YS9 1S)
A A
DATA ID - 2 BITS
SV (PAGE) ID - 6 BITS
< DIRECTION OF DATA FLOW FROM SV MSB FIRST ————
150 BITS —————— 3 SECONDS
l«—— WORD 6 —>|<— WORD 7 —>|<— WORD 8 —>|<— WORD 9 —>|<—WORD 10—>]
151 181 211 241 271| 277
SV HEALTH SV HEALTH SV HEALTH SV HEALTH
6 BITS/SV 6 BITS/SV 6 BITS/SV 6 BITS/SV
5 25 P P P 16BITS* | t
sv|sv|sv|sv| |sv|sv|sv|sv| [sv|sv|sv]|sv| |sv|sv|sv|sv
9 11011 [12 13[14 15|16 17118 |19 |20 211 22[23 |24
A F Y

6 BITS ***

—CALENDARYEAR
o

*** RESERVED

P =6 PARITY BITS
t=2 NONINFORMATION BEARING BITS USED FOR PARITY COMPUTATION (SEE PARAGRAPH 20.3.5)

C =TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure 20-1. Data Format (sheet 5 of 11)
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[Section 20.3.2 cont.] Block II and IIA SVs are designed with sufficient memory capacity for storing 182 days of
uploaded NAV data. However, the memory retention of these SVs will determine the duration of data transmission.
Block IIR SVs are-designed—to—-havesufficient-memory—to-store182have the capability, with current memory
margin, to store at least 60 days of uploaded NAV data in the Block IIA mode and to store 210 days of CS data
needed to generate NAV data on-board in the Autonav mode. Alternating ones and zeros will be transmitted in
words 3 through 10 in place of the normal NAV data whenever the SV cannot locate the requisite valid control or
data element in its on-board computer memory. The following specifics apply to this default action: (a) the parity
of the affected words will be invalid, (b) the two trailing bits of word 10 will be zeros (to allow the parity of
subsequent subframes to be valid -- reference paragraph 20.3.5), (c) if the problem is the lack of a data element,
only the directly related subframe(s) will be treated in this manner, (d) if a control element cannot be located, this
default action will be applied to all subframes and all subframes will indicate ID = 1 (Block II/IIA only) (i.e., an
ID-code of 001) in the HOW (reference paragraph 20.3.3.2) (Block IIR/IIR-M and IIF SVs indicate the proper
subframe ID for all subframes). Certain failures of control elements which may occur in the SV memory or during
an upload will cause the SV to transmit in non-standard codes (NSC and NSY) which would preclude normal use by
the US. Normal NAV data transmission will be resumed by the SV whenever a valid set of elements becomes

available.
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[Section 20.3.2 cont.] Block II SVs aremay be uploaded with 182 days of NAV data. However, the EAROM
retentivity for these SVs is designed and guaranteed for only 14 days. Therefore, Block II SV memory is most
likely to fail sometime during long-term extended operations after repeated write operations. In the case of memory

failure, the SV will transmit alternating ones and zeros in word 3-10 as specified in the above paragraph.

Block IIA SVs aremay also be uploaded with 182 days of data. However, the EAROM retentivity for these SVs is

designed and guaranteed for 180 days.
The memory retentivity for the Block IIR/IIR-M SVs is designed and guaranteed for 210 days.
The memory retentivity for the Block IIF SVs is designed and guaranteed for 90 days.

Although the data content of the SVs will be temporarily reduced during the upload process, the transmission of

valid NAV data will be continuous. The data capacity of specific operational SVs may be reduced to accommodate

partial memory failures.
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20.3.3.3.1.3 SV Accuracy. Bits 13 through 16 of word three shall give the URA index of the SV (reference
paragraph 6.2.1) for the unauthorized user. Except for Block IIR/IIR-M SVs in the Autonav mode, Fthe URA index
(N) is an integer in the range of 0 through 15 and has the following relationship to the URA of the SV:

URA INDEX URA (meters
0 0.00 <URAZ< 2.40
1 240 <URAZ< 3.40
2 340 <URAZ< 4.85
3 485 <URAZ< 6.85
4 6.85 <URAZ< 9.65
5 9.65 <URAZ< 13.65
6 13.65 <URAZ< 24.00
7 24.00 <URAZ 48.00
8 48.00 <URAZ 96.00
9 96.00 <URA< 192.00
10 192.00 <URA<  384.00
11 384.00 <URA<  768.00
12 768.00 <URA< 1536.00
13 1536.00 <URA< 3072.00
14 3072.00 <URA< 6144.00
15 6144.00 < URA (or no accuracy prediction is available - unauthorized users are

advised to use the SV at their own risk.)

For each URA index (N), users may compute a nominal URA value (X) as given by:

. If the value of N is 6 or less, X = 2! "N,
. If the value of N is 6 or more, but less than 15, X =2N"2),
. N = 15 shall indicate the absence of an accuracy prediction and shall advise the unauthorized

user to use that SV at his own risk.

For N =1, 3, and 5, X should be rounded to 2.8, 5.7, and 11.3 meters, respectively.

For Block IIR/IIR-M SVs in the Autonav mode, the URA shall be defined to mean “no better than X meters”, with “X”
as defined above for each URA index
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20.3.3.3.3.2 L1 - L2 Correction. The L1 and L2 correction term, Tgp, is initially calculated by the CS to account

for the effect of SV group delay differential between L1 P(Y) and L2 P(Y) based on measurements made by the SV
contractor during SV manufacture. The value of Tgp for each SV may be subsequently updated to reflect the actual
on-orbit group delay differential. This correction term is only for the benefit of "single-frequency" (L1 P(Y) or L2
P(Y)) users; it is necessitated by the fact that the SV clock offset estimates reflected in the ag clock correction
coefficient (see paragraph 20.3.3.3.3.1) are based on the effective PRN code phase as apparent with two frequency
(L1 P(Y) and L2 P(Y)) ionospheric corrections. Thus, the user who utilizes the L1 P(Y) signal only shall modify the

code phase offset in accordance with paragraph 20.3.3.3.3.1 with the equation

(Atsy)Lipyy = Atsy - Tep

where Tgp is provided to the user as subframe 1 data. For the user who utilizes L2 P(Y) only, the code phase

modification is given by

(Atsv)Lopeyy = Atgy - YTap

where, denoting the nominal center frequencies of L1 and L2 as f; and f, respectively,

y = (fu/fn)? = (1575.42/1227.6)* = (77/60)".

The value of Tgp is not equal to the mean SV group delay differential, but is a measured value that represents the

mean group delay differential multiplied by 1/(1-y). That is,

1

T - —
GD 1"}/

(tLieeyy - tioeey))

V A

where tiip(y) is the GPS time the i"™ frequency P(Y) signal (a specific epoch of the signal) is transmitted from the SV

antenna phase center.
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[Section 20.3.3.5.1 cont.] A brief summary of the various data contained in each page of subframes 4 and 5 is as

follows:
a. Subframe 4:
. Pages 1,6, 11, 16 and 21: (reserved);
. Pages 2,3,4,5,7,8,9 and 10: almanac data for SV 25 through 32 respectively-
. Pages 12, 19, 20, 22, 23 and 24:  (reserved);
. Page 13: NMCT;
. Pages 14 and 15: reserved for system use;
. Page 17: special messages;
. Page 18: ionospheric and UTC data;
. Page 25: A-S flags/SV configurations for 32 SVs, plus SV health for SV 25
through 32.
b. Subframe 5:
. Pages 1 through 24: almanac data for SV 1 through 24;
. Page 25: SV health data for SV 1 through 24, the almanac reference time, the
almanac reference week number;—and-the—ecalendar—yearecounter—(for
BloektHH.
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20.3.3.5.1.1 Data ID and SV ID. The two MSBs of word three in each page shall contain data ID. Data ID number

two (denoted by binary code 01) denotes the NAV data structure of D(t) which is described in this Appendix.

Future data IDs will be defined as necessary.

As shown in Table 20-V, the data ID is utilized to provide one of two indications: (a) for those pages which are
assigned to contain the almanac data of one specific SV, the data ID defines the data structure utilized by that SV
whose almanac data are contained in that page; and (b) for all other pages, the data ID denotes the data structure of

the transmitting SV.

The SV ID is given by bits three through eight of word three in each page as shown in Table 20-V. Specific IDs
are reserved for each page of subframes 4 and 5-hewever;the SV-D-efpages 234,578, 9-and10-of subframe

. The SV IDs are utilized in two different

ways: (a) for those pages which contain the almanac data of a given SV, the SV ID is the same number that is
assigned to the PRN code phase of that SV (reference Table 3-I), and (b) for all other pages the SV ID assigned in
accordance with Table 20-V serves as the "page ID". IDs 1 through 32 are assigned to those pages which contain
the almanac data of specific SVs (pages 1-24 of subframe 5 and pages 2-5 and 7-10 of subframe 4). The "0" ID
(binary all zeros) is assigned to indicate a dummy SV, while IDs 51 through 63 are utilized for pages containing

other than almanac data of a specific SV. The remaining IDs (33 through 50) are unassigned.

Pages which carry the same SV ID (e.g., in subframe 4, pages 1, 6, 11, 16 and 21 carry an ID of 57, while pages 12
and 24 are designated by an ID of 62) may not be considered to contain identical data. The data in the pages with
the same SV ID can be different.
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Table 20-V. Data IDs and SV IDs in Subframes 4 and 5

Subframe 4 Subframe 5
Page
£ Data ID SV ID* Data ID SV ID*
1 Note(2) 57 Note(1) 1
2 eteld Note(1) 25 Note(1) 2
32otery Note(1) 26 Note(1) 3
d>stedy Note(1) 27 Note(1) 4
S2ote) Note(1) 28 Note(1) 5
6 Note(2) 57 Note(1) 6
T—motey Note(1) 29 Note(1) 7
8 Nete3) Note(1) 30 Note(1) 8
9-Nete(3) Note(1) 31 Note(1) 9
10-Nete3) Note(1) 32 Note(1) 10
11 Note(2) 57 Note(1) 11
12 Note(2) 62 Note(1) 12
13 Note(2) 52 Note(1) 13
14 Note(2) 53 Note(1) 14
15 Note(2) 54 Note(1) 15
16 Note(2) 57 Note(1) 16
17 Note(2) 55 Note(1) 17
18 Note(2) 56 Note(1) 18
19 Note(2) 58 Note(43) Note(1) 19
20 Note(2) 59 Note(43) Note(1) 20
21 Note(2) 57 Note(1) 21
22 Note(2) 60 Note(43) Note(1) 22
23 Note(2) 61 Note(43) Note(1) 23
24 Note(2) 62 Note(1) 24
25 Note(2) 63 Note(2) 51

* Use "0" to indicate "dummy" SV. When using "0" to indicate dummy SV, use the data ID of the transmitting
SV.

Note 1: Data ID of that SV whose SV ID appears in that page.
Note 2: Data ID of transmitting SV.

Note 43: SV ID may vary (except for IIR/IIR-M SVs).
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20.3.3.5.1.2 Almanac Data. Pages 1 through 24 of subframe 5, as well as pages 2 through 5 and 7 through 10 of
subframe 4 contain the almanac data and a SV health word for up to 32 SVs (the health word is discussed in
paragraph 20.3.3.5.1.3). The almanac data are a reduced-precision subset of the clock and ephemeris parameters.
The data occupy all bits of words three through ten of each page except the eight MSBs of word three (data ID and
SV ID), bits 17 through 24 of word five (SV health), and the 50 bits devoted to parity. The number of bits, the
scale factor (LSB), the range, and the units of the almanac parameters are given in Table 20-VI. The algorithms

and other material related to the use of the almanac data are given in paragraph 20.3.3.5.2.

The almanac message for any dummy SVs shall contain alternating ones and zeros with valid parity.—Fertwelve-or

The almanac parameters shall be updated by the CS at least once every 6 days while the CS is able to upload the
SVs. If the CS is unable to upload the SVs, the accuracy of the almanac parameters transmitted by the SVs will

degrade over time.

For Block II and ITA SVs, three sets of almanac shall be used to span 182 days. The first and second sets will be
transmitted for up to six days each; the third set is intended to be transmitted for the durationremainder of the 182
days—frem-the-last-upload, but the actual duration of transmission will depend on the individual SV's capability to
retain data in memory. All three sets are based on six-day curve fits that correspond to the first six days of the
transmission interval. For Block IIR/IIR-M and IIF SVs, multiple sets of almanac parameters shall be uploaded to

span 210 days and 90 days, respectively.
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20.3.3.5.1.3 SV Health. Subframes 4 and 5 contain two types of SV health data: (a) each of the 32 pages which
contain the clock/ephemeris related almanac data provide an eight-bit SV health status word regarding the SV
whose almanac data they carry, and (b) the 25th page of subframe 4 and of subframe 5 jointly contain six-bit health
status data for up to 32 SVs.

The three MSBs of the eight-bit health words indicate health of the NAV data in accordance with the code given in
Table 20-VII. The six-bit words provide a one-bit summary of the NAV data's health status in the MSB position in
accordance with paragraph 20.3.3.3.1.4. The five LSBs of both the eight-bit and the six-bit words provide the
health status of the SV's signal components in accordance with the code given in Table 20-VIII. A special
meaning is assigned, however, to the "6 ones" combination of the six-bit health words in the 25th page of
subframes 4 and 5: it indicates that "the SV which has that ID is not available and there may be no data regarding
that SV in that page of subframes 4 and 5 that is assigned to normally contain the almanac data of that SV"

(NOTE: ¢a)-this special meaning applies to the 25th page of subframes 4 and 5 only;—and-(b)-there-may-be-data
ccardine—another-SV—in-the-almanae-page—referred—to—above—as—defined—inparasraph-20335-1- ). The health

indication shall be given relative to the "as designed" capabilities of each SV (as designated by the configuration
code -- see paragraph 20.3.3.5.1.6). Accordingly, any SV which does not have a certain capability will be
indicated as "healthy" if the lack of this capability is inherent in its design or it has been configured into a mode

which is normal from a user standpoint and does not require that capability.

Additional SV health data are given in subframe 1. The data given in subframes 1, 4, and 5 of the other SVs may

differ from that shown in subframes 4 and/or 5 since the latter may be updated at a different time.

The eight-bit health status words shall occupy bits 17 through 24 of word five in those 32 pages which contain
almanac data for individual SVs. The six-bit health status words shall occupy the 24 MSBs of words four through
nine in page 25 of subframe 5 plus bits 19 through 24 of word 8, the 24 MSBs of word 9, and the 18 MSBs of word
10 in page 25 of subframe 4.

The predicted health data will be updated at the time of upload when a new almanac has been built by the CS. The
transmitted health data may not correspond to the actual health of the transmitting SV or other SVs in the

constellation.
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20.3.3.5.2 Algorithms Related to Subframe 4 and 5 Data. The following algorithms shall apply when interpreting

Almanac, Universal Coordinated Time, lonospheric Model, and NMCT data in the NAV message.

20.3.3.5.2.1 Almanac. The almanac is a subset of the clock and ephemeris data, with reduced precision. The user
algorithm is essentially the same as the user algorithm used for computing the precise ephemeris from the one
subframe 1, 2, and 3 parameters (see Table 20-IV). The almanac content for one SV is given in Table 20-VI. A
close inspection of Table 20-VI will reveal that a nominal inclination angle of 0.30 semicircles is implicit and that
the parameter J ; (correction to inclination) is transmitted, as opposed to the value computed by the user. All other
parameters appearing in the equations of Tables 20-1V, but not included in the content of the almanac, are set to
zero for SV position determination. In these respects, the application of the Table 20-IV equations differs between

the almanac and the ephemeris computations.
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20.3.3.5.2.2 Almanac Reference Time.

Within each upload, the CS shall ensure that Aall t,, values in subframes 4 and 5 shall be the same for a given
almanac data set and shall differ for successive data sets which contain changes in almanac parameters or SV health.
In addition, the Block IIR/IIR-M SVs will also ensure that, based on a valid CS upload, all t,, values in subframes 4
and 5 will be the same for a given almanac data set and will differ for successive data sets which contain changes in

almanac parameters.

Note that cutover to a new upload may continue to indicate the same t,, values in subframes 4 and 5 as prior to the
cutover but the new almanac data set may contain changes in almanac parameters or SV health. Note also that
cutover to a new upload may occur between the almanac pages of interest and page 25 of subframe 5 (reference
paragraph 20.3.4.1), and thus there may be a temporary inconsistency between t,,, in the almanac page of interest,
and in word 3 of page 25 of subframe 5. The t,, mismatch signifies that this WN, may not apply to the almanac of

interest and that the user must not apply almanac data until the pages with identical values of t,, are obtained.

Normal and Short-term Extended Operations. The almanac reference time, t,,, is some multiple of 2'% seconds

occurring approximately 70 hours after the first valid transmission time for this almanac data set (reference
20.3.4.5). The almanac is updated often enough to ensure that GPS time, t, shall differ from t,, by less than 3.5
days during the transmission period. The time from epoch t; shall be computed as described in Table 20-IV,

except that t,. shall be replaced with t,,.

Long-term Extended Operations. During long-term extended operations or if the user wishes to extend the use

time of the almanac beyond the time span that it is being transmitted, one must account for crossovers into time
spans where these computations of t, are not valid. This may be accomplished without time ambiguity by
recognizing that the almanac reference time (t,,) is referenced to the almanac reference week (WN,), both of which

are given in word three of page 25 of subframe 5 (see paragraph 20.3.3.5.1.7).
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20.3.3.5.2.3 Almanac Time Parameters. The almanac time parameters shall consist of an 11-bit constant term (ag)
and an 11-bit first order term (ar;). The applicable first order polynomial, which shall provide time to within 2

microseconds of GPS time (t) during the interval of applicability, is given by

t = te, - Aty
where
t = GPS system time (seconds),
tov = effective SV PRN code phase time at message transmission time (seconds),
Aty = SV PRN code phase time offset (seconds).

The SV PRN code phase offset is given by

Aty = ap tag t

where the computation of t, is described in paragraph 20.3.3.5.2.2, and the polynomial coefficients ag and as are
given in the almanac. Since the periodic relativistic effect is less than 25 meters, it need not be included in the
time scale used for almanac evaluation. Over the span of applicability, it is expected that the almanac time
parameters will provide a statistical URE component of less than 135 meters, one sigma. This is partially due to
the fact that the error caused by the truncation of agp and ap may be as large as 150 meters plus 50 meters/day

relative to the t,, reference time.

During extended operations (short-term and long-term) the almanac time parameter may not provide the specified

time accuracy or URE component.

20.3.3.5.2.4 Universal-Coordinated Universal Time (UTC). Page 18 of subframe 4 includes: (1) the parameters

needed to relate GPS time to UTC, and (2) notice to the user regarding the scheduled future or recent past (relative
to NAV message upload) value of the delta time due to leap seconds (At sr), together with the week number
(WN_sp) and the day number (DN) at the end of which the leap second becomes effective. "Day one" is the first day
relative to the end/start of week and the WNsr value consists of eight bits which shall be a Modulo 256 binary
representation of the GPS week number (see paragraph 6.2.4) to which the DN is referenced. The user must account
for the truncated nature of this parameter as well as truncation of WN, WN;, and WN| s¢ due to rollover of full week
number (see paragraph 3.3.4(b)). The CS shall manage these parameters such that, when At;s and At;sr differ, the

absolute value of the difference between the untruncated WN and WN; gr values shall not exceed 127.
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[Section 20.3.3.5.2.4 cont.] Depending upon the relationship of the effectivity date to the user's current GPS time,
the following three different UTC/GPS-time relationships exist:

a. Whenever the effectivity time indicated by the WNsr and the DN values is not in the past (relative to
the user's present time), and the user's present time does not fall in the time span which starts at BN—=+3/4six hours
prior to the effectivity time and ends at PN—=5/4six hours after the effectivity time, the UTC/GPS-time relationship

is given by

turc = (tg - Atyrc) [Modulo 86400 seconds]

where tyrc is in seconds and
Atyre = At s+ Ay + Aj (tg - tr + 604800 (WN - WN))), seconds;
tg = GPS time as estimated by the user en-the-basis-efaffer correcting tgy for
factors described in paragraph 20.3.3.3.3 as well as for ienespheric-and
selective availability (SA) (dither) effects;

Aty g = delta time due to leap seconds;

Apand A, = constant and first order terms of polynomial;

tor = reference time for UTC data (reference 20.3.4.5);
WN = current week number (derived from subframe 1);
WN; = UTC reference week number.

The estimated GPS time (tg) shall be in seconds relative to end/start of week. During the normal and short-term
extended operations, the reference time for UTC data, t,, is some multiple of 2'> seconds occurring approximately
70 hours after the first valid transmission time for this UTC data set (reference 20.3.4.5). The reference time for
UTC data (t,) shall be referenced to the start of that week whose number (WN,) is given in word eight of page 18 in
subframe 4. The WN; value consists of eight bits which shall be a Modulo 256 binary representation of the GPS
week number (see paragraph 6.2.4) to which the t, is referenced. The user must account for the truncated nature of
this parameter as well as truncation of WN, WN,, and WN_sr due to rollover of full week number (see paragraph
3.3.4(b)). The CS shall manage these parameters such that the absolute value of the difference between the

untruncated WN and WN; values shall not exceed 127.
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[Section 20.3.3.5.2.4 cont.]
b. Whenever the user's current time falls within the time span of BN—=3/4six hours prior to the effectivity
time to BN—-5/4six hours after the effectivity time, proper accommodation of the leap second event with a possible

week number transition is provided by the following expression for UTC:

turc = W[Modulo (86400 + Aty s - At s)], seconds;

where

w = (tg - Atyrc - 43200)[Modulo 86400] + 43200, seconds;

and the definition of Atyrc (as given in 20.3.3.5.2.4a above) applies throughout the transition period. Note that
when a leap second is added, unconventional time values of the form 23:59:60.xxx are encountered. Some user
equipment may be designed to approximate UTC by decrementing the running count of time within several
seconds after the event, thereby promptly returning to a proper time indication. Whenever a leap second event is

encountered, the user equipment must consistently implement carries or borrows into any year/week/day counts.

c. Whenever the effectivity time of the leap second event, as indicated by the WN s and DN values, is in
the "past" (relative to the user's current time), and the user’s current time does not fall in the time span as given
above in 20.3.3.5.2.4b, the relationship previously given for tyrc in 20.3.3.5.2.4a above is valid except that the
value of Aty g is substituted for At s. The CS will coordinate the update of UTC parameters at a future upload so as

to maintain a proper continuity of the tyrc time scale.
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20.3.4.4 Data Sets. The IODE is an 8§ bit number equal to the 8 LSBs of the 10 bit IODC of the same data set. The
following rules govern the transmission of IODC and IODE values in different data sets: (1) The transmitted
IODC will be different from any value transmitted by the SV during the preceding seven days; (2) The transmitted
IODE will be different from any value transmitted by the SV during the preceding six hours. The range of IODC
will be as given in Table 20-XII for Block 1I/IIA SVs and Table 20-XIIA for Block IIR/IIR-M/IIF SVs.

Cutovers to new data sets will occur only on hour boundaries except for the first data set of a new upload. The first
data set may be cut-in (reference paragraph 20.3.4.1) at any time during the hour and therefore may be transmitted
by the SV for less than one hour. During short-term operations, cutover to 4-hour sets and subsequent cutovers to
succeeding 4-hour data sets will always occur Modulo 4 hours relative to end/start of week. Cutover from 4-hour
data sets to 6-hour data sets shall occur Modulo 12 hours relative to end/start of week. Cutover from 12-hour data
sets to 24-hour data sets shall occur Modulo 24 hours relative to end/start of week. Cutover from a data set

transmitted 24 hours or more occurs on a Modulo 24-hour boundary relative to end/start of week.

The start of the transmission interval for each data set corresponds to the beginning of the curve fit interval for the

data set. Each data set remains valid for the duration of its curve fit interval.
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Table 20-XII. IODC Values and Data Set Lengths (Block II/IIA)

Days Transmission Interval Curve Fit IODC Range

Spanned (hours) Interval (Note 1)
(Note 5) (hours)
1 2-Nete-4) 4 (Note 2)

2-14 4 (Note 2)

15-16 6 8 240-247

17-20 12 14 248-255, 496 (Note 3)

21-27 24 26 497-503

28-41 48 50 504-510

42-59 72 74 511,752-756
60-6387 96 98 757-763
88122 1206 122 Fed-FT 0081010
123182 144 146 +OH-+H626

Note 1: For transmission intervals of 6 hours or greater, the IODC values shown will be transmitted in
increasing order.

Note 2: 10DC values for blocks with +--2- or 4-hour transmission intervals (at least the first 14 days after
upload) shall be any numbers in the range 0 to 1023 excluding those values of IODC that
correspond to IODE values in the range 240-255, subject to the constraints on re-transmission
given in paragraph 20.3.4.4.

Note 3: The ninth 12-hour data set may not be transmitted.

Note 4: Deleted.Seme

Note 5: The first data set of a new upload may be cut-in at any time and therefore the transmission interval

may be less than the specified value.
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Table 20-X114.

IODC Values and Data Set Lengths (Block IIR/IIR-M/IIF)

Days Transmission Interval Curve Fit IODC Range
Spanned (hours) Interval Nete b
(Note 5) (hours)
1 2 (Note 4) 4 (Note 2)
2-14 4 6 (Note 2)
15-16 6 8 240-247 (Note 1)
17-20 12 14 248-255, 496 (Note 1) (Note 3)
21-18227 (Note 6) 24 26 497-503, 1021-1023
2844 48 50 S5
42-59 n 74 5H,752-756
6087 96 98 757763
88122 120 122 B
123482 144 H6 FOH-10240

Note 1: For transmission intervals of 6 and 12 hours-ergreater, the IODC values shown will be

transmitted in increasing order.

Note 2: 10DC values for blocks with 1-, 2- or 4-hour transmission intervals (at least the first 14 days after
upload) shall be any numbers in the range 0 to 1023 excluding those values of IODC that
correspond to IODE values in the range 240-255, subject to the constraints on re-transmission
given in paragraph 20.3.4.4.

Note 3: The ninth 12-hour data set may not be transmitted.

Note 4: Seme-SVs operating in the Autonav mode will have transmission intervals of 1 hour per paragraph
20.3.4.4.

Note 5: The first data set of a new upload may be cut-in at any time and therefore the transmission interval
may be less than the specified value.

Note 6: Block IIF span will be 62 days.
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[Section 20.3.4.5 cont.]

Epoch Application Algorithm Reference
toc 20.3.3.3.3.1

toe 20.3.3.43

toa 20.3.3.5.2.2and 20.3.3.5.2.3

tot 20.3.3.5.2.4

Table 20-XIII describes the nominal selection which will be expressed Modulo 604,800 seconds in the Navigation

Message.

The coefficients of expansion are obviously dependent upon choice of epoch, and thus the epoch time and
expansion coefficients must be treated as an inseparable parameter set. Note that a user applying current

navigation data will normally be working with negative values of (t-t,.) and (t-t,) in evaluating the expansions.

The CS shall assure that the t,, value, for at least the first data set transmitted by an SV after a new upload, is
different from that transmitted prior to the cutover (see paragraph 20.3.4.4). As such, when a new upload is cutover

for transmission, Fthe CS willshall introduce a small deviations infrem the neminal-t,, resulting in the t,, value that

is offset from the hour boundaries (see Table 20-XII])if neecessary-to-prectade-possible-dataset-transition-ambiguity
when-anew-upload-is-eut-overfor-transmission. This offset t,, will be transmitted by an SV in the first data set after

a new upload cutover and the second data set, following the first data set, may also continue to reflect the same

offset in the t,,.

When the t,., immediately prior to a new upload cutover, already reflects a small deviation (i.e. a new upload
cutover has occurred in the recent past), then the CS shall introduce an additional deviation to the t,. when a new

upload is cutover for transmission.

A change from the broadcast reference time immediately prior to cutover is used to indicate a change of values in
the data set. The user may use the following example algorithm to detect the occurrence of a new upload cutover:
DEV = t,, [Modulo 3600]

If DEV # 0, then a new upload cutover has occurred within past 4 hours.
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Table 20-XIII.  Reference Times
Hours After First Valid Transmission Time
Fit Interval (hours) Transmission toc toe toa tot
Interval (hours) (clock) (ephemeris) (almanac) (UTC)
4 2% 2 2
6 4 3 3
8 6 4 4
14 12 7 7
26 24 13 13
50 48 25 25
74 72 37 37
98 96 49 49
122 120 61 61
146 144 73 73
144 (6 days) 144 70 70
> 144 (6 days) > ]444080 70 70
* Some SVs will have transmission intervals of 1 hour per paragraph 20.3.4.4.
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30.3 Requirements.

30.3.1 Data Characteristics. The L2 CNAYV data stream includes the same data as the L1 and L2 C/A data stream,

but in an entirely different format. Also, the L2 CNAV data stream uses a different parity algorithm.

30.3.2 Message Structure. As shown in Figures 30-1 through 30-6, the L2 CNAV message structure utilizes a

basic format of twelve-second 300-bit long messages. Each message contains a Cyclic Redundancy Check (CRC)
parity block consisting of 24 bits covering the entire twelve-second message (300 bits) (reference Section 30.3.5).
At present, only message types 1-6 are defined. Message types 7 through 63 are reserved and message type 0 (zero)
is defined to be the default message. To protect users from message generation failures, the SV shall replace the
content of each affected message type with the default message type. In the event that a particular message is not
assigned (by the CS) a particular message type for broadcast, the SV shall generate and broadcast the default

message type in that message slot.

Currently undefined and unused message types are reserved for future use. In addition, the contents of Message
Types /7 through 69 are presently undefined-but-are-being redesignedreserved to be used in future broadcast of new
clock and ephemeris parameters. The-new-parameters-will-be-different-than-the parameters-of Message Type-1-and
2;and-ads such, the related algorithms for the future clock and ephemeris parameters maywi-alse be different than
the current equations of Table 20-IV. The initial broadcast of Message Types 1 through 6and2, as currently defined
in this appendix, will be for test purposes and, as such, will stop and be replaced by redesigned mMessage Fypes 7

threugh-9-as soon as the newlatter message types are fully defined and implemented.

30.3.3 Message Content. Each message starts with an 8-bit preamble — 10001011, followed by a 6-bit PRN number
of the transmitting SV, a 6-bit message type ID with a range of 0 (000000) to 63 (111111), and the 17-bit message
time of week (TOW) count. When the value of the message TOW count is multiplied by 6, it represents SV time in
seconds at the start of the next 12-second message. An “alert” flag, when raised (bit 38 = “1”), indicates to the user
that the SV URA may be worse than indicated in message type 1, and the SV should be used at the user’s own risk.
For each default message (Message Type 0), bits 39 through 276 shall be alternating ones and zeros and the message

shall contain a proper CRC parity block.
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