UNCLASSIFIED
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Change Topic: User Range Accuracy (URA) Definition

This change package accommodates the text changes to support the proposed solution (see table below) within
the public Signals-in-Space (SiS) documents. All comments must be submitted in Comments Resolution Matrix
(CRM) form.

The columns in the WAS/IS table following this page are defined below:
Section Number: This number indicates the location of the text change within the document.
(WAS) <Document Title>: Contains the baseline text of the impacted document.
Proposed Heading: Contains proposed changes to existing section titles and/or the titles to new sections
Proposed Text: Contains proposed changes to baseline text.

Rationale: Contains the supporting information to explain the reason for the proposed changes.

PROBLEM STATEMENT:

Administrative errors in the public documents are resulting in incorrect calculations and/or ambiguous
definitions relative to User Range Accuracy (URA). Incorrect URA calculations would impact user equipment
design and incorrect definitions would impact the interpretation of the URA data from the SV, resulting in
erroneous PNT calculations.

SOLUTION: (Proposed)

Provide the correct URA equations and more concise definitions of the URA quantity for the users. The
improvements provide the correct URA equations as well as include nomenclature that makes the equations
easier to interpret for the user.
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Number Heading
6.2.1 User Range Accuracy (URA) is a statistical indicator of the GPS ranging accuracy obtainable User Range Accuracy (URA) is a statistical indicator of the GPS ranging accuracy obtainable with a Rationale #5-
with a specific signal and SV. Whether the integrity status flag is 'off' or 'on', 4.42 times URA specific signal and SV. URA provides a conservative RMS estimate of the user range error (URE) in | There are
bounds instantaneous URE under all conditions with 1 -1e-5 per hour probability. When the the associated navigation data for the transmitting SV. It includes all errors for which the Space numerous
integrity status flag is 'on’, 5.73 times URA bounds instantaneous URE under all conditions and Control Segments are responsible. Whether the integrity status flag is 'off' or 'on’, 4.42 times | inconsistencies
with 1-1e-8 per hour probability. Integrity properties of the URA are specified with respect to URA bounds the instantaneous URE under all conditions with 1-1e-5 per hour probability (‘legacy’ between ICDs
the upper bound values of the URA index. level of integrity assurance). When the integrity status flag is 'on', 5.73 times URA bounds the and
instantaneous URE under all conditions with 1-1e-8 per hour probability (‘enhanced’ level of clarifications
integrity assurance). Integrity properties of the URA are specified with respect to the scaled and additions
(multiplied by either 4.42 or 5.73 as appropriate) upper bound values of the URA index or to the that are
scaled composite of the upper bound values of all component URA indexes. needed for the
users to
compute URA.
These changes
resolve the
inconsistencies
between the
ICDs so that
users may
properly
compute URA.
6.2.1 Note #1: URA applies over the curve fit interval that is applicable to the NAV data from which Note #1: URA applies over the transmission interval that is applicable to the NAV data from which | See Rationale
the URA is read, for the worst-case location within the intersection of the satellite signal and the URA is read, for the worst-case location within the satellite footprint. #5
the terrestrial service volume.
6.2.1 Note #2: The URA for a particular signal may be represented by a single parameter in the NAV Note #2: The URA for a particular signal may be represented by a single index in the NAV data or See Rationale
data or by more than one parameter representing components of the total URA. Specific URA by a composite of more than one index representing components of the total URA. Specific URA #5
parameters and formulae for calculating the total URA for a signal are defined in the indexes and formulae for calculating the total URA for each signal are defined in appendix 20 for
applicable Space Segment to Navigation User Segment ICD's. the LNAV message and appendix 30 for the CNAV message.
6.2.1 N/A Note #3: The above integrity assured probability values do not apply if: (a) an alert is issued to the | See Rationale

users before the instantaneous URE exceeds either of the scaled URA bounds, or (b) an alert is
issued to the users no more than 8.0 seconds after the instantaneous URE exceeds the 4.42 times
URA bound, and (c) if the integrity status flag is 'on' and an alert is issued to the users no more
than 5.2 seconds after the instantaneous URE exceeds the 5.73 times URA bound. In this context,
an "alert" is defined as any indication or characteristic of the conveying signal, as specified
elsewhere in this document, which signifies to users that the conveying signal may be invalid or
should not be used, such as the health bits not indicating operational-healthy, broadcasting non-

#5
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standard code, parity error, etc.
6.2.1.1 <DELETE>
6.2.1.1 Integrity Assured URA.
6.2.1.1 When the integrity assurance monitoring is available, as indicated by the “integrity status flag” <DELETE> See Rationale
being set to “1”, the URA value is chosen such that the probability of the “actual” URE #5
exceeding a threshold is met (see section 3.5.3.10 for probability values). The URA value is
conveyed to the user in the form of URA index values. The URA index represents a range of
values; for integrity assurance applications.
6.2.1.1
6.2.1.1 User Differential Range Accuracy.
6.2.1.1 User Differential Range Accuracy (UDRA) is a statistical indicator of the GPS ranging accuracy User Differential Range Accuracy (UDRA) is a statistical indicator of the GPS ranging accuracy See Rationale
obtainable with a specific signal and SV after the application of the associated differential obtainable with a specific signal and SV after the application of the associated differential #5
corrections (DC parameters). corrections (DC parameters). UDRA provides a conservative RMS estimate of the differential user
range errors in the navigation data for that satellite. It includes all errors for which the Space and
Control Segments are responsible.
20.3.3.1 In this context, an "alert" is defined as any indication or characteristic in the conveying signal, In this context, an "alert" is defined as any indication or characteristic of the conveying signal, as See Rationale
as specified elsewhere in this document, which signifies that the conveying signal may be specified elsewhere in this document, which signifies to users that the conveying signal may be #5
invalid and should not be used, such as, not Operational-Healthy, Non-Standard Code, parity invalid or should not be used, such as the health bits not indicating operational-healthy,
error, etc. broadcasting non-standard code, parity error, etc.
20.3.3.2 Bit 18 is an "alert" flag. When this flag is raised (bit 18 = "1"), it shall indicate to the standard Bit 18 is an "alert" flag. When this flag is raised (bit 18 = "1"), it shall indicate to the standard See Rationale
positioning service (SPS) user (unauthorized user) that the SV URA may be worse than positioning service (SPS) user (unauthorized user) that the signal URA may be worse than indicated | #5
indicated in subframe 1 and that he shall use that SV at his own risk. in subframe 1 and that he shall use that SV at his own risk.
20.3.3.3.1 The clock parameters describe the SV time scale during the period of validity. The parameters The clock parameters describe the SV time scale during the period of validity. The parameters are | See Rationale
are applicable during the time in which they are transmitted. Beyond that time, they are still applicable during the time in which they are transmitted. The timing information for subframes, #5
applicable; however, the most recent data set should be used since the accuracy degrades pages, and data sets is covered in Section 20.3.4.
over time. The timing information for subframes, pages, and data sets is covered in Section
20.3.4.
20.3.3.3.1.3 | Bits 13 through 16 of word three shall give the URA index of the SV (reference paragraph Bits 13 through 16 of word three shall give the URA index of the SV (reference paragraph 6.2.1) for | See Rationale

6.2.1) for the standard positioning service user. Except for Block IIR/IIR-M SVs in the Autonav
mode, the URA index (N) is an integer in the range of 0 through 15 and has the following
relationship to the URA of the SV:

the standard positioning service user. While the URA may vary over the ephemeris curve fit
interval, the URA index (N) in the LNAV message shall correspond to the maximum URA expected
over the entire ephemeris curve fit interval. Except for Block IIR/IIR-M SVs in the Autonav mode,
the URA index (N) is an integer in the range of 0 through 15 and has the following relationship to
the URA of the SV.

#5
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20.3.3.3.1.3 | For each URA index (N), users may compute a nominal URA value (X) as given by: For each URA index (N), users may compute a nominal URA value (X) as given by: GPS antenna
' e errors not
. o | Nigo e ¢ |f the value of N is 6 or less, X =2 , along the
S YAHE OB L OTIES 1 ' * If the value of N is 6 or more, but less than 15, X =2™"?, bore-sight
have been
. If the value of N is 6 or more, but less than 15, X = 2(N-2)’ ¢ N =15 shall indicate the absence of an accuracy prediction and shall advise the standard discovered
positioning service user to use that SV at his own risk. through JPL
analysis.
. N = 15 shall indicate the absence of an accuracy prediction and shall advise the ForN=1,3,and5, X should be rounded to 2.8, 5.7, and 11.3 meters, respectively. These changes
standard positioning service user to use that SV at his own risk. For Block IIR/IIR-M SVs in the Autonav mode, the URA shall be defined to mean “no better than X add SV
meters”, with “X” as defined above for each URA index. Antenna
errors to list of
ForN=1,3,and 5, X should be rounded to 2.8, 5.7, and 11.3 meters, respectively. The nominal URA value (X) is suitable for use as a conservative prediction of the RMS signal-in- errors that
space (SIS) range errors for accuracy-related purposes in the pseudorange domain (e.g., URA must
For Block IIR/IIR-M SVs in the Autonav mode, the URA shall be defined to mean “no better measurement de-weighting, receiver autonomous integrity monitoring (RAIM), figure of merit cover.
than X meters”, with “X” as defined above for each URA index. (FOM) computations). Integrity properties of the URA are specified with respect to the scaled
(multiplied by either 4.42 or 5.73 as appropriate) upper bound values of the URA index (see
20.3.3.1).
Integrity properties of the URA are specified with respect to the upper bound values of the
URA index (see 20.3.3.1). URA accounts for signal-in-space contributions to user range error URA accounts for SIS-contributions to user range error which include, but are not limited to, the
that include, but are not limited to, the following: the net effect of clock parameter and code following: LSB representation/truncation error; the net effect of clock correction polynomial error
phase error in the transmitted signal for single-frequency L1C/A or single-frequency L2C users and code phase error in the transmitted signal for single-frequency L1C/A or single-frequency L2C
who correct the code phase as described in Section 30.3.3.3.1.1.1, as well as the net effect of users who correct the code phase as described in Section 30.3.3.3.1.1.1; the net effect of clock
clock parameter, code phase, and intersignal correction error for dual-frequency L1/L2 and parameter, code phase, and inter-signal correction error for dual-frequency L1/L2 and L1/L5 users
L1/L5 users who correct for group delay and ionospheric effects as described in Section who correct for group delay and ionospheric effects as described in Section 30.3.3.3.1.1.2;
30333112 ephemeris error; anisotropic antenna errors; and signal deformation error. URA does not account
for user range error contributions due to the inaccuracy of the broadcast ionospheric data
parameters used in the single-frequency ionospheric model or for other atmospheric effects.
20.3.4.4 The start of the transmission interval for each data set corresponds to the beginning of the The start of the transmission interval for each data set corresponds to the beginning of the curve See Rationale
curve fit interval for the data set. Each data set remains valid for the duration of its curve fit fit interval for the data set. Each data set remains valid for the duration of its transmission #5
interval. interval, and nominally also remains valid for the duration of its curve fit interval. A data set is
rendered invalid before the end of its curve fit interval when it is superseded by the SV cutting
over to the first data set of a new upload.
30.3.3 Each message starts with an 8-bit preamble - 10001011, followed by a 6-bit PRN number of Each message starts with an 8-bit preamble - 10001011, followed by a 6-bit PRN number of the See Rationale

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.

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
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An “alert” flag, when raised (bit 38 = “1”), indicates to the user that the SV URA and/or the SV raised (bit 38 = “1”), indicates to the user that the signal URA components may be worse than
User Differential Range Accuracy (UDRA) may be worse than indicated in the respective indicated in the associated message types. For each default message (Message Type 0), bits 39
message types. For each default message (Message Type 0), bits 39 through 276 shall be through 276 shall be alternating ones and zeros and the message shall contain a proper CRC parity
alternating ones and zeros and the message shall contain a proper CRC parity block. block.
30.3.3 - DIRECTION OF DATA FLOWFROM SV ———— MSBFIRST Rationale #1-
- 100 BTS 4 SECONDS >
DIRECTION OF DATA FLOWFROM SV MSBFIRST i 5 URAoc and
100 BITS 4 SECONDS 1 9 15 21 39 % 6B |7 82 URA,. are
38 PRN MESSAGE WN, to too M . .
1 9 15 |2 39 5255 66 |71 82 6 6 TOW COUNT* ’ 5 redefined into
PRN MESSAGE WA, ; ¢ ) 8BTS | BITS | BTS 17 BTS 13BITs 1BTS |BTS| 11BTS 19 MSBs an elevation-
op oe ?A
6 | 6 TOWEOUNT S t j 1 dependent
8BITS | BITS | BITS 178TS 13 BITs 11BITS |BITS| 11BTS 19MSBs MESSAGE TYPE ID L1 HEALTH - 1BIT- L —— URAe INDEX
f ! —H 1_ PREAVELE  "ALERT" FLAG - 18BIT AT aiT component
MESSAGE TYFE ID LIHEALTH - 18T - L5 HEALTH - 1BIT
L2HEATH - 1BIT URAoe INDEX (URAgp) and a
PREAVBLE ~ "ALERT'FLAG - 18T LSHEALTH - 1BIT i
- DIRECTION OF DATA FLOW FROM SV MSB FIRST non-elevation-
- 100 BTS 4 SECONDS >
DIRECTION OF DATAFLOW FROMSV MSBFIRST dependent
100 BITS 4 SECONDS 101 108 133 150 173 component
101|108 133 150 173 AA A Ao Ao Mon (URANep). This
2 2 :
A A ?Mo ? 7o Mon 7 LSBs 25BITS 17 BITS 2 BITS 28 MSBs will enable
7 LSBs 5BITS 17 BTS 2B BITS 28 MSBs users to de-
weight the
elevation-
- DIRECTION OF DATAFLOW FROM SV MSBFIRST anele-
DIRECTION OF DATAFLOW FROM SV MSBFIRST - 100 BITS 4 SECONDS - g
100 BITS 4 SECONDS 272 dependent
2 201 | 206 239 o717
| 20 20 277 component
n €n h CRC .
Mo en % CRC Mo with the
24 BT .
33BTS BBITS 24 BTs S3BITS S3BITS 5% > elevation
—— BI_H_TA ry [ sLsBe [Integrity Status Flag — 1 BIT—! angle of the
l—s LBs

L2C Phasing -1BIT | ————

RESERVED- 3 BITs

* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12 SEGOND MESSAGE

Figure 30-1.

Message Type 10 - Ephemeris 1

Figure 30-1.

[L2C Phasing — 1 BIT]
RESERVED-3 BITs

* MESSAGE TOW COUNT = 17 MSBOF ACTUAL TOW COUNT AT START OF NEXT 12 SEGOND MESSAGE

Message Type 10 - Ephemeris 1

SV, resulting in
a smaller
composite
URA, in many
cases. A
smaller
composite
URA means
higher
availability for
applications
that have
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requirements
for a minimum
level of
accuracy
and/or
integrity. In
order to
achieve a
technical
consensus on
how to
proceed
forward with
GPS IlIIA
deriving URA
from the
uploaded
covariance,
then the
following
changes were
needed to the
user ICDs.
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30.3.3 DIRECTION OF DATA FLOW FROM SV MSB FIRST DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1
100 BITS 4 SECONDS 100 BITS——— 4 SECONDS >
38 38
1 9 15 21 39 50 |55 |58]61 72 08 ’ 9 15 o1 a9 50 |55 |58 |61 72 98
PRN MESSAGE
. top toc ao-n PRN MESSAGE ;
5 6 TOW COUNT 5 . ) ] TOW GOUNT* top ] toc aro-n
BIT:
8BITS | BITS BI;I'S 17 BITS 11 BITS 11 BITS 26 BITS 8BITS | BITS | BITS 17BITS 11 BITS BITS 11 BITS 26 BITS
MESSAGEI TYPE ID URAq2 INDEX - 3 BITS
URAci INDEX- 3 BITS MESSAGE TYPE ID URAnNep2 INDEX - 3 BITS
PREAMBLE  "ALERT"FLAG-1BIT URAoc INDEX ain — 3 MSBs URAnep1 INDEX - 3 BITS
PREAMBLE  "ALERT"FLAG -1BIT URAgp INDEX an.n— 3 MSBs
DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 4 SECONDS - DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS——— 4 SECONDS >
101 118 128 141 154 167 180 193
ann aize Te ISCLion 1SCuzc ISCLgs 1SCisos % 101 118 128 141 154 167 180 193
17 LSBs 10 BITS 13BITS 13 BITS 13 BITS 13 BITS 13BITS | 8BITS aiten 8z Teo 1SCuion ISCuzc ISCuss 1SCusos %o
17 LSBs 10 BITS 13 BITS 13 BITS 13 BITS 13 BITS 13 BITS 8 BITS
< DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 4 SECONDS
DIRECTION OF DATA FLOW FROM SV MSB FIRST
201 209 217 225 233 241 249 257 277 100 BITS———— 4 SECONDS >
o7 Q [05)
‘ ? o s Pe Ps RESERVED cRC 201 209 217 225 233 241 249 257 277
8BITs | gBITS| 8BITS | 8BITS | 8BITS | 8BITS| 8BITS 20 BITS 24BITS o 0 0 Bo By Bo Bs RESERVED CRG
8BITs | 8BITS | 8BITS | 8BITS | 8BITS | 8BITS | 8BITS 20 BITS 24 BITS

*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-3.

Message Type 30 - Clock, IONO & Group Delay

* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-3. Message Type 30 - Clock, IONO & Group Delay
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*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-4.

Message Type 31 - Clock & Reduced Almanac

* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-4. Message Type 31 - Clock & Reduced Almanac

Section IS-GPS-200 Rev E Navstar GPS Space Segment/Navigation User Interfaces Proposed URA Definition Proposed Text Rationale
Number Heading
30.3.3 DIRECTION OF DATA FLOW FROM SV MSB FIRST - DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1
100 BITS——— 4 SECONDS 100 BITS 4 SECONDS >
38 38
1 9 15 21 39 50 |55 |58 |6t 72 98 1 9 15 |o1 39 50 |55 |58 |61 72 98
PRN MESSAGE . PRN MESSAGE
s . TOW COUNT* fop 5 foe ao ol oy top ] too 2o
8 BITS BITS | BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS 8BITS | BITS | BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
4 )
I I URA INDEX - 3 BITS o
URAnep2 INDEX - 3 BITS
MESSAGE TYPE ID
URAoci INDEX - 3 BITS MESSAGE TYPE ID URAwgo; INDEX - 3 BITS
PREAMBLE ~ "ALERT" FLAG - 1 BIT URAo: INDEX arn — 3 MSBs PREAMBLE  "ALERT" FLAG - 1 BIT URAwgp INDEX arn— 3 MSBs
DIRE CTION OF DATA FLOW FROM SV MSB FIRST - DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 4 SECONDS 100 BITS 4 SECONDS
101 118 128 141 149 180 101 118 128 141 |1a9 180
Reduced Almanac Reduced Almanac
aft-n arzn WNa-n toa Packet 1 Packet 2 an an WN,., toa Redusaegk,:tln:anac Redusaegk:tln;anac
17 LSBs
10 BITS 13 BITS 8BITS 31BITS 21 MSBs 17LsBs 10 BITS 13BITS 8 BITS 3 BITS 21 SBe
DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS ———— 4 SECONDS DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 4 SECONDS -
201 211 242 273 |277 -
211 273
Reduced Almanac Reduced Almanac CRC = 242
Packet 3 Packet 4 4 Reduced Aimanac Reduced Almanac CRC
10 LSBs 31 BITS 31 BITS BITS 24 BITS Packet 3 Packet 4 4
I f 10 LSBs 31BITS 31 BITS BITS 24BITS
Reduced Almanac Packet 2 RESERVED t f
Reduced Aimanac Packet 2 RESERVED
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30.3.3 DIRECTION OF DATA FLOW FROM SV MSB FIRST DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1
100 BITS —— 4 SECONDS 100 BITS——— 4 SECONDS
38 38
1 9 15 |21 39 50 |55 |58 |61 72 08 1 9 15 |21 39 50 |55 |58 |61 72 o8
ME SSAGE PRN MESSAGE j
PF‘;N ] TOW COUNT* top ; toc ao-n . . TOW COUNT* for 5 foe ao
8BITS | BITS | BITS 17 BITS 11BITS [BITS 11BITS 26 BITS 8BITS [ BITS | BITS 17 BITS 11BITS | BITS 11BITS 26 BITS
A A
! b URA. INDEX - 3 BITS T L URAneo2 INDEX - 3 BITS
MESSAGE TYPE ID T URA., INDEX- 3 BITS MESSAGE TYPE ID URAweo: INDEX - 3 BITS
0C " - -
PREAMBLE "ALERT" FLAG - 1 BIT URAoc INDEX as-n — 3 MSBs PREAMBLE ALERT" FLAG - 1 BIT URA\ep INDEX ar-n— 3 MSBs
- MSB FIRST
DIRECTION OF DATA FLOW FROM SV MSB FIRST DR e DATA Z"S?Evégﬁggﬂ v
100 BITS ——— 4 SECONDS
101 118 128 144 165 180
101 118 128 144 165 180 .
N arn At teor PM-X PM-X PM-Y
aftn arzn teor PM-X PM-X PM-Y
17 LSBs 10 BITS 16 BITS 21 BITS 15 BITS 21 BITS
17 LSBs 10 BITS 16 BITS 21 BITS 15 BITS 21BITS
DIRECTION OF DATA FLOW FROM SV MSB FIRST
- DIRECTION OF DATA FLOW FROM SV MSB FIRST 100 BITS ——— 4 SECONDS
100 BITS ——— 4 SECONDS
201 216 247 266 277
201 216 247 266 277 PM-Y AUT AUTH RESERVED CRC
° L]
PM-Y AUTH AUTY RESERVED CRC '8 BITS 1 BITS 19BITS 1 BITS 24 BITS
15 BITS 31 BITS 19 BITS 11 BITS 24 BITS

*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-5.

Message Type 32 - Clock & EOP

*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-5.

Message Type 32 - Clock & EOP
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30.3.3 « DIRECTION OF DATA FLOW FROM SV MSB FIRST < DIRECTION OF DATA FLOW FROM SV —— MSB FIRST Rationale #1
100 BITS 4 SECONDS » < 100 BITS 4 SECONDS >
38 38
1 9 15 |21 39 50 |55 |58 |61 72 98 ; g 5 o a9 50 |55 |sslet %
PRN MESSAGE ; ¢ a0,
op oo n PRN MESSAGE
6 6 TOW COUNT* B.? . . TOW COUNT* for 5 foc 8o
BITS | BITS | BITS 17 BITS 11BITS 11BITS 26 BITS
LIl 8BTS | BITS | BITS 17 BITS 11BITS | BITS 11 BITS 26 BITS
T VESSAGE TYPE ID ( L URAo2 INDEX - 3 BITS
. U INDEX - 3 BITS
URA,.; INDEX - 3BITS MESSAGETYPEID RANEeD2
PREAMBLE  "ALERT"FLAG-1BIT URA,. INDEX an.n— 3 MSBs URAwep: INDEX - 3 BITS
PREAVBLE  "ALERT' FLAG-1BIT URAep INDEX atn—3 MSBs
-— DIRECTION OF DATA FLOW FROM SV MSB FIRST
) 1008ITS 4 SECONDS > - DIRECTION OF DATA FLOW FROM SV ———— MSB FIRST
~ 100 BITE 4 SECONDS >
101 118 128 144 157 164 172 188
atn aen Aon Atn Ao | Ats tor WNot 101 118 128 144 157|164 172 188
17 LSBs 10 BITS 16 BITS 13BITS | 7BITS | 8BITS 16 BITS 13 BITS aftn apn Aon Air Pen Atis ta W
17 LSBs 10 BITS 16 BITS 13BITS | 7BITS | 8BITS 16 BITS 13BITS
-— DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 100 BITS 4 SECONDS
- DIRECTION OF DATA FLOW FROM Sy —— MSB FIRST
201 214 [218 226 277 - 100 BITS 4 SECONDS >
WNLs DN | Ats RESERVED CRC
4 01 214 1218 226 277
13BITS |BITY 8BITS 51 BITS 24 BITS
WNise | DN| Abe RESERVED CRC
4
13BITS [BITS| 8BITS 51BITS 24BITS

* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-6.

Message Type 33 - Clock & UTC

* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSACGE

Figure 30-6.

Message Type 33 - Clock & UTC

6 May 2011

10




UNCLASSIFIED
Change Topic: User Range Accuracy (URA) Definition

Section IS-GPS-200 Rev E Navstar GPS Space Segment/Navigation User Interfaces Proposed URA Definition Proposed Text Rationale
Number Heading
30.3.3 - DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1
100 BITS 4 SECONDS
38
1 9 15 21 39 50 |55 158 |61 72 98 - DIRECTION OF DATA FLOW FROM SV MSB FIRST
PRN MESSAGE N ‘ aom - 100 BITS 4 SECONDS >
6 5 TOW COUNT* P 5 o 38
sBITS | BITS | BITS 17 BITS 11BITS [BITS 11BITS 26 BITS 1 9 15 |21 39 50 |55 |58 |61 72 98
t URAo2 INDEX - 3 BITS PRN MESSAGE top toc 8on
MESSAGE TYPE ID URAGc1 |r:16|23Ex- 3BITS 6 6 TOW COUNT* 5
o BITS
PREAMBLE  "ALERT"FLAG - 1 BIT URAqc INDEX arn— 3 MSBs 8BITS | BITS | BITS 17BITS 11BITS 11BITS 26 BITS
RAneoz INDEX - 3 BIT:
T MESSAGE TYPE ID T L URAU "NDEX - 3 BSS s
DIRECTION OF DATA FLOW FROM SV MSB FIRST NED1
100 BITS 4 SECONDS PREAMBLE  "ALERT" FLAG - 1 BIT URAwep INDEX ann—3 MSBs
150
101 118 128 139 151 185
~ DIRECTION OF DATA FLOW FROM SV MSB FIRST
aftn an topp top CDC EDC - 100 BITS 4 SECONDS >
150
17 LSBs 10BITS | 11BITS | 11BITS ; 34 BITS 16 MSBs 101 118 128 139 151 185
DC DATA TYPE - 1 BIT atn aizn topD top cbc EDC
17 LSBs 10BITS | 11BITS | 118BITS 34 BITS 16 MSBs
DIREGTION OF DATA FLOW FROM SV MSB FIRST
< 100 BITS 4 SECONDS » DC DATATYPE -1 BIT
201 277
EDC CRC - DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 4 SECONDS >
76 LSBs 24 BITS
201 77
EDC CRC
76 LSBs 24 BITS
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

CDC = Clock Differential Correction
EDC = Ephemeris Differential Correction

Figure 30-7.

Message Type 34 - Clock & Differential Correction

*  MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

CDC = Clock Differential Correction
EDC = Ephemeris Differential Correction

Figure 30-7.

Message Type 34 - Clock & Differential Correction
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30.3.3 DIRECTION OF DATA FLOW FROM SV MSB FIRST DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1
100 BITS 4 SECONDS « 100 BITS 4 SECONDS >
38 38
! 9 15 |21 39 50 155 |58 |6t 72 %8 1 9 15 |21 39 50 |55 |58 61 72 98
PRN MESSAGE N MESSAGE
5 . TOW COUNT* tor 5 foe aro, PRN TOW COUNT* top ] toc aon
6 6
8BITS | BITS BIIS 17 BITS X 11BITS | BITS 11 BITS 26BITS sams | BrTs | BiTs 17 BITS 11eTs |sims 118BITS 26 BITS
' L URAosz INDEX - 3 BITS t ]
URAwep2 INDEX - 3 BITS
MESSAGE TYPE ID ( URAcw1 INDEX - 3 BITS MESSAGE TYPE ID URAeD1 INDEX - 3BITS
. . . _ -3 MSB
PREAMBLE  "ALERT' FLAG - 1 BIT URA INDEX ann ° PREAMBLE  "ALERT" FLAG -1 BIT URAwep INDEX ain— 3 MSBs
DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 4 SECONDS DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 4 SECONDS >
101 118 128 144 157|160 176 189|196
101 118 128 144 157]160 176 189|196
aftn apn taaro WNagato AocaTc Aigato  [Acaatc
aft-n apn teaTo WNgero AocaTo Aigato  |AcaTC
17 LSBs 10 BITS 16 BITS 13BITS 16 BITS 13BITS  |7BITS|5BITS|
T 17 LSBs 10 BITS 16 BITS 13 BITS 16 BITS 13BITS |7 BITS|5BITS|
RESERVED
GNSSID -3 BITS RESERVED }
GNSS ID-3BITS
DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 4 SECONDS - DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 4 SECONDS -
201 277
RESERVED CRC 201 277
76 BITS 24 BITS RESERVED CRC
76 BITS 24 BITS

*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-8. Message Type 35 - Clock & GGTO

* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-8.

Message Type 35 - Clock & GGTO
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3033 DIRECTION OF DATA FLOW FROM SV MSB FIRST I DIRECTION OF DATA FLOW FROM SV ——— MSB FIRST —' Rationale #1
100 BITS 4 SECONDS | 1o 8IS 4 SECONDS |
38
1 9 15 21 39 50 55 |58 |61 72 98
1 72 98
1 9 15 21 39 50 |55 |5816 PRN MESSAGE t t at0n
PRN MESSAGE N ; a0 ] ] TOW COUNT® op ; o
6 6 TOW COUNT* P 5 oc 8 BITS BITS BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
8BITS | BITS | BITS 17 BITS 11BITS |BITS 11 BITS 26 BITS T '[ URA
t MESSAGE TYPE ID nep2 INDEX - 3 BITS
URA INDEX - 3 BITS
MESSAGE TYPE ID L URAcz INDEX - 3 BITS PREAMBLE  "ALERT" FLAG -1 BIT URAwep INDEX - af - 3 MSBs
URAoc1 INDEX- 3 BITS
" " - URA, INDEX ar1n— 3 MSBs
PREAMBLE ALERT" FLAG - 1 BIT Aoc " I DIRECTION OF DATA FLOW FROM SV ——— MSB FIRST —|
I 100 BITS ———— 4 SECONDS |
DIRECTION OF DATA FLOW FROM SV MSB FIRST 104 118 128
100 BITS 4 SECONDS
af-n afe-n TEXT MESSAGE (18 8-BIT CHAR)
101 118 128 17 LSBs 10 BITS 73 MSBs
afin aren TEXT MESSAGE (18 8-BIT CHAR)
17 LSBs 10 BITS 73 MSBs
i DIRECTION OF DATA FLOW FROM SV —— MSB FIRST —'
| 100 BITS 4 SECONDS |
276
201 272 277
DIRECTION OF DATA FLOW FROM SV MSB FIRST TEXT MESSAGE (18 8-BIT CHAR) . CRC
100 BITS 4 SECONDS 71 LSBs BITS 24 BITS
276
201 272 277 TEXT P;’-\GE—T 1—F{ESERVED—1 BIT
TEXT MESSAGE (18 8-BIT CHAR) CRC
4 * MESSAGE TOW COUNT =17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE
71 LSBs BITS 24 BITS

TEXT PAGE—T T— RESERVED -1 BIT

* MESSAGE TOW COUNT = 17MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE

Figure 30-9. Message Type 36 - Clock & Text

Figure 30-9. Message Type 36 - Clock & Text

6 May 2011

13




UNCLASSIFIED

Change Topic: User Range Accuracy (URA) Definition

Section IS-GPS-200 Rev E Navstar GPS Space Segment/Navigation User Interfaces Proposed URA Definition Proposed Text Rationale
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30.33 DIRECTION OF DATA FLOW FROM SV MSB FIRST - DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1
100 BITS 4 SECONDS > - 100 BITS 4 SECONDS >
38 38
1 9 15 21 39 50 55 |58 |61 72 98 1 9 15 21 39 50 55 |58 |61 72 98
PRN MESSAGE
P'ZN . TON CouRT top : too aon . . TOW COUNT* fop 5 foe don
smTs | BTS | BTS 17BITS 11BTS |BITS 11BITS 6BITS 8 BITS | BITS BIIS 17 BITS 11BITS | BITS 11 BITS 26 BITS
) 1 [
[ - . L URAwepz INDEX - 3 BITS
MESSAGE TYPE ID ‘ L URAtJ ileDg(D?Br?SB'TS T MESSAGE TYPE ID T URAyepr INDEX - 3 BITS
ot . " " - URANep INDEX arr.n— 3 MSBs
PREAMVBLE "ALERT" ALAG- 1 BIT URA.c INDEX a1n—3 MSBs PREAMBLE ALERT" FLAG - 1 BIT NED f1
n DIRECTION OF DATA FLOW FROM SV MSB FIRST
DIRECTION OF DATA FLOW FROM SV MSB FIRST - 100 BITS 4 SECONDS -
100BITS 4 SECONDS
101 118 128 141 149 155|158 169 180 191
101 118 128 141 149 |155]158 169 180 191 .
R aftn arn WN.., toa PRN, e 3i Q JA
atn n VN, ta A e i Q
k ae PRN. VA 17 LSBs 10 BITS 13BITS | 8BITS |6 BITS 11 BITS 11BITS | 11BITS | 10 MSBs
17LSBs 8BTS
10BITS 13BITS 6BITS 11BITS 11BITS | 11BITS | 10MSBs L1 HEALTH — 1 BlT_iT
L1 HEALTH= 1 B2 L2 HEALTH - 1 BIT
L2 HEALTH—1 BIT L5 HEALTH -1 BIT
LSHEALTH-1BIT - DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS -
« DIRECTION OF DATA FLOW FROM SV MSB FIRST 4 SECONDS
100BITS 4 SECONDS > 201 208 224 240 256 267 277
201 208 224 240 25 267 277 JA Q ® Mo ap an CRC
VA Q o M ap a CRC 7LSBs 16 BITS 16 BITS 16 BITS 11BITS | 10BITS 24 BITS
7LSBs 16 BITS 16BITS 16BITS 11BITS | 10BITS 24 BTS
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE
*MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 12-SECOND MESSAGE
Figure 30-10.  Message Type 37 - Clock & Midi Aimanac Figure 30-10. Message Type 37 - Clock & Midi Almanac
30.3.3.1.1 The ephemeris parameters in the message type 10 and type 11 describe the orbit of the The ephemeris parameters in the message type 10 and type 11 describe the orbit of the Rationale #1, ,
transmitting SV during the curve fit interval of three hours. The nominal transmission interval transmitting SV during the curve fit interval of three hours. The nominal transmission interval is Rationale #2
is two hours, and shall coincide with the first two hours of the curve fit interval. The period of two hours, and shall coincide with the first two hours of the curve fit interval. The predicted
applicability for ephemeris data coincides with the entire three-hour curve fit interval. Table period of applicability for ephemeris data coincides with the entire three-hour curve fit interval.
30-I gives the definition of the orbital parameters using terminology typical of Keplerian Table 30-I gives the definition of the orbital parameters using terminology typical of Keplerian
orbital parameters; it is noted, however, that the transmitted parameter values are expressed orbital parameters; it is noted, however, that the transmitted parameter values are expressed
such that they provide the best trajectory fit in Earth-Centered, Earth-Fixed (ECEF) coordinates such that they provide the best trajectory fit in Earth-Centered, Earth-Fixed (ECEF) coordinates for
for each specific fit interval. The user shall not interpret intermediate coordinate values as each specific fit interval. The user shall not interpret intermediate coordinate values as pertaining
pertaining to any conventional coordinate system. to any conventional coordinate system.
30.3.3.1.1 N/A

The t,. term shall provide the user with a convenient means for detecting any change in the
ephemeris representation parameters. The t,. is provided in both message type 10 and 11 for the

Rationale #1,
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Number Heading
purpose of comparison with the t,. term in message type 30 - 37. Whenever these three terms do | Rationale #2
not match, a data set cutover has occurred and new data must be collected. The timing of the t,.
and constraints on the t,. and t,. are defined in paragraph 30.3.4.4.
30.3.3.1.1 Any change in the Message Type 10 and 11 ephemeris data will be accomplished with a Any change in the message type 10 and 11 ephemeris data will be accomplished with a Rationale #1,
simultaneous change in the t.. value. The CS (Block IIR-M/IIF) and SS (Block IIl) will assure that simultaneous change in the t.. value. The CS will assure the t,. value for Block IIR-M/IIF and SS will | Rationale #2
the t,. value, for at least the first data set transmitted by an SV after an upload, is different assure the t,. value for Block Ill, for at least the first data set transmitted by an SV after an upload,
from that transmitted prior to the cutover. See Section 20.3.4.5 for additional information is different from that transmitted prior to the cutover. See Section 30.3.4.5 for additional
regarding t,.. information regarding tee.
The CNAV messages-contain information that allows users to take advantage of situations when
The CNAV message will contain information that allows users to operate when integrity is integrity is assured to the enhanced level. This is accomplished using a composite integrity
assured. This is accomplished using an integrity assured URA value in conjunction with an assured URA value in conjunction with an integrity status flag. The composite integrity assured
integrity status flag. The URA value is the RSS of URAoe and URAoc; URA is integrity assured URA (IAURA) value is the RSS of an elevation-dependent function of the upper bound value of the
to the enhanced level only when the integrity status flag is “1” URAgp component and the upper bound value of the URAygp component. The composite IAURA
value is assured to the enhanced level only when the integrity status flag is “1”; otherwise the
) IAURA value is assured to the legacy level.
Bit 272 of Message Type 10 is the Integrity Status Flag (ISF). A "0" in bit position 272 indicates
that the conveying signal is provided with the legacy level of integrity assurance. That is, the Bit 272 of Message Type 10 is the Integrity Status Flag (ISF). A "0" in bit position 272 indicates that
probability that the instantaneous URE of the conveying signal exceeds 4.42 times the upper the conveying signal is provided with the legacy level of integrity assurance. That is, the probability
bound value of the current broadcast URA index, for more than 5.2 seconds, without an that the instantaneous URE of the conveying signal exceeds 4.42 times the current broadcast
accompanying alert, is less than 1E-5 per hour. A "1" in bit-position 272 indicates that the IAURA value, for more than 5.2 seconds, without an accompanying alert, is less than 1E-5 per hour.
conveying signal is provided with an enhanced level of integrity assurance. That s, the A "1" in bit-position 272 indicates that the conveying signal is provided with an enhanced level of
probability that the instantaneous URE of the conveying signal exceeds 5.73 times the upper integrity assurance. That is, the probability that the instantaneous URE of the conveying signal
bound value of the current broadcast URA index, for more than 5.2 seconds, without an exceeds 5.73 times the current broadcast IAURA value, for more than 5.2 seconds, without an
accompanying alert, is less than 1E-8 per hour. The probabilities associated with the nominal accompanying alert, is less than 1E-8 per hour. The probabilities associated with the nominal and
and lower bound values of the current broadcast URA index are not defined. lower bound values of the current broadcast URAgp index, URAygp indexes, and related URA values
are not defined.
In this context, an "alert" is defined as any indication or characteristic in the conveying signal, In this context, an "alert" is defined as any indication or characteristic of the conveying signal, as
as specified elsewhere in this document, which signifies that the conveying signal may be specified elsewhere in this document, which signifies to users that the conveying signal may be
invalid and should not be used, such as, not Operational-Healthy, Non-Standard Code, parity invalid or-should not be used, such as the health bits not indicating operational-healthy,
error, etc. In this context, the term URA refers to the composite URA, calculated as the root- broadcasting non-standard code-parity error, etc.
sum-squared of the individual URA components in the conveying signal.
Bit 273 of Message Type 10 indicates the phase relationship between L2C and L2P(Y) as
specified in section 3.3.1.5.1.
30.3.3.1.14 Elevation-
30.3.3.1.1.4 SV Accuracy. Dependent
(ED)
15
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Accuracy
30.3.3.1.1.4 | Bits 66 through 70 of message type 10 shall contain the ephemeris User Range Accuracy Bits 66 through 70 of message type 10 shall contain the elevation-dependent (ED) component User | Rationale #1
(URA,) index of the SV for the standard positioning service user. URA,. index shall provide Range Accuracy (URAgp) index for the standard positioning service user. The URAgp index shall
the ephemeris-related user range accuracy index of the SV as a function of the current provide the ED-related URA-index or the current ephemeris curve fit interval. While the ED-related
ephemeris message curve fit interval. While the ephemeris-related URA may vary over the URA may vary over the ephemeris curve fit interval and over the satellite footprint, the URAp
ephemeris message curve fit interval, the URA,. index (N) in message type 10 shall correspond index (N) in message type 10 shall correspond to the maximum URAg, expected over the entire
to the maximum URA,. expected over the entire curve fit interval. ephemeris curve fit interval for the worst-case location within the SV footprint (i.e., two points at
the edge of the SV footprint). At the best-case location within the SV footprint (i.e., directly below
the SV along the SV nadir vector), the corresponding URAgp. is zero.
30.3.3.1.1.4 | The URA,. index is a signed, two’s complement integer in the range of +15 to -16 and has the The URAg, index is a signed, two’s complement integer in the range of +15 to -16 and has the Rationale #1

following relationship to the ephemeris URA:

URA,. Index  URA,._(meters)
15 6144.00
14 3072.00
13 1536.00
12 768.00 <
11 384.00 <
10 192.00 <
9 96.00 <
8 48.00 <
7 24.00 <
6 13.65 <
5 9.65 <
4 6.85 <
3 485 <
2 340 <

<

URA.

URAGe

URA.

URAGe

URA.

URAGe

URA.

URAGe

URAGe

URA.

URAGe

URA.
URA.

URAGe

IA

IA

IA

INA

IA

INA

IA

IA

INA

IA

INA

< 6144.00

< 3072.00

1536.00

768.00

384.00

192.00

96.00

48.00

24.00

13.65

9.65

6.85

4.85

following relationship to the ED URA:

URAgp Index
15
14
13
12
11

10

URA;p (meters)
6144.00 < URAgp (or no accuracy prediction is available)
3072.00 <URAp < 6144.00
1536.00 <URAp < 3072.00
768.00 <URAp <  1536.00
384.00 <URAgp < 768.00
192.00 <URAgp < 384.00
96.00 <URAgp < 192.00
48.00 <URAg < 96.00
24.00 <URAgp < 48.00
13.65 <URAgp < 24.00
9.65 <URAgp < 13.65
6.85 <URAgp < 9.65
485 <URAgp < 6.85
3.40 <URAgp < 4.85

6 May 2011

16




UNCLASSIFIED
Change Topic: User Range Accuracy (URA) Definition

Section
Number

IS-GPS-200 Rev E Navstar GPS Space Segment/Navigation User Interfaces

Proposed
Heading

URA Definition Proposed Text

Rationale

1 240 < URA,. < 3.40
0 1.70 < URA,. < 2.40
-1 1.20 < URA,. < 1.70
-2 085 < URA,. < 1.20
-3 0.60 < URA,. < 0.85
-4 043 < URA,. < 0.60
-5 030 < URA,. < 0.43
-6 021 < 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 No accuracy prediction available-use at own risk

Integrity properties of the URA are specified with respect to the upper bound values of the
URA index (see 20.3.3.1).

1 240 <URAp < 3.40
0 1.70 <URAp < 2.40
-1 1.20 <URAp < 1.70
-2 0.85 <URAp < 1.20
-3 0.60 <URAp < 0.85
-4 043 <URAp < 0.60
-5 0.30 <URAp < 0.43
-6 0.21 <URAp < 0.30
-7 0.15 <URAp < 0.21
-8 0.11 <URAp < 0.15
-9 0.08 <URAp < 0.11
-10 0.06 <URAp < 0.08
-11 0.04 <URAp < 0.06
-12 0.03 <URAp < 0.04
-13 0.02 <URAp < 0.03
-14 0.01 <URAp < 0.02
-15 URAp < 0.01
-16 No accuracy prediction available-use at own risk

For each URAp index (N), users may compute a nominal URAgp value (X) as given by:
e If the value of N is 6 or less, but more than -16, X = 24 +V2,
* If the value of N is 6 or more, but less than 15, X =22,

e N=-16 or N = 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.
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For N=1, 3, and 5, X should be rounded to 2.8, 5.7, and 11.3 meters, respectively.

The nominal URA;p value (X) is suitable for use as a conservative prediction of the RMS ED range
errors for accuracy-related purposes in the pseudorange domain (e.g., measurement deweighting,
RAIM, FOM computations). Integrity properties of the IAURAgp are specified with respect to the
scaled (multiplied by either 4.42 or 5.73 as appropriate) upper bound values of the broadcast
URAgp index (see 30.3.3.1.1).

For the nominal URAg, value and the IAURAgp value, users may compute an adjusted URAg value
as a function of SV elevation angle (E) as follows:

Adjusted Nominal URAg, = Nominal URAgp (sin(E+90 degrees)
Adjusted IAURA = IAURAg, (sin(E+90 degrees))

URAg and IAURAg; account for SIS-contributions to user range error which include, but are not
limited to, the following: LSB representation/truncation error, alongtrack ephemeris errors, and
crosstrack ephemeris errors. URAgp and IAURAg, do not account for user range error contributions
due to the inaccuracy of the broadcast ionospheric data parameters used in the single-frequency
ionospheric model or for other atmospheric effects.
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30.3.3.1.3 Table 30-1.  Message Types 10 and 11 Parameters (1 of 2) Table 30-I.  Message Types 10 and 11 Parameters (1 of 2) Rationale #1
Scale Scale
No. of Factor Effective No. of Factor Effective
Parameter Bits** (LSB) Range*** Units Paraneter Bits** (LSB) Range*#* Units
WN Week No. 13 1 weeks WN Week No. 13 1 weeks
URAg Index SV accuracy 5% (see text) URAgpIndex ED Accuracy Index 5% (see text)
Signal health 3 1 (seetext) Signal health 3 1 (see text)
(LI12/LS) L1/L2LS)
top Data predict time of week 11 300 604,500 seconds top Data predict time of week 11 300 604,500 seconds
PA T Semi-major axis difference at 26* 2” meters P2AT* Semi-major axis difference at 26* 2° meters
reference time reference time
! A Change rate in semi-major 25% 2% meters/sec * A Change rate in semi-major 25% 22 meters/sec
axis axis
71, Mean Motion difference from 17* 2™ semi-circles/sec o Mean Motion difference from 17* 2# semi-circles/sec
computed value at reference computed value at reference
time time
* o Rate of mean motion 23* 2% semi-circles/sec” * o Rate of mean motion 23* 27 semi-circles/sec”
difference from computed difference from computed
value value
Mo, Mean anomaly at reference 33* 2% semi-circles Mon, Mean anomaly at reference 33* 2® semi-circles
time time
€ Eccentricity 33 2% 0.03 dimensionless & Eccentricity 33 2 0.03 dimensionless
o, Argument of perigee 33* 2% semi-circles (O Argument of perigee 33% 2% semi-circles
* Parameters so indicated are two’s complement, with the sign bit (+ or -) occupying the MSB; *  Paranmeters so indicated are two’s complement, with the sign bit (+ or -) occupying the MSB;
**t  See Figure 30-1 for complete bit allocation in Message Type 10; *#*  See Figure 30-1 for complete bit allocation in Message Type 10;
*##%  Unless otherwise indicated in this column, effective range is the maximum range attainable with ##t  Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor. indicated bit allocation and scale factor.
#k¥E Relative to Aggr= 126,559,710 meters. wEkk Relative to Apgr = 26,559,710 meters.
19
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30.3.3.2.3 Table 30-1I1. Clock Correction and Accuracy Parameters Table 30-1I1L Clock Correction and Accuracy Parameters Rationale #1
Scale Scale
No. of Factor Effective No. of Factor Effective
Parameter Bits** (LSB) Range*** Units Parameter Bits* (LSB) Range** Units
toe Clock Data Reference Time of Week 11 300 604,500 seconds o Clock Data Reference Time of Week 11 300 604.500 seconds
URA, Index SV Clock Accuracy Index 5% (see text) URAngp NED Accuracy Index 5% (see text)
Index
URA1 Index SV Clock Accuracy Change Index 3 (see text) NED Accuracy Change Index 3 (see text)
URA,; Index SV Clock Accuracy Change Rate Index 3 (see text) URAepi
Index 3 (see text)
apn SV Clock Drift Rate Correction Coefficient | 10* 2% sec/sec” © )
" UR Axere NED Accuracy Change Rate Index 10 2 sec/sec
Afip SV Clock Drift Correction Coefficient 20% z sec/sec Index
20% 28 sec/sec
ana SV Clock Bias Correction Coefficient 26* 2% seconds app SV Clock Drift Rate Correction Coefficient - , .
- seconds
*  Parameters so indicated are two’s complement, with the sign bit (+ or -) occupying the MSB; an . . .
-n
**  See Figure 30-3 through 30-10 for complete bit allocation in Message types 30 to 37; SV Qlock Drift Correction Coefficient
#*k%  Unless otherwise indicated in this column, effective range is the maximum range attainable with Aon SV Clock Bias Correction Coefficient
indicated bit allocation and scale factor.
*  Parameters so indicated are two’s complement, with the sign bit (+ or -) occupying the MSB;
See Figure 30-3 through 30-10 for complete bit allocation in Message types 30 to 37;
##%  Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor.
30.3.3.24 Non-
30.3.3.2.4 SV Clock Accuracy Estimates. .
Elevation-
Dependent
(NED)
Accuracy
Estimates.
30.3.3.24 Bits 50 through 54, and 55 through 57, and 58 through 60 of message types 30 through 37 Bits 50 through 54, and 55 through 57, and 58 through 60 of message types 30 through 37 shall

shall contain the URA,. Index,URA.; Index, and URA,, Index, respectively, of the SV
(reference paragraph 6.2.1) for the standard positioning service user. The URA,. Index

together with URA,.; Index and URA,, Index shall give the clock-related user range accuracy
of the SV as a function of time since the prediction (t.,) used to generate the uploaded clock

correction polynomial terms.

contain the non-elevation-dependent (NED) component URAygpo Index,URAyep: Index, and URAyep;
Index, respectively, of the SV (reference paragraph 6.2.1) for the standard positioning service user.
The following equations together with the broadcast URAygpo Index, URAxep: Index, and URAygp,
Index shall give the clock-related user range accuracy of-IAURAg, over the current
clock/ephemeris fit interval. While the actual NED related URA may vary over the satellite
footprint, the IAURAygp calculated using the parameters in message type 10 at each instant during
the current clock/ephemeris fit interval shall bound the maximum IAURAygp expected for the
worst-case location within the satellite footprint at that instant.
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30.3.3.24 The user shall calculate the clock-related URA with the equation (in meters); The user shall calculate the NED-related URA with the equation (in meters); Rationale #1
IAURA\ = URANepo + URAeps (t - top) for t-t,, < 93,600 seconds
URA,c = URA,p, + URA (T - top) for t-top < 93,600 seconds R
IAURA\ = URANepo + URARep: (t - top) + URANep: (t - top - 93,600)°  for t-to, > 93,600 seconds
URA,c = URAoe + URA; (t - top) + URA,; (t - top - 93,600) for t-to, > 93,600
where
seconds
where t = GPS time (must account for beginning or end of week crossovers),
t = GPS time (must account for beginning or end of week crossovers), top = time of week of the state estimate utilized for the prediction of satellite clock
top = time of week of the state estimate utilized for the prediction of satellite clock /ephemeris parameters.
correction parameters.
30.3.3.2.4 The CS shall derive URA,, at time t,, which, when used together with URA,.; and URA,, in the The CS shall derive URA nepo, URANep1, and URAgp, indexes which, when used together in the above | Rationale #1
above equations, results in the minimum URA,. that is greater than the predicted URA, equations, results in the minimum IAURAygp that is greater than the predicted IAURAgp during the
during the entire duration up to 14 days after t,. clock/ephemeris fit interval.
30.3.3.2.4 The user shall use the broadcast URA,. Index to derive URA,.,. The index is a signed, two’s The user shall use the broadcast URAyen index to derive the URANgpo Value. The URAypo index isa | Rationale #1

complement integer in the range of +15 to -16 and has the following relationship to the clock-
related user derived URA,.:

URA,. Index  URA,_(meters)
15 6144.00 < URAch
14 3072.00 < URA,p < 6144.00
13 1536.00 < URA,, < 3072.00
12 768.00 < URA,, < 1536.00
11 384.00 < URA,, < 768.00
10 192.00 < URA,, < 384.00
9 96.00 < URA,, < 192.00
8 48.00 < URA,p < 96.00
7 24.00 < URA,y < 48.00
6 13.65 < URA,p < 24.00

signed, two’s complement integer in the range of +15 to -16 and has the following relationship to
the URAyepo Value:

URA\epo Index URA\epo (meters)

15 6144.00 < URAweno (or no accuracy prediction is available)
14 3072.00 <URAymo < 6144.00
13 1536.00 < URAympe < 3072.00
12 768.00 < URAwmo < 1536.00
11 384.00 < URAwmo < 768.00
10 192.00 < URApepo < 384.00
9 96.00 < URAumpe < 192.00
8 48.00 <URAypo < 96.00
7 2400 <URAwmpe < 48.00
6 13.65 < URAympo < 24.00
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5 9.65 < URA,p < 13.65 5 9.65 <URAyepo < 13.65
4 6.85 < URA, < 9.65 4 6.85 <URA\mpo < 9.65
3 4.85 < URAocb < 6.85 3 4.85 < URANEDO < 6.85
2 340 < URAp < 4.85 2 340  <URAwepo < 4.85
1 240 < URA,y < 3.40 1 240 <URAw;mo < 3.40
0 1.70 < URA,p < 2.40 0 1.70 <URANepo £ 2.40
1 120 < URAe, < 1.70 -1 1.20 <URAweoo < 1.70
2 085 <  URAg < 120 2 085 <URAweoo < 1.20
3 060 < URA,., < 0.85 -3 0.60 <URA\mpo < 0.85
4 043 < URA,, < 0.60 -4 043 <URA\mpy < 0.60
- <
5 030 < URAw < 043 ° 030 <URAwoo = 043
- . < < .
-6 021 < URA, < 0.30 6 021 URAnepo 0-30
-7 0.15 <URAyepo < 0.21
-7 015 < URA,y < 0.21
-8 0.11  <URAyeo < 0.15
-8 011 < URA,yp < 0.15
-9 0.08 < URA\mpy < 0.11
-9 0.08 < URA.p < 0.11
-10 0.06 <URA\mpy < 0.08
-10 0.06 < URA,p < 0.08
-11 0.04 <URAwo < 0.06
-11 0.04 < URA.p < 0.06
-12 0.03 < URA\mpy < 0.04
-12 0.03 < URA,p < 0.04
-13 0.02 < URA\mpy < 0.03
-13 0.02 < URA.p < 0.03
-14 0.01 <URAyo < 0.02
14 0.01 < URA,y < 0.02
-15 URAwepo < 0.01
-15 URA, < 0.01
-16 No accuracy prediction available-use at own risk
-16 No accuracy prediction available-use at own risk
30.3.3.2.4 The user may use the upper bound value in the URA,, range corresponding to the broadcast For each URAygpg index (N), users may compute a nominal URAygpg value (X) as given by: Rationale #3-
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index, thereby calculating the maximum URA, that is equal to or greater than the CS
predicted URA,, or the user may use the lower bound value in the range which will provide
the minimum URA,. that is equal to or less than the CS predicted URA,..

Integrity properties of the URA are specified with respect to the upper bound values of the
URA index (see 20.3.3.1). The transmitted URA,; Index is an integer value in the range 0 to 7.
URA,.; Index has the following relationship to the URA,;:

1

URA, = 2~ (meters/second)
where
N =4 + URA,.; Index.

The transmitted URA,, Index is an integer value in the range 0 to 7. URA,, Index has the
following relationship to the URA,.:
1

URA s = 2~ (meters/second?)

where

N = 25+ URA,.; Index.

« If the value of N is 6 or less, but more than -16, X = 24 *V2,

¢ |f the value of N is 6 or more, but less than 15, X = Z(N"Z),
e N=-16 or N = 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.

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

The nominal URA\gp, value (X) shall be suitable for use as a conservative prediction of the RMS
NED range errors for accuracy-related purposes in the pseudorange domain (e.g., measurement
de-weighting RAIM, FOM computations). Integrity properties of the IAURAygp are specified with
respect to the scaled (multiplied by either 4.42 or 5.73 as appropriate) upper bound values of the
URApepg index, URAep: index, and URAygp; index (see 30.3.3.1.1).

URAyepo accounts for zeroth order SIS-contributions to user range error which include, but are not
limited to, the following: LSB representation/truncation error; the net effect of clock correction
polynomial error and code phase error in the transmitted signal for single-frequency L1C/A or
single-frequency L2C users who correct the code phase as described in Section 30.3.3.3.1.1.1; the
net effect of clock parameter, code phase, and inter-signal correction error for dual-frequency
L1/L2 and L1/L5 users who correct for group delay and ionospheric effects as described in Section
30.3.3.3.1.1.2; radial ephemeris error; anisotropic antenna errors; and signal deformation error.
URAyep does not account for user range contributions due to the inaccuracy of the broadcast
ionospheric data parameters used in the single-frequency ionospheric model or for other
atmospheric effects.

The transmitted URAygp; index is an integer value in the range 0 to 7. The URAygp; index has the
following relationship to the URAygp; value:

1

URANeD: = 2~ (meters/second)
where
N=14+ URANED]_ |I’1dex

The transmitted URAygp; index is an integer value in the range 0 to 7. URAygp; index has the
following relationship to the URAygp;:

1
URANeD; = 2~ (meters/second?2)

There is a typo
that needs be
corrected in
computing
URA, or all
user URA
values will be
far too large.
Using the
erroneous
value will
resultina
minimum
value of
URAoc1 that
will prevent
the Space and
Control
segments from
meeting their
specified
performance
requirements.

Rationale #5
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where
N=28+ URANEDZ Index.
30.34.4 Data Sets
30.3.4.4
30.3.4.4 The t,. shall be equal to the t,. of the same CNAV data set. The following rules govern the Rationale #2-
transmission of t,. and t,. values in different data sets: (1) The transmitted t,. will be different from | URA
any value transmitted by the SV during the preceding seven days; (2) The transmitted t,. will be components
different from any value transmitted by the SV during the preceding six hours. (URAgp and
URAygp) from
Cutovers to new data sets will occur only on hourly boundaries except for the first data set of a different
new upload. The first data set may be cut-in (reference paragraph 30.3.4.1) at any time during the upload or fit
hour and therefore may be transmitted by the SV for less than one hour. intervals will
The start of the transmission interval for each data set corresponds to the beginning of the curve not give a valid
fit interval for the data set. Each data set remains valid for the duration of its transmission indication of
interval, and nominally also remains valid for the duration of its curve fit interval. A data set is signal accuracy
rendered invalid before the end of its curve fit interval when it is superseded by the SV cutting or integrity.
over to the first data set of a new upload. These changes
provide
Normal Operations. The message type 10, 11, and 30-37 data sets are transmitted by the SV for clarification of
periods of two hours. The corresponding curve fit interval is three hours. how URA is
computed by
the user.
30.3.4.5 Reference
30.3.4.5 Ti
imes
30.3.4.5 The LNAV reference time information in paragraph 20.3.4.5 also applies to the CNAV reference Rationale #5
times.

End of WAS/IS for IS-GPS-200E
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20.3.3 Each message starts with an 8-bit preamble - 10001011, followed by a 6-bit PRN number of the Each message starts with an 8-bit preamble - 10001011, followed by a 6-bit PRN number of Rationale #5-
transmitting SV, a 6-bit message type ID, with a range of 0 (000000) to 63 (111111), and the 17-bit the transmitting SV, a 6-bit message type ID with a range of 0 (000000) to 63 (111111), and There are
message Time of Week (TOW) count. When the value of the message TOW count is multiplied by 6, it the 17-bit message time of week (TOW) count. When the value of the message TOW count is | numerous

represents SV time in seconds at the start of the next 6-second message. An “alert” flag, when raised
(bit 38 = “1”), indicates to the user that the SV User Range Accuracy (URA) and/or the SV User
Differential Range Accuracy (UDRA) may be worse than indicated in the respective message types.
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.

multiplied by 6, it represents SV time in seconds at the start of the next 6-second message.
An “alert” flag, when raised (bit 38 = “1”), indicates to the user that the signal-URA
components may be worse than indicated in the associated-message types and that he shall
use at his 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.

inconsistenci
es between
ICDs and
clarifications
and
additions
that are
needed for
the users to
compute
URA. These
changes
resolve the
inconsistenci
es between
the ICDs so
that users
may
properly
compute
URA.
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20.33 - DIRECTION OF DATA FLOW FROM SV MSB FIRST a DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1-
100 BITS 2 SECONDS N 100 BITS 2 SECONDS
38 38 URA,. and
52 52
1 9 15 21 39 55 66 |71 82 1 9 15 |21 39 55 66|71 82 URA,, are
PRN MESSAGE PRN MESSAGE ., . . )
6 ) ] TOW COUNT* Whn top 5 toe AA s | 6 | & | TOWOCOUNT WN top 5 ! AA redefined
BITS BITS | BITS 17 BITS 13 BITS MBITS (g5 11 BITS 19 MSBs BTs | BTs | BiTS 17 BITS 13BITS 1BITS |gyg| 11BITS 19 MSBs into an
T MESSAGE TYPE ID L1 HEALTH -1 BIT [ MESSAGE TYPE ID L1 HEALTH—1 BIT L URAe INDEX elevation-
L2 HEALTH — 1 BIT URAoe INDEX L2 HEALTH—1 BIT ®
PREAMBLE  "ALERT'FLAG - 1BIT L5 HEALTH — 1 BIT PREAMBLE  "ALERT'FLAG -1BIT L5 HEALTH—1BIT dependent
component
- DIRECTION OF DATA FLOW FROM SV MSB FIRST DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS > SECONDS 100 BITS 2 SECONDS (URAgp) and
101 108 133 150 173 101|108 133 150 173 anon-
. . . . elevation-
AA A Ano® Ano Mo-n AA A Ano ANO Mo-n
7 LSBs 25BITS 17 BITS 23 BITS 28 MSBs 7 LSBs 25BITS 17 BITS 23BITS 28MSBs dependent
component
(URAgp).
This will
- DIRECTION OF DATA FLOW FROM SV MSB FIRST « DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS 100BITS 2SECONDS enable users
272 272 i
201 | 206 239 277 201|206 239 277 to de-weight
Mon en @n CRC Mon en n CRC the
33 BITS 33 BITS 24 BITS 3BBITS 3BBITS 24 BITS elevation-
I angle-
(INTEGRITY STATUS FLAG- 1 B J Ls LSBs INTEGRITY STATUS FLAG — 1 Bl J g
5 LSBs L2C PHASING— 1 BIT| LECIFRASING =1 [ dependent
RESERVED — 3 BITS RESERVED -3 BITS
component
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT6 SECOND MESSAGE " MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6 SECOND MESSAGE with the
elevation
angle of the

Figure 20-1. Message type 10 - Ephemeris 1

Figure 20-1. Message type 10 - Ephemeris 1

SV, resulting
in a smaller
composite
URA, in
many cases.
A smaller
composite
URA means
higher
availability
for
applications
that have
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requirement
sfora
minimum
level of
accuracy
and/or
integrity. In
order to
achieve a
technical
consensus
on how to
proceed
forward with
GPS IIIA
deriving URA
from the
uploaded
covariance,
then the
following
changes
were needed
to the user
ICDs.

6 May 2011

27




UNCLASSIFIED

Change Topic: User Range Accuracy (URA) Definition

Section IS-GPS-705 Rev A L5 SS and Nav User Segment Interfaces Proposed URA Definition Proposed Text Rationale
Number Heading
20.3.3 - DIRECTION OF DATA FLOW FROM SV —— MSBFIRST Rationale #1
- 100 BITS 2 SECONDS >
38
-~ DIRECTION OF DATA FLOW FROM SV MSB FIRST
1 9 15 121 39 0 155 158 {61 72 %8 « 100 BITS 2 SECONDS -
PRN MESSAGE % i aon a8
6 6 TOW COUNT* P 5 oe 1 9 15 |21 39 50 |55 |58 |61 72 98
PRN MESSAGE
8BITS | BITS | BITS 17 BITS 11BITS |BITS 11 BITS 26 BITS . A TOW COUNT* top s too aor
L URAo INDEX - 3 BITS 8BTS | BITS | BITS 17 BITS 11BITS | BITS 11 BITS 26 BITS
VESSAGE TPED URAoct INDEX- 3 BITS ! L URAepe INDEX - 3BITS
PREAMBLE  "ALERT"FLAG- 1BIT URA.c INDEX artn—3 MSBs MESSAGE TYPE ID URAweo: INDEX - 3 BITS
PREAMBLE  "ALERT"FLAG-1BIT URAne INDEX an—3 MSBs
- DIRECTION OF DATA FLOW FROM SV ———— MSB FIRST
- 100 BITS 2 SECONDS > « DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS »
101 118 128 141 154 167 180 193
101 118 128 141 154 167 180 193
ann azn Tap ISCLica ISCizc ISCiais ISCisas oo A . Teo ISCL1ciz ISGLoc ISCusis ISCusas o0
1713Bs 10BITS 13BITS 13BITS 13BITS 13BITS 13BITS | 8BITS 17 LSBs 10Bms | 13BITS 13BITS 13 BITS 13BITS 13BTS | 8BITS
< DIRECTION OF DATA FLOW FROM SV ——— MSB FIRST -~ DIR1EO(()JﬂB(I?|_I\IS OF DATA FLOW FROM SV MSB FIRST -
-« 100 BITS 2 SECONDS > ~ 2 SECONDS >
201 209 217 225 233 241 249 257 277
201 209 217 225 233 241 249 257 277
o o o Bo B B2 Bs RESERVED CRC
04 o2 03 Bo B Be Bs RESERVED CRC
8BITs | 8BTS | 8BITS | 8BITS | 8BITS | 8BITS | 8BITS 20 BITS 24BITS
8BITs 8BITS| 8BITS | 8BITS | 8BITS | 8BITS| 8BITS 20 BITS 24 BITS

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

Figure 20-3. Message type 30 - Clock, IONO & Group Delay

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

Figure 20-3. Message type 30 - Clock, IONO & Group Delay
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20.3.3 - DIRECTION OF DATA FLOW FROM SY —— MSB FIRST ———————— N DIRECTION OF DATA FLOW FROM SV MSB FIRST —————— Rationale #1
- 100 BITS 2 SECONDS > N 100 BITS 2 SECONDS >
38 38
1 9 |15 |2 39 50 |55 |58 |61 72 98 1 o 115 2 39 20155 156161 72 %
MESSAGE
PRN MESSAGE 4 ; aon PAN oW Cok ts e aon
s | 5 | TOwcoNT P 5 e g TS
8RITS | BITS | BITS 17BITS 1BITS 11BITS 6 BITS
8BTS | BITS | BITS 17 BITS 11BMS [BITS 11 BITS 26 BITS T
| ,
T lvESSAGEf TYPEID L ez INDX - S BITS T R x L URA“USSN'EDSETEE?’XB'?SBITS J
URA1 INDEX- 3 BITS PREAVBLE  "ALERT' FLAG- 1BIT URAwep INDEX a1n—3 MSBs
PREAVBLE  "ALERT"ALAG-1BIT URAo INDEX an—3MSBs
« DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS >
DIRECTION OF DATA FLOW FROM SV MSB FIRST 2 SECONDS
) 10087 2 SECONDS g 101 118 128 141 |1ag 180
101 118 128 141|149 180 an 2 W, | e Red oo Amanac Fediced Amanac
_ t Reduced Almanac Reduced Amanac 17LSBs 10 BITS 13BITS 8BITS 31BITS 21 MSBs
A azn When = Packet 1 Packet 2
17 LSBs 10BITS 13BITS 8BITS 31BITS 21 MSBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST ————————
- 100 BITS 2 SECONDS >
« DIFFO%ﬂBclJTI\IS OF DATA FLOW FROM SV ———— MSB FIRST ————— 201 11 " o73 77
- 2 SECONDS " Reduced Aimanac Reduced Almanac CRC
Packet 3 Packet 4 4
201 21 242 273 277 10LSBs 31BITS 31 BITS BITS 24BITS
Reduced Almanac Reduced Amanac CRC T f
Packet 3 Packet 4 4 Reduced Almanac Packet 2 RESERVED
10 LSBs 31BITS 31BITS BITS 24BITS
i * MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Reduced Aimanac Packet 2 RESERVED
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 20-4. Message type 31 - Clock & Reduced Almanac
Figure 20-4. Message type 31 - Clock & Reduced Almanac

6 May 2011




UNCLASSIFIED

Change Topic: User Range Accuracy (URA) Definition
Section IS-GPS-705 Rev A L5 SS and Nav User Segment Interfaces Proposed URA Definition Proposed Text Rationale
Number Heading
20.3.3 - DIRECTION OF DATA FLOW FROM SV MSB FIRST - DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1
- 100 BITS 2 SECONDS - 100 BITS 2 SECONDS >
38 38
1 9 15 |21 39 50 |55 |58 |6t 72 1 9 15 |2t 39 50 |55 |58 |61 72 %8
PRN MESSAGE
PRN MESSAGE g TOW COUNT* top toc a3f0-n
6 6 TOWCGOUNT N 5 - amn Bgs BIGTS 17BITS 11BITS B|5Ts 11 BITS 26 BITS
8BITS
8BITS | BITS | BITS 17 BITS 11BITS |BITS 11 BITS 26 BITS
URAepz INDEX - 3 BITS
T MESSAGE TYPE ID L URAaz INDEX - 3 BITS T MESSAGE TYPE ID ( L URAwep1 INDEX - 3 BITS J
URA.1 INDEX- 3 BITS PREAMBLE  "ALERT"FLAG-1BIT URAnep INDEX an-n—3 MSBs
PREAMBLE  "ALERT" FLAG-1BIT URA: INDEX &1n—3 MSBs
< DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 100 BITS >
- DIRECTION OF DATA FLOW FROM SV MSB FIRST 2 SECONDS
- 100BITS 2 SECONDS 101 118 128 144 165 180
101 118 128 144 165 180 an aer teop PMX PMX PM-Y
afn an teop PM-X PMX MY 17LSBs | 10BITS 16 BITS 21 BITS 15BITS 21 BITS
17 LSBs 10 BITS 16 BITS 21 BITS 15 BITS 21BITS
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
« 100 BITS 2 SECONDS »
~ DIRECTION OF DATA FLOW FROM SV MSB FIRST 201 016 47 268 577
- 100 BITS 2 SECONDS > . R
PM-Y AUTH AUTT RESERVED CRC
201 216 247 26 277 15 BITS 31BITS 19 BITS 11BITS 24 BITS
L]
PM-Y AUTH AUTH RESERVED CRC
15BITS 31 BITS 19BITS 11 BITS 24 BITS
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 20-5. Message type 32 - Clock & EOP
Figure 20-5. Message type 32 - Clock & EOP
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* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE

Figure 20-6. Message type 33 - Clock & UTC

* MESSAGE TONGOUNT = 17 MBB OF ACTUAL TON OOUNT AT START OF NEXT 6-SEOOND MESSAGE

Figure 20-6. Message type 33 - Clock & UTC
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20.3.3 - DIRECTION OF DATA FLOW FROM SV MSB FIRST «— DIRECTION CF DATA ALONFROMSy —— MBBHRST Rationale #1
- 100 BITS 2 SECONDS > < 100 BITE — 2SEOONDS >
38 36
1 9 15 |21 39 50 |55 |58]61 72 98 ’ ¢ e o x 5 |5 |sslet » %
PRN MESSAGE
s | & | TOWCOUNT fop 5 foo @on PR\ MVESSAGE 4 b
TONCONT
8BITS | BITS | BITS 17BITS 11BMS |BITS 11 BITS 26 BITS 6 6 5
8BTS | BTS | BTS 1781 11BTE | BT 11BTS BBTS
VE & TYPE ID L URAo2 INDEX - 3 BITS f
SSAG URAoc: INDEX- 3 BITS o L URAwre INDEX-3BTS
PREAMBLE  "ALERT"ALAG-1BIT URA,c INDEX a1n—3 MSBs MESSAGETYFE RA INDEX-3BITS
PREAVBLE "ALERT'FLAG- 1B URA=D INDEX an—3NMBBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 100 BITS >
2 SECONDS « DIRECTION CF DATA FLOWFROMSY ——— NEBRRST
101 118 128 144 157 |1ea |1 188 * 100BITE —— 25E00NDE >
&1n Ai2n Aon Atn Azn Atis tot WNau 101 11€ 128 144 157 164 172 168
17 LSBs 10BITS 16 BITS 13BITS | 7BITS | 8BITS 16 BITS 13BITS Bt - Ao A Por | e ty Wy
17 1.5 10BTS 16BTS 13BITC | 7BTE | 8BTS 1BBTS 13BTS
« DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100BITS 2 SECONDS >
201 214 | 218 226 277 - DIRECTION CF DATA LONFROMSy ——— MVBBHARST
- 100 BITS ——— 2 SF0ONDE »
WNiss  [DN | atgr RESERVED CRC 2
4
13BITS [BITS| 8BITS 51 BITS 24BITS 201 2141218 12X 277
WNs |DV Ag RESERVEL CRC
4
13BTS [BTY 8BTS 51BITS 24BTE
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20.3.3 - DIRECTION OF DATA FLOW FROMSV MSBFIRST DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1
- 100BITS 2 SEQONDS > 100 BITS 2 SECONDS >
28 38
1 9 15 |2t 39 50 |55 5861 7 %8 1 9 21 3¢ 50 |55 |58 61 72 %8
MESSAGE
PRN MESSAGE ; . a0n PAN TON coukT tw o o,
TOW COUNT* P © 6 6 5
6 6 S 8BITS | BITS | BITS 17 BITS 11BTS |BITS 11BITS 26 BITS
8BITS | BITS | BITS 17 BITS 11BITS |[BTS 11 BITS 26 BITS
T L URAnep2 INDEX - 3 BITS
L URAoce INDEX- 3 BITS MESSAGE TYPE ID URAnepr INDEX - 3BITS
MESSAGE TYPEID URA1 INDEX - 3BITS PREAMBLE  "ALERT' FLAG- 1 BT URAep INDEX arin—3 MSBs
PREAMBLE  "ALERT'FLAG-1BIT URA; INDEX ann—3MSBs
— DIRECTION OF DATA FLOW FROMSV MSB AIRST —————
- 100 BITS 2 SECONDS >
< DIRECTION OF DATA FLOW FROMSV MSBFIRST 5
3 100BITS 2 SEQONDS > 101 118 128 139 151 18
150
101 118 128 139 151 185 an-r arn topD oo CcDC EDC
A an oo o oDC DG 17LSBs 10BITS | 11BTS | 11BTS 34BITS 16 MSBs
17 LSBs 10BITS 11 BITS 11BITS A BITS 16 MSBs DCDATATYPE—1BIT
DCDATATYPE—1BIT — DIRECTION OF DATA FLOW FROMSV MSB FIRST ———|
100 BITS 2 SECONDS >
“ DIRECTION OF DATA FLOW FROM SV MSBFIRST 201 277
- 100BITS 2 SECONDS > EDC CRC
201 277 76 LSBs 24 BITS
EDC CRC
76 LSBs 24 BITS
*  MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
CDC = Clock Differential Correction
EDC = Ephereris Differential Correction
*  MESSAGE TOW COUNT = 17MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
CDC = Clock Differential Correction
EDC = Ephemeris Differential Comection Figure 20-7. Message type 34 - Clock & Differential Correction
Figure 20-7. Message type 34 - Clock & Differential Correction
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20.3.3 - DIRECTION OF DATA FLOW FROMSV —— MSBFIRST B DIRECTION OF DATA FLOW FROM SV MSB FIRST Rationale #1
- 100 BITS 2 SECONDS - - 100 BITS 2 SECONDS >
38 38
; g 5 o 29 50 |55 Iss|6t » ®8 1 g 15 |21 39 50 |55 |58 |61 72 98
MESSAGE
PRN MESSAGE ; ) a0n PRN TOW COUNT* tor to a0
TOW COUNT* oF < 6 6 5
6 6 S 8BTS | BITS | BITS 17 BITS 11BITS [ BITS 11BITS 26 BITS
8BITS | BTS | BITS 17 BITS 11BTS | BTS 11BITS 26BITS L
URAnepz INDEX - 3 BITS
LL URA2 INDEX- 3 BITS Y MESSAGE TYPE ID T URAeo: INDEX - 3 BITS J
MESSAGE TYPE ID URA1 INDEX - 3 BITS PREAVBLE  "ALERT' FLAG- 1 BIT URAveo INDEX a3 MSBs
PREAMBLE  "ALERT'FLAG-1BIT URA INDEX a1n—3 MBBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 100 BITS 2 SECONDS >
- DIRECTION OF DATA FLOW FROMSV —— MSBFIRST
-~ 100BITS 2 SECONDS > 101 118 128 144 157 150 176 189|196
101 118 128 144 157! 159 176 189 196 aft-n a2 teato WNaaro AoceTo Acatc  |Aecatc
A ap. e WNeero Aoccrc Accro |Ascrc 17 LSBs 10BITS 16 BITS 13 BITS 16 BITS 13BITS [7BITS|5BITY
RESERVED —1
17 LSBs 10BITS 16 BITS 13BITS 16 BITS 13BTS |7BITS|5BITY GNSSID-3BITS
)
! . RESERVED _
CNSSID-3BITS -« DIRECTION OF DATA FLOW FROM SV MSB FIRST
B 100 BITE 2 SECONDS >
DIRECTION OF DATA FLOW FROMSY —— MSBFIRST 201 277
< 100 BITS 2 SECONDS > RESERVED CRC
201 277 76 BITS 24 BITS
RESERVED CRC
76 BITS 24BITS
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 20-8. Message type 35 - Clock & GGTO
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 20-8. Message type 35 - Clock & GGTO
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20.3.3 - DIRECTION OF DATA FLOW FROM SV MSB FIRST S DIRECTION OF DATA FLOW FROM SV —— MSBFIRST Rationale #1
- 100 BITS 2 SECONDS > « 100 BITS 2 SECONDS
38 3¢
1 9 15 21 39 50 |[55 [58 |61 72 98 1 c 15 21 3¢ 50 |55 |58]|61 72
6 6 5 6 6
8BITS | BITS | BITS 17BITS 11BMS |BTS 11BITS %6BITS 8BTS | BTS | BITS 17BITS 11BTS | BITS 11BITS 6BITS
A
t |
URAx2 INDEX - 3BITS [ ‘ L URAere INDEX - 3BITS
MESSAGE TYPE ID
T MESSAGE TYPE ID ‘ L URA. INDEX- 3 BITS URAwen: INDEX -3 BITS
PREAVBLE  "ALERT'FLAG-1BIT URAG INDEX an—3 MSBs PREAVBLE "ALERT' FLAG-1BIT URAep INDEX ain—3MSBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST < DIRECTION OF DATA FLOW FROM SV ——— MSBFARST
- 100BITS 2 SECONDS » * 100 BITE 2 SECONDS
101 118 128 101 118 128
aftn A2n TEXT MESSAGE (18 8 BIT CHAR) &t apr TEXTMESSAGE (18 8BIT CHAR)
-« DIRECTION OF DATA FLOW FROM SV MSB FIRST ) DIRFoCoﬂB%\i COF DATA FLOWVFROM SV ———— MBB ARST
< 100 BITS 2 SECONDS » < 2 SECONDS o
276
01 o7 || 277 201 272 | |27
TEXT MESSAGE (18 8BIT CHAR) RC TEXTMESSAGE (18 88ITCHAR) . CRC
4
71158 BITS 24 BITS 71LSBs _BI1TS 24BITS
TEXT PAGE—T T— RESERVED- 1 BIT EXTPAGE RESERVED -1 BIT
* MESSAGE TOW COUNT = 17 MSBs OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
* MESSAGE TOW COUNT = 17MSBs OF ACTUAL TOW QOUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 20-9. Message type 36 - Clock & Text
Figure 20-9. Message type 36 - Clock & Text
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20.3.3 - DIRECTION OF DATA FLOW FROM SV ———— MSBFIRST - DIRECTION OF DATA FLOW FROM SV MSB FIRST —————————— Rationale #1
- 100BITS 2 SECONDS > N 100 BITS 2 SECONDS »
38 38
1 9 15 |21 39 50 |55 |58 61 72 9% 1 9 15 |2 39 50 |55 |58 |61 72 98
PRN MESSAGE
PRN TgVI%ISCSéSI\IIE'I" tOp 5 toc aon 6 6 TOW COUNT* tDD 5 toc aro-n
6 6
8BTS | BITS | BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS 8BITS | BITS | BITS 17 BITS 11BITS BITS 11 BITS 26 BITS
t URAepe INDEX - 3 BITS
T MESSAGE TYPE ID ( L UR AZR/?,‘QICSIE’;‘(DESXIB_SSBITS T MESSAGE TYPEID T L URANep1 INDEX - 3 BITS J
; .
PREAMBLE ~ "ALERT" FLAG - 1 BIT URAwep INDEX ar— 3 MSBs
PREAMBLE  "ALERT'FLAG- 1 BIT URA INDEX ann— 3 MSBs G NED i
-~ DIRECTION OF DATA FLOW FROM SV MSB FIRST
- DIRECTION OF DATA FLOW FROM SV ———— MSBFIRST . 100 BITS 2 SECONDS >
< 100BITS 2 SECONDS >
101 118 128 141 149 |155[158 169 180 191
101 118 128 141 149 |155]158 169 180 191 .
. afi-n aron WN,., to: PRN, e Si Q
\ , WN,., . e
& agn b PRN, 8 @ VA 17 LSBs 10BITS | 13BITS | 8BITS [6BITS 11 BITS 11BITS | 11BITS | 10 MSBs
17 LSBs 10 BITS 13BTS | 8BITS [6BITS 11BITS 11BMTS | 11BITS | 10MSBs L1 HEALTH — 1 BIT
L1 HEALTH- 1 BT L2HEALTH-1BIT
L2 HEALTH-1 BIT LSHEALTH-1BIT
LS HEALTH—1 BIT DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS >
< DIRECTION OF DATA FLOW FROM SV —— MSBFIRST 2 SECONDS
= 100BITS 2 SECONDS g 201 208 224 240 256 267 277
201 208 224 240 256 267 277 Q @ My ap an CRC
JA Q o My an an CRC 7 LSBs 16 BITS 16 BITS 16 BITS 11BITS | 10BITS 24 BITS
7LSBs 16 BITS 16 BITS 16 BITS 11BITS | 10BITS 24 BITS
* MESSAGE TOW COUNT = 17 MSBs OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
* MESSAGE TOW COUNT =17 MSBs OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 20-10. Message Type 37 - Clock & Midi Almanac
Figure 20-10. Message Type 37 - Clock & Midi Almanac
20.3.3.1.1 | The ephemeris parameters in the message type 10 and type 11 describe the orbit of the transmitting The ephemeris parameters in the message type 10 and type 11 describe the orbit of the Rationale #1
SV during the curve fit intervals of three hours. The nominal transmission interval is two hours, and transmitting SV during the curve fit interval of three hours. The nominal transmission interval
shall coincide with the first two hours of the curve fit interval. The period of applicability for is two hours, and shall coincide with the first two hours of the curve fit interval. The
ephemeris data coincides with the entire three-hour curve fit interval. Table 20-I gives the definition predicted period of applicability for ephemeris data coincides with the entire three-hour
of the orbital parameters using terminology typical of Keplerian orbital parameters; it is noted, curve fit interval. Table 30-I gives the definition of the orbital parameters using terminology
however, that the transmitted parameter values are expressed such that they provide the best typical of Keplerian orbital parameters; it is noted, however, that the transmitted parameter
trajectory fit in Earth-Centered, Earth-Fixed (ECEF) coordinates for each specific fit interval. The user values are expressed such that they provide the best trajectory fit in Earth-Centered, Earth-
shall not interpret intermediate coordinate values as pertaining to any conventional coordinate Fixed (ECEF) coordinates for each specific fit interval. The user shall not interpret
35
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system. intermediate coordinate values as pertaining to any conventional coordinate system.
The t,. term shall provide the user with a convenient means for detecting any change in the
ephemeris representation parameters. The t,. is provided in both message type 10 and 11
for the purpose of comparison with the t,. term in message type 30 - 37. Whenever these
three terms do not match, a data set cutover has occurred and new data must be collected.
The timing of the t,. and constraints on the t.. and t,. are defined in paragraph 20.3.4.4.
20.3.3.1.1 | Any change in the message type 10 and 11 ephemeris data will be accomplished with a simultaneous Any change in the message type 10 and 11 ephemeris data will be accomplished with a Rationale #2-
change in the t,. value (t,. =Ephemeris data reference time of week). The CS (Block IIF) or SV (Block simultaneous change in the t,. value. The CS will assure the t,. value for Block IIR-M/IIF and URA
[11A) will ensure that the t.. value, for at least the first data set transmitted by an SV after an upload, is SS will assure the t,. value for Block Ill, for at least the first data set transmitted by an SV after | components
different from that transmitted prior to the cutover. See Section 20.3.4.5 of IS-GPS-200 for additional an upload, is different from that transmitted prior to the cutover. See Section 20.3.4.5 for (URAg and
information regarding t,.. additional information regarding t,.. URA\gp) from
different
upload or fit
intervals will
not give a
valid
indication of
signal
accuracy or
integrity.
These
changes
provide
clarification
of how URA
is computed
by the user.
20.3.3.1.1 | The CNAV message will contain information that allows users to operate when integrity is assured. The CNAV messages contain information that allows users to take advantage of situations Rationale #1
This is accomplished using an integrity assured URA value in conjunction with an integrity status flag. when integrity is assured to the enhanced level. This is accomplished using a composite
The URA value is the RSS of URAoe and URAoc; URA is integrity assured to the enhanced level only integrity assured URA value in conjunction with an integrity status flag. The composite
when the integrity status flag is “1”. integrity assured URA (IAURA) value is the RSS of an elevation-dependent function of the
upper bound value of the URA;; component and the upper bound value of the URAygp
component. The composite IAURA value is assured to the enhanced level only when the
integrity status flag is “1”; otherwise the IAURA value is assured to the legacy level.
20.3.3.1.1 | Bit 272 of Message Type 10 is the Integrity Status Flag (ISF). A "0" in bit position 272 indicates that the Bit 272 of Message Type 10 is the Integrity Status Flag (ISF). A "0" in bit position 272 indicates | Rationale #1

conveying signal is provided with the legacy level of integrity assurance. That is, the probability that

that the conveying signal is provided with the legacy level of integrity assurance. That is, the

6 May 2011

36




UNCLASSIFIED
Change Topic: User Range Accuracy (URA) Definition

Section IS-GPS-705 Rev A L5 SS and Nav User Segment Interfaces Proposed URA Definition Proposed Text Rationale
Number Heading
the instantaneous URE of the conveying signal exceeds 4.42 times the upper bound value of the probability that the instantaneous URE of the conveying signal exceeds 4.42 times the current
current broadcast URA index, for more than 5.2 seconds, without an accompanying alert, is less than 1 broadcast IAURA value, for more than 5.2 seconds, without an accompanying alert, is less
x 10” per hour. than 1E-5 per hour.
20.3.3.1.1 | A"1" in bit-position 272 indicates that the conveying signal is provided with an enhanced level of A "1" in bit-position 272 indicates that the conveying signal is provided with an enhanced Rationale #1
integrity assurance. That is, the probability that the instantaneous URE of the conveying signal level of integrity assurance. That is, the probability that the instantaneous URE of the
exceeds 5.73 times the upper bound value of the current broadcast URA index, for more than 5.2 conveying signal exceeds 5.73 times the current broadcast IAURA value, for more than 5.2
seconds, without an accompanying alert, is less than 1 x 10 per hour. The probabilities associated seconds, without an accompanying alert, is less than 1E-8 per hour. The probabilities
with the nominal and lower bound values of the current broadcast URA index are not defined. associated with the nominal and lower bound values of the current broadcast URAg index,
URAuep indexes, and related URA values are not defined.
20.3.3.1.1 | In this context, an "alert" is defined as any indication or characteristic in the conveying signal, as In this context, an "alert" is defined as any indication or characteristic of the conveying signal, | Rationale #2
specified elsewhere in this document, which signifies that the conveying signal may be invalid and as specified elsewhere in this document, which signifies to users that the conveying signal
should not be used, such as, not Operational-Healthy, Non-Standard Code, parity error, etc. In this may be invalid or should not be used, such as the health bits not indicating operational-
context, the term URA refers to the composite URA, calculated as the root-sum-squared of the healthy, broadcasting non-standard code-parity error, etc.
individual URA components in the conveying signal.
20.3.3.1.1 Elevation-
a 20.3.3.1.1.4 SV Accuracy. Dependent
(ED)
Accuracy
20.3.3.1.1 | Bits 66 through 70 of message type 10 shall contain the ephemeris User Range Accuracy (URA,.) index Bits 66 through 70 of message type 10 shall contain the elevation-dependent (ED) component | Rationale #1
4 of the SV for the unauthorized (non-Precise Positioning Service) user. The URA,. index shall provide User Range Accuracy (URAgp) index for the standard positioning service user. The URAg,
the ephemeris-related user range accuracy index of the SV as a function of the current ephemeris index shall provide the ED-related URA index for the current ephemeris curve fit interval.
message curve fit interval. While the ephemeris-related URA may vary over the ephemeris message While the ED-related URA may vary over the ephemeris curve fit interval and over the
curve fit interval, the URA,. index (N) in message type 10 shall correspond to the maximum URA,. satellite footprint, the URAgp index (N) in message type 10 shall correspond to the maximum
expected over the entire curve fit interval. URAg, expected over the entire ephemeris curve fit interval for the worst-case location within
the SV footprint (i.e., two points at the edge of the SV footprint). At the best-case location
within the SV footprint (i.e., directly below the SV along the SV nadir vector), the
corresponding URAgp. is zero.
The URAg; index is a signed, two’s complement integer in the range of +15 to -16 and has the
following relationship to the ED URA:
20.3.3.1.1 | The URA, index is a signed, two’s complement integer in the range of +15 to -16 and has the The URgp index is a signed, two’s complement integer in the range of +15 to -16 and has the Rationale #1
4 following relationship to the ephemeris URA: following relationship to the ED URA:
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URA . Index

15
14
13
12
11
10

e}

—_— O = N W kA NN

Integrity properties of the URA are specified with respect to the upper bound values of the URA index

(see 20.3.3.1.1)

6144.00
3072.00
1536.00
768.00
384.00
192.00
96.00
48.00
24.00
13.65
9.65
6.85
4.85
3.40
2.40
1.70
1.20
0.85
0.60
0.43
0.30
0.21
0.15
0.11
0.08
0.06
0.04
0.03
0.02
0.01

No accuracy prediction available—use at own risk

URA,. (meters)

ANNANANNANNANNANNANANNNANNANANNNANNNANNNANNANNNANNANANNNA

URA,,
URA,,
URA,,
URA,,
URA,,
URA,,
URA,,
URA,,
URAoe
URA.e
URA,,
URA,,
URA,,
URA,,
URA,,
URA,,
URA,,
URA.e
URAoe
URA,,
URA,,
URA,,
URA,,
URA,,
URA,,
URA,,
URA,,
URAce
URA,,
URA,,
URA,,

A A AN A A A A A A IA A A A A IA A A IA A A IA A DA A IN A A TN IA

6144.00
3072.00
1536.00
768.00
384.00
192.00
96.00
48.00
24.00
13.65
9.65
6.85
4.85
3.40
2.40
1.70
1.20
0.85
0.60
0.43
0.30
0.21
0.15
0.11
0.08
0.06
0.04
0.03
0.02
0.01

URAgp Index URAEp (meters)
15 6144.00 < URAgp (or no accuracy prediction is available)
14 3072.00 <URAgp = 6144.00
13 1536.00 <URAg, = 3072.00
12 768.00 <URAg, = 1536.00
11 384.00 <URAgp = 768.00
10 192.00 <URAg, = 384.00
9 96.00 <URAg, = 192.00
8 48.00 <URAgp = 96.00
7 24.00 <URAg, = 48.00
6 13.65 <URAgp = 24.00
5 9.65 <URAg, = 13.65
4 6.85 <URAg, = 9.65
3 485 <URAgpp = 6.85
2 340 < URAg, = 4.85
1 240 <URAg, = 3.40
0 1.70 <URAgp = 2.40
-1 120 <URAg, = 1.70
-2 0.85 <URAg, = 1.20
-3 0.60 <URAgp = 0.85
-4 043 <URAg, = 0.60
-5 030 <URAgp = 0.43
-6 021 <URAg, = 0.30
-7 0.15 <URAg, = 0.21
-8 0.11 <URAgp = 0.15
-9 0.08 <URAg, = 0.11
-10 0.06 <URAgp = 0.08
-11 0.04 <URAgp = 0.06
-12 0.03 <URAg, = 0.04
-13 0.02 <URAgy = 0.03
-14 0.01 <URAgp = 0.02
-15 URAgp = 0.01
-16 No accuracy prediction available—use at own risk

For each URAgy index (N), users may compute a nominal URAg, value (X) as given by:
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e If the value of N is 6 or less, but more than -16, X = 2(1 + N/2),
o If the value of N is 6 or more, but less than 15, X = 2(N - 2),

e N=-16 or N = 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.

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

The nominal URAgp value (X) is suitable for use as a conservative prediction of the RMS ED
range errors for accuracy-related purposes in the pseudorange domain (e.g., measurement
deweighting, RAIM, FOM computations). Integrity properties of the IAURA¢; are specified
with respect to the scaled (multiplied by either 4.42 or 5.73 as appropriate) upper bound
values of the broadcast URAg, index (see 230.3.3.1.1).

For the nominal URAg, value and the IAURAg, value, users may compute an adjusted URAgp
value as a function of SV elevation angle (E) as follows:

Adjusted Nominal URAg, Nominal URAg (sin(E+90 degrees))

Adjusted IAURAgp IAURAp (sin(E+90 degrees))

URAg; and IAURAg; account for SIS contributions to user range error which include, but are
not limited to, the following: LSB representation/truncation error, alongtrack ephemeris
errors, and crosstrack ephemeris errors. URAgp and IAURAg, do not account for user range
error contributions due to the inaccuracy of the broadcast ionospheric data parameters used
in the single-frequency ionospheric model or for other atmospheric effects.
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20.3.3.1.3 Table 20-1. Message Types 10 and 11 Parameters (1 of 2) Table 20-1. Message Types 10and 11 Parameters (1 of 2) Rationale #1
Scale Scale .
Paranmeter No. of Factor Effective Pglametfr Descrinti go Ef FactI(;r R]?;lecﬂi Uni
Symbol Parameter Description Bits** (LSB) | Range*** Units WN ymbo Woek No er Lescription 1{; (L? ) £ p— nits
WN Week No. 13 1 weeks i
URAgp INDEX | ED accurac 5% (see text)
URA INDEX | SV accuracy 5% (see text) ° Y
Signal health 3 1 (see text)
Signal health 3 1 (see text) L1/L2L5)
(LI/LYLS)
top Data predict time of week 11 300 604,500 seconds
top Data predict time of week 11 300 604,500 seconds
PA T Semi-major axis difference at 26%* 29 meters
PAT Semi-major axis difference at 26 2’ meters reference time
reference time R . o 21
A Change rate in semi-major 25% 2 meters/sec
A Change rate in semi-major 25% 22 meters/sec s
axis M0 Mean Motion difference from
) computed value at reference 17* o™ semi-circles/sec
710 Mean Motion difference from tine
computed value at reference 17* pAM semi-circles/sec
time 0 Rate of mean motion 23 2% semi-circles/sec’
difference from computed
710 Ratt of mean motion 23 2 semi-circles/sec’ value
difference from computed »
value M, Mean anomaly at reference 33* pA semi-circles
time
Me maly at ref * 2% i-circl
Mo, iean anomaly at reference | 33 semieireles Eccentricity 3 2| 003 dimensionless
time €
Argument of perigee 33%* 2% semi-circles
. Eccentricity 3 2 | 003 dimensionless o S O P
o Argument of perigee 33# 2% semi-circles *  Parameters so indicated are two’s complement, with the sign bit (+ or -) occupying the MSB;
**  See Figure 20-1 for complete bit allocation in message type 10;
*  Parameters so indicated are two’s complement, with the sign bit (+ or -) occupying the MSB; ##%  Unless otherwise indicated in this column, effective range is the maximum range attainable with
) . o indicated bit allocation and scale factor.
*#*  See Figure 20-1 for complete bit allocation in message type 10;
L o ) ) ) ) ) wEk Relative to Ager = 26,559,710 meters.
*#%  Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor.
*axk Relative to Aggr = 26,559,710 meters.
40
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20.3.3.2.3 Table 20-1I. Clock Correction and Accuracy Parameters Table 20-I1. Clock Correction and Accuracy Parameters Rationale #1
Scale Scale
Parameter No. of Factor Effective Para:mt(lar P Descriod I];IO :if Fiagt];)r Eﬁwﬁi s
Symbol i er Description Bits™ @SB) Range™* Units Clock Data Refererrlce Tsicrlrllept(l)(;nWeek I;SI ( 300) Réo%?oo seci)urtlfls
toc Clock Data Reference Time of Week 11 300 604,500 seconds b ’
URANm Index | NED Accuracy Index 5% (see text)
URAx Index | SV Clock Accuracy Index 5% (see text)
URANm: Index | NED Accuracy Change Index 3 (see text)
URA Index | SV Clock Accuracy Change Index 3 (seetext)
URANm Index | NED Accuracy Change Rate Index 3 (see text)
URAo Index | SV Clock Accuracy Change Rate Index 3 (see text)
ann SV Cock Drift Rate Cormection | 10* 2% sec/sec”
Ap.n SV Clock Drift Rate Correction Coefficient 10%* 2® sec/sec’ Coefficient "
Aln 20% 2 sec/sec
A SV Clock Drift Correction Coefficient 20 2 sec/sec SV Clock Drift Correction Coefficient s
A0n 26* 2 seconds
ag SV Clock Bias Correction Coefficient 26* P seconds SV Clock Bias Comection Coefficient
*  Parameters so indicated are two’s complement, with the sign bit (+or -) occupying the MSB;
. T ] ) . ) #*  See Figures 20-3 through 20-10 for complete bit allocation in message types 30 to 37;
Parameters so indicated are two’s complement, with the sign bit (+ or -) occupying the MSB; #%  Unless otherwise indicated in this column, effective range is the maximum range attainable with
** See Figures 20-3 through 20- 10 for complete bit allocation in message types 30 to 37; indicated bit allocation and scale factor.
##  Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor.
20.3.3.2.4 ' Non-
20.3.3.2.4 SV Clock Accuracy Estimates. Elevation-
Dependent
(NED)
Accuracy
Estimates
20.3.3.2.4 | Bits 50 through 54, and 55 through 57, and 58 through 60 of message types 30 through 37 shall Bits 50 through 54, and 55 through 57, and 58 through 60 of message types 30 through 37 Rationale #5
contain the URA,. Index, URA ., Index, and URA,., Index, respectively, of the SV (reference paragraph shall contain the non-elevation-dependent (NED) component URAygpo Index,URAygp; Index,
6.2.1) for the unauthorized user. The URA,. Index together with URA,; Index and URA,, Index shall and URAygp; Index, respectively, of the SV (reference paragraph 6.2.1) for the unauthorized
give the clock-related user range accuracy of the SV as a function of time since the prediction (top) user. The following equations together with the broadcast URAygp Index, URAygp: Index, and
used to generate the uploaded clock correction polynomial terms. URAnep2 Index shall give the clock-related user range accuracy of-IAURAgp over the current
clock/ephemeris fit interval. While the actual NED-related URA may vary over the satellite
footprint, the IAURAygp calculated using the parameters in message type 10 at each instant
during the current clock/ephemeris fit interval shall bound the maximum IAURAyg, expected
41
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for the worst-case location within the satellite footprint at that instant.
20.3.3.2.4 | The user shall calculate the clock-related URA with the equation (in meters); The user shall calculate the NED-related URA with the following equations (in meters); Rationale #1
IAURA\ = URANepo + URAeps (t - top) for t-t,, < 93,600 seconds
URA,c= URAy¢, + URAG; (t-top) for t-t,, < 93,600 seconds ,
URAoc= URAGes + URAgcy (t top) + URAgc (t-t0-93,600)2 for t-to, > 93,600 seconds IAURAeo = URAweoo + URAnens (t - Top) + URAwen: (t - top - 93,600)° - for t-t, > 93,600
seconds
where where
t = GPS time (must account for beginning or end of week crossovers),
t = GPS time (must account for beginning or end of week crossovers), top = time of week of the state estimate utilized for the prediction of satellite
top = time of week of the state estimate utilized for the prediction of satellite clock correction clock ephemeris parameters.
parameters.
20.3.3.2.4 | The CS shall derive URA, at time t,, which, when used together with URA,; and URA,; in the above The CS shall derive URA ngpg, URANep1, and URAyep; indexes which, when used together in the Rationale #1
equations, results in the minimum URA,, that is greater than the predicted URA,. during the entire above equations, results in the minimum IAURAyp that is greater than the predicted
duration up to 14 days after t,,. IAURAyep during the /ephemeris fit interval.
20.3.3.2.4 | The user shall use the broadcast URA,. Index to derive URA,,. The index is a signed, two’s The user shall use the broadcast URAygp, index to derive the URAypo Value. The URAyepo Rationale #1
complement integer in the range of +15 to -16 and has the following relationship to the clock-related index is a signed, two’s complement integer in the range of +15 to -16 and has the following
user derived URA,: relationship to the URAygpo value:
42
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20.3.3.2.4 URA,, Index URA,y (meters) URAygpolndex URAgpo(meters) Rationale #1
s 614400 < URA., 15 6144.00 < URANgpo (or no accuracy prediction is available)
14 3072.00 < URAZZb < 6144.00 14 307200 < URAxepo - =0144.00
13 1536.00 < URA,p < 3072.00 13 153600 <URAwepy = 3072.00
12 768.00 < URAgp < 1536.00 12 768.00 < URAngpo = 1536.00
11 384.00 < URA, < 768.00 11 384.00 <URAnppo = 768.00
10 192.00 < URAy < 384.00 10 192.00 <URAnppy = 384.00
9 96.00 < URAouwhp < 192.00 9 96.00 <URApgpy = 192.00
8 48.00 < URAwp < 96.00 ] 48.00 <URAnpo = 96.00
7 24.00 < URAy £ 48.00 7 24,00 <URAgp, = 4800
6 13.65 < URAyy < 24.00
5 965 < URA. < 13.65 6 13.65 <URAngpo = 24.00
4 6.85 < URAy, < 9.65 5 9.65 <URAwgpo = 13.65
3 485 < URAp < 6.85 4 6.85 <URAngpg = 9.65
2 340 < URAp < 4.85 3 4.85 <URANepg =  6.85
1 240 < URAg < 3.40 2 340  <URAgmpy = 485
0 1.70 < URA.y < 2.40 1 2.40 <URAyp, = 340
-1 1.20 < URAuew < 1.70 0 1.70 <URAmgno = 240
2 085 < URAyy < 1.20
3 0.60 < URAgp < 0.85 ! 1200 <URAweny = 170
4 043 < URAyy < 0.60 2 085 <URAwgo = 120
-5 030 < URAy < 0.43 -3 060  <URAnepo = 0385
-6 021 < URAy < 0.30 -4 0.43 <URApgpp = 0.60
-7 0.15 < URA, < 0.21 -5 0.30 <URANgpy = 043
-8 0.11 < URA . < 0.15 -6 0.21 < URApgpy = 0.30
9 0.08 < URA,y < 0.11 4 015  <URAwg, = 021
-10 0.06 < URAy < 0.08
11 0.04 < URAwp < 0.06 8 Ol <URAwno = 013
-12 003 < URAgy < 0.04 - 008 <URAwepo = O
-13 002 < URAy < 0.03 -10 006 <URAgpo = 008
-14 001 < URA,y < 0.02 -11 0.4  <URAwmpo =  0.06
-15 URA ., < 0.01 -12 0.03 <URAwppy =  0.04
-16 No accuracy prediction available—use at own risk 13 0.02 <URAwmpo = 0.3
-14 0.01 <URAngpo =  0.02
Integrity properties of the URA are specified with respect to the upper bound values of the UR| 13 URAxepy - = 001
-16 No accuracy prediction available—use at own risk

20.3.3.1.1).

Integrity properties of the URA are specified with respect to the upper bound values of the URA

20.3.3.1.1).
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20.3.3.2.4 | The user may use the upper bound value in the URA,, range corresponding to the broadcast index, For each URAygpg index (N), users may compute a nominal URAygpo value (X) as given by: Rationale #3-
thereby calculating the maximum URA,. that is equal to or greater than the CS predicted URA, or the Thereis a
user may use the lower bound value in the range which will provide the minimum URA, that is equal * If the value of Nis 6 or less, but more than -16, X = 2(1+N/2)’ typo that
to or less than the CS predicted URA,. needs be

The transmitted URA,.; Index is an integer value in the range 0 to 7. URA,; Index has the following
relationship to the URA,;:

1

2N
URA,1 = (meters/second)

where

N =4 + URA,.; Index

The transmitted URA,., Index is an integer value in the range 0 to 7. URA,., Index has the following
relationship to the URA,,.

1
URA,,= 2

(meters/second/second)

where

N = 25 + URA,.; Index

¢ |f the value of N is 6 or more, but less than 15, X = Z(N"Z),
e N=-16 or N = 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.

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

The nominal URAygp, value (X) shall be suitable for use as a conservative prediction of the
RMS NED range errors for accuracy-related purposes in the pseudorange domain (e.g.,
measurement de-weighting RAIM, FOM computations). Integrity properties of the IAURAygp
are specified with respect to the scaled (multiplied by either 4.42 or 5.73 as appropriate)
upper bound values of the URAygpo index, URAygp: index, and URAygp, index (see 20.3.3.1.1).

URAyepo accounts for zeroth order SIS-contributions to user range error which include, but are
not limited to, the following: LSB representation/truncation error; the net effect of clock
correction polynomial error and code phase error in the transmitted signal for single-
frequency L1C/A or single-frequency L2C users who correct the code phase as described in
Section 20.3.3.3.1.1.1; the net effect of clock parameter, code phase, and inter-signal
correction error for dual-frequency L1/L2 and L1/L5 users who correct for group delay and
ionospheric effects as described in Section 20.3.3.3.1.1.2; radial ephemeris error; anisotropic
antenna errors; and signal deformation error. URAygp does not account for user range
contributions due to the inaccuracy of the broadcast ionospheric data parameters used in the
single-frequency ionospheric model or for other atmospheric effects.

The transmitted URAygp; index is an integer value in the range 0 to 7. The URA ygp; index has
the following relationship to the URA ygp1 value:

1
2_1v
URANeD: = (meters/second)
where
N =14 + URANED]_ |I’1deX.

The transmitted URAygp; index is an integer value in the range 0 to 7. URA\gp; index has the
following relationship to the URAygp;:

corrected in
computing
URA, or all
user URA
values will
be far too
large. Using
the
erroneous
value will
resultina
minimum
value of
URA,; that
will prevent
the Space
and Control
segments
from
meeting
their
specified
performance
requirement
S.
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1
__2N 2
URANep: == (meters/second”)

where

N =28+ URANEDZ Index.

20.3.44

20.3.4.4

Data Sets

20.3.44

The t,e shall be equal to the t,. of the same CNAV data set. The following rules govern the
transmission of t,. and t,. values in different data sets: (1) The transmitted t,. will be different
from any value transmitted by the SV during the preceding seven days; (2) The transmitted
toe will be different from any value transmitted by the SV during the preceding six hours.

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 30.3.4.1) at any time
during the hour and therefore may be transmitted by the SV for less than one hour.

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
transmission interval, and nominally also remains valid for the duration of its curve fit
interval. A data set is rendered invalid before the end of its curve fit interval when it is
superseded by the SV cutting over to the first data set of a new upload.

Normal Operations. The message type 10, 11, and 30-37 data sets are transmitted by the SV
for periods of two hours. The corresponding curve fit interval is three hours.

Rationale #2

20.3.4.5

20.3.4.5

Reference
Times

20.3.4.5

The LNAV reference time information in paragraph 20.3.4.5 in IS-GPS-200 also applies to the
CNAV reference times.

Rationale #1

End of WAS/IS for IS-GPS-705A
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3.5.2 Rationale #1-
‘ﬁ DIRECTION OF DATA FLOW FROM SV ———— MSBFIRST 4' < DIRECTION OF DATA FLOW FROM SV~ ————— MSB FIRST —J
< 100 BITS > < 100 BITS > URA,. and
50 76
1 14 22 34 |39 50 76 . 1 14 22 34 |39 ! URA,. are
WN ITOW ton toe AA A WN ITOW top toe AA A . .
5 5 redefined into
13 BITS 8 BITS 11 BITS BITS 11 BITS 26BITS 25BITS 13BITS 8 BITS 11BITS BITS 11 BITS 26 BITS 25BITS .
L Ura. NDEX f T URa.iNDEX an elevation-
L1C HEALTH -1 BIT L1C HEALTH -1 BIT
dependent
> DIRECTION OF DATA FLOW FROM SV ——— MSB FIRST ——————— < DIRECTION OF DATA FLOW FROM SV ———— MSB FIRST ———————
< 100 BITS > < 100 BITS > component
101 118 141 174 101 118 141 174 (URAgp) and a
Anc ARy Men e An, Afio Mo.n en non-elevation-
17 BITS 23BITS 33 BITS 17 BITS 23BITS 33 BITS
27 MSBs 27 MSBs dependent
component
e DIRECTION OF DATA FLOW FROM SV ——— MISB FIRST ———————— > DIRECTION OF DATA FLOW FROM SV ——— MSB FIRST ————————— URA Thi
< 100 BITS > < 100 BITS > (URANep). This

201 | 207 240 273 201 | 207 240 | 273 will enable

& o Qo b e n Qon ion users to de-
6 6

LSBs 33BITS 33BITS 28 MSBs LSBs 33 BITS 33 BITS 28 MSBs We|ght the

elevation-
< DIRECTION OF DATAFLOW FROM SV ——— MSB FIRST ——————— < DIRECTION OF DATA FLOW FROM SV ———— MSB FIRST ————————— angle-
< 100 BITS > < 100 BITS >
dependent
301 | 306 323 338 354 370 3% 301 306 323 338 354 370 394
for ! ivn Cen Gen Cenn Ceen e Jes o Con Cen Cuen Ceen component
5 .

LSBs 17 BITS 15 BITS 16 BITS 16 BITS 24BITS 7MSBs LSBs 17 BITS 15 BITS 16 BITS 16 BITS 24 BITS 7 MSBs with the
elevation
angle of the

> DIRECTION OF DATAFLOW FROM SV ——— MSB FIRST —————— le DIRECTION OF DATA FLOW FROM SV ———— MSB FIRST ————————— .
< 100 BITS > < 100 BITS > SV, resulting
401 418 439 460 | 465 | 471 497 401 | 418 | 439 460 | 465 471 497 in a smaller
Crcn Cuen Cucn s arcn a"*"" Cre-n Cus-n Cucn 5 a0~ a.; composite
17 LsBs 21 BITS 21BITS BITS ) 2% BITS MSBs 17LSBs 21 BITS 21BITS BiTS % 26 BITS MSBs URA, in many
URA. INDEX T URA.c: INDEX — 3 BITS URAnNenolNDEX T URA neodNDEX — 3 BITS !
URA.: INDEX - 3BITS URAneoINDEX — 3 BITS cases. A
< DIRECTION OF DATA FLOW FROM SV ———— IS8 FIRST —————— > DIRECTION OF DATA FLOW FROM SV ———— MSB FIRST ——————— smaller
< 100 BITS > < 100 BITS >
. .
501 517 527 | 540 553 M 577 501 517 527 540 553 M 577 composite
Atrn Bion Teo ISCuier ISCuice RESERVED CRC ar-n aen Teo ISCuice ISCuco RESERVED CRC URA means
16 LSBs 10 BITS 13 BITS 13 BITS 13BITS 10 BITS 24 BITS 16 LSBs 10 BITS 13 BITS 13 BITS 13 BITS 10 BITS 24 BITS h|gher
‘ ‘ ‘ ‘ availability for
Integrity Status Flag ‘ Integrity Status Flag ‘ . .
applications
that have
requirements
Figure 3.5-1.  Subframe 2 - Clock, Ephemeris, ITOW for a
minimum
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Figure 3.5-1.  Subframe 2 - Clock, Ephemeris, ITOW

level of
accuracy
and/or
integrity. In
order to
achieve a
technical
consensus on
how to
proceed
forward with
GPS IIIA
deriving URA
from the
uploaded
covariance,
then the
following
changes were
needed to the
user ICDs.
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3.5.3 Table 3.5-1.  Subframe 2 Parameters (1 of 3) Table 3.5-1. Subframe 2 Parameters (1 of 3) Rationale #1
No. of Fscatle Effecti Scale
0. O actor ecuve .
Parameter Bits** (LSB) Range*** Units N,O -of Factor Effective i
WN —— 3 ; : Parameter Bits** (LSB) Range*** Units
eek No. weeks
WN Week No. 13 1 weeks
ITOW Interval time of week 8 83 (see text)
ITOW Interval time of week 8 83 (see text)
top Data predict time of week 11 300 604,500 seconds
t, Data predict time of week 11 4 seconds
LIC health 1 (see text) » predictt W 300 | 604,500
URA,. Index SV ephemeris accuracy index 5% (see text) LIC health 1 (see text)
toe Ephemeris/clock data 11 300 604,500 seconds URAgp Index ED accuracy index 5% (see text)
reference time of week
een L o 9 toe Ephemeris/clock data 11 300 604,500 seconds
?A Semi-major axis difference at 26%* 2 meters .
. reference time of week
reference time
A Change rate in semi-major 25% 22l meters/sec PATT Semi-major axis difference at 26* 2?0 meters
axis reference time
7no Mean Motion difference from “ . A Change rate in semi-major 25% 27! meters/sec
computed value at reference 17% 2 semi-circles/sec axis
time
21 Rate of mean motion 23* vall semi-circles/sec” 71, Mean Motion difference from -
difference from computed computed value at reference 17* 2 semi-circles/sec
value time
* 32 i-ci . : .
Moy UM;:“ anomaly at reference 33 2 semi-circles 21 Rate of mean motion 23 2% semi-circles/sec’
difference from computed
en Eccentricity 33 2% dimensionless value
o Argument of perigee 33 232 semi-circles M., Mean anomaly at reference 33%* 232 semi-circles
time
* Parameters so indicated are in two’s complement notation; . 34 X .
dk See Figure 3.5-1 for complete bit allocation in Subframe 2; €, Eccentricity 33 2 dimensionless
##%  Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor. o, Argument of perigee 33* 272 semi-circles
Aok kok Relative to Argr= 26,559,710 meters.

*  Parameters so indicated are in two’s complement notation;
**%  SeeFigure 3.5-1 for complete bit allocation in Subframe 2;

*##%%  Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor.
*#kx%  Relative to Aggr = 26,559,710 meters.
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3.53 Table 3.5-1.  Subframe 2 Parameters (3 of 3) Table 3.5-1. Subframe 2 Parameters (3 of 3) Rationale #1

Scale Scale
No. of Factor Effective .
) . No. of Factor Effective
Parameter Bits** LSB Range*** Units . .
@>B) & Parameter Bits** (LSB) Range*** Units
URA, Index SV Clock Accuracy Index 5% (see text)
URANEDpo Index NED Accuracy Index 5% (see text)
URAoc Index | SV Clock Accuracy Change Index 3 (see text)
URANgp; Index NED Accuracy Change Index 3 (see text)
URAo Index | sv Clock Acc uracy Change Rate Index 3 (see text)
URANgp> Index NED Accuracy Change Rate Index 3 (see text)
ap.n SV Clock Drift Rate Correction Coefficient 10% 2-60 sec/sec?
ap. SV Clock Drift Rate Correction * -60 2
Af1n SV Clock Drift Correction Coefficient 20%* 748 sec/sec " 10 2 sec/sec
Coefficient
apn SV Clock Bias Correction Coefficient 26% 2-35 seconds 1-n 20% 2 sec/sec
SV Clock Drift Correction Coefficient
T a5 Inter-Signal Correction for L1 or L2 P(Y) 13% 2% seconds a0-n 26% 7% seconds
SV Clock Bias Correction Coefficient
ISC ks * Inter-Signal Correction for L1Cp 13 235 seconds
Her Tgp™*** 13% 2% seconds
5 Inter-Signal Correction for L1 or L2
ISCpicp**** | Inter-Signal Correction for L1Cp 13% 27 seconds
ISCypcpis* P(Y) 13* 2% seconds
* Parameters so indicated are in two’s complement notation; . X
ISCycp Inter-Signal Correction for L1Cp 13%* 93 seconds
*%  See Figure 3.5-1 for complete bit allocation in Subframe 2;
##%%  Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor. Inter-Signal Correction for L1Cpy
*#*%%  The bitstring of “1000000000000” will indicate that the group delay value is not available.
* Parameters so indicated are in two’s complement notation;
**  See Figure 3.5-1 for complete bit allocation in Subframe 2;
##%  Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor.
#*%%  The bit string of “1000000000000” will indicate that the group delay value is not available.

3.5.35 Bits 34 through 38 of subframe 2 shall contain the ephemeris User Range Accuracy (URA..) Bits 34 through 38 of subframe 2 shall contain the elevation-dependent (ED) component User Range Rationale #1
index of the SV. URA,. index shall provide the ephemeris-related user range accuracy index Accuracy (URAgp) index for the unauthorized user. The URAgp index shall provide the ED-related URA
of the SV as a function of the current ephemeris message curve fit interval. While the index for the current ephemeris curve fit interval. While the ED-related URA may vary over the
ephemeris-related URA may vary over the ephemeris message curve fit interval, the URA,. ephemeris curve fit interval and over the satellite footprint, the URAgy index (N) in subframe 2 shall
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index (N) in subframe 2 shall correspond to the maximum URA,. expected over the entire

curve fit interval.

The URA, index is a two’s complement representation of a signed integer in the range of

+15 to -16 and has the following relationship to the ephemeris URA:

URA.. Index  URA,._(meters)
15 6144.00
14 3072.00
13 1536.00
12 768.00 <
11 384.00 <
10 192.00 <
9 96.00 <
8 48.00 <
7 24.00 <
6 13.65 <
5 9.65 <
4 6.85 <
3 485 <
2 340 <
1 240 <
0 1.70 <
-1 1.20 <

<

<

<

URA.

URA.

URA.

URA.

URA.

URA.

URA.

URA.

URA.

URA.

URAG.

URA.

URAG.

URA.

URAe
URA.

URA.

IA

IA

IA

IA

IA

IA

IA

IA

IA

IA

IA

IA

IA

IA

< 6144.00

< 3072.00

1536.00

768.00

384.00

192.00

96.00

48.00

24.00

13.65

9.65

6.85

4.85

3.40

2.40

1.70

correspond to the maximum URAg, expected over the entire ephemeris curve fit interval for the worst-
case location within the SV footprint (i.e., two points at the edge of the SV footprint). At the best-case
location within the SV footprint (i.e., directly below the SV along the SV nadir vector), the corresponding
URAgp. is zero.

The URAg, index is a signed, two’s complement integer in the range of +15 to -16 and has the following
relationship to the ED URA:

URAgp Index URA; (meters)
15 6144.00 < URAgp (or no accuracy prediction is available)
14 3072.00 <URA; < 6144.00
13 1536.00 <URA; < 3072.00
12 768.00 <URAgp < 1536.00
11 384.00 <URAgp < 768.00
10 192.00 <URAg < 384.00
9 96.00 <URA;p < 192.00
8 48.00 <URA;p < 96.00
7 24.00 <URAg, < 48.00
6 13.65 <URAgp < 24.00
5 9.65 <URAgp < 13.65
4 6.85 <URAp < 9.65
3 4.85 <URAgp < 6.85
2 340 <URAyp < 4.85
1 240 <URAp < 3.40
0 1.70 <URAyp < 2.40
-1 1.20 <URAyp < 1.70
-2 0.85 <URAgp < 1.20

6 May 2011




UNCLASSIFIED
Change Topic: User Range Accuracy (URA) Definition

Section
Number

IS-GPS-800 Rev A Navstar GPS Space Segment/User Segment L1C Interface

Proposed
Heading

URA Definition Proposed Text

Rationale

2 0.85 < URA,, < 1.20
-3 0.60 < URA,. < 0.85
-4 043 < URA,, < 0.60
-5 030 < URA,. < 0.43
-6 021 < URA,. < 0.30
-7 0.15 < URA,. < 0.21
-8 011 < 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
14 001 < URA,, < 0.02
-15 URA,, < 0.01
-16 No accuracy prediction available-use at own risk

-3 0.60 <URAgp < 0.85
-4 0.43 <URAgp < 0.60
-5 0.30 <URAgp < 0.43
-6 0.21 <URAgp < 0.30
-7 0.15 <URAgp < 0.21
-8 0.11 <URAgp < 0.15
-9 0.08 <URAgp < 0.11
-10 0.06 <URAgp < 0.08
-11 0.04 <URAgp < 0.06
-12 0.03 <URAgp < 0.04
-13 0.02 <URAgp < 0.03
-14 0.01 <URAgp < 0.02
-15 URA;p < 0.01
-16 No accuracy prediction available-use at own risk

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

¢ |f the value of N is 6 or less, but more than -16, X = 2(1+N/2),

« If the value of N is 6 or more, but less than 15, X = 22,

e N=-16 or N = 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.

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

The nominal URAgp value (X) is suitable for use as a conservative prediction of the RMS ED range errors
for accuracy-related purposes in the pseudorange domain (e.g., measurement deweighting, RAIM, FOM
computations). Integrity properties of the IAURAgp are specified with respect to the scaled (multiplied
by either 4.42 or 5.73 as appropriate) upper bound values of the broadcast URA; index (see 30.3.3.1.1).

For the nominal URAg, value and the IAURAgp value, users may compute an adjusted URAg, value as a
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function of SV elevation angle (E) as follows:
Adjusted Nominal URAg, = Nominal URAgp (sin(E+90 degrees))
Adjusted IAURAp = IAURAg (sin(E+90 degrees))
URAg, and IAURAgp account for SIS-contributions to user range error which include, but are not limited
to, the following: LSB representation/truncation error, alongtrack ephemeris errors, and crosstrack
ephemeris errors. URAgp and IAURAg, do not account for user range error contributions due to the
inaccuracy of the broadcast ionospheric data parameters used in the single-frequency ionospheric
model or for other atmospheric effects.
3.5.3.8 Non-
3.5.3.8 SV Clock Accuracy Estimates .
Elevation
Dependent
(NED)
Accuracy
Estimates
3.5.3.8 Bits 460 through 470 of subframe 2 shall contain the URA,. Index, URA,; Index, and URA,., Bits 460 through 470 of subframe 2 shall contain the URA,. Index, URAygp: Index, and URAygp, Index of Rationale #1
Index of the SV (reference paragraph 6.2.1) for the user. The URA,. Index together with the SV (reference paragraph 6.2.1) for the user.
URA,.; Index and URA,, Index shall give the clock-related user range accuracy of the SV as ' ' '
a function of time since the prediction (t,,) used to generate the uploaded clock correction The following equations together with the broadcast URAeno Index, URAep; Index, and URAwep, Index
. shall give the clock-related user range accuracy of IAURAyep over the current clock/ephemeris fit
polynomial terms.
interval. While the actual NED-related URA may vary over the satellite footprint, the IAURA\gp
calculated using the parameters in message type 10 at each instant during the current clock/ephemeris
fit interval shall bound the maximum IAURAyp expected for the worst-case location within the satellite
footprint at that instant.
3.5.3.8 The user shall calculate the clock-related URA with the equation (in meters): The user shall calculate the NED-related URA with the equation (in meters); Rationale #1

URA, = URA e, + URAG (t - top) for t-top < 93,600 seconds

URAoc = URAgep + URA; (t - top) + URA, (t - top - 93,600) for
93,600 seconds

t-top >

where
t = GPS time (must account for beginning or end of week crossovers),

top = time of week of the state estimate utilized for the prediction of satellite clock
correction parameters.

IAURANeD = URANepo + URANep: (T - top) for t-to, < 93,600 seconds
IAURANeD = URANepo + URANep: (T - top) + URANeD2 (t - top - 93,600)° for t-top > 93,600 seconds
where
t = GPS time (must account for beginning or end of week crossovers),
top = time of week of the state estimate utilized for the prediction of satellite clock

/ephemeris parameters.
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3.5.3.8 The CS shall derive URA,, at time t,, which, when used together with URA,; and URA,, in The CS shall derive URA nepo, URANep1, and URAygp, indexes which, when used together in the above Rationale #1
the above equations, results in the minimum URA,. that is greater than the predicted URA,. equations, results in the minimum IAURA\gp that is greater than the predicted IAURA\gp during the
during the entire duration up to 14 days clock/ephemeris fit interval.
after tp.
3.5.3.8 The user shall use the broadcast URA,. Index to derive URA,.,. The index is a two’s The user shall use the broadcast URAygpo index to derive the URAygpo Value. The URAygpo index is a Rationale #1

complement representation of a signed integer in the range of +15 to -16 and has the

following relationship to the clock-related user derived URA,:

URA, Index = URA,4_(meters)
15 6144.00 <
14 3072.00 <
13 1536.00 <
12 768.00 < URA,cp
11 384.00 < URAsch
10 192.00 < URA,cp
9 96.00 < URA,cp
8 48.00 < URA,cp
7 24.00 < URAoch
6 13.65 < URA,cp
5 9.65 < URAoeh
4 6.85 < URA,cp
3 485 < URAoeh
2 340 < URAsh
1 240 < URAoch

URAoc
URAge < 6144.00
URAgep < 3072.00
< 1536.00

< 768.00

< 384.00

< 192.00

< 96.00

< 48.00

< 24.00

< 13.65

< 9.65

< 6.85

< 4.85

< 3.40

signed, two’s complement integer in the range of +15 to -16 and has the following relationship to the

URANEDO value:

URANepo_Index

15 6144.00
14 3072.00
13 1536.00
12 768.00
11 384.00
10 192.00
9 96.00
8 48.00
7 24.00
6 13.65
5 9.65
4 6.85
3 4.85
2 3.40
1 2.40
0 1.70
-1 1.20

URANepo (meters)

< URAgepo

< URAgepo

< URAgepo
<URAwmo <
<URAwmo <
<URAwmo <
<URAwmo <
<URAwmo <
<URAwmo <
<URAwmo <
<URAnmpo £
<URANmpo £
<URANmpo <
<URANmpo <
<URANmpo <
<URANmpo £
<URANmpo £

IN

<

(or no accuracy prediction is available)

1536.00

768.00

384.00

192.00

96.00

48.00

24.00

13.65

9.65

6.85

4.85

3.40

2.40

1.70

6144.00

3072.00
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0 1.70 URA.p < 2.40 -2 0.85 <URAwmo < 1.20
-1 1.20 URA,p < 1.70 -3 0.60 <URAmo < 0.85
-2 0.85 URA,p < 1.20 -4 0.43  <URAweo < 0.60
-3 0.60 URA,p < 0.85 -5 030 <URAgmo < 0.43
-4 0.43 URA,p < 0.60 -6 0.21 <URAnepo < 0.30
-5 0.30 URA,p < 0.43 -7 0.15 <URANepo £ 0.21
-6 0.21 URAyp < 0.30 -8 0.11 <URANepo £ 0.15
_7 0.15 URAocb S 0.21 '9 0.08 < URANEDO S 0.11
8 011 URA,., < 0.15 -10 0.06  <URAnpo < 0.08
9 0.08 URAL, < 011 11 0.04 <URAwo < 0.06
- <
10 0.06 URAyy < 0.08 12 0.03 < URAwmo < 0.04
-13 0.02 < URA < 0.03
11 0.04 URAy, < 0.06 NEDO
-14 0.01 <URAwpo < 0.02
-12 0.03 URA,, < 0.04
-15 URAnepo < 0.01
-13 0.02 URA,, < 0.03
-16 No accuracy prediction available-use at own risk
-14 0.01 URA,p < 0.02
For each URAygpo index (N), users may compute a nominal URAygpo value (X) as given by:
-15 URA.p < 0.01
¢ |f the value of N is 6 or less, but more than -16, X = 2(1+N/2),
-16 No accuracy prediction available-use at own risk
¢ |f the value of N is 6 or more, but less than 15, X = 2‘”'2),
e N=-16 or N = 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.
3.5.3.8 The user may use the upper bound value in the URA,, range corresponding to the ForN=1, 3, and 5, X should be rounded to 2.8, 5.7, and 11.3 meters, respectively. Rationale #1

broadcast index, thereby calculating the maximum URA,. that is equal to or greater than
the CS predicted URA,, or the user may use the lower bound value in the range which will
provide the minimum URA, that is equal to or less than the CS predicted URA,..

The nominal URAygpo Value (X) shall be suitable for use as a conservative prediction of the RMS NED
range errors for accuracy-related purposes in the pseudorange domain (e.g., measurement de-
weighting RAIM, FOM computations). Integrity properties of the IAURA\g, are specified with respect to
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the scaled (multiplied by either 4.42 or 5.73 as appropriate) upper bound values of the URAygp index,
URA\ep; index, and URAygp; index (see 3.5.3.10.1).
URA\po accounts for zeroth order SIS-contributions to user range error which include, but are not
limited to, the following: LSB representation/truncation error; the net effect of clock correction
polynomial error and code phase error in the transmitted signal for single-frequency L1C/A or single-
frequency L2C users who correct the code phase as described in Section 3.5.3.9; the net effect of clock
parameter, code phase, and inter-signal correction error for dual-frequency L1/L2 and L1/L5 users who
correct for group delay and ionospheric effects as described in Section 3.5.3.9; radial ephemeris error;
anisotropic antenna errors; and signal deformation error. URAygp does not account for user range
contributions due to the inaccuracy of the broadcast ionospheric data parameters used in the single-
frequency ionospheric model or for other atmospheric effects.
3.5.3.8 The transmitted URA,; Index is an integer value in the range 0 to 7. URA,; Index has the The transmitted URAygp: index is an integer value in the range 0 to 7. The URAygp: index has the Rationale #3-
following relationship to the URA: following relationship to the URA ygp; value: There is a typo
that needs be
L i corrected in
URA, = 2" (meters/second) URANep:1 = 2" (meters/second) computing
URA, or all
where where user URA
N = 4 + URA,, Index. N = 14 + URAyzp, Index. values will be
far too large.
Using the
erroneous
value will
resultina
minimum
value of
URA, that
will prevent
the Space and
Control
segments
from meeting
their specified
performance
requirements.
3.5.3.8 The transmitted URA,, Index is an integer value in the range 0 to 7. URA,., Index has the The transmitted URAygp, index is an integer value in the range 0 to 7. URAygp, index has the following Rationale #3
55
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following relationship to the URA,.: relationship to the URAep;:
1 1
URA,; = 2" (meters/second?) URANeD: = 2" (meters/second?)
where where
N = 25+ URA,.; Index. N = 28 + URA\g: Index.
3.5.5.2 Data Sets
3.5.5.2
3.5.5.2 The tq. shall be equal to the t,. of the same CNAV data set. The following rules govern the transmission | Rationale #2-
of t.e and t.. values in different data sets: (1) The transmitted t.. will be different from any value URA
transmitted by the SV during the preceding seven days; (2) The transmitted t,. will be different from any | components
value transmitted by the SV during the preceding six hours. (URAgp and
URA\gp) from
Cutovers to new data sets will occur only on hour boundaries except for the first data set of a new different
upload. The first data set may be cut-in (reference paragraph 3.5.5.1) at any time during the hour and upload or fit
therefore may be transmitted by the SV for less than one hour. intervals will
The start of the transmission interval for each data set corresponds to the beginning of the curve fit not give a
interval for the data set. Each data set remains valid for the duration of its transmission interval, and valid
nominally also remains valid for the duration of its curve fit interval. A data set is rendered invalid indication of
before the end of its curve fit interval when it is superseded by the SV cutting over to the first data set signal
of a new upload. faccur;?cy or
integrity.
Normal Operations. The subframe 2 data sets are transmitted by the SV for periods of two hours. The These changes
corresponding curve fit interval is three hours. provide
clarification of
how URA is
computed by
the user.
3.5.5.3 Reference
3.5.5.3 Times
3.5.53 The LNAV reference time information in paragraph 20.3.4.5 in IS-GPS-200 also applies to the CNAV
reference times.
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6.2.1 User Range Accuracy (URA) is a statistical indicator of the GPS ranging accuracy obtainable User Range Accuracy (URA) is a statistical indicator of the GPS ranging accuracy obtainable with a Rationale #5-
with a specific signal and SV. Whether the integrity status flag is ‘off’ or ‘on’, 4.42 times specific signal and SV. URA provides a conservative RMS estimate of the user range error (URE) in the There are
URA bounds instantaneous URE under all conditions with 1 -1e-5 per hour probability. associated navigation data for the transmitting SV. It includes all errors for which the Space and Control | numerous
When the integrity status flag is ‘on’, 5.73 times URA bounds instantaneous URE under all Segments are responsible. Whether the integrity status flag is 'off' or 'on', 4.42 times URA bounds the inconsistencie
conditions with 1-1e-8 per hour probability. instantaneous URE under all conditions with 1-1e-5 per hour probability (‘legacy’ level of integrity s between
assurance). When the integrity status flag is 'on', 5.73 times URA bounds the instantaneous URE under | ICDs and
all conditions with 1-1e-8 per hour probability (‘enhanced’ level of integrity assurance). Integrity clarifications
properties of the URA are specified with respect to the scaled (multiplied by either 4.42 or 5.73 as and additions
appropriate) upper bound value of the URA index or to the scaled composite of the upper bound values | that are
of all component URA indexes. needed for
the users to
compute URA.
These changes
resolve the
inconsistencie
s between the
ICDs so that
users may
properly
compute URA.
6.2.1 Note #1: URA applies over the curve fit interval that is applicable to the NAV data from Note #1: URA applies over the transmission interval that is applicable to the NAV data from which the Rationale #5
which the URA is read, for the worst-case location within the intersection of the satellite URA is read, for the worst-case location within the satellite footprint.
signal and the terrestrial service volume.
6.2.1 Note #2: The URA for a particular signal may be represented by a single parameter in the Note #2: The URA for a particular signal may be represented by a single index in the NAV data or by a Rationale #5
NAV data or by more than one parameter representing components of the total URA. composite of more than one index-representing components of the total URA. Specific URA indexes and
Specific URA parameters and formulae for calculating the total URA for a signal are defined formulae for calculating the total URA for L1C are defined in Section 3 for the CNAV message.
in the applicable Space Segment to Navigation User Segment ICD’s.
6.2.1 Note #3: The above integrity assured probability values do not apply if: (a) an alert is issued to the users | Rationale #5
before the instantaneous URE exceeds either of the scaled URA bounds, or (b) an alert is issued to the
users no more than 5.2 seconds after the instantaneous URE exceeds the 4.42 times URA bound, and (c)
if the integrity status flag is 'on' and an alert is issued to the users no more than 5.2 seconds after the
instantaneous URE exceeds the 5.73 times URA bound. In this context, an "alert" is defined as any
indication or characteristic of the conveying signal, as specified elsewhere in this document, which
signifies to users that the conveying signal may be invalid or should not be used, such as the health bits
not indicating operational-healthy, broadcasting non-standard code, parity error, etc.
57
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6.2.1.1 <DELETE>
6.2.1.1 Integrity Assured URA
6.2.1.1 When the integrity assurance monitoring is available, as indicated by the “integrity status <DELETE> Rationale #5
flag” being set to “1”, the URA value is chosen such that the probability of the “actual” URE
exceeding a threshold is met (see section 3.5.3.10 for probability values). The URA value
is conveyed to the user in the form of a URA index value. The URA index represents a
range of values; for integrity assurance applications, it is prudent to use the RSS of the
largest URA index values in the URA index range.
6.2.1.1 User Differential Range Accuracy (UDRA) is a statistical indicator of the GPS ranging User Differential Range Accuracy (UDRA) is a statistical indicator of the GPS ranging accuracy obtainable | Rationale #5

accuracy obtainable with a specific signal and SV after the application of the associated
differential corrections (DC parameters).

with a specific signal and SV after the application of the associated differential corrections (DC
parameters). UDRA provides a conservative RMS estimate of the differential user range errors in the
navigation data for that satellite. It includes all errors for which the Space and Control Segments are
responsible.

End of WAS/IS for I1S-GPS-800A
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