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1. INTRODUCTION

1.1 Scope This InterfaceSpecification(lS) defines the requirements related to the interface between the Space
Segment (SS) of the Global Positioning System (GPS) andathigation UseiSegment (USpf the GPS foradio
frequency (RF) link §L5).

1.2 1S Approval and ChangedThe Interface Control Contractor (IC@gsignated by the governmentésponsible

for the basic preparatiombtainingapprovalcoordination distribution, retentionand Interface ControlVorking

Group (ICWG)coordinationof the IS in accordance withtGP-03-001L The Navstar GPSNing (GPSW)is the
necessary authority to makéis IS effective The GPSW administers approvals under the auspices of the
Configuration Control Board (CCB), whicts governed by the appropria@PSW Operating Instruction (Ol).
Military organizations and contractors are represented at the CCB by their respective segment member. All civil

organizations and public interest are represented by the Department of Tiatimpoepresentative of tlePSW

A proposal to bange the approved version of th&dan besubmittedby anyICWG participating organization to

the GPSWand/or the ICC.The ICC is responsible fahe preparation of the change paprdchange coordigation,

in accordance witlsP-03-001. The ICC prepares the change paper as a Proposed Interface Revision Notice (PIRN)
and is responsible for coordination of PIRNs with the ICWG. The ICWG coordinated PIRN must be submitted to
the GPSWCCB for review and pproval.

The ICWG eviewperiodfor all Proposed Interface Revision Notices (PHRIS 45 days after receipt by individual

addresseesA written requesto extend the review period may dabmitted to the IC@r consideration
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2. APPLICABLE DOCUMENTS

2.1 Government DocumentsThe following documents of the issue specified contribute to the definition of the

interfaces between the GPS Space Segamhthe GP®avigation User Segme(it'S), and form a part of thisSlto

the extent specified herein.

Specifications
Federal

None

Military
None

Other Government Activity
None

Standards

Federal
None

Military
None

Other Publications

IS-GPS200 Navstar GPS Space Segment / Navigat
current issue User Interfaces
GP-03-001 GPS Interface Control Working Grou
currentissue (ICWG) Charter

2.2 NonGovernment DocumentsThe following documents of the issue specifaahtributeto the definition of

the interfaces between the GPS SS and the GPS Navigation US and form a partSfathielextent specified

herein.

Specifications
None

Other Publications

None
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3. REQUIREMENTS

3.1 Interface Definition The signal interface between the GPS SS and the GPS Navigation US includes three radio
frequency (RF) links: L1, L2 and L5rigure 31 illustrates the interface between the SSthedusers.The L5 link
is only available on Block IIF and treabsequenBlocks of SVs. Utilizing these links, thepace vehicles (SVs) of

the SS shall provide continuous earth coverage signals that provide to the users thecrategngnd the system
data needed to accomplish tB8&S Navigation (NAV) mission These signalshall be available to a suitably
equippeduser with RF visibility to a SV, including users in terrestrial and nearrestrial applications as well as
users in orbital applications up to geostationary altitude. The civil functions of the L1 and L2 R&réirdgecified
in IS-GPS200. Only the L5 link and its relationship with the L1 and L2 links are specified herein.

; L5
! BLOCK Il and
! FUTURE SVs BLOCK IIE

BLOCK IIR BLOCK IIA

L5
L1 L1
\X_z\ L2 L1, /Ll/ L2

USER SEGMENT

* [llustration of minimum Signa I-in-Space (SIS) components.
Future SVs may introduce additional signals beyond those show

Figure 31. GPS Space Segment to User Segment Interfaces

3.2 Interface Identification The carriers of the L5 atgpically modulated by two bit trains in phase quadrature.

One is a composite bit train generated by the meg@uhaldition of a pseudmandom noise (PRN) ranging code, a
synchronization sequence (see paragraph 3.3.3.1.2), and the downlink system data (refelr8dCid/Aé (civil
navigation) data), and the second is modulated with a PRN ranging code and synchronization sequence (see

paragraph 3.3.2.3) that differ from those used witH h€NAV data.

3.2.1 Ranging Codes Two PRN ranging codes are transmittedldn the inphase code (denoted as thectile);

and the quadraphase code (denoted as theo@®). Codalivision-multiple-access techniques allow differentiating
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between the SVs even though thegy transmit at the same L5 frequencyhe SVsshall transmt intentionally
"incorrect” versions of the I5 and the @6des when needed to protect the u$eym receiving and utilizing
anomalous NAV signals.These two "incorrect” codes are termed sstandard 15 (NSI5) and nestandard Q5
(NSQ5) codes.

3.2.1.1 L5-Codes The PRN rangingodesI5;(t) and Q%t) for SV ID number i are independent, but time
synchronized,1 millisecondin length, with a chippingrate of 10.23 Mbps. For each code, theillisecond
sequences are the modilssum of two sutsequence referred to as XA and XBtheir lengths are 8,190 chips and
8,191 chips, respectively that restart to generate the 10,230 chip code. Téeg¥8nce is selectively advanced,
thereby allowing the basic code generation technique to produce differensemaences oftillisecond in length.
Of these, 32 pairs aurrentlydesignated for use by S\&md5 pairs arecurrentlyreserved. Assignment of these
code phassegments by SVD number (or other use) is given in Tablé. 3V ID and PRNhumbers aréentical to
those for the L1 and L2 signals as specified H&IBS200.

The 74 codeg37 I5codes and 37 QBodes)are a selected subset of over 4,000 possible codes that could be
generated using the selective advance. The remaining codesadlablefor future use of additional SVs and/or
other L5 signal applications such as Satelitssed Augmentation System (SBAS) satellite signa3f the

remaining codes, Section 6.3.4 provides a selected subset of codes with assigned PRN numbers.

3.2.1.2 Non-Standard Codes The NSI5 and NSQ5 codes, used to protect the user thacking anomalous

navigationsignalsare not for utilization by the user and, therefore, are not defined in this docdmerVs shall
also be capable of initiating and terminatimg tbroadcast of NSI5 and/or NSQ5 codéslependently of each

other, in response to Control Segment (CS) command.

3.2.2 NAV Data Thel5 CNAV data, Ii(t), includes SV ephemerides, system time, SV clock behavior data, status
messages and tinieformation, etc The50 bps data igncoded in a ratd/2 convolutionencoder. The resulting

100 symbols per second (sps) symbol streamoidulo-2 added to the Eodeonly; the resultant bitrain is used to
modulate the L5 iphase (I) carrier. The content and characteristics oL $h€NAV data, B(t), are given in
Appendix |l of this document. In general, the data content is very similar to that modulatesl @C channel of

the SV.

The L5 quadraphase (Q5) carrier nasdata.

4 IS-GPS705A
8 June 2010



Table 3I. Code Phase Assignments (sheet 1 of 2)

GPS PRN XB Code Advancé Chips** Initial XB Code State***
Signal No.* 15 Q5 15 Q5
1 266 1701 0101011100100 1001011001100
2 365 323 1100000110101 0100011110110
3 804 5292 0100000001000 1111000100011
4 1138 2020 1011000100110 0011101101010
5 1509 5429 1110111010111 0011110110010
6 1559 7136 0110011111010 0101010101001
7 1756 1041 1010010011111 1111110000001
8 2084 5947 1011110100100 0110101101000
9 2170 4315 1111100101011 1011101000011
10 2303 148 0111111011110 0010010000110
11 2527 535 0000100111010 0001000000101
12 2687 1939 1110011111001 0101011000101
13 2930 5206 0001110011100 0100110100101
14 3471 5910 0100000100111 1010000111111
15 3940 3595 0110101011010 1011110001111
16 4132 5135 0001111001001 1101001011111
17 4332 6082 0100110001111 1110011001000
18 4924 6990 1111000011110 1011011100100
19 5343 3546 1100100011111 0011001011011

*

PRN sequences 33 through 37 are reserved for other uses (e.g. ground transmitters
**  XB Code Advance is the number of XB clock cycles beyond an initial state of all 1s.

*** |n the binary notation for the first 13 chips of the 15 and Q5 XB codes as shown in
columns. The rightmost bit is the first bit out. Since the initial state of the dde @ all
1s, these first 13 chips are also the complement of the initial states of the 15cod€35

NOTE: The code phase assignments constitute inseparable pairs, each consisting of g

15 and a specific QBode phase, as shown above.

IS-GPS705A
8 June 2010



Table 3I. Code Phase Assignments (sheet 2 of 2)
GPS PRN XB Code Advancé Chips** Initial XB Code State***
Signal No.* 15 Q5 15 Q5
20 5443 1523 0110101101101 1100001110001
21 5641 4548 0010000001000 0110110010000
22 5816 4484 1110111101111 0010110001110
23 5898 1893 1000011111110 1000101111101
24 5918 3961 1100010110100 0110111110011
25 5955 7106 1101001101101 0100010011011
26 6243 5299 1010110010110 0101010111100
27 6345 4660 0101011011110 1000011111010
28 6477 276 0111101010110 1111101000010
29 6518 4389 0101111100001 0101000100100
30 6875 3783 1000010110111 100001111001
31 7168 1591 0001010011110 0101111100101
32 7187 1601 0000010111001 1001000101010
33 7329 749 1101010000001 1011001000100
34 7577 1387 1101111111001 1111001000100
35 7720 1661 1111011011100 0110010110011
36 7777 3210 1001011001000 0011110101111
37 8057 708 0011010010000 0010011010001

*  PRN sequences 33 through 37 are reserved for other uses (e.g. ground transmitters

** XB Code Advance is the number of XB clock cycles beyandnitial state of all 1s.

*** |n the binary notation for the first 13 chips of the 15 and Q5 XB codes as shown in
columns. The rightmost bit is the first bit out. Since the initial state of the XA Code
1s, these first 13 chips are also tlenplement of the initial states of the 15 or-Qdédes.

NOTE: The code phase assignments constitute inseparable pairs, each consisting of g

15 and a specific QBode phase, as shown above.
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3.2.3 L5 Signal Structure Thel5 consists of twaarriercomponents that are phase quadrature with each other.

Each carrier component is-phase shift key (BPSK) modulated by a separate bit train. One bit train is the modulo
2 sum of the Iscode, NAV data, and synchronization sequence while ther ighthe QEcode with no NAV data,
but with another synchronization sequence. For a particular SV, all transmitted signal elements (carriers, codes,

synchronization sequences, and data) are coherently derived from the shosdfrequency source.

3.3 Interface Criteria The criteria specified in the following define the requisite characteristics of the L5 interface.

3.3.1 Composite Signal The following criteria define the characteristics of the composite L5 signal.

3.3.1.1 Frequency Plan Therequirements specified in this document shall pertain to the signal containedawithin
24 MHz band centered about the L5 nominal frequentie carrier frequencies for the L1, L2 and L5 signals shall
be coherently derived from a common frequency sowitein the SV. The nomindtequency of this source as

it appears to anbserver on the groundis 10.23 MHz. The SV carrier frequency and clock rates they would
appear to an observer located in the-S¥re offset to compensate for relativistic effects. The clock rates are offset
by Af/f =-4.4647E10, equivalento a change in the 15 and @5de chipping rate of 10.28Hz offset by aA f =
-4.5674E3 Hz. This is equal to 10.22999999243VIHz. The nominal carrier frequencyg)f-- as it appears to an
observer on the grouridshall bel176.45 MHz, or 115 times 1@2MHz.

3.3.1.2 Correlation Loss Correlation loss is defined as the difference between the SV power received in the
bandwidth defined in 3.3.1.1 (excluding signal combining loss) and the signal power recovered in an ideal
correlation receiver of the s&@ bandwidth using an exact replica of the waveform within an ideal-shtof filter

bandwidth centered at L5, whose bandwidth corresponds to that specified in 3.3.1.1 and whose phase is linear over
that bandwidth. The correlation loss apportionmer tuSV modulation and filtering imperfections shall be 0.6

dB maximum.

3.3.1.3 Carrier Phase Nois@he phas@oise spectral densitf the unmodulated carrieshall be such that a phase
locked loop ofLt0 Hz onesided noise bandwidth shdlé able to track the carrier to an accuracy of 0.1 radians root

mean square (RMS). See additional supporting material for phase noise characteristics in section 6.3.2.
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3.3.1.4 Spurious Transmission$n-band spurious transmissions, from the SV, daltor below-40 dBc over the

band specified in 3.3.1.1. -lmand spurious transmissions are defined as transmissions within thegeenifted in

3.3.1.1which are not expressly components of theslghal

3.3.1.5 Phase QuadratureThetwo L5 carrier components modulatég the two separate bit trains {t¢®de plus

data and Q®ode with no data) shall be in phase quadrature (within £100 milliradians) with the Q5csigre
lagging the 15 signal b0 degrees.Referring to the phase of th& carrier when5;(t) equals zero as the "zero
phase anglé the 15 and QEode generator output shall control the respective signal phases folldwing
manner: when I%t) equalsone, a 18@legree phase reversal of thecirier occurs; when Q%) equals one, the Q5
carrier advances 90 degrees; when thgt{)Eguals zero, the Q5 carrier shall be retarded 90 degrees (such that when
Q5(t) changes state, a 18@gree phase reversal of the Q5 carrier occurs). The resultant n@mmpbsite

transmited signal phasess a function of the binary state of the modulating signals are as shown in Table 3

3.3.1.6 Signal Power Levels The SV shall provideat a minimumworstcasel5 and Q5 navigation signal

strength at endf-life (EOL), in order tomeet the levels specified in Tabldl8 The minimum received power

is measured at the output of a 3 dBi linearly polarized user receiving antenna (located near ground) at worst
normal orientation, when the SV is above -dégree elevation angle. Thecedved signal levels are observed
within the inband allocation defined in paragraph 3.3.1.1. Additional related data is provided as supporting

material in paragraph 6.3.1.

The Block 1ll SV shall provide L5 signals with the following characteristic: ki%e off-axis relative power
(referenced to peak transmitted powahall not decrease by more than 2 dB from the Exfgearth (EOE) to nadir,
and no more than 18 dB from EOE to 26 degrees off nadir; the power drop off between EOE and +26 degrees shall

be n a monotonically decreasing fashion.
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Table 31l. Composite L5 Transmitted Signal Phase**

Nominal Composite L5 Code State
Signal Phase*
15 Q5
0° 0 0
-90° 1 0
+90° 0 1
180° 1 1

*  Relative to 0, 0 code state with positive angles leadingiagdtive angles lagging.
**  Based on the composite of two L5 carrier components at the same power.

Table 3lll. Received Minimum RF Signal Strength
Signal
SV Blocks
15 Q5
IF -157.9 dBW -157.9 dBW
1 -157.0 dBW -157.0 dBW

3.3.1.6.1 Space Service Volume (SSReceivedSignalPowerLevels The SV shall provideat a minimumyorst

casel5 and Q5 navigation signal strength at @rfidife (EOL), in order to meet the SSV levels specified in Table 3
IV. The minimum received power is measd at the output of a 0 dBi rightand circularly polarize¢i.e. 0 dB axial
ratio) user receiving antenna mbrmalorientation at the offiadir angle of 26.0 degrees. The received signal levels

are observed within the-imand allocation defined in panagph 3.3.1.1.

Table 3IV. Space Service Volume (SSV) Received Minimum RF Signal Strengt
GPS lll and SubsequerBatellites over the Bandwidth Specified in 3.3.0..GEO Based
Antennas

Signal
SV Blocks

15 Q5

Il and Subsequent -182.0 dBW -182.0 dBW

3.3.1.7 Equipment Group DelayEquipment group delay is defined as the delay between the signal radiated output

of a specific SV (measured at the antenna phase center) and the output of thati®sldrequency source; the

delay consists of a bias term and an uncertaifite. bis term on L1/L2 P(Y) is of no concern to users since it is
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included in the clock correction parameters relayed in the NAV data, and is therefore accounted for by user
computations of system time (reference paragsap.3.3.2.3, 20.3.3.3.2.3 a.3.3.3.24). The uncertainty
(variation) of these delays as well as the group delay differential between the signals of L1, L2, and L5 are defined

in the following.

3.3.1.7.1 Group Delay Uncertainty The effective uncertainty of the group delays shallexaeed 3.0 nanoseconds
(95% probability.

3.3.1.7.2 Group Delay Differential The group delay differential between taeliated L1 and L5 signals (i.e. L1
P(Y) and L5 15; and L1 P(Y) and L5 Q% specifiedas consisting of random plus bias componerfike mean
differential is defined as the bias componand will be either positive or negativ&or a given navigation payload
redundancy configuration, the absolute value of the mld&rential delay shall not exceed 30.0 hanosecomtble
randomplus nonrrandomvariations about the mean shall not exceed 3.0 nanosec®bs [{robability, when
including consideration of the temperature and antenna effectgduriahicle orbital revolutionL1 and L2 group
delay differential is described in 3.3.1.0R2IS-GPS200. Corrections for the bias components of the group delay
differential are provided to the users in thA\Wmessage using parameters designatetagreference paragraph
20.3.3.3.3.2 of $GPS200) and InteiSignal Correction (ISC) (refereaparagraph 20.3.3132).

3.3.1.7.3 Space Service Volume Group Delay Differentidlhe group delay differential between the radiated L5

signal with respect to the Earth Coverage sigfal users of the Space Service Voluare provided in TBD.

3.3.1.8 Signal Coherence All transmitted signals on the same carrier for a particular SV shall be coherently

derived from the same dyoad frequency standard. On the tbannel, the chip transitions tfe two modulating

signals L51 and L5Q shall besuch that the average time difference between them, and Ibeteed and the
transitions of LP(Y), do not exceed 10 nanoseconds. The variable time difference shall not exceed 1 nanosecond
(95% probability, when including consideration of the temperatand antenna effect changes during a vehicle
orbital revolution.Corrections for the bias components of the group delay differential are provided to the users using

parameters designated as I§feference paragraph 20.3.3.3).

3.3.1.9 Signal Polairation The transmitted sighaghall be righthand circularly polarized (RHCP). Fahe

angular range of +13.8 degrdesm nadir, L5 ellipticity shall be no worse than 2.4 dBominal values are listed in

section 6.3.3.

3.3.2 PRN Code Characteristic The characteristicsf the 15codesand the Q&odes are defined below in terms

of their structure and the basic method u$edgenerating them. FiguresZand 33 depict simplified block
diagrams of the scheme for generating the 10.23 Mhbfi¥ #8d Q5(t) patterns, and for modu® summing the 15
patterns with the NAV bit train, £t), which is rate 1/2 encoded and clocked at 100 sps. In addition, the 100 sps are
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modulated with a @it NeumanHofman code that is clocked at 1 kHz. The resultamposite bit trains are then

used to modulate the L5-phase carrier. The @&de is modulated with a Ziit NeumanHofman code that is also
clocked at 1 kHz.

3.3.2.1 Code Structure The I5(t) pattern (I5code) and the Q&) pattern (Q5code) are both generated by the
modulo-2 summation of two PRN codes, XA(t) and X@{, t) or XBQ(ng;, t), where p and ry; are initial states of
XBI; and XBQ for satellite i There are over 4000 uniqli® codes generated using diffatenitial states of which
74 arecurrentlyassigned and identified in Tablel 8ising the same basic code generat8ection 6.3.4 provides a
selected subset of additional{bde sequences with assigned PRN numbers.

*4 Exclusive OR ‘
Y y
B 1] 2] 2] a]s] 6] 7] 8l of10[usrfuafm IO
‘ AL Al LAl LAl N d |4l Q‘Decode 11111111111‘
| All 1's |
XA Coder XAQ)
— >
XBI State for SV i} ji>— X1i(t)

-Code Cloc>» | [ — XBI(t-nTo)

—1ms Epoct . ‘ Initial XBI State ‘ ji>—’
Y ¥V VY VYV VVYVVVVY XQi(t)
t1l2/3]a]s5]6]7]8]9[1011]12]13]

\ 4 vV VY vV VvV VY vV VY
Q Exclusive OR ‘ XBQ(t-nTc)
XBI Coder
XBQ State for SM L
< i
| Initial XBQ State |
v Y Y Y Y VY YYYVYYVYVYY
$1l2/3]4]5]6] 7] 8] ol10/11)12]13-
{ A 4 A 4 47 47 A\ 4 47 YV V E
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XBQ Coder
Figure 32. Generation of Codes
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Figure 33. Modulation of Signals

3.3.2.2 Code Generatian Each I%(t) pattern (I5code) andQ5(t) pattern (Q5code)arethe module2 sum of two
extended patterns clocked at 10.23 Mbps (XA and; XBIXBQ). XA is an 8190length code, with an initial
condition of all 1s, that is short cycledchip before its natural conclusion and restarted to run over a period of 1
millisecond (synchronized with the L1 frequency @/éde) for a total of 10,230 chips. The XBhd XBQ, with

initial conditions indicated in Table-[3 are 8191 length codes that are not short cycled. They are restarted at their
natural completion and run over a period of 1 millisecond (synchronized with the XA code) for a total of 10,230

chips. The polynonais for XA and XBJ] or XBQ; codes, as referenced to the shift register input, are:

XA 1+ x° + x4+ x12+ x= and

XBlior XBQ: 1+ x+ X+ x*+x%+x" + X+ x2+ x*2

Samples of the relationship between shift register taps and the exponeiits obrresponding polynomial,
referenced to the shift register input, are as shown in Figufe€<a code) and & (XB code). In the case of the
XB codes, the shift register can either be initialized with all 1s and advansttas as specified in Tlab3-l, or

initialized with the state indicated in Tabld.3

The state of each generator can be expressed as a code vector word which specifies the binary sequence constant of
each register as follows(a) the vector consists of the binary stateeachstage of the register, (b) the stage 13
valueappears at the right followed by the values of the remaisiiaigs in order of descending stage numbers, and

(c) the shift direction is from lower to higher stage number with stage 13 providing the cumyant olihis code

vector convention represents the present output and 12 future outputs in sequence. Using this convention, at each

XA epoch (state 8190), the XA shift register is initialized to the code vector 1111111111111, while at each XB
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epoch (stat®&191), the XB shift register is initialized to a code vector peculiar to the PRN number and phase. The
XB code vectors are as indicated in Table 3Alternatively, the XB shift register is initialized to the code vector
1111111111111 and advancedtates as indicated in Tablel3

The natural 8191 chips of the XA sequence is shortened to 8190 chips to cause precession of the second XA
sequencevith respect to the natural 8191 chip XB sequence, as shown in FigurdR@initialization of the XA

shift register produces a 1028bip sequence by omitting the last 6151 chips of the second natural XA sequence, or
reinitializing to all 1s at the 1 ms epoch. The XB shift register is simply allowed to run its natural course until the
next 1 ms epoch whenig reinitialized at its initial state, BO, based upon PRN number and phase. This results in
the phase of the XB sequence leading by one chip during the second XA sequence-mnilisecbnd period.
Depending upon the initial state of the XB sequendgijrd 819%chip sequence may be started before the 10230

chip sequence is completed. Two different scenarios that may result are shown in feigure 3

In scenario a, the initial state of the XB sequence, BO, is less than State 6152. Thus, the sgabxBregquence
does not run to completion prior to the next 1 ms epoch. In scenario b, the initial state of the XB sequence, BO, is
greater than State 6151. Thus, the second natural XB sequence runs to completion and a third natural sequence

starts (egept when BO is State 6152) prior to the next 1 ms epoch.
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Figure 34. XA Shift Register Generator Configuration
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Figure 36. RelativePhases between the XA and XB Sequences
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3.3.2.3 Q5 Synchronization Sequenc&ach of the 1 ms Q&ode blocks is further encoded with al#i®@Neuman
Hofman code. The 20 bits are modi@@dded to the Q5 code chips at the PRN code epoch rate of 1 kHndehe

nh20(t), starting coincident with the 20 ms data epoch on the I5 channel, is as follows:
1% Last
nh20(t)=00000100110101001110

3.3.3 Navigation Data The content and formaif the L5 CNAV data, Dy(t), are given in Appendix Il of this

document.

3.3.3.1 Navigation Data Modulatian The L5 CNAV bit train, Ds(t), is rate 1/2 convolution encoded and, thus,

clocked at 100 symbols per second (sps). In addittmn 100 sps symbols are modulated with éitO0Neuman
Hofman code that is clocked at 1 kHz (reference paragraph 3.3.3.TIt®).resultant symbol sequence is then

modulo2 added with 15 PRN code and used to modulate the {phé&se carrier.

3.3.3.1.1 Forward Error Correctian The L5 CNAV bit train, Ds(t), will always be rate 1/2 convolution encoded

with a Forward Error Correction (FEC) code. Therefore, the symbol rate is 100 sps. The convolution coding will be
constraint length 7, with a convoluti@ncoder logic arrangement as illustrated in Figui®e 3The G1 symbol is
selected on the output as the first half of enfilisecond data bit period coincident with the first bit of thek®0Q5

NeumanHofman code.

Six-second navigation messages bowadst by t he SV are synchroni-codeXl with e\
epochs. Although these epochs are not necessarily accessible to the L5 user, they are used within the SV to define
GPStime. However, message synchronization does provide thedrsan access to the time of evefyP{Y)-code

X1 epoch. The navigation message is FEC encoded in a continuous process independent of message boundaries (i.e.

at the beginning of each new message, the encoder registers illustrated in Hguoet8inthe last six bits of the

previous message)Thus, herein, reference will continue to be made to these X1 epochs.S-&&SP00 for

details.

The FEC encoding convolves successive messages. It is necessary to define which transmitted symbol is
synchrotizedto SV time as follows. The beginning of the first symbol twattains anynformation about the first

bit of a message wil|l be synchronized to every fourth
convolution decoders will introducefixed delay that depends on their respective algorithms (usually 5 constraint

lengths, or 35 bits), for which they must compensate to determine system time from the received signal. This
convolution decoding delay and the various relationships withtéined the data block transmission and SVitign

areillustrated in Figure 38 for the L5 signal.
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Figure 38. ConvolutionTransmitDecodingTiming Relationships

3.3.3.1.2 NeumanHofman Code Each of the 100 sps symbols are further encoded withlbit NeumanHofman
code. The 1dit NeumanHofman code is defined to be 0000110101. The 10 bits are m@dadited to the
symbols at the PRN code epoch rate of 1 kHz starting at the 100 spd sygmbitions. The result is that a "1" data
symbol is replaced by 1111001010, and a "0" data symbol is replaced by 0000110101.

3.3.4 GPS Time and SV -Lount GPS time is established by tlperational Control SystefOCS) and is
referenced to Coordated Universal Time (UTC) as maintained by the U.S. Naval Observatory (UTC(USNO)) zero

time-point defined as midnight on the night of January 5, 1980/morning of January 6, 1980. GPS time is the
ensemble of corrected composite L1/L2 P(Y) SV times, comledgtethe clock corrections in the L1 and L2 NAV
data and the relativity correction. The largest unit used in stating GPS time is one week defined as 604,800 seconds,

concatenated with the GPS week number. GPS time may differ from UTC because GP & taoetisuous time
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scale, while UTC is corrected periodically with an integer number of leap seconds. There also is an inherent but
bounded drift rate between the UTC and GPS time scales. The OCS controls the GPS time scale to be within one

microsecond bUTC (modulo one second).

The L5CNAV data contains the requisite data for relating GPS time to UTC. The accuracy of this data during the
transmission interval will be such that it relaté®S time to UTC (USNO) to within 90.0 nanoseconds (one
sigma). This data is generated by the CS (or provided to the CS); therefore, the accuracy el #tieseships may

degrade if for someeason the CS is unable to upload datant8\é.

In each SV the X1 epochs of thecBde offer a convenient unit for preciselgunting and communicating time.
Time stated in this manner is referredas Zcount, which is given as a binary number consisting of two parts as

follows:

a. The binary number represented by the 19 least significant bits of-toer¥ is referred tas the time of
week (TOW) count and is defined as being equal to the number of X1 epochs that have occurred since the
transition from the previous week. The coistshortcycled such that the range of the T@asunt is
from 0 to 403,199 X1 epochs (equa@ione week) and is reset to zero at the end of each week. The TOW
count's zero state is defined as that X1 epoch which is coincident with the start of the present week. This
epoch occurs at (approximately) midnight Saturday p&iimday morning, where dhight is defined as
0000 hours on the UTC scale, which is nominally referenced to the Greenwich Meridian. Over the years
the occurrence of the "zero state epoch" may differ by a few seconds from 0000 hours on the UTC scale
since UTC is periodically coroted with leap seconds while the T@Wunt is continuous without such
correction. A truncated version of the TGWunt, consisting of its 17 most significant bits, is contained in
each of the sbksecond messages of the L5 downlink data stream; the ndafjiobetween the actual TOW

count and its truncated message version is illustrated by Figlire 3

b. The most significant bits of the-@unt are a binary representation of the sequential number assigned to the

current GPS week (see paragraph 6.2.4).
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P(Y)-CODE EPOCH
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| |
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|
|

|
403,192 403,196 403,199 ‘A
|
DECIMAL EQUIVALENTS

|

|

| OF ACTUAL TOW COUNTS
|

|

|
|
1
—— MESSAGE EPOCHS 1
|
- 6 sec ¢

100,799 0 1 2 3

\ DECIMAL EQUIVALENTS OF MESSAGE TOW COUNTS/

NOTES:
1. THE TOW COUNT APPEARS IN EACH 6-SECOND MESSAGE

2. THE 6-SECOND MESSAGE TOW COUNT CONSISTS OF THE 17 MSBs OF THE
ACTUAL TOW COUNT AT THE START OF THE NEXT MESSAGE.

3. TO CONVERT FROM THE MESSAGE TOW COUNT TO THE ACTUAL TOW
COUNT AT THE START OF THE NEXT MESSAGE, MULTIPLY BY FOUR.

Figure 39. Time Line Relationship of a S&&econd Message
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4, NOT APPLICABLE
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5. NOT APPLICABLE
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6. NOTES

6.1 Acronyms

AFMC - Air Force Materiel Command

AFSPC - Air Force Space Command

ASCII - American Standard Code for Information Interchange
bps - bits per second

BPSK - Bi-Phase Shift Key

C/IA - Course/Acquisition

CDC - Clock Differential Correction

CNAV - Civil Navigation

CRC - Cyclic Redundancy Check

CSs - Control Segment

dB - Decibel

dBc - Power ratio of a signal to a (unmodulated) carrier signal,

expressed in decibels

dBi Decibels with respect to isotropic antenna
dBW - Decibels with respect to 1 Watt
DC - Differential Correction
DoD - Department of Defense
ECEF - EarthCentered, Eartirixed
ECI - Earth Centered Inertial
EDC - Ephemeris Differential Correction
EOL - End of Life
FEC - Forward Error Correction
GGTO - GPS/GNSS Time Offset
GNSS - Global Navigation Satellite System
GPS - GlobalPositioning System
GPSW Global Positioning Systeiwing
Hz - Hertz
15 - In-phase Code on L5 Signal
ICC - Interface Control Contractor
ID - Identification
IODC - Issue of Data, Clock
IS - Interface Specification
ISC - Inter-Signal Correction
LSB - Least Significant Bit
21 IS-GPS705A
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MSB
NAV
NSI5
NSQ5
0CSs
PIRN
PRN
P(Y)
Q5
RF
RHCP
RMS
SBAS
sps
SIS
SS
Ssv
SV
TBD
TBS
TOW
URA
us
USNO
uTC
WGS 84
WN
WN,

Most Significant Bit

Navigation

Non-Standard4{Code
Non-Standard @ode
Operational Control System
Proposed Interface Revision Notice
PseudeRandom Noise

Precise (AntiSpoof) Code
Quadraphase code on L5 Signal
Radio Frequency

Right Hand Circular Polarization
Root Mean Square
SatelliteBased Augmentation System
Symbols per Second.

Signal In Space

Space Segment

Space Service Volume

Space Vehicle

To Be Determined

To Be Supplied

Time Of Week

User Range Accuracy

User Segment

US Naval Observatory
Coordinated Universal Time
World Geodetic System 1984
Week Number

Extended Week Number
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6.2 Definitions.

6.2.1 User Range AccuracySeeSection6.2.1 of ISGPS200.

6.2.2 SV Block Definitions The following block definitions are given to facilitate discussiegarding the

capability of the various blocks of GPS satellites to support theoSMer interface.

6.2.2.1 Developmental SV.sSee paragraph 6.2.2.1 of&S200.

6.2.2.2 Operational SVs The operational satellites are designated Block Il1A, BloRk Block IIRM, Block IIF

and Block Il SVs. Characteristics of these SVs are provided below. These SVs transmit configuration codes as
specified in paragrapp0.3.3.5.1.4 of ISSPS200. The navigation signal provides no direct indication of the type

of the transmittingSV.

6.2.2.21 Block IIA SVs. See paragraph 6.2.2.2.2 ofG@S200. These satellites do not broadcast the L5 signal.

6.2.2.2.2Block IR SVs See paragraph 6.2.2.2.3 of@&S200. These satellites do not broadcast the L5 signal

6.2.2.23 Block IIR-M SVs. See paragraph 6.2.2.2.4 of-GS200. These satellites do not broadcast the L5

signal.

6.2.2.24 Block IIF SVs See paragraph 6.2.2.2.5 of-G@S200. The IIF operational SVs do broadcast the L5

signal.

6.2.2.25 Block Il SVs. See paragraph 622.6 of ISGPS200. The Il operational SVs do broadcast the L5

signal.

6.2.3 Operational Interval Definitions See paragraph 6.2.3 of-G@S200. There is no requirement for extended

operations on L5.

6.2.4 GPS WeelNumber See paragraph 6.2.4 &GPS200 and paragraph 20.3.3.1.1.1.

6.3 Supporting Material

6.3.1 L5 Received SignalsThe guaranteed minimum userceived signal levels are defined in paragrajhl.6.

Higher received signal levels can be caused by such factors as SV attitude errors, mechanical antenna alignment
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errors, transmitter power output variationssultant oftemperature variations, voltage variations and power
amplifier variations, and variability in link atmospheric path los$n addition and for the purpose of establishing
GPS user receiver dynamic rande taximum received signkdvel, as measured tite output of a 3 dBi linearly

polarized receiver antenna, is not expected to exck®d.0 dBW in each L5 signal channel.

6.3.2 Integrated Phase Noise Characteristiés an aid to user equipment receiver designers, a plot is provided

(Figure 61) of a typical GPS Block IIF phase noise spectral density for theadulated L5 carrier A plot of a
typical GPS Block Il phase noise spectral density will be added TBD.

L5 Phase Noise (Cesium reference)
-30
-40
-50 =
% 'Il'n'llr\"\_la‘;‘.l III".. -.II}-Il"JJ |
1:'_“ (5] “EG |]l L] -
Sa il
° 0 1 i
™A
80 1”“4[‘".1 T
-90 . LN pof,
"‘Wﬁ\m
-100 1 |
1 10 100 1000 10000
Hz

Figure 61. Carrier Phase Noise Spectral Density

6.3.3 Ellipticity Characteistics As an aid to user equipment receiver designers, a table is provided (Tialoe 6

a typical GPS Block IIF ellipticity as a function of angular rangetable of a typical GPS Block Il ellipticity
will be addedTBD.

Table 6l. Typical Ellipticty vs Angular Range

Angle (deg) +0 +2 +4 +6 +8 +10 +12 +14.3
Ellipticity (dB) 1.5 15 15 15 15 15 15 2.0
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6.3.4 Additional PRN SequencesAmong all unique LEcode sequences that could be generated using different

initial states as described 8ection 3.2.1.1, 74 sequences (37 15 and 37 Q5) are selected and assigned id.Table 3

An additional 346 sequences (173 15 and 173 Q5) are selected and assigned with PRN numbers in the below Table
6-1l. Any assignment of an L5 PRN number and its codpisace for any additional SV and/or other L5 signal
applications, such as Satellite Based Augmentation System (SBAS) satellite signals, will be selected from the

sequences of Tablel6

Table 61l. Additional Code Phase Assignments (sheet 1 of 6)
PRN XB Code Advancé Chips** Initial XB Code State***
Signal No.* 15 Q5 15 Q5
38 5358 4226 0101100000110 1111110011101
39 3550 5604 1001001100101 0101010011111
40 3412 6375 1100111001010 1000110101010
41 819 3056 0111011011001 0010111100100
42 4608 1772 0011101101100 1011000100000
43 3698 3662 0011011111010 0011001011001
44 962 4401 1001011010001 1000100101000
45 3001 5218 1001010111111 0000001111110
46 4441 2838 0111000111101 0000000010011
47 4937 6913 0000001000100 0101110011110
48 3717 1685 1000101010001 0001001000111
49 4730 1194 0011010001001 0011110000100
50 7291 6963 1000111110001 0100101011100
51 2279 5001 1011100101001 0010100011111
52 7613 6694 0100101011010 1101110011001
53 5723 991 0000001000010 0011111101111
54 7030 7489 0110001101110 1100100110111
55 1475 2441 0000011001110 1001001100110
56 2593 639 1110111011110 0100010011001
57 2904 2097 0001000010011 0000000001011
58 2056 2498 0000010100001 0000001101111
59 2757 6470 0100001100001 0101101101111
60 3756 2399 0100101001001 0100100001101
61 6205 242 0011110011110 1101100101011
62 5053 3768 1011000110001 1010111000100
63 6437 1186 0101111001011 0010001101001

*  PRN sequences 38 through 63 are reserved for GPS.

**  XB Code Advance is the number of XB clock cycles beyond an irstatke of all 1s.

*** |n the binary notation for the first 13 chips of the 15 and Q5 XB codes as shown in
columns. The rightmost bit is the first bit out. Since the initial state of the XA Code
1s, these first 13 chips are also the complerogtite initial states of the |15 or @&bdes.

NOTE: The code phase assignments constitute inseparable pairs, each consisting of g

I5 and a specific QBode phase, as shown above.
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Table 61l. Additional Code Phase Assignments (sheet 2 of 6)

PRN XB Code Advancé Chips** Initial XB Code State***
Signal No. 15 Q5 15 Q5

64 7789 5246 1000100010001 1001101001111
65 2311 4259 0001000101111 0001100100010
66 7432 5907 0001100111111 0000111111000
67 5155 3870 1010101100001 0011100100111
68 1593 3262 0101011111001 0000001010010
69 5841 7387 0101101100001 1100111111001
70 5014 3069 1000101111011 0111111110010
71 1545 2999 0111011001111 0101011111111
72 3016 7993 0001011011000 1100001111011
73 4875 7849 1110000111000 1110100110101
74 2119 4157 0111010010001 1010010110101
75 229 5031 0001101111000 0101111101111
76 7634 5986 1111001010100 1010110110010
77 1406 4833 1011101110100 1101110110001
78 4506 5739 0000100110000 1010000100100
79 1819 7846 1100010000111 0100110101010
80 7580 898 0001101111111 1000011100011
81 5446 2022 1100110101101 1100111011010
82 6053 7446 1101011001011 0010110001111
83 7958 6404 1100001101100 1101101110110
84 5267 155 1011110110001 1101111001001
85 2956 7862 0111010110101 1100100000000
86 3544 7795 1100101101101 1001101000100
87 1277 6121 1100111011111 1111011010001
88 2996 4840 1011111111011 0110101110111
89 1758 6585 1110100100111 0000100111111
90 3360 429 1111110010100 1101101001110
91 2718 6020 0101001111110 1100111001011
92 3754 200 0010100100101 1010111000011
93 7440 1664 0001111000011 1110110010110
94 2781 1499 1100111000000 1110100011111
95 6756 7298 1110010101000 0001101100011
96 7314 1305 0111000101001 0001011010110
97 208 7323 1111101010101 0000001000111
98 5252 7544 1010111001101 1010011000000
99 696 4438 1100101001011 1000111101101

**  XB Code Advance is the number of XB clock cycles beyond an initial state of all 1s.

*** |n the binary notation for the first 13 chips of the 15 and Q5 XB codes as shown in
columns. The rightmost bit ihe first bit out. Since the initial state of the XA Code is
1s, these first 13 chips are also the complement of the initial states of the 15cod€¥5

NOTE: The code phase assignments constitute inseparable pairs, each consisting of g
15 and a specific Q6ode phase, as shown above.

26

IS-GPS705A
8 June 2010



Table 61l. Additional Code Phase Assignments (sheet 3 of 6)

PRN XB Code Advancé Chips** Initial XB Code State***
Signal No. 15 Q5 15 Q5

100 527 2485 0010100000110 1101101011100
101 1399 3387 1101000010001 1000010110011
102 5879 7319 0111011010011 0010001110001
103 6868 1853 1101110101111 0010100100110
104 217 5781 0111011011111 0100000111111
105 7681 1874 1010101001100 1000001111101
106 3788 7555 1011010000011 1010101111010
107 1337 2132 0101100000000 1111010101010
108 2424 6441 0000111101000 1101010111100
109 4243 6722 0110000111011 1111100001010
110 5686 1192 1101100100000 1111000010001
111 1955 2588 0011011101111 1101111011101
112 4791 2188 1001111101100 0010000100001
113 492 297 0100011000110 1100100111100
114 1518 1540 0111000101110 1100111100011
115 6566 4138 0100010110000 1001100001111
116 5349 5231 0110111100100 1110011001001
117 506 4789 0001110010010 0111110110011
118 113 659 1110110110101 1111011010110
119 1953 871 1101110111100 1000111011110
120 2797 6837 1101001100010 1101001011001
121 934 1393 1100011001100 0010001111001
122 3023 7383 1000011000101 1111110011111
123 3632 611 1111011011011 1000110000001
124 1330 4920 0000001100100 0000111100011
125 4909 5416 1101110000101 0111011011100
126 4867 1611 1100001000010 0101101010100
127 1183 2474 0001101001101 0000101010111
128 3990 118 1010100101011 1010111101101
129 6217 1382 1111011110100 0100010000010

**  XB Code Advance is the number of XB clock cycles beyond an irstatk of all 1s.

*** |n the binary notation for the first 13 chips of the 15 and Q5 XB codes as shown in
columns. The rightmost bit is the first bit out. Since the initial state of the XA Code
1s, these first 13 chips are also the compleraktite initial states of the 15 or @odes.

NOTE: The code phase assignments constitute inseparable pairs, each consisting of g
I5 and a specific QBode phase, as shown above.

27

IS-GPS705A
8 June 2010



Table 61l. Additional Code Phase Assignments (sheet 4 of 6)

PRN XB Code Advancé Chips** Initial XB Code State***
Signal No. 15 Q5 15 Q5

130 1224 1092 1111111101100 1010111011111
131 1733 7950 0000010000111 0110001000010
132 2319 7223 1111110000010 1011000011010
133 3928 1769 0011100111011 1000100000111
134 2380 4721 1101100010101 1001011110110
135 841 1252 0101011111011 1000001011000
136 5049 5147 0001100011011 0000110010111
137 7027 2165 0001101110111 0010101101011
138 1197 7897 1110011110000 0011100001100
139 7208 4054 0111100011111 0100011001011
140 8000 3498 0011101110000 1010101001111
141 152 6571 1111001001000 0100001000101
142 6762 2858 0001101110010 0000001111100
143 3745 8126 0101100111100 1101001110111
144 4723 7017 0010010111101 1110111110001
145 5502 1901 1101110110011 1110111010001
146 4796 181 0011110011111 0001010110011
147 123 1114 1001010101111 0111111000101
148 8142 5195 0111111101111 0100010011100
149 5091 7479 0000100100001 1110000010011
150 7875 4186 1110001101011 0110010101000
151 330 3904 1111010010001 0000100000100
152 5272 7128 1011010111101 0100100101011
153 4912 1396 0001101110000 1000010001111
154 374 4513 0000010111100 1110101000010
155 2045 5967 0100101111100 1110000111011
156 6616 2580 1110110111010 1110110010010
157 6321 2575 1101110101011 1001001001000
158 7605 7961 1101000110001 0011100001101
159 2570 2598 0100100010100 0000111101110

**  XB Code Advance is the number of XB clock cycles beyond an initial state of all 1s.

*** |n the binary notation for the first 13 chips of the 15 and Q5 XB codeh@sn in thesg
columns. The rightmost bit is the first bit out. Since the initial state of the XA Code
1s, these first 13 chips are also the complement of the initial states of the 15cod€¥5

NOTE: The code phase assignments constitutparable pairs, each consisting of a spe
I5 and a specific QBode phase, as shown above.
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Table 61l. Additional Code Phase Assignments (sheet 5 of 6)

PRN XB Code Advancé Chips** Initial XB Code State***
Signal No. 15 Q5 15 Q5

160 2419 4508 1110100011001 0100001001100
161 1234 2090 1101000100111 0010111011110
162 1922 3685 0101101110111 0110011011010
163 4317 7748 0010111010000 1101011000010
164 5110 684 0000111011000 1100010001101
165 825 913 1001110111011 1010111011001
166 958 5558 0110100011111 0100001001010
167 1089 2894 0111011111100 0111000111010
168 7813 5858 1010010011010 0000000110000
169 6058 6432 0010011010110 1100101111100
170 7703 3813 0111100110011 0001100100111
171 6702 3573 0000011011011 0011010111001
172 1714 7523 1001010011010 0001000011100
173 6371 5280 1101010101111 1100101010110
174 2281 3376 1110111001010 1101110010010
175 1986 7424 0010011110110 1111111111001
176 6282 2918 0011110101001 0110000001010
177 3201 5793 1111010000111 0100101001010
178 3760 1747 0010010010100 1111110100100
179 1056 7079 0100101110010 1100010101011
180 6233 2921 1101110110000 1100110000001
181 1150 2490 1000111111011 0111111011010
182 2823 4119 0101101110000 0111000011101
183 6250 3373 0001110101011 1110010010110
184 645 977 1111000100010 0011111111000
185 2401 681 0101001000011 0010001101101
186 1639 4273 0011101111100 0001100110011
187 2946 5419 1011010111010 0100111011011
188 7091 5626 0000001010011 0110111000101
189 923 1266 0010011111101 1101011100011

**  XB Code Advance is the number of XB clock cycles beyond an initial state of all 1s.

*** |n the binary notation for the first 13 chips of the 15 and Q5 XB codes as shown in
columns. The rightmost bit is the first bit out. Since the initial state of th€xde is all
1s, these first 13 chips are also the complement of the initial states of the 15cod€¥5

NOTE: The code phase assignments constitute inseparable pairs, each consisting of g
I5 and a specific QBode phase, as shown above.
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Table 61l. Additional Code Phase Assignments (sheet 6 of 6)
PRN XB Code Advancé Chips** Initial XB Code State***
Signal No. 15 Q5 15 Q5
190 7045 5804 1111100011000 1001110110001
191 6493 2414 1101101101100 0001100110110
192 1706 6444 1101010010110 1101101010111
193 5836 4757 0110000101110 1001110000111
194 926 427 0110010011111 0110100111010
195 6086 5452 1000111001100 0110001100110
196 950 5182 1111101110001 0000100001100
197 5905 6606 0011111100001 0101000101101
198 3240 6531 0000001110001 1000001010111
199 6675 4268 1010110100100 0011001110001
200 3197 3115 0100001110110 0100011100110
201 1555 6835 0111110100011 0100101100101
202 3589 862 0001111001011 1110001010111
203 4555 4856 1010100011011 1010110110100
204 5671 2765 1001101110011 1111101101000
205 6948 37 0010111000001 1000001110100
206 4664 1943 1101100001111 1000010101100
207 2086 7977 1110111101001 1100001001101
208 5950 2512 0110110101101 1111111000011
209 5521 4451 0111110110010 0001011110011
210 1515 4071 1000101110111 1001000100001
**  XB Code Advance is the number of XB clock cycles beyond an initial state of all 1s.
*** |n the binary notation for the first 13 chips of the 15 and Q5 XB codes as shown in
columns. The rightmost bit is the first bit out. Sinceittigal state of the XA Code is a
1s, these first 13 chips are also the complement of the initial states of the 15cod€¥5
NOTE: The code phase assignments constitute inseparable pairs, each consisting of g
15 and a specific QB6ode phas, as shown above.
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10. APPENDIX |. LETTERS OF EXCEPTION
10.1 Scope Approval of this document, as well as approval of smysequent changes to the document, can be
contingent upon a "letter of exceptibnThis appendix depicts such "letters of exception" when authorized by the

GPSW

10.2 Applicable Documents The documents listed in Section 2.0 shall be applicable to this appendix.

10.3 Letters of Exception Any letter of exception which is in foecfor the revision of the IS is depicted in Figure
10.3-1, 1-0.3-2, and 10.3.
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The Dealng Company
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Hurminpsy: Baasly, Ga J2E4T

December 6, 2004
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Headquarters,
EMCAGEE

Spact and bissile (SHWIC)

2420 Vela Way, Suits 1467
El Sepuado, CA  S0245-4650
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Subyoot:
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Block IHY-Lnsposition of EMN=TO5001L
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BeyesfAF on Novamber 22, 2004
(b} PCOL 33085 latter daded Novernber O, 2004
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reviawed the IRN-T05-001 per the Referenced (b) letter, Please anee that o revleow
wae based upon the reccipt of the IRM wersus tha FIRN. The content of this
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1% listed Bajow:
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Figure 103-1. Letters of Exception
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BOEING

NCS-GPSIIF-3100-SCP-10-0139
June 8, 2010

United States Air Force

Headquarters Global Positioning Wing (AFSPC)
Los Angeles Air Force Base

ATTN: Ms. Allison Flanagan, PCO

GPSW/GPK

483 N. Aviation Boulevard

El Segundo, CA 90245-2808

Subject: Contract F04701-96-C-0025; Global Positioning System (GPS) Block IIF, ADP
152, Letter of Exception to IS-GPS-705A, dated 23 November 2009

Ref: PCOL 10-045 dated 27 May 2010, Request for Impact Assessment on [S-
GPS-705A Changes

Dear Ms. Flanagan:

The 1S-GPS-705A ICD defines the interface between the NAVSTAR GPS Space Segment and
the NAV User Segment for L5 signals. The Boeing Company has reviewed and takes Exception
to the following paragraphs of IS-GPS-705A, dated 23 November 2009.

« Section 3.3.1.7 2 Group Delay Differential: including consideration of temperature
and antenna effects impacts IIF SV requirement

« Section 3.3.1.8 Signal Coherence: expanded scope of requirement (variable time
difference) would require additional testing/verification

Should you require any additional information, please contact Mr. Steve Colletti at (562) 797-
1333 or the undersigned.

Sincerely,

Stk Brgetl fo

&

Sonja Peltz
Contract Management
GPS Programs
sonja.c.peltz@boeing.com
(562) 797-1048

Attachments: none

cc: Ms. Rei Okabayashi, ACO DCMA/H014-A407

Ms._ Tracy Malone SE&I/EN CM/DM
Capt. Ryan Findley GPSW/GP2S
Capt. Patrick Jackson GPSWI/GP2S
Capt. Neal Roach GPSW/ENR

Mr. Vimal Gopal SE&I/EN

Figure 103-3. Letters of Exception (continued).

34

IS-GPS705A
8 June 2010



.

BOEING -

The Boeing Company
2201 Seal Beach Blvd
Seal Beach, CA 90740-1515

June 28, 2010
NCS-GPSIIF-3100-SCP-10-0172

United States Air Force

Headquarters Global Positioning Wing (AFSPC)
Los Angeles Air Force Base

ATTN: Ms. Allison Flanagan, PCO

GPSW/GPK

483 N. Aviation Boulevard
El Segundo, CA 90245-2808

Subject:

Ref:

Contract F04701-96-C-0025; Global Positioning System (GPS) Block IIF, ADP 152,
Letter of Exception to IS-GPS-200E, dated 28 January 2010

PCOL 10-023 dated 19 March 2010, Request for Impact Assessment on IS-GPS-200E
Changes

Dear Ms. Flanagan:

The Boeing Company has reviewed IS-GPS-200E, dated 28 January 2010, for cost and schedule impacts.
Boeing approves IS-GPS-200E, dated 28 January 2010 with the following Exceptions. If these
exceptions are accepted, there is no cost or schedule impact.

Section 3.3.1.2 Correlation Loss: expanded scope of requirement (variable time difference)
would require additional testing/verification

Section 3.3.1.8 Signal Coherence: revised wording of requirement would require additional
analysis/verification

Section 3.3.1.5.1 Phase Quadrature: expanded scope of requirement (+/-100 miliradians)
would require additional testing/verification. Additionally, Bit 273 (Integrity Status Flag)
change levies a CS requirement.

Section 3.3.1.7.2 Group Delay Differential: including consideration of temperature and
antenna effects impacts IIF SV requirement

Section 20.3.3.3.1.3 SV Accuracy: expanded scope of requirement (URA Integrity
Properties) is out of scope to the existing IIF SV Contract

Globally, all references to Integrity Status Flag (ISF) and Bit 273 are new requirements
being levied on the CS

Should you require any additional information, please contact Mr. Steve Colletti at (562) 797-1333 or
the undersigned.

ntrg¢t Management
GPS Programs
sonja.c.peltz@boeing.com
(562) 797-1048

Attachments: none

cc:

Ms. Rei Okabayashi, ACODCMA/H014-A407

Ms. Tracy Malone SE&I/EN CM/DM
Capt. Ryan Findley GPSW/GP2S
Capt. Patrick Jackson GPSW/GP2S
Capt. Neal Roach GPSW/ENR

Mr. Vimal Gopal SE&I/EN

Figure 103-4. Letters ofException (continued).
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20 APPENDIX Il. GPS NAVIGATION DATA STRUCTURE FOR L5 CNAV DATA, D5(t)

20.1 Scope This appendix describes the specific GPS L5 civil navigation (CNAV) data structure denoted by,
D5(t).

20.2 Applicable Documents

20.2.1 Government Documents
In addition to the documents listed in paragraph 2.1, the following documetite @fsue specified contribute to

the definitionof the CNAV data related interfaces and form a part of this Appendix to the extent specified herein

Specifications
None

Standards
None

Other Publications

None

20.2.2 NonGovernment Documents
In addition to the documentisted in paragraph 2.2, the following documents of the issue specified contribute to

the definition of theCNAV data related interfaces and form a part of this Appendix to the extent specified herein.

Specifications
None

Other Publications

None

20.3 Requirements

20.3.1 Data CharacteristicsThe L5 channel data stream mostly contains the samesidite L2 C channel. The

data stream shall be transmitted by the SV on the L5 channel at the rate of 50 bps with rate 1/2 FEC resulting in 100

sps.

20.32 Message Structure As shown in Figures 20 through 2614, the L5 CNAV message structure ugkza

basic format of sisecond 30®it long messages. Each message contains a Cyclic Redundancy Check (CRC)

parity block consisting of 24 bits covering the entiresixond message (300 bits) (reference Section 20.3.5).

Message type 0 (zero) is definedbe the default messagi the event of message generation failure, the SV shall
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replace each affected message type with the default messageltygee event that a particular message is not

assigned (by the CS) a particular message type for hasgdhe SV shall generate and broadcast the default

message type in that message slot.

Currently undefined and unused message types are reserved for future use.

20.3.3 Message ContenEach message starts with ahiBpreamblé 10001011, followed bw 6-bit PRN number
of the transmitting SV, a-Bit message type ID, with a range of 0 (000000) to 63 (111111), and-thie héssage

Time of Week (TOW) count. When the value of the message TOW count is multiplied by 6, it represents SV time

in seconds ahe start of the next6 e c o n d

message.

An ndal

erto fl

ag,

when

that the SV User Range Accuracy (URA) and/or the SV User Differential Range Accuracy (UDRA) may be worse

than indicated in the respective messagees. 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.

< DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 100 BITS 2 SECONDS >
38
1 9 15 21 39 52 |55 66 71 82
PRN MESSAGE WN ¢ ;
6 6 TOW COUNT* " *® 5 o 1A
8BITS | 2 | aig 17 BITS 13 BITS 11BITS [g7g | 11BITS 19 MSBs
T MESSAGE TYPE ID L1 HEALTH i 1 BIT {T L URAe NDEX
L2 HEALTH i 1 BIT
PREAMBLE  "ALERT"FLAG -1BIT L5 HEALTH i 1 BIT
DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 2 SECONDS
101 108 133 150 173
1A A (R o Bo Mon
7 LSBs 25BITS 17 BITS 23 BITS 28 MSBs
DIRECTION OF DATA FLOW FROM SV MSB FIRST
100 BITS 2 SECONDS >
272
201|206 239 277
Mo en Un CRC
33BITS 33BITS 24 BITS

L

5

LSBs

INTEGRITY STATUS FLAG i 1 BIT| u)
L2C PHASING i 1 BIT|

RESERVED i 3 BITS

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

Figure 201. Message type 10Ephemeris 1
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- DIRECTION OF DATA FLOW FROM SY ———— MSB FIRST ———M—
- 100 BITS ——— 2 SECONDS >
38
1 9 15 21 39 50 83
PRN MESSAGE o
. 6 TOW COUNT* foe Qon o-n
8 BITS | BITS | BITS 17 BITS 11 BITS 33BITS 18 MSBs
t
MESSAGE TYPE ID
PREAMBLE  "ALERT"FLAG - 1 BIT
- DIRECTION OF DATA FLOW FROM SV ————— MSB FIRST —————
- 100 BITS —— 2 SECONDS >
101 116 133 148 164 180
L]
io-n A (‘2 io-n Cis-n Cic-n Crs-n
15 LSBs 17 BITS 15 BITS 16 BITS 16 BITS 21 MSBs
- DIRECTION OF DATA FLOW FROM SY ————— MSB FIRST ——M8M
- 100 BITS —— 2 SECONDS »>
201
204 228 249 270 277
Crc-n Cus-n Cuc-n CRC
24 BITS 21 BITS 21 BITS 7 BITS 24 BITS
‘[ t
Crsn -3 LSBs RESERVED
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 202. Message typél - Ephemeris 2
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DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS ——— 2 SECONDS >
38
1 9 15 21 39 50 |55 |58 |61 72 98
PRN Tgv%/scsgSET* fop foc aron
6 6 5
8BITS | BITS | BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
? URAc2 INDEX - 3 BITS
MESSAGE TYPE ID URAuy, INDEX - 3 BITS
PREAMBLE  "ALERT" FLAG - 1BIT URAoc INDEX ann i 3 MSBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS »>
101 118 128 141 154 167 180 193
afi-n as-n Tebp ISCricia ISCi2c ISCysis |SCL5Q5 oo
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 ——— 2 SECONDS »>
201 209 217 225 233 241 249 257 277
o1 o2 o3 Bo B1 B2 Ba RESERVED CRC
8 BITs 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 203. Message type 30Clock, IONO & Group Delay
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DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS —— 2 SECONDS »
38
1 9 15 21 39 50 55 |58 |61 72 98
PRN Tgv%/scsgSET* for foe aron
6 6 5
8 BITS BITS BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
f URA.c2 INDEX - 3 BITS
MESSAGE TYPE ID URAoe INDEX - 3 BITS
PREAMBLE "ALERT" FLAG - 1 BIT URAoc INDEX anni 3 MSBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS >
101 118 128 141 149 180
A : t Reduced Almanac Reduced Almanac
fn arzn WNan o Packet 1 Packet 2
17 LSBs 10 BITS 13 BITS 8 BITS 31BITS 21 MSBs
DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS ——— 2 SECONDS >
201 211 242 273 277
Reduced Almanac Reduced Almanac CRC
Packet 3 Packet 4 4
10 LSBs 31 BITS 31 BITS BITS 24 BITS
o t
Reduced Almanac Packet 2 RESERVED
* MESSAGE TOW COUNT =17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 204. Message type 31Clock & ReducedAlmanac
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DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS ——— 2 SECONDS >
38
1 9 15 21 39 50 |55 |58 |61 72 98
PRN MESSAGE .
. . TOW COUNT* fo 5 foc o
8 BITS | BITS | BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
f URAqc2 INDEX - 3 BITS
MESSAGE TYPE ID URAu.. INDEX - 3 BITS
PREAMBLE  "ALERT"FLAG - 1BIT URAc INDEX anni 3 MSBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS >
101 118 128 144 165 180
ann arn teop PM-X PM-X PM-Y
17 LSBs 10 BITS 16 BITS 21 BITS 15 BITS 21 BITS
DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS ——— 2 SECONDS »>
201 216 247 266 277
L]
PM-Y AUT1 AUT1 RESERVED CRC
15 BITS 31BITS 19 BITS 11 BITS 24 BITS
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 205. Message type 32Clock & EOP
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DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS ——— 2 SECONDS >
38
1 9 15 21 39 50 |55 |58 |61 72 98
PRN Tgv%/scsgSET* fo foc aon
6 6 5
8BITS | BITS | BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
? URAqc2 INDEX - 3 BITS
MESSAGE TYPE ID URAu.. INDEX - 3 BITS
PREAMBLE  "ALERT"FLAG - 1BIT URAc INDEX anni 3 MSBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS >
101 118 128 144 157 164 172 188
afi-n arn-n Ao-n Ain Az2n Ats tot WNot
17 LSBs 10 BITS 16 BITS 13 BITS 7BITS | 8 BITS 16 BITS 13 BITS
DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS ——— 2 SECONDS »>
201 214 [218 226 277
WNLsr DN | Atise RESERVED CRC
4
13 BITS BITS| 8 BITS 51 BITS 24 BITS
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 206. Message type 33Clock & UTC
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DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS >
38
1 9 15 21 39 50 |55 |58 |61 72 98
PRN MESSAGE i i a
* op oc f0-n
6 6 TOW COUNT 5
8BITS | BITS | BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
1
| URAc2 INDEX - 3 BITS
MESSAGE TYPE ID URAqc1 INDEX - 3 BITS
PREAMBLE  "ALERT"FLAG - 1 BIT URA,c INDEX anni 3 MSBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS >
150
101 118 128 139 151 185
af1-n as-n top—D tob CDC EDC
17 LSBs 10 BITS 11 BITS 11 BITS 34 BITS 16 MSBs
DC DATATYPE | 1BIT
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS »
201 277
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 = Ephemeris Differential Correction
Figure 207. Message type 34Clock & Differential Correction
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- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS »
38
1 9 15 21 39 50 55 |58 |61 72 98
PRN MESSAGE t t a
% op 0C fO-n
6 6 TOW COUNT 5
8 BITS BITS BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
A
MESSAGEITYPE D URAc2 INDEX - 3 BITS
URA.c1 INDEX - 3 BITS
PREAMBLE "ALERT" FLAG - 1 BIT URA.c INDEX ann i 3 MSBs
< DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS »
101 118 128 144 1571159 176 189 196
asn an-n teeto WNgaTo AoccTo Aiceto  |A26GTO
17 LSBs 10 BITS 16 BITS 13 BITS 16 BITS 13 BITS 7 BITS|5BITS
RESERVED —f
GNSSID1T 3BITS
« DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS >
201 277
RESERVED CRC
76 BITS 24 BITS
* MESSAGE TOW COUNT = 17 MSB OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 208. Message typ85- Clock & GGTO
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- DIRECTION OF DATA FLOW FROM SV ————— MSB FIRST
- 100 BITS —— 2 SECONDS >
38
1 9 15 21 39 50 |55 |58 |61 72 98
PRN MESSAGE ; ; a
% 0p oc fo-n
5 5 TOW COUNT 5
8BITS | BITS | BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
Y
SSAG [ URAoc2 INDEX - 3 BITS
MESSAGE TYPE ID URAoc1 INDEX - 3 BITS
PREAMBLE  "ALERT" FLAG - 1 BIT URA.c INDEX an i 3 MSBs
- DIRECTION OF DATA FLOW FROM SV ———— MSB FIRST
- 100 BITS ——— 2 SECONDS >
101 118 128
asn afn TEXT MESSAGE (18 8-BIT CHAR)
17 LSBs 10 BITS 73 MSBs
- DIRECTION OF DATA FLOW FROM SV ———— MSB FIRST
- 100 BITS —— 2 SECONDS »>
276
201 272 ||277
TEXT MESSAGE (18 8-BIT CHAR) CRC
4
71 LSBs BITS 24 BITS

TEXT PAGE —T T— RESERVED ' 1 BIT

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

Figure 209. Message type 36Clock & Text
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- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS >
38
1 9 15 21 39 50 |55 |58 |61 72 98
6 6 5
8 BITS BITS BITS 17 BITS 11 BITS BITS 11 BITS 26 BITS
1
SSAG ' URAoc2 INDEX - 3 BITS
MESSAGE TYPE ID URAoc1 INDEX - 3 BITS
PREAMBLE  "ALERT" FLAG - 1 BIT URAoc INDEX anni 3 MSBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS »>
101 118 128 141 149 |155|158 169 180 191
arn ar-n WN,, toa PRN, e Ji S JA
17 LSBs 10 BITS 13 BITS 8 BITS |6 BITS 11 BITS 11 BITS 11 BITS | 10 MSBs
L1 HEALTH 1 BIT 4
L2 HEALTH i 1 BIT
L5 HEALTH T 1 BIT
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS »>
201 208 224 240 256 267 277
JA Qp ® Mo ap an CRC
7 LSBs 16 BITS 16 BITS 16 BITS 11 BITS 10 BITS 24 BITS
* MESSAGE TOW COUNT = 17 MSBs OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure20-10. Message Type 37Clock & Midi Almanac
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DIRECTION OF DATA FLOW FROM SV —— MSB FIRST
- 100 BITS 2 SECONDS »
38
1 9 15 21 39 52 60 91
PRN MESSAGE WN t Reduced Almanac
5 6 TOW COUNT* an oa Packet 1
8 BITS BITS BITS 17 BITS 13 BITS 8 BITS 31 BITS 10 MSBs
T MESSAGE TYPE ID Reduced Almanac Packet 2 —1
PREAMBLE "ALERT" FLAG - 1 BIT
- DIRECTION OF DATA FLOW FROM SV ——— MSB FIRST
- 100 BITS 2 SECONDS >
101 122 153 184
Reduced Almanac Reduced Almanac Reduced Almanac Reduced Almanac
Packet 2 Packet 3 Packet 4 Packet 5
21 LSBs 31 BITS 31 BITS 17 MSBs
DIRECTION OF DATA FLOW FROM SV ——— MSB FIRST
- 100 BITS ——— 2 SECONDS >
201 215 246 277
Reduced Almanac Reduced Almanac Reduced Almanac CRC
Packet 5 Packet 6 Packet 7
14 LSBs 31 BITS 31 BITS 24 BITS
* MESSAGE TOW COUNT =17 MSBs OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
Figure 2011. Message typé2 - Reduced Almanac
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DIRECTION OF DATA FLOW FROM SV MSB FIRST
-« 100 BITS 2 SECONDS -
38 61 %6
1 9 15 21 39 50 62 97
PRN MESSAGE coe
6 . TOW COUNT* top-0 too
8BITS | BITS | BITS 17 BITS 11 BITS 11 BITS 34 BITS
[ i

T

[
MESSAGE TYPE ID

I
DC DATATYPET 1BIT

DC DATATYPE T 1BIT J

PREAMBLE  "ALERT"FLAG - 1BIT CDC - 4 MSBs
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS -
131 166
101 132 167
cDC cbC cDC
30 LSBs 34 BITS 34 BITS
DC DATATYPE i 1BIT DC DATATYPE i 1BIT
- DIRECTION OF DATA FLOW FROM SV MSB FIRST —
- 100 BITS 2 SECONDS »>
201 236
202 237 271|277
cDC cbe CRC
6
34 BITS 34 BITS BITS 24 BITS
1
L DC DATATYPE i 1BIT I f
DC DATATYPE T 1BIT RESERVED
* MESSAGE TOW COUNT = 17 MSBs OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
CDC = Clock Differential Correction
Figure 2012. Message typé&3 - Clock Differential Correction
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- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS >
38 61
1 9 15 21 39 50 62
PRN MESSAGE EDC
5 6 TOW COUNT* fop-0 too
8BITS | BITS | BITS 17 BITS 11 BITS 11 BITS 39 MSBs
t t
MESSAGE TYPE ID DC DATATYPE i 1BIT
PREAMBLE  "ALERT"FLAG - 1 BIT
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS »
154
101 155
EDC EDC
53 LSBs 46 MSBs
DC DATATYPE i 1BIT
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS 2 SECONDS >
201 247 277
EDC RESERVED CRC
46 LSBs 30 BITS 24 BITS
* MESSAGE TOW COUNT = 17 MSBs OF ACTUAL TOW COUNT AT START OF NEXT 6-SECOND MESSAGE
EDC = Ephemeris Differential Correction
Figure 2013. Message typé&4 - EphemeriDifferential Correction
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< DIRECTION OF DATA FLOW FROM sV MSB FIRST
- 100 BITS — 2 SECONDS >
38
1 9 15 21 39
PRN MESSAGE )
. . TOW COUNT* TEXT MESSAGE (29 8-BIT CHAR)
8 BITS | BITS | BITS 17 BITS 62 MSBs
t
MESSAGE TYPE ID
PREAMBLE "ALERT" FLAG - 1 BIT
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS ——— 2 SECONDS >
101
TEXT MESSAGE (29 8-BIT CHAR)
BITS 63-162
< DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 100 BITS —— 2 SECONDS >
275
201 271 277
TEXT MESSAGE (29 8-BIT CHAR) CRC
4
70 LSBs BITS 24 BITS

TEXT PAGE —T T— RESERVED 1 2 BITS

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

Figure 2014. Message typé5 - Text
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20.3.3.1 Message Types 10 and 11 Ephemeris and Health Parameters

20.3.3.1.1 Message Typed0 and 11 Ephemeris and Health Parameter Cont€hé contents of the SV health,

ephemeris representation and accuracy parametargessageypes 10 and 11 are defined beldwllowed by
material pertinent to the use of the daldessage typed, in conjunction with message tydel, provides users with
the requisite data to calculate SV position. The general format of messageQtgpek 1 consiss of data fields for
reference time tags, a set of gravitational harmonic correction terms, rateseandrrattions to quasieplerian

elements, and an accuracy indicator for ephenneliged data.

The ephemeris parameters in the message type 10 and type 11 describe the orbit of the transmitting SV during the
curve fit intervals of three hoursThe nominal transmission interval is two hours, and shall coincide with the first

two hours of the curve fit interval. The periodagplicability for ephemeris data coincides with the entire three

hour curve fit interval. Table 201 gives the definition of theorbital parameters using terminology typical of
Keplerian orbital parameters; it is noted, however, that the transmitted parameter values are expressed such that they
provide the best trajectory fit in Ear@entered, Eartirixed (ECEF) coordinates for daspecific fit interval. The

user shall not interpret intermediate coordinate values as pertaining to any conventional coordinate system.

Any change in thenessageaype 10 and 11 ephemeris data will be accomplished with a simultaneous change in the
toe Value (t,e =Ephemeris data reference time of weekhe CS(Block IIF) or SV (Block I1IA) will ersure that the
toe Value, for at least the first data set transmittedrb$\ after an upload, is different from that transmitted prior to

the cutover. See Section 20.3.4.5 6f3BS200 for additional information regarding.t

The CNAV message will contain information that allows users to operate when integrity is as3iniedis
accomplished using an integrity assured URA value in conjunction with an integrity status flag. The URA value is
the RSS of URAoe and URAoc; URA is integrity assured to the enhanced level only when the integrity status flag is

ilo.

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 probability that the instantaneous URE of
the conveying signal exceeds42 times thaipper bound value of theurrent broadcast URMAdex, for more than

5.2 seconds, without an accompanying alert, is less than T geiChour. A "1" in bitposition 272 indicates that

the conveying signal is provided with an enhanced lefehtegrity assurance. That is, the probability that the
instantaneous URE of the conveying signal exceeds 5.73 timepjle bound value of traurrent broadcast URA

index for more than 5.2 seconds, without an accompanying alert, is less than®lperiffour. The probabilies

associated with the nominal and lower bound values of the current broadcast URA index are not defined.
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In this context, an "alert" is defined as any indication or characteristic in the conveying signal, as specified
elsewhere in this document, which signifies that the conveying signal may be invalid and should not be used, such
as, not Operationdflealthy, NonStandard Code, parity error, etc. In this context, the term URA refers to the

composite URA, calculated dset rootsumsquared of the individual URA components in the conveying signal.

Bit 273 of Message Type 10 indicates the phase relationship eh2€&=and P(Y) as specified iedion 3.3.1.5.1
of ISSGPS200

20.3.3.1.1.1Transmission Week NumherBits 39 through 51 of message type 10 shall contain 13 bits which are a

modulo-8192 binary representation of the current GPS week number at the start of the data set transmission interval
(see paragraph 6.2.4 of-(8PS200).

20.3.3.1.1.2Signal HealthL1/L2/L5). The three, orit, health indication in bits 52 through 54 of message type
10 refers to the L1, L2, and L5 signals of the transmitting SV. The health of each signal is indicated by,

0 = Signal OK,

1 = Signal bad or unavailable.

The predtted health data will be updated at the time of upload when a new data set has been built by the CS. The

transmitted health data may not correspond to the actual health of the transmitting SV

Additional SV health data are given in the almanaméssagdypes 12,31, and 3. The data given inmessage
type 10 may differ fronthat shown in the other messages of the transmitting SV and/or other SVs since the latter

may be updated at a different time.

20.3.3.1.1.3Data Predict Time of WeelBits 55 throgh 65 of message type 10 shall contain the data predict time

of week (tp). The tpterm provides the epoch time of week of the state estimate utilized for the prediction of satellite

guastKeplerian ephemeris parameters.

20.3.3.1.1.4 SV Accuracy Bits 66 through70 of message type 16hall contain theephemeris User Range
Accuracy URA,e) index of the SV for the unauthorized (nBrecise Positioning Service) user. The URAdex
shall provide the ephemerislated user range accuracy index of the SVaaunction of the current ephemeris
message curve fit intervalWhile the ephemeriselated URA may vary over the ephemeris message curve fit
interval, the URA, index (N) inmessagaype 10 shall correspond to the maximum URA&Xxpected over the entire

curve fit interval
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The URAi ndex is a signed, t wobds compilé and ihds thé foltowirge r

relationship to the ephemeris URA:

URA,. Index URA,. (meters)

15 6144.00 < URA

14 3072.00 < URA, < 6144.00
13 1536.00 < URA, < 3072.00
12 768.00 < URA, < 1536.00
11 384.00 < URA, < 768.00
10 192.00 < URA, < 384.00
9 96.00 < URA, < 192.00
8 48.00 < URA, < 96.00
7 24.00 < URA, < 48.00
6 13.65 < URA, < 24.00
5 9.65 < URAg, < 13.65
4 6.85 < URA, < 9.65
3 485 < URAg, < 6.85
2 340 < URA, < 4.85
1 240 < URA, < 3.40
0 1.70 < URA, < 2.40
-1 120 < URA, < 1.70
-2 0.85 < URA, < 1.20
-3 0.60 < URA, < 0.85
-4 043 < URA, < 0.60
-5 0.30 < URA, < 0.43
-6 0.21 < URA, < 0.30
-7 015 < 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 < URAg, < 0.04
-13 0.02 < URA, < 0.03
-14 0.01 < URA, < 0.02
-15 URAy, < 0.01
-16 No accuracy predictioavailablé 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)

20.3.3.1.2 Message Types 10 and 11 Ephemeris Parameter Characteristms each ephemeris parameter

contaned inmessageypes 10 and 11, the number of bits, the scale factor of the least significant bit (LSB) (which is
the last bit received), the range, and the units are as specified in Tabl&&8 Figures 2Q and 262 for complete

bit allocation inmessageypes 10 and 11.
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20.3.3.1.3 User Algorithm for Determination of SV Pitiesn. The user shall compute the ECEF coordinates of

position for the SVés antenna phase center (IAPE€) util i
ephemeis parameters are Keplerian in appearance; the values of these parameters, however, are produced by the CS
(Block IIF) or the SV (Block IIA) via a least squares curve fit of the predicted ephemeris of the SV APC (time

position quadruples; t, x, y, z exgased in ECEF coordinatesRarticulars concerning the applicable coordinate

system are given in Sections 20.3.3.4.3.3 and 20.3.3.4.3.4GP $200.

The sensitivity of the SV&s position to snhasehsitiyiyer t ur ba
of position to the parameters A,.G and G, is about one meter/meter. The sensitivity of position to the angular
parameters is on the order of®lfeters/semtircle, and to the angular rate parameters is on the order'df 10
meters/emi-circle/second. Because of this extreme sensitivity to angular perturbations, the valusedfin the

curve fitis given herexri s a mat hemati cal constant, the ratdi®@ of a ¢

taken as 3.1415926535898.
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Table20-I. Message Typel0 and 11 Paramete(4 of 2)

Scale
Parameter No. of Factor Effective
Symbol Parameter Description Bits** (LSB) Range*** Units
WN Week No. 13 1 weeks
URA. INDEX | SV accuracy 5* (see text)
Signal health 3 1 (see text)
(L1/L2/L5)
top Data predict time of week 11 300 604,500 | seconds
g\ FFrx Semimajor axis difference @ 26* 2° meters
reference time
A Change rate in sermajor 25* 2% metergsec
axis
®9 Mean Motion difference from
computed value at refereng 17* 24 semicircles/sec
time
=% Rate of mean motiof 23* 2”7 semicircles/set
difference from computeq
value
Mon Mean anomaly at referenq  33* 2% semicircles
time
e Eccentricity 33 234 0.03 dimensionless
o Argument of perigee 33* 232 semicircles
* Parameters so indicated ar e t)owupyngheoMsB] e me

*x See Figur@0-1 for complete bit allocation imessage typ#0;

*kk Unless otherwise indicated in this column, effective range is the maximum range attainab
indicated bit allocation and scale factor.

Fkkk Relative toAgree = 26,559,710 raters.
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Table20-I. Message Typel0 and 11Parameterq?2 of 2)
Scale
Parameter No. of Factor | Effective
Symbol Parameter Description Bits** (LSB) | Range*** Units
toe Ephemeris data reference time of week 11 300 604,500 | seconds
Qon**** Reference right ascension angle 33* 2% semicircles
A é x| Rate of right ascension difference 17* 24 semicircles/sec
ion Inclination angle at reference time 33* 2% semicircles
i Rate of inclination angle 15* 2% semicircles/sec
Cisn Amplitude of the sine harmonic correctic  16* 2% radians
term to theangle of inclination
Cicn Amplitude of the cosine harmoni 16* 2% radians
correction term to the angle of inclination
Cisn Amplitude of the sine correction term 24* 28 meters
the orbit radius
Cien Amplitude of the cosine correction term| 24* 28 meters
the orbit radius
Cusn Amplitude of the sine harmonic aection | 21* 2% radians
term to the argument of latitude
Cucn Amplitude of the sine harmonic correcti¢  21* 2% radians
term to the argument of latitude
* Parameters so indicated ar e t)wecupgng heoMsB;] e me
*x See Figur@0-1 and Figure20-2 for complete bit allocation imessagéypesl0 and 11
rkk Unless otherwise indicated in this column, effective range is the maximum range attainab,
indicated bit allocation and scale factor.
ek Qo is the rightascension angle at the weekly epo@.() propagated to the reference time at the
of right ascensionQREF Table 20Il }.
Fokkkok Relative tos'zREF =-2.6 x 10° semicircles/second.

56 IS-GPS705A
8 June 2010



Table20-II. Elements of Coordinat8ystem (part 1 of 2)

Element/Equation

n = 3.986005 x 11 meterd/sed
Q. = 7.2921151467 x I0rad/sec
A= Ager+ AA *

A=A+ (A) t

=t toe ™
Ana=Ang+ 1 %&n
Na = Ng+ ANy

My = Mg+ na ty

M = ET &,sin K

sinv
Vg = tan'l k
COSV,

J1-¢e,% sinE, / ¢-e, cosE,

= tan*

¢osE, —e, |/ (-e, cosE,
k n_t n k

E. = cos’ €, +CoSvy
1+e,cosv,

Description
WGS 84 value of t
user
WGS 84 value of t

SemiMajor Axis at reference time

SemiMajor Axis

Computed Mean Motion (rad/sec)

Time from ephemeris reference time

Mean motion difference from computed value

Corrected Mean Motion
Mean Anomaly

Kepl erdéds equation
(may be solved by iteration)

True Anomaly

Eccentric Anomaly

he

he

f

earth

ear t h

or Ec g

* Aree= 26,559,710 meters

** tis GPS system time at time of transmission, i.e., GPS time corrected for transit time (range/speed
Furthermore, tshall be the actuabtal difference between the timieand the epoch timgg and must accour

for beginning or end of week crossovers. That ig istgreater than 302,400 seconds, subtract 604

seconds fromyt If t is less than302,400 secors] add 604,800 seconds o t
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Table20-Il. Elements of Coordinate Syste(part 2 of 2)

Element/Equation *

Description

Dy = v+ o

Su = GCuenSin2Dy + C,.,COS2Dy
8re = GepSiN2D, + C.,cOS2Dy
Six, = GCgpsin2Dy + Ci..,cOS2Dy

U = @ +duy
e = A(l7 e, cos k) +dr,
ik = io—n + (iotn )tk + 6|k

XK = I COSUy

ykI = [ Sinuy

é :dREF+ Q°£***
Q= Qoo+ (AT D)t i Qetoe

Xk = X COSQ — Yi' COSiy SiNQy
Yk = X SinQy + ' cosiy cosy

Zy = Yi'Siniy

Argument of Latitude
Argument of Latitude Correction Second Harmonic

Radial Correction Perturbations

Inclination Correction
Corrected Argument of Latitude

Corrected Radius

Corrected Inclination

Positions in orbital plane

Rate of Right Ascension

Corrected Longitude of Ascending Node

Earthfixed coordinates of SV antenna phase center

ok £}2REF: —2.6 x 10° semicircles/second.
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20.3.3.2 Message Types 3irough J SV Clock Correction Parameters

20.3.3.2.1Message Types 30 througfi 3V Clock Correction Parameter Contefihe clock parameters in any one
of messagetypes 30 through Bdescribe the SV time scale during the period of validifyhe parameters are
applicable during the time in which they are transmitted. Beyond that time they are still applicable, however, the

most recent data set should be used since the accuracy degrades over time.

The general format ahessageaypes 30 throulg 37 includes data fields for S¥lock correction coefficientsAny
one ofmessage types 30 througl B conjunction with message types 10 and 11 provide users with the requisite
data to correct SV time and to calculate SV position precidalgeneral any messagef type 30to 39will provide

SV clock correction parameters as described in this section.

20.3.3.2.1.1 SV Clock Correction Any one ofmessagdypes 30 through J, Figure 263 through Figure 200,

contains the parameters needed by therafer apparent SV clock correctiorBits 61 to71 containt,, clock data
referencetime of week. Bits72to 127 contain SV clock correction coefficientd he related algorithm is given in

paragraph 20.3.3.3.

20.3.3.2.1.2Data Predict Time of WeekBits 39 through49 of message types 30 through $hall contain the data

predict time of week ). The tp term provides the epoch time of week of the state estimate utilized for the

prediction of SV clock correction coefficients.

20.3.3.2.2 Clock Parameter Chacteristics The number of bits, the scale factors of the LSB (which is the last bit

received), the range, and the units of clock correction parameters shall be as specified in-Mable 20

20.3.3.2.3User Algorithms for SV Clock Correcth Data The algorithms defined in paragraph 20.3.3.3.3.1 of IS

GPS200 allow all users to correct the code phase time received from the SV with respect to both SV code phase
offset and relativistic effects. However, since the SV clock corrections afiegs in paragraph 20.3.3.3.3.1 of IS
GPS200 are estimated by the CS using dual frequency L1 and L2 P(Y) code measurements, tfrecirgley

L5 user and the dudtequency L1 and L5, and L2 and L5 users must apply additional terms to the SV clock

corrections equations. These terms are described in paragraph 20.3.3.3.1.
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Table 20lII. Clock Correction and Accuracy Parameters
Scale
Parameter No. of Factor Effective
Symbol Parameter Description Bits** (LSB) Range*** Units
toc Clock Data Reference Time of Week 11 300 604,500 seconds
URA Index | SV Clock Accuracy Index 5* (see text)
URA Index | SV Clock Accuracy Change Index 3 (see text)
URA,;Index | SV Clock Accuracy Change Rate Index 3 (see text)
Aon SV Clock Drift Rate Correction Coefficien| 10* 290 sec/set
&1n SV Clock Drift CorrectionCoefficient 20* 248 sec/sec
Aon SV Clock Bias CorrectiorCoefficient 26* 2% seconds
* Parameters so indicat e dsigabité¢+ot)weamupyng heoMss; e me n
*x See Figurse20-3 through 2610 for complete bit allocation imessage tyme30 to 37
*kk Unless otherwise indicated in this column, effective range is the maximum range attainab
indicated bitallocation and scale factor.

20.3.3.2.4 SV Clock Accuracy EstimatesBits 50 through 54, and 55 through 57, and 58 through 60 of message
types 30 through Bshall contain thedJRA,. Index, URA,.; Index, and URA., Index, respectively, of the SV

(reference paragraph 6.2.1) for the unauthorized usbe URA,. Index together with URA; Index and URA.»
Index shall give the clockelated user range accuracy of the SV as a function of time since the predigtioaed

to generate the uploadedack correction polynomial terms.

Clock-related URA (URAoC) accounts for sigralspace contributions to user range error that include, but are not
limited to, the following: the net effect of clock parameter and code phase error in the transmittieidsgingle
frequency users who correct the code phase as described in S€c8@313.1.1.1as well as the net effect of clock
parameter, code phase, and intersignal correction error foifrégakency L1/L2 and L1/L5 users who correct for

group delayand ionospheric effects as described in Se@®B.3.3.1.2.2

The user shall calculate the cleekated URA with the equation (in meters);
URA= URAqh + URAG (t-top) for t-t,,< 93,600 seconds

URA,= URAqc, + URA ¢ (t -top) + URAGeo (t-t,,-93,600F for t-t,,> 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 correction parameters.
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The CS shall derive UR#, at time t, which, when used together with URAand URA. in the above equations,
results in the minimum URAthat is greater than the predicted URAuring the entire duration up to 14 days after

top.

The user shall use the broadcast URAdex toderive URAy T h e

the range of +15 t616 and has the following relationship to the cleekateduser derivedJRAq

URA Index

15
14
13
12
11
10

P NDWSOOTO N O

-6
-7
-8
-9
-10
-11
-12
-13
-14
-15
-16

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 availaldleuse at own risk

URA., (meters)

ANNNNANNANNANANNANANANNNANNNANNANANNANNANNNANNNANNNNANNANAN

URAuc
URAu
URAu
URAu
URAp
URAp
URAp
URAp
URAp
URAp
URAp
URAp
URAp
URAp
URAu
URAu
URAo
URAu
URAu
URAu
URAu
URAu
URAu
URAu
URAp
URAp
URAp
URAp
URAp
URAp
URAp

AN VAN VAN VAN VAN VAN VAN AN VAN VAN VAN AN VAN AN VAN VAN VAN VAN VAN VAN VAN VAN VAN VAN VAN VAN VAR VANR VAN VAN

ndex

6144.00
3072.00
1536.00
768.00
384.00
192.00
96.00
48.00
24.00
13.66
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

i s

a

signed,

t woos

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

20.3.3.1.1).
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The user may use the upper bound value in the JJRAnge correspondinto the broadcast index, thereby
calculating the maximum URAthat is equal to or greater than the CS predicted {JRXk the user may use the
lower bound value in the range which will provide the minimum YRWKat is equal to or less than the CS prestic
URA,,

The transmitted UR4; Index is an intger value in the range 0 to TWIRA,.; Index has the following relationship to
the URA::

1
URA 1 = 2—N (meters/second)

where
N =4 + URAy1 Index

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

1
URA = 2—N (meters/secordecondl
where
N = 25 + URA, Index

20.3.3.3 Message Type 30 lonospheric and Group Delay Cbare Parameters

20.3.3.3.1 Message Type 30 lonospheric and Group Delay Correction Parameter CoMensage type 30

provides SV clock correction parameters (ref. Section 20.3.3.2) and ionospheric and group delay correction

parameters. Bits 128 thrghi 192 of message type 30 provide the group delay differential correction terms for L1,

L2, andL5 signal users. Bits 193 through 256 provide the ionospheric correction parameters for single frequency

user. The following algorithms shall apply when irnpeetingthe correction parameteirsthe message.

20.3.3.3.1.1 Estimated L1 2 Group Delay Differential The group delay differential correction termsgpl
ISCLica, ISGoc are contained in bit§28through166 of message typed3 See paragrapB0.3.3.3.11 of ISGPS
200. The bit lengtls, scale factors, ranges, and units of these parameters are given in T4le PBesegroup

delay differential correction terms are also used for the benefit of single frequeiByab8l L5Q5 users and dual

frequency L1/L5 and L2/L5 users
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20.3.3.3.1.1.1L1/L 2 Inter-Signal Group Delay Differential CorrectiorSee paragraph 30.3.3.3.1.1.1 ofGPS
200.

20.3.3.3.1.2Estimated L5 Group Delay Differentiallhe group delay differential correction termigp 1SC 55 and

ISCisqs, for the benefit of single frequency 15 and L5Q5 users and dual frequency L1/L5 and L2/L5 users are

contained in bitsl28 through 140 and 167 through 18P messageype ¥ (see Figure 28 for complete bit

allocation) The bitlengtts, scale factors, ranges, and units of these parameters are given in Tilfle e bit

string of0OOGHL ODHWDIOIO0Ii ndi cate that the group delay value
given in paragraphs 20.3.3132.1, 20.3.3.31.2.2 and 20.3.3.3.2.3.

Table 201V. Group Delay Differential Parameters ****
No. of Scale Factor Effective
Parameter Bits** (LSB) Range*** Units
Tob 13* 2% seconds
ISCiicia 13* 2% seconds
1SCrac 13* 2% seconds
ISCisi5 13* 2% seconds
ISCisqs 13* 2% seconds
*Parameters so indicated ar e 9 acaupymgtieedMBB; | e me n {
*x See Figure 2@ for complete bit allocation imessagédype 30;
*kk Effective range is the maximum ranggainable with indicated bit allocation and scale factor;
*¥»* The bit string of fA10000000000000 wildl i ndi

20.3.3.3.1.2.1L1/L5 Inter-Signal Correction The L5 correction termslgp, ISC 55 and 1SGsqs are provided by
the CS to account for the effect witer-signal biasedetweenLl P(Y) and L2 P(Y),L1 P(Y) and L5 I5 and

between L1 P(Y) and5 Q5, respectively. These valuase initially based on measurements made by the SV

contractor during SMnanufacture. The values dtp andl SCds f or each SV may be sub
reflect the actual eorbit group delay differential.For maximum accuracy, the single frequencylbfisermust
use the correction terms to make further modificatiortheéccode phase offsit paragraph 20.3.3.3.3.1 of-GPS

200 with the equatian

(Atsy)isis = Atgy T Tep + ISCsis
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where Tgp (see paragraph 20.3.3.3.3.2 8{G6PS200) and ISG;s (described in paragraf#0.3.3.3.1.2) are provided
to the user asnessagetype 30 data. For maximum accuracy, the single frequency Q5 user must use the

correction terms to make further modifications to the code phase offset given by:

(Atsy)isgs = Atsy T Tgp + I1SGisgs
where ISGsqs (described irparagrapt20.3.3.3.1.2is provided to the user asessageype 3 data.

The values of ISGs and 1SGsqgs are measured values that represent the mean SV group delay differential between

the L1 P(Y)}code and the L¥-code or L5Q5-code respectively as follows.

ISCisis = tapyy T tsis
ISCisgs = tupy) T tisgs

where ti is the GPS time thé"ifrequency x signa(a specific epoch of the signdh transmitted from the SV

antenna phase center.

20.3.3.3.1.2 L1/L5 lonospheric Correction The two fequency (L1C/A and L5 I5) user shall correct for the

group delay and ionospheric effects by applying the relationship:

(PRisis —115PRLicia) + C(ISCisis - 7151SClac/a) _
1-v1s

PR=

CTep

The two frequency (L1 C/A and L5 Q5) user shall correct for the group deldipnospheric effects by applying

the relationship:

_ (PRL5Q5 —Y158PRiic/a) + C(ISCL5Q5 -¥151SClic/a)

PR —CTgp
1-v15
where
PR = pseudorange corrected for ionospheric effects,
PR = pseudorange measured onthannel indicated by the subscript

ISG = intersignal correction for the channel indicated by the subscripip@egrapt20.3.3.3.1.2,
Tep = see paragraph 20.3.3.3.3.28{GPS200
c = speed of light (see paragraph 20.3.4.3),
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and where, denoting the nominal center frequencies of L1 and |.baaslff 5 respectively
vis = (fu/fis)?® = (1575.42/117@5) = (154/1155.

20.3.3.3.1.2.3L2/L5 lonospheric CorrectionThe two frequency (LZ and L5 15) user shall correct for the group

delayandionospheric effects by applying the relationship:

PR= (PRisis _stl:’Rl_zci+ C(ISCy 515 -7251SCiac) Tep
~Vas

The two frequency (LZ and L5 Q5) user shall correct for the group daaglionospheric effest by applying the

relationship:
PR —7-,:PR +c(ISC -v56lSC
PR:( 15Q5 ~ Y25 L 2c) +¢( 15Q5 ~ V25 L2c) T
1-v,5
where
PR = pseudorange corrected for ionospheric effects,
PR = pseudorange measured ont¢hannel indicated by thsubscript

ISG = intersignal correction for the channel indicated by the subs(zga paragrap®0.3.3.3.1.2,
Tep = see paragraph 20.3.3.3.3.28{GPS200
c = speed of light (see paragraph 20.3.4.3)

and where, denoting the nominal ceritequencies of L2 and L5 ag &ind {s respectively.
Yos = (foffis)® = (1227.6/1176.45) = (24/23F

20.3.3.3.1.3 lonospheric Data The i onospheric parameters whi ch al | c
ionospheric model for computatiarf the ionospheric delay are containedriessagey pe 3 0 . The fione f

user should use the model given in Figured2tf ISGPS200 to make this correction. The calculated valueQf T

(Tiono= iOnospheric correction parametarthe model iseferred to the L1 frequency; if the user is operating on the

L5 frequency, the correction term must be multipliedyt$y (reference paragraph 20.3.3.3.1.2.2). It is estimated

that the use of this model will provide at least a 50 percent reductionsintflef r equency wuser 6s RMS
ionospheric propagation effects. The bit lengths, scale factors, ranges, and units of these parameters are given in
Table 20X of IS-GPS200 (See Figure 28 for complete ionospheric bit allocation).

The ionospheric data shall be updated by the CS at least once every six days while the CS is able to upload the SVs.

If the CS is unable to upload the SVs, the ionospheric data transmitted by the SVs may not be accurate. During
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extended operations or the Autonav mode, if the CS is unable to upload the SVs, the use of this model will yield

unpredictable results.

20.3.3.3.1.4 Example Application of Correction Parameter#\ typical system application of the correction

parameters for a user receiversisown inFigure 2015. The ionospheric model referred to Fingure 2015 is

discussed in paragraj20©.3.3.3.1.3

Tep*, IS ** 1SCac**, I1SCisis* , ISCisos®
GD Clicia L2C Cisis L5Q5 ESTIMATE OF SV

TRANSMISSION TIME

afOl al! aZ! tOC
l v
CLOCK <
Aty ——p CORRECTION
POLYNOMIAL
Atsy
TROPOSPHERIC
MODEL <
CODE PHASE OFFSET T
- TRUE SV CLOCK EFFECTS tropc
— - EQUIPMENT GROUP DELAY + < )
DIFFERENTIAL EFFECTS
IONOSPHERIC
- RELATIVISTIC EFFECTS VIODEL <
A
——Clp, Bn '\
Ty
+ _ + FILTER AND H
+ + @—> COORDINATE >
y CONVERTER USER POSITION,
N _ N VELOCITY and
TIME (CLOCK BIAS)
GPS TIME PATH DELAY
- GEOMETRIC
- TROPOSPHERI! PSEUDORANGE - RANGE DATA FROM
- IONOSPHERIC* | DIVIDED BY THE OTHER SATELLITES
SPEED OF LIGHT - CALIBRATION DATA
+ - AUXILIARY SENSOR
+ USER CLOCK BIAS
* SINGLE FREQUENCY AND DUAL
+ FREQUENCY (L1/L5 AND L2/L5)
USERS
GPS TIME

** DUAL FREQUENCY USERS ONLY

Figure 2015 Sample Application of Correction Parameters
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20.3.3.4 Message Types 31, 12 ad Almanac ParametersThe almanac parameters are provideany one of

message tyme31, 37, and 12 Message type 37 provides Midi almanac parameters lamdeduced almanac
parameters are provided in either message type 31 or type 12. The SV shall broadcastsbatigypes 31
(and/or 12) an@7. However, the reduced almanac parametersnfeesageypes 31 and/or 12) for the complete set
of SVs in theconstellation will be broadcast by a SV using shorter duration of time codnpettge broadcast of the
complete set oMidi almanac parameters (i.messagdype 37). The parameters are defined below, followed by
material pertinent to the use of thealat

20.3.3.4.1Almanac Reference WeelBits 39 through 3 of messageypes 12, and bits 128 through 140roéssage

type 31and 37shall indicate the number of the week (WINto which the almanac reference timg)(is referenced
(see paragraph 20.34®). The WN,, term consists 013 bits which shall be a modw®192binary representation
of the GPS week number (see paragraph 6.2.4) to whichtiseré¢ferenced. Bit52 through59 of messagdypes
12, and bits 141 to 148 of message s®kand 37shall contain the value off which is referenced to this W

20.3.3.4.2 Almanac Reference TimeSee paragraph 20.3.3.5.2.2 ofG&S200.

20.3.3.4.3 SV_PRN Number Bits 149 through 154 of messageaype 37 and bits 1 through 6 in each patlof

reduced almanashall specify PRN number of the SV whose almamaeduced almanac, respectival/provided

in the messager in the packet

20.3.3.4.4Signal Health (L1/L2/L5) The three, onit, health indication in bit455 156 and157 of messagéype

37 and bits29,30 and31 of each packaif reduced almanaefers to the L1, L2, and L5 signals of the SV whose

PRN number is specified ithe message or in theacket. F o r each health indicator,

navigationd at a are okay and 0 havigatondgta ard baddlse prediced hedtlodata wilbbe a | |

updated at the time of upload when a new reduced almanac has been built by the CS. The transmitted health data

may not correspond to the actuaklth of the transmitting SV or other SVs in the constellation.

20.3.3.4.5Midi Almanac Parameter Conten¥lessagedype 37, Figure20-10, providesMidi almanac data for a SV

whose PRN number is specified in the messagee number of bits, the scalecfar (LSB), the range, and the units

of the almanac parameters are given in Tabk/ 20 he user algorithm is essentially the same as the user algorithm
used for computing the precise ephemassspecified in Table 2l¥ of IS-GPS200. Other parameterappearing

in the equations of Table AV of IS-GPS200, but not provided by th®idi almanac with the reference values, are

set to zero for SV position determinatioBee paragraph 20.3.3.5.2.3 of®S200 for almanac time parameters.
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Table 20V. Midi Almanac Parameters

Scale
No. of Factor Effective
Parameter Bits** (LSB) Range*** Units
toa 8 2 602,112 seconds
e 11 21 dimensionless
i 11* 24 semicircles
Q 11* 233 semicircles/sec
\/K 17 P vmeters
do 16* 2 semicircles
o 16* 2 semicircles
Mo 16* i semicircles
Ao 11* 220 seconds
a 10* 23 sec/sec

* Parameters so indicated shall be two's complement with théisignor -) occupying the MSB;

**  See Figure 2A0 for complete bit allocation in message type 37;

***  Unless otherwise indicated in this columeffective range is the maximum range attainable

indicated bit allocation and scale factor;

*x  Relative to 4 = 0.30 semuircles.
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20.3.3.4.6 Reduced Almanac Parameter ConteMessageype 31, Figure 204, provides SV clock correction

parameters (ref. Section 20.3.3.2) and reduced almanac data packets for 4 SVs. Message type 1@;1Eigure 2

containsreducedalmanac datpackets for SVs

20.3.3.4.6.1Reduced Almanac DataMessageypes 31 or 12 contain reduced almanac data and SV health words

for SVs in the constellation. The reduced almanac data of a SV is broadcast in a packet 31 bits long, as described in
Figure 2016. The reduced almanac data are a subset of the almanachigtiaprovide less precise ephemeris.

The reduced almanac data values are provided relative tppoified reference values. The number of bits, the
scalefactor (LSB), the rangg and the units of the reduced almamarameters are given in Table-20. The

algorithms and other material related to the use of the reduced almanac data are given in Section 20.3.3.4.6.2.
The reduced almanac parameters shall be updated by the CS at least once every 3 days while the CS is able to
upload the SVs. If the CiS unable to upload the SVs, the accuracy of the reduced almanac parameters transmitted

by the SVs will degrade over time.

20.3.3.4.6.2 Reduced Almanac PacketThe following shall apply when interpreting the data provided in each

packet of reduced almaa (see Figure 206).

20.3.3.4.6.2.1Reduced AlmanacThe reduced almanac data is provided in bits 7 through 28 of each packet. The

data from a packet along with the reference values (see Tablg)3frovide ephemeris with further reduced
precision. The user algorithm is essentially the same as the user algorithm used for computing the precise ephemeris
from the parameters of threessagdypes 10 and 11 (see paragraph 20.3.3.1.3 and Tahlg 20ther parameters
appearing in the equations Bable20-11, but not provided by the reduced almanac with the reference values, are set

to zero for SV position determination
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< 31 BITS >
1 7 15 22 29 |30 |31
PRN, da Qo ®
6 BITS 8 BITS 7 BITS 7BITS
jr A A
L1 HEALTH
L2 HEALTH
* See Figures 20-4 and 20-11 for complete bit allocation in the L5 HEALTH
respective messages.
Figure 2016. Reduced Almanac Packébntent
Table 20VI. Reduced Almanac Parameters
Parametet*** No. of Bits Scale Factor (LSB)| Effective Range ** Units
B *r* 8 * 2" ** meters
Qo 7% 2° ok semicircles
Dy o 7% 2° ok semicircles
* Parameters so indicated shall dacupywptiieMSE;, o mp |

* Effective range is the maximum range attainable with indicated bit allocation and scale factor;
ko Relative to A= 26,559,710 meters;
Fkkk @, = Argument of Latitude at Reference Time 5 Mw;
*x0% Relative to following reference values:
e=0
§; = +0.0056 semcircles (i = 55 degrees)

\’( -2.6 x 10° semicircles/second

20.3.3.5 Message Type 32 Earth Orientation Parameters (EQR§ earth orientation parameters provided in

message type 32. The parameters are defined below, followed by material pertinent to the use of the data.

20.3.3.5.1 EOP Content Messagetype 32, Figure 23, provides SV clock correction parameters (ref. Section
20.3.3.2) and earth orientation parameters. The EOP message provides users with parameters to construct the ECEF
and ECI coordinate transformati¢a simple transformation methasl defined in Section 20.3.3.4.3.3.2 of &S

200). The number of bits, scale factors (LSBs), the ranged the units of all EOP fields of message type 32 are

given in Table 20/11.
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20.3.3.51.1 User Algorithm for Application of the EQPThe EOP fields in the message type 32 contain the EOP

needed to construct the ECEI~ECI coordinate transformation. The user computes the ECEF position of the SV
antenna phase center using the equations shown in Tallle PBe coordinate transformian, for translating to the
corresponding ECI SV antenna phase center position, is derived using the equations shown in-\hble T2
coordinate systems are defined in Section 20.3.3.4.3.3-GPIS200. The equations described in this section are
based on (International Earth Rotation and Reference Systems Service) IERS Technical Note 21. However, these

equations will be updated to a new Technical Note in reviBRiD.
An ECI position, R;; is related to an ECEF position.R by a series of ration matrices as following:
Recer= [AI[B][CI[DIR i,
where the rotation matrices, A, B, C, and D, represent the effects of Polar Motion, Earth Rotation, Nutation and

Precession, respectively. The message type 32 specifies the EOP parametershesednistruction of the Polar
Motion, A, and Earth Rotation, B, matrices.

The rotation matrices, A, B, C and D are specified in terms of elementary rotation matficesMRerea is a

positive rotation about th&' i axis ordinate, as follows:

1 0 0 cos(a) O —sin(a)
R1 oa =|0 cos(a) sin(a)| |, R2 o = 0 1 0
0 -sin(a) cos(a)| sinfa) O cos(a)

cos(a) sin(a) O]
R3 o =|-sin(a) cos(a) O

0 0 1

The user shall compute the InerialGeodetic rotation matrix, ABCD using the equations shown in TabM 10
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Table20-VIl. Earth Orientation Parameters

Scale
No. of Factor Effective
Parameter Symbol Parameter Description | Bits** (LSB) Range*** Units

teop EOP Data Reference Time| 16 24 604,784 seconds

PM_X* X-Axis Polar Motion Value| 21* 20 1 arcseconds
atReference Time

PM_X X-Axis Polar Motion Drift at| 15* 2% 7.8125x 1¢ | arcseconds/day
Reference Time.

PM_YAA Y-Axis Polar Motion Value| 21* 2% 1 arcseconds
at Reference ime.

PM_Y Y-Axis Polar Motion Drift at| 15* 2% 7.8125x 10 | arcseconds/day
Reference Time.

AUTLAAA UT1-UTC Difference at| 31* 22 64 seconds
Reference Time.

AUT1AAA Rate of UTIUTC | 19* 22 7.8125x 1G | seconds/day
Difference at Referenc
Time

* Parameters so indicated ar e t)ocupsngheoMSB; e men

**  See Figure 2® for complete bit allocation in message type 32;
*kk Unless otherwise indicated in this column, effective range is the maximum range attainab

indicated bit allocation and scale factor.

Represents the predicted angular displacement of instantaneous Celestial Ephemeris Pole with

semiminor axis of the reference ellipsoid along Greenwich meridian.

AA

AAA

With zonal tides restored.

Represents the predicted angular displacement of instantaneous Cejastialeis Pole with respect
semiminor axis of the reference ellipsoid on a line directetv@€st of Greenwich meridian.
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Table20-VIII. Application of EOP Parameters (Part 1 of 2)

Element/Equation

Description

TDT =t + 515184

J.E.D. = TDT expressed in days of 86400 sec

_m
180°

g

[357?528 + 35999705 M}

36525

05001658sin g+0.0167sin g
86400s

JBD.=JED.+

_JB.D.—2451545
36525

¢ = 2306”2181 T+0"30188 T2 + 07017998 T>
7 =2306"2181 T +1".09468 T2 +0"018203 T3
0 = 2004”3109 T —0"42665T2 — 0" 041833 T

D=R, -90°-z R, 6 R, 90° —¢

3 1 3

& = 23°26'21".448 — 46”815 T — 0700059 T2
+ 07001813 T3

C:Rl —(g + Ag) R3 —Ay Rl €

Compute Terrestrial Dynamical Time relative to G
Time t

Compute Julian Ephemeris Date

Compute Mean Anomaly of Earth in its orbit, g

Compute Julian Date in Barycentfynamical Time

Compute time from J2000 Julian Epoch in Jul
Centuries

Compute Precession Fundamental Angles at time

Calculate Precession Matrix at time, t

Compute Mean Obliquityg , at time t

Compute NutatioMatrix at time, t
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Table20-VIII . Application of EOP Parameters (Part 2 of 2)

Element/Equation

Description

106

Aw:Zq sin( e E’J AA

Agziq co 2(—1‘ Er] AA

UT1 = UTC + AUTL + AUTL(tT teop)

_ JD.- 2451545
U 36525
where JD. = UT1 expressed in days of 86400 sec

UTL+6141M50554841

o= 2—’:1 +8640184%812866T,,

24
+ o$093104TL2J _6S2x1078 TS

o = o + Ay COS(g + Ag)

B:R3 o

A=R; ('Xp) R ('yp)
°
where Xp = PM_X + PM_X (tT teop)
°
Yp=PM_Y + PM_Y (t7T teop)

aBco = [A][8][c][0]

Nutation in Longitude

Nutation in Obliquity

Compute Universal Time at time t

Compute Universal Time from J2000 Julian Epoch
Julian Centuries

Compute Mean Greenwich Hour Angle

Compute True Greenwich Hour Angle

Compute Rotation Matrix at time, t

Compute Polar Motion Matrix at time, t

Compute Inertiato-Geodetic Rotation matrix, ABCD

tis GPS system time at time of transmission, i.e.,

AA The Nutation in Longitude and the Nutation in Obliguére as described in The Astronomical Alma

(1983), pp. S2&526, evaluated at time T.

GPS time corrected for transit time (range/speed of li
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20.3.3.6 Message Type 33 Coordinated Universal Time (UTC) Parameldessage type 33, Figure-BQcontains

the UTC parameters. The contents of message typee38efined below, followed by material pertinent to the use
of the UTC data.

20.3.3.6.1 UTC Parameter ContentMessage type 3provides SV clock correction parameters (ref. Section
20.3.3.2) and also, shall contain the parameters related to corrél@iddUSNO) time with GPS TimeThe bit
lengths, scale factors, ranges, and uoftdiese parameters are giverilable 201X. See Figure 26 for complete

bit allocation in message type 33.

The parameters relating GPS time to UTC (USNO) shall be egbgtthe CS at least once every three days while
the CS isable to upload the SVs. If the CS is unable to upload the SVs, the accuracy of the UTC parameters
transmitted by the SVs will degrade over time.

20.3.3.6.2UTC and GPS TimeMessage type 3Bicludes: (1) the parameters needed to relate GPS Time to UTC
(USNO), and (2) notice to the user regarding the scheduled future or recent past (relative rieebl#8ge upload)

value of the delta time due to leap seco(ssr), together with the week nuyer (WN sp) and the day number
(DN) at the end of which the leap second becomes effective. Information retpitesttthese parameters to
calculate(and define}yrc is in paragraph 20.3.3.5.2.4 of-(8PS200 except the following definition aftyrc shal

be used.

Atyrc = Atis + Agn + Az, (tET tor + 604800 (WN' WNg)) + Az (teT to + 604800 (WNI WNOQ)Z seconds
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Table 20IX. UTC Parameters

Scale
Parameter No. of Factor Effective
Symbol Parameter Description Bits** (LSB) Range*** Units
Aon Bias coefficient of GPS time sca| 16 2% Seconds
relative to UTC time scale
Asn Drift coefficient of GPS time scal 13 2 sec/sec
relative to UTC time scale
Asn Drift rate correction coefficient o I 2% sec/set
GPS time scale relative of UT
time scale
At s Current or pastap second count 8* 1 seconds
tot Time data reference Time of Weel 16 2 604,784 | seconds
WNq Time data reference Week Numbg 13 1 weeks
WN_sk Leap second reference We 8 1 weeks
Number
Qrrk 1 days
DN Leap second referen@ay Number
g* 1 seconds
Aty sr Current or futuredap second count

*  Parameters so indicated shall be two's complement with the sign bit)(éaaupying the MSB;

* See Figure 2® for complete bit allocation
*kk Unless otherwise indicated in this column, effective range is the maximum range attainab
indicated bit allocation and scale factor;

sk Right justified.
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20.3.3.7 Message Types 34, 13, ard! Differential Correction ParametersDifferential Correction (DC)

parameters are provided either iegaagaype 34, or in types 1&nd14. Theseparameterprovide users with sets
of correction terms that apply to the clocldaphemeris data trandteid by other SVs DC parameters are grouped
in packets, as described in the next sectiofiBe availability of thesenessage types is subject to the control and

determination of the CS.

20.3.3.7.1 Differential Correction Parameters ConteMessageype 34 provides SV clock correction parameters

(ref. Section 20.3.3.2) and alshall contairDC parametershat apply to the clock and ephemeris data transmitted

by another SV One message type 34, Figure-20shall contain 34 bits of clock differentieorrection (CDC)
parameters and 92 bits of ephemeris differential correction (EDC) parameters for one SV other than the transmitting
SV. Bit 150 of message type 34 shall be a DC Data Type indicator that indicates the data type for which the DC
parametes apply. Zero (0) signifies that the corrections apply3@€NAYV data, B(t), and one (1) signifies that the
corrections apply to NAV data, D(t), described in Appendix Il 6@8S200.

Message types 13 and 14 together also provide DC parameters.g®egsa 13, Figure 202, shall contain CDC
parameters applicable to 6 SVs and message type 14, Figd® 80all contain EDC parameters applicable to 2
SVs. There shall be a DC Data Type indicator preceding each CDC or EDC packet. The contentividaalin
data packet islepicted inFigure 2017. The number of bits, scale factors (LSB), the ranged the units of all
fields in theDC packefare given inTable 26X.

20.3.3.7.2 DC Data Packet Each DC data packet contains: correctiamsSV clock polynomial coefficients

provided in any one of thmessageypes30 to 37 of the corresponding SV; corrections to geideplerian elements
referenced togb of the corresponding SV; User Differential Range Accuracy (UDRA’) E@BRA indices that

enable users to estimate the accuracy obtained after corrections are applied. Eatk&( pade up of two

different segments. The first segment contains 34 bits for the CDC parameters and the second segment contains 92
bits of EDC parameters totalirk®6 bits. The CDC and EDC parameters form an indivisible pair and users must
utilize CDC and EDC as a paildsers must utilize CDC and EDC data paif the same ¢, (t,,0 =DC data predict

time of week)and ofthesame ¢p.

20.3.3.7.2.1Differential Correction Data Predict Time of Weekhe DC data predict time of weeky) provides

the epoch time of week, in increments of 300 seconds (i.e. five minutes), at which the prediction for the associated

DC data was performed.

20.3.3.7.2.2Time of Differential Correction DataThe time of DC datagp, specifies the reference time of week,

in incrementof 300 secondé.e., five minutes) relative to the GPS week, for the associated CDC and EDC data.
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20.3.3.7.2.3SV PRN Identification The PRN ID of both CDC and EDC of Figure-20 identifies the satellite to
which the subject 126it differential correction packet data applies (by PRN code assignment). A value of all ones
111111116 in any PRN | D f isedntdinedih thd rémaindercf tlee alataebloek.hla t

this event, the remainder of the data block shall be filler bits, i.e., alternating ones and zeros beginning with one.

CDC = Clock Differential Correction

P MSB LSB
1 9 22 30 34
PRN ID daro dan UDRA
8 BITS 13 BITS 8 BITS 5BITS

EDC = EphemerisDifferential Correction

P MSB LSB
1 9 23 36
PRN ID e af
8 BITS 14 BITS 14 BITS
MSB LSB
37 52 63
oy @®
15 BITS 12 BITS
MSB LSB
64 76 88 92
[ ]
G} P/ UDRA
12 BITS 12 BITS 5 BITS

Figure 2017. Differential CorrectiorData Packet
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Table 20X. Differential Correction Parameters

Scale
Parameter No. of Factor Effective
Symbol Parameter Description Bits** (LSB) Range*** Units
PRN ID 8 see text
-35
a0 SV Clock Bias Correction 13* 2 seconds
R SV Clock Drift Correction 8* 2%t seconds/second
UDRA User Differential Rangg 5 seetext
Accuracy Index.
Aa Alpha Correction to Ephemeri 14 2% dimensionless
Parameters
AB Beta Correction to Eph 14* -34 i i
pnhemer 2 dimensionless
Parameters
. . 15* 2 icircl
Ay Gamma Correction t&phemeris 2 semtcircles
Parameters
Ai o _ 12+
! Angle of Inclination Correction 2% semicircles
12 .
AQ Angle of Right Ascensiorn 2% semicircles
Correction
AA 12* o
SemiMajor Correction 2 meters
UDRA 5*
Change Rate of User Differenti see text
Range Accuracy Index
* Parameters so indicated ar e ort)ewupgngtheoMss| e ment

*x See Figures 2@, 11 and 12 for complete bit allocation in message types 34, 13 and 14.
*kk Unless otherwise indicated in this column, effective range is the maximum range attainable with ir
bit allocation and scalfactor.
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20.3.3.7.3 Application of ClockRelated Differential Correction DataThe SV PRN code phase offset, uncorrected

by clock correction coefficient updates, is given déyuation 2 in 20.3.3.3.3.1 oS{GPS200 (see paragraph
20.3.3.2.3. If the matchedpair of DC data for the sybct SV is available, the user may apply clock correction
coefficient update values by;

Atsv = (ao + 8640) + (31 + 83{1)(1: - toc) + &2(t - toc)2 + Atr

where da, and 8&;, (see Table 2KX), are given in message types 34 or 13, and all other terms are as stated in
20.3.3.3.3.1 of $GPS200. Clock-related DC data shall not be applied to any SV transmittiogk correction
parametersnessage(s) containing @ value greadr than thed,p value of messages types 8413 containing the
clock-related DC data.

20.3.3.7.4 Application of OrbitRelated Dfferential CorrectionData The DC data packet includes corrections to

parameters that correct the state estimates foerephis parameters transmitted in thessage types 10 and 11
(broadcast by the SV to which the DC data packet applies). The user will update the ephemeris parameters utilizing
a variation of the algorithm expressed in the following equations. The usénem incorporate the updated quasi
Keplerian element set in all further calculations of SV position, as represented by the equations in-Tigldee20

para. 20.3.3.1.3) Ephemerigelated DC data shall not be applied to any SV transmitting meggaeel0 and 11
containing a4, value greater than thg,b value of messagedypes 34 or 14 containing the ephemeriglatedDC

data.

The user will construct a set of initial (uncorrected) elements by:

Ai= Ao

& = &

i = lon

Q = Qo

o = eA @ s (

Bi = eA ) n (

Yi = MO»n + On
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where A, €, ion, Qon 0nand Mpyar e obtained from the applicable SV6s me
o, Bi, andy; form a subset of stabilized ephemeris elements which are subsequently corregied Afy and

Ay—the values ofvhich are supplied in the message /géor 145 as follows:

Ol = o + Ao
Be = Bi + AB
Ye = v+ Ay

The quasKeplerian elements atben corrected by

A = A+ AA

e - (O(«cz + BCZ)l/Z
ic = i + Al

Qc = Q +AQ

O = tan® (Bo/ole)
Mo = Ye— wc + AMg

whereAA, Ai andAQ are provided in the EDC data packet of the message type 34 or MVigiigl obtained from

AMy = =3*(u"AIA(tod) — (ton)]-

The corrected quaieplerian elements above are applied to the user algorithm for determination of antenna phase
center position in Section 20.3.3.1.3, TablelR0
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