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1. SCOPE

1.1 Scooe. This Interface Control Doctlment  (ICD) defines the reqlliremenrs  related [o the interface bettveen  the

Space Segment (SS) of the Global Positioning Sjstenl  (GPS) al]d the Na\igaLion User Segment (US) of the GPS.

1.2 Kev Dates. The major Inilestones  for \vhich integration data shall be provided ,are:

a. (TBD)

1 . 3  ICD Approval  and Changes.

Contractor (ICC), and is responsible

ARIhrC  Research Corporation has been design;] ted the Interface ConLrol

for the basic preparation. approval. distribution. and retention of the ICD in

accordance \\tith YEN 75-13A. The folio~ving  signatories mllst approve Ltlis ICD to make it effecti~’e:

a. Space Segment Contractors BLOCK IflI/IIA

Rock\vei I In Lerrlational,

Space Systems Division

Block IIR

Martin Marietta.

Astro Space Division
. ..-

b. Conlrol  Segment Contractor

c. User Segment Contractors

d. Na\’star GPS Joint Program OffIce

InLer]laLional Btlsiness  Machines,

Federal Systems Company

Rock\rell In[ernaLional. Collins

Aviol]ics & Commttnications Division

SMC/CZ (AF,MC)
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Initial signature approval of this ICD can be contingent upon a letter of exception delinea(illg those items by

paragraph numbers that are not a part of theappro~al.  Such letlers ofe.~ceptiol]  can be prepared by any of the

si=%atories  and must be furnished to the ICC for inclusiol) in Appendix I of the appro\ed  and officially released

version of the ICD.

Changes to the approved version of this ICD can be initiated by any of the signatories a]~d must be approved by all

above signatories. The ICC is responsible for the preparation of the change paper. change coordination, and the

change approval”by  all signatories in accordance ~lith YEN 75-13A. Designated signatories can approve proposed

changes to this ICD ;Vithout  any increase in the scope of a specific contract by so specifying in a letter of exception.

Such letters of exception must be furnished to the ICC for inclusion in the released version of the approved change

and in Appendix I of the subsequent revised issues of the ICD.

Whenever all the issues addressed by a letter  of exception are resolt’ed.  the respective signatov shall so advise Lhe

ICC in \vriting. When some @ut not all) of the exceptions taken by a signatov are resolved, the signatory shall

provide the ICC ~vith an updated letter of exception. Based on SUC1l  notifications -- \\ithout  processing a proposed

interface revision notice &W for approval -- the ICC l~ill omit the obsolete letter of exception from the next

re~tision of the ICD and \\ill substitute the ne~v one (if required).

. .. .
Revie\v cycies  for all Proposed Interface Revisions No[iccs (PfRNs) is 45 da!s  rifier  receipt by individual addressees

unless a \vritten request for a ~~aivcr is submitted to the ICC. Revie\villg parties ~~ith delinquent responses \vill be

charged ~vi[h an automatic Iettcr ofexceptio[l.
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2. APPLICABLE DOC~NTS

2.1 Go\’emnlent Doc~!n]en[s. The fol[o\ving doctlnlents  of tile isst!e specified contribute to the definition of dle

interfaces bet~veen the GPS Space Segnlent and ‘the GPS Na\igatioll  User Segrnen[. ;lnd forlll a part of this ICD to

the estent  specified herein.

Specifications

Federal

None

Afilitary

None

Other  Go\~crnn/en[ .4c[ivi[v

None

Standards

Federal

None

A iilifa~

None. .. .
Other Publications

ICD-GPS-203*,

current issue

ICD-GPS-207*,

current issue

YEN 75-13A

16 hTov 1979

~vith Change Notice  1

Navslar GPS Selecti\e  Availabili~  and Anti-Spoofing

Reql!ircnlen[s  (SECRET) (U)

Navstar GPS Selective Availabiii~  and Anti-Spoofing

Receiver Design Reqt;irelnen[s  (SECRET) ~

Interface Control \Vorkillg Group

ICD-GPS-200C
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2.2 Non-Go\ ’emnlent Docunlet][s,  The follolvi[lg  docunlcllts  of the issue specified contribute to the definition of

the interfaces bet~veen the GPS Space Segn]e]][  :Ind ~he GPS N;)iig;][ioll  User Segn]en[ ill~d forlll  a part of this ICD

to the extent specified herein.

Specifications

None

Other Publichiions

None

* ICD-GPS-203 is the applicable docunlent for the signatories of this docunlent (ICD-GPS-200); for all other

organizations the applicable docun~ent is ICD-GPS-207.  In case ofcolfflict  betiveen this document (ICD-GPS-200)

and either ICD-GPS-203 or ICD-GPS-207. this docunlenr shall govern.

. ..-
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3. REQUIREMENTS

3.1 Interface Definition.

navigation User Segment

As sho\\m in Fi~lre 3-1, the interface betlveen the GPS Space Segment (SS) and the GPS

@S) consists of t~vo radio frequency (RF) IiAs:  L1 and L2. Utilizing these Ii*s, the

space vehicles (SVS)  of the SS shall provide continuous earth coverage for signals ~vhich proltide to the US the

ranging codes and the system data needed to accomplish the GPS navigation ~AV) mission. These signals shall

be available to a suitably equipped user \vith RF visibility to an SV. The related selective availability (SA) and

anti-spoofing (A-S) requirements are defined in ICD-GPS-203  and/or in ICD-GPS-207  (see note in paragraph 2.1).

3.2 Interface Identification. The carriers of the L-band links are modulated by up to t~vo bit trains, each of \vhich

nomally is a composite generated by the Modulo-2 addition of a pseudo-random noise @RN) ranging code and the

dot~mlink system data (referred to as N.4V data).

3.2.1 %n~n~  Codes. Three Pm ranging codes are transmitted: the precision ~) code w’hich is the principal

NAV ranging code; the Y-code, used in place of the P-code \vhenever  the A-S mode of operation is activated; and

the coarse/acquisition (C/A) code which is used primarily for acquisition of the P (or Y) code (denoted as PM).

Appropriate code-division-multiple,sing  techniques allotv differentiating bet~veen  the SVS even tiough they all

transmit at the same L-band frequencies. The SVS ~vill transmit intentionally “incorrect” versions of the C/A and. ..-
the Pm codes kvhere  needed to protect the users from receiving and utilizing anomalous NAV signals as a result

of a malfunction in the SV’S reference frequenq generation system. These tlvo “incorrect” codes are termed non-

standard C/A (NSC) and non-standard Y (NSY)  codes. Ho\vever,  the requirements regarding Y-code and non-

standard codes do not apply to Block I SVS.

ICD-GPS-200C
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GPS SPACE SEGMENT (SS)

1 - - - - - - - -  - -

1

I

I
I

I ; COMPUTER f SPACE VEHICLE I
I

I  P R O G R A M  -
I

I I
1’ (OBCP)  , I
1! I 1
I ‘ - - - - - - - - -

I “.:
- - - -  - - - -  - - - -  - - - -  - - - -

(Sv)

-----

LI

GPS USER

I
I

- - - -  -

L2

Fi~re 3-1. Space Vel]icle~AV User Interfaces
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3.2.1.1 P-Code. The PRN P-code for SV ID number i is a ranging code, Pi([),  of 7 days in len~h at a chipping

rate of 10.23 Mbps. The 7 day sequence is the Modulo-2  sum of t~vo sub-sequences referred to as Xl and X2;; their

lengths ue 15,345,000 chips and 15,345,037 chips, respectively. The X2; sequence is an X2 sequence selectively

delayed by 1 to 37 chips thereby allo~ving  the basic code generation technique to produce a set of 37 mutually

exclusive P-code sequences of 7 days in length. Of these, 32 are designated for use by SVS, ~vhile the remaining 5

are resemed for other purposes (e.g. ground transmitters, etc.). Assignment of these code phase segments  by sv-

ID number (or other use) is given in Table 3-1.

3.2.1.2 Y-code. The PRN Y-code, used in place of the P-code ~vhen the A-S

defined in ICD-GPS-203  and/or  in ICD-GPS-207 (see note in paragraph 2.1).

Y-code do not apply to Block I SVS.

mode of operation is activated, is

The requirements regarding PRN

~.~. l-~ C/A Code. The pm C/A Code for SV ~ nunlber  i is a Gold  code, Gi([),  of 1 millisecond in length at a

chipping rate of 1023 Kbps. The Gi(t)  sequence is a linear pattern generated by the Modulo-2  addition of ~vo sub-

sequences, Gl and G2i, each of ~vhich is a 1023 chip long linear pattern. The epochs of the Gold code are

~mchronized  ~vith the Xl epochs of the P-code. As sho~vn in Table 3-1, the G2i sequence is

selectively delayed by 5 to 950 chips, thereby generating a set of36 mutually exclusive C/A-codes.

these by SV-13) (or other use) is also given in Table 3-1..---

a G2 sequence

Assignment of

3.2.1.4 Non-standard Codes. The NSC and NSY codes, used to protect the user from a malfunction in the SV’S

reference frequenq Wstem (reference paragraph 3.2.1), are not for u(iliznt ion by the user and, therefore, are not

defined in this document. Ho\vever,  the requirements regarding Y-code and Non-standard codes do not apply to

Block I SVS.

ICD-GPS-200C
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Table 3-1. Code Phase Assignments (sheet 1 of 2)

.sV GPS PRN Code Phase Selection Code Delay First First
m Signal Chips 10 Chips 12 Chips

No. No. octal” Octal
CIA P

C/A(G2i) (x~i) CIA P

1 1 296 1 5 1 1440 4444
2 2 “ 397 ~ 6 ~ 16~0 4000
3 3 408 3 7 3 1710 4~~2

4 4 5e9 4 s 4 1744 4333
5 5 le9 5 17 5 1133 4377
6 6 2910 6 1s 6 1455 4335
7 7 les 7 139 7 1131 4344
8 8 209 8 140 s 1454 4340
9 9 3@I0 9 141 9 1~~6 4342
10 10 293 10 231 10 1304 43$3
11 11 3e4 11 252 11 1642 I
12 12 5@6 12 ~j~ 12 1730 I
13 13 6@7 13 253 13 1764 I
14 14 7@8 14 ~jh 14 1772 I
15 13 8@9 15 ~j7 15 1775
16 16 9010 16 25S 16 1776 I
17-- 17 le4 17 469 17 1156
l s - 1s 2@5 1s $70 1s 1 4 6 7 I
19 19 306 19 471 19 1633 4343

* In the octal notation for the first 10 chips of the C/A code as sho~vn in this column, the first
digi[ (I) rep~esent~ ~ “I” for t]~c first C]lip and ~he ]~st [hree digils are the conk~entional  octal

representation of the remaining 9 chips. For example, the first 10 chips of the C/A code for
P~V  Signal Assembly No. 1 are: 1100100000).

** CIA codes 24 and 37 are common.
*** PRN sequences33 through 37 are reserved for other uses (e.g. ground transmitters).

@ = “excIusi\’e or”

NOTE: The code phase assignments constitute inseparable pairs, each consisting of a specific C/A
and a specific P code phase, as sho~~’n  abo~’e.
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Table 3-1. Code Phase Assignments (sheet 2 of 2)

Sv GPS PRV Code Phase Selectio]] Code Delay First First
ID signal Chips 10 Chips 12 chips

No. No. Octal* C/A octal
P

C/A(G2i) (x~i) CIA P

20 20 4e7 ~1) 472 lo 1715 4343
21 21’ 5@8 21 473 ~1 1746
22 22 6@9 12 474 ~~ 1763
~~ 23 le3 ~~ 509 ~: 1063
~~ 24 406 24 jl~ 24 1706 I
25 25 5e7 ~~ 513 15 1743
26 26 688 26 514 26 1761 I
27 27 799 27 515 27 1770 I
28 28 8 @10 ~s 516 28 1774
29 29 l@6 29 S59 29 1127
30 30 297 30 860 30 1453
31 31 3@8 31 S61 31 lb~j

32 32 4e9 ~~ S62 ;~ 1712
*** 33 5610 33 863 33 1745
*** 34** 4elo 34 950 34 1713 I
*** 25 1 0 7 35 947 35 1134 ~
*** 36 2@8 36 948
* * &--

36 1456
37** 4elo 27 950 37 1713 4343

* In the octal notation for the first 10 chips of the C/A code as sho~~~]  in this column, the first
digit (1) represents a “l” for the first chip and the last three digits are tile COn~entiOnal
octal representation of the remaining 9 chips. For example, the first 10 chips of the C/A
code for Pm Signal Assembly No. 1 are: 1100100000).

** CJA codes 34 and 37 are common.
K** PRN sequences 33 through 37 are resened  for other uses (e.g. grot!nd transmitters).

3 = “exclusive or”

NOTE: The code phase assignments constitute inseparable pairs, each consisting of a specific C/A
]nd a specific P code phase, as S11OIVI1  above.

9
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3.2.2 NAV Data. The ~stem data, D(t), includes SV ephemerides, system time, SV clock behavior data, status

messages and C/A to P (or Y) code handover information. etc. The 50 bps data is Modulo-2  added to the P~-

and C/A- codes; the resultant bit-trains are used to modul~lte the L 1 and L2 carriers. For a givel~ SV, the data train

D(t), if present, is common to the Pm and C/A codes on both the L1 and L2 channels. The content and

characteristics of data ~ number 2 are given in Appendix II of this document. Data ID number 1 is no longer in

use.

3.2.3 L-Band Sisnal  Structure. The L1 link consists of tlvo carrier components lvhich are in phase quadrature

\}ith each other. Each earner component is hi-phase shift key (BPSK)  modulated by a separate bit train. One bit

train is the Modulo-2 sum of the P(Y)-code  and NAV data, \vhile the other is the Modulo-2  sum of the C/A-code

and the NAV data. The L2 link is BPSK modulated by only one of those t~vo bit trains; the bit train to be used for

L2 modulation is selected by ground command. A third modulation mode is also selectable on the L2 channel by

gound command: it utilizes the Pm-code \vithout the NAV data as the modulating signal. For a particular SV,

all transmitted signal elements (earners, codes and data) are coherently derived from the same on-board frequency

source.

3.3 Interface Criteria. The criteria specified in the follo~virrg  define lhe requisi[e  characteristics of the SS/US

interface. .---

3.3. I ComDosite  Signal. The follo~ving  criteria define the characteristics of the composite L-band signals.

ICD-GPS-200C
10 OCT 1993
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3.3.1.1 Frert[lencv Plan. The L-band signals shall be contained Ivi[hin  tlvo 20.46 -hfHz  bands centered about L1

and L2. The camier frequencies for the L 1 and L2 signals shall be coherent [y derived from a common frequency

source ~%ithin the SV. The nominal frequency of this source -- as it appears to all obsemer on the ground -- is

10.23 MHz. The SV earner frequen~  and clock rates -- as they would appear to an obsemer  located in the SV --

are offset to compensate for relativistic effects. The clock rates are offset by A f/f= 4.-i647E-  10, equivalent to a

change in the P-code chipping rate of 10.23 MHz offset by a A f = +.5674  E-3 Hz. This is equal to

10.22999999543 MHz. The nominal carrier frequencies (fo) shall be 1575.42 MHz, and 1227.6 MHz for LI and

L 2 ,  r e s p e c t i v e l y

3.3.1.2 Correlation Loss. Correlation 10SS is defined as the difference bet~veen the SV power received in a 20.46

MHz bandwidth and the sigrrd power recovered in an ideal comelation receiver of the same bandwidth. On the L1

and L2 channels, the worst case correlation loss occurs when the carrier is modulated by the sum of the Pm code

and the NAV data sueam.  For this case, the correlation loss apportionment shall be as follows:

1. SV modulation imperfections 0.6 dB

2. Ideal LIE receiver waveform distofion  0.4 dB

(due to 20.46 MHz filter)

.-
3.3.1.3 Carner Phase Noise. The phase noise spectral density of the unmodulated carrier shall be such

phase locked loop of 10 Hz one-sided noise band~y-idth shall be able to track the carrier to an accuracy

radians rms.

that a

of 0.1

ICD-GPS-200C
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3.3.1.4 SUurious  Transmissions. In-band spurious transmissions shall be at least 40 dB beloiv the unmodulated L1

and L2 earners over the allocated 20.46 MHz channel band~vidth.

3.3.1.5 Phase Quadrature. The t~vo L1 earner components modulated by the t~vo separate bit trains. (C/A-code

plus data and Pm-code  plus data) shall be in phase quadrature (~~ithin =100 milliradians)  \vith the C/A signal

earner lagging the P signal by 90 degrees. Refernng to the phase of the P carrier ~vhen Pi(t) equals zero as the

“zero phase angle”, the P(Y)- and C/A-code generator output shall control the respective signal phases in the

follo~ving  manner: \vhen Pi(t) equals one, a 180-degree phase reversal of the P-carrier occurs; ~vhen Gi(t)  equals

one, the C/A carrier advances 90 degrees; ~vhen the Gi(t)  equals zero, the C/A carrier shall be retarded 90 degrees

(such that ~vhen Gi(t)  changes state, a lSO-degree  phase reversal of the C/A earner occurs). The resultant nominal

composite transmitted signal phases as a function of the bina~ state of the modulating signals are as sho~vn in

Table 3-H.

3.3.1.6 User-Received Signal Levels. The SV shall provide L 1 and L2 navigation in accordance ~~ith the

minimum levels spec~]ed in Table 3-111  into a 3 dBi linearly polarized user recei~ing antenna (located near

ground) at \vorst normal orientation, ~vhen the SV is above a 5-degree eieva[ion angle. Additional related hu is

provided as supporting material in paragraph 6.3.1.

. ..-
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Table 3-11. Composite LI Tr:lnsnli[ted Signal Phase

Nominal Composite L1 Code State

0°

-70.5”

+109.50

lsOO

o

1

0

1

CIA

o

0

1

1

II * Relative to O, 0 code state \\-iLh positive angles leading and negative angles lagging.

. ..- Table 3-111.  Received Minimum RF Signal Stren~h

Sig]la]

Chan]]el

P(Y) CIA

L1 I 163.0  dBW I 160.0 dBW

L2 I -166.0 dB\V or -166.0 dBw

ICD-GPS-200C
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3.3.1.7 Eoui~ment  Grouu Delav. Equipment group delay is defined as the delay betlveen the L-band radiated

output of a specific SV (measured at the antenna phase center) and the output of that SV’S on-board frequency

source; tie delay consists of a bias term and anuncertainv.  The bias term is ofnoconcernto  the US since it is

included in the clock correction parameters relayed in the NAV data, and is therefore accounted for by the user

computations ofsystem time (reference paragraph 20.3.3.3.3.1). The uncertain~  (variation) ofthisdelayaslvell

as the difference bet~veen the L 1 vs the L2 delays are defined in the follotving.

3.3.1.7.1 GrouP’  Delav”Uncertaintv. The effective uncertainty of the group delay shall not exceed 3.0 nanoseconds

(t\vo si=ma).

3.3.1.7.2 GrouR  Delav Differential. The group delay differential bet~veen the radiated L1 and L2 Pm siamls is

spec~led as consisting of random plus bias components. The mean differential is defined as the bias component

and Jvill be either positive or negative. For a given navigation payload  redundancy cotilguration,  the absolute

value of the mean differential delay shaIl not exceed 15.0 nanoseconds. The random variations about the mean

shall not exceed 3.0 nanoseconds (t~vo sigma).

3.3. 1.S Si znal Coherence. All transmitted signals for a particular SV shall be coherently derived from the same

on-bo~d  frequency standard; aIl digital signals shall be clocked in coincidence ~vith the PRN transitions for the P-
.-

si=gnal and occur at the P-signal transition speed. On the L 1 channel the data transitions of the t~vo modulating

signals (i.e. that containing the Pm-code  and that containing the C/A-code) shall be such that Lhe average time

dtierence beween the transitions does not exceed 10 nanoseconds (t\vo sigma)

ICD-GPS-200C
10 OCT 1993
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3.3.1.9 Signal Polarization The transmitted signal shall be nght-halld  circularly polarized (RHCP). For the

an=wlar range of +14.3 degrees from boresight, L1 elliptici~ shall be no tvorse  than 1.2 dB for Block ILflIA and

shall be no \vorse than 1.8 dB for Block IIR SVS. L2 ellipticity shall be no \vorse  than 3.2 dB for Block IMIA SVS

and shall be no \vorse than 2.2 dB for Block IIR over the an=wlar  range off 14.3 degrees from boresight.

3.3.2 PR.N Code Characteristics. The characteristics of the P- and the C/A-codes are defined belotv in terms of

their structure and the basic method used for generating them. The characteristics of the Y-code are defined in

ICD-GPS-203  and/or ICD-GPS-207 (see note in paragraph 2.1 ). Figure 3-2 depicts a simplified block diagram of

the scheme for generating the 10.23  Mbps Pi(t) and the 1.023 Mbps Gi(t) patterns (referred to as P- and C/A-codes

respectively), and for Modulo-2  summing these patterns ~vith the NAV bit train, D(t), \vhich is clocked at 50 bps.

The resultant composite bit trains are then used to modulate the L-band carriers.

.-.-

IRN-200C-001
ICD-GPS-200C
13 OCT 1995

15



Xl E?OCH EmCH
RESH

+20

1
1 1 KHz t

Z-COUNT

1

b

z-
COUNTER

4aRESEl
COMMANO

GENERATOR

t. . REM”OTE. .
COMMANO

t

X1 CODE
GENERATOR

xl (1)
1

* RECLOCKING
DEvlCE

q(t)

b +

CODE
SflECT
OWICE

X2 COOE
10.23 MHz

* GENERATOR 4 FREOUENCY
sOURCE

I G,(t)

kFORMAITEO
OATA

P,(t)
o(t) OATA

ENCODER

&
P,(t)

Fi=Wre 3-2. Generation of Codes andklodula[ing  Signals

ICD-GPS-200C
10 OCT 1993

16



3.3.2.1 Code Structure. The Pi(t) pattern ~-code)  is generated by the Modulo-2  summation of t~vo PRN codes,

Xl(t) and X2(t - iT), \vhere T is the period of one P-code chip and equals (1.023 x 107)’1 seconds, \vhile i is an

integer from 1 through 37. This allo~vs the generations Of 37 unique P(t) code phases (identified in Table 3-1)

using the same basic code generator.

The linear Gi(t)  pattern (C/A-code) is the Modu]o-2 sum of t~vo 1023-bit linear patterns, G 1 and G2i. The latter

sequence is selectively delayed by an integer number of chips to produce 36 unique G(t) patterns (defined in Table
. .

3 -1).

3.3.2.2 P-Code Generation. Each Pi(t) pattern is the Modulo-2 sum Of t~vo extended patterns clocked at 10.23

Mbps @l and X2i). Xl itself is generated by the Modulo-2 sum of ~he output of [\vo l?-stage  registers ~lA and

XIB)  short cycled to 4092 and 4093 chips respectively. When the XIA short cycles are counted to 3750, the Xl

epoch is generated. The Xl epoch occurs every 1.5 seconds ~er 15,345,000 chips of the Xl pattern have been

generated. The polynomials for XIA  and XIB, as referenced to the shift register input, are:

XIA: 1 +~+X*+X1l +X’z,  and

XIB: l+ X*+  X2+  X5+  Xs+~+ X10+X11 +X{z.

---
Samples of the relationship bet~veen shift register taps and the ex~onents of the corresponding poljmomial,

referenced to the shift register input, are as sholvn in Fi=wres  3-3, 3A, 3-5 and 3-6.

ICD-GPS-200C
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. .

POLYNOMIAL XIA:

,+ X6+X8+X11+X12

L INITIAL \ TAP
CONDITIONS NUMBERS

SHIFT DIRECTION
+

Fi=~re 3-3. XIASllift  Register Generator Confl=Wration
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1 POLYNOMIAL XIB:

c171
(

\ lNlnAL
CONDITIONS

8 9 10 11 12

\ TAP
NUMBERS

SHl~  DIRECTION
+

Fi=~re 3A. XIBShti  Register  Generator Confl=mration
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. .

POLYNOMIAL X2A:

I+ X1+  X3+  X4+ X5+  X’ +X** X9+X10 +X11+X12

,[~,,,;<:,)>~~,,~,-
STAGE
NUMSERS

@

1 2 3 4 5 6 7 8 9 10 11 12

i o 1 0 0 1 0 0 1 0 0 1 OUTPUT

\’00000 ( o 0 0
7 8 9 10 11 12

L
1 2 3 4 s

INITIAL
CONDITIONS

\ TAP
NUMBERS

sHIPT DIRECTION
+

Fi=~re 3-5. X2A Shift Register Generator Con.tiwration
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Ct6

0

(

POLYNOMIAL X28:

I +X2+X3+X4+X8+X9+X12

,~~,<)~~, ,,~},0
STAGE
NUMBERS @

3 4 5 8 9 10 11 12

1 0 1 ‘o 1 0 1 0 OUTPUT

o 0 0 ( o 0 0 0 0

❑7

1

\l 2 3 4 5 6 7 8 9 10 11 12

L INITIAL
CONDITIONS

SHIFT DIRECTION

\ TAP
NUMBERS

Fi=~re 3-6. X2 BShift Re~ster  Generator CoM1=mration
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The state of each generator can be expressed as a code vector \vord \vhich specifies the binriv  sequence constant of

each register  as follo~vs: (a) the vector consists of [he binaV state of each stage of the register, (b) the stage 12

value appears at the left follo~ved by the values of the remaining states in order of descending stage numbers, and

(c)tie sMdirection  is from lotverto  higher  stage number t\titll stage 12pro\'iding  thecunent  output. This code

vector convention represents the present output and 11 future outputs in sequence. Using this convention, at each

Xl epoch, the XIA shift register is initialized to code vector 001001001000 and the XIB shfi register is initialized

to code vector 010101010100. The first chip of the XIA sequence and the first chip of the XIB  sequence occur

simultaneously in the first chip internal of any X 1 period.

The natural 4095 chip cycles of these generating sequences are shortened to cause precession of the XIB sequence

\\ith respect

initialization

natural 4095

omitting the

to Lhe XIA  sequence during subsequent gcles of the Xl A sequence in the Xl period. Re-

ef the XIA shift register produces a 4092 chip sequence by omitting the last 3 chips (001) of the

chip XIA sequence. Re-initialization  of the XIB shift register produces a 4093 chip sequence by

last 2 chips (O 1) of the natural 4095 chip XIB sequence. This results in the phase of the XIB

sequence lagging by one chip for each XIA cycle in the Xl period.

The Xl period is defined as the 3750 XIA cycles (15,345,000 chips) \vhich is not an integer number of XIB

qcles. TO ‘~ccommodate  this situation, the XIB shift register is held in the final state (chip 4093) of its 3749th

cycle. It remains in this  slate until  the Xl A shift register completes its 3750th Vcle  (343 additional chips). The

completion of the 3750th XIA qcle establishes the next Xl epoch ~vhich re-itlitializes both the XIA and XIB  shift

registers starting a ne~v X 1 ~cle.

The X2i sequences are generated by first producing an X2 sequence and then delaying it by a selected integer

number of chips, i, ranging from 1 to 37. Each of the X2; sequences is then Modulo-2 added to the Xl sequence

thereby producing up to 37 unique P(t) sequences.
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The X2A and X2B shift registers, used to generate X2, operate in a similar manner  to the XIA and XIB shift

registers. They are short-cycled, X2A to 4092 and X2B to 4093, so that they have the same relative precession rate

as the Xl shift registers. X2A epochs are counted [O include 3750 cycles and X2B is held in the last state at 3749

cycle until X2A completes its 3750th cycle. The polynomials  for X2A and X2B, as referenced to the shift register

input, are:

X2A: l+ X1+  X3+~+Xj  +X7+ Xs+X9+X’O+X’l  +X’z,and

X2B: I+ Xz+X3+~+X8+X9+X]z.

(The initialization vector for X2A is 100100100101 and forX2Bis0101010 10100),

The X2A and X2B epochs are made to precess \\ti[h respect to the Xl A and XIB epochs by causing the X2 period

10 be 37 chips longer than the Xl period. When the X2A is in the last state Of its 3750th cycle and X2B is in the

last state of its 3749th qcle, their transitions  to their respective initial states are delayed by 37 chip time durations.

At the beginning of the GPS \veek, XIA, XIB, X2A and ~B shift registers are initialized to produce the first chip

of the \veek. The precession Of tie shift registers \vith respect  to XIA continues until the last XIA  period of Lhe

GPS ~veek internal. During this particular XIA  period, XIB, X2A and X2B are held \vhen reaching the last state. ..-
of their respectii’e  ~cles until that XIA cycle is completed (see Table 3-IV. At this point, all four shift registers

are initialized and provide the first chip of the ne~v \veek.

Figure 3-7 shotvs a fictional P-code mechanization. Signal component timing is sho~vn in Figure 3-8, \vhile the

end-of-~veek  reset timing and the final code vector states are given in Tables 3-IV and 3-V, respectively.
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o 1 2 3 0 1 2 3 0

Xl EPOCHS
UUJ
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I. .- -
I
I

I
I
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I
I

I
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Fi~re 3-S. P-Code Signal Component Timing
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Table S-IV. P-Code Reset Timil~g

(400 msec of 7-day period)

Code Chip

XlA-Code XlB-Code X~A-Code X2B-Code

I 345 1070 967

● ● ● ●

● ● ●

● ● ● ●

3020 3367
&

3989

● ● ● ●

● ● ●

Lu ● ● ● ●

>
F 3127 3471 4092

&
.

● ● ● ●

● ● ●

● ● ● ●

.- 3749
b

. 4092 4093.-

● ● ● ●

● ● ●

● ● ● ●

&

v
4093 A092 4093

* Last Chip of\Veek.
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Table 3-V. Final Code Vector States

Vector State for 1st Chip

Code Chip Number Vector State follo~~ring Epoch

XIA
4091 100010010010

001001001000
4092 000100100100

X13
4092 100101010101

010101010100
4093 001010101010

X2A
4091 111001001001

100100100101
4092 110010010010. .

X~B
4092 000101010101

010101010100
4093 001010101010

NOTE:First  Chip ineach sequencers outputbit~vhosel~di]]g  edge occurs simulmneously  \tiththe epoch.

ICD-GPS-200C
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3.3.2.3 C/A-Code Generation. Each Gi(t)  sequence is a 1023-bit Gold-code tvhicll is itself the Modulo-2  sum of

Nvo 1023-bit linear patterns, G 1 and G2i. The G?i sequence is formed b!’ effectively delaying the G2 sequence by

an integer number of chips ranging from 5 to 950. The G 1 and G2 sequences are generated by 10-stage  shift

registers  hating he follol~ting  po]}nomia]s aS referred to in the shifi regis[er  input (see Figures 3-9 and 3-10).

G1 G X’” + X3 + 1, and

G2=X’0+X9+X8+y  +X3- Xz+l.

The initialization vector for the G 1 and G2 sequences is 1111111111. The G 1 and G2 shift registers are initialized

at the P-coder Xl epoch. The G 1 and G2 registers are clocked at 1.023 Mhz derived from the 10.23 Mhz P-coder

clock. The initialization by the Xl epoch phases the 1.023 Mhz clock to insure that the first chip of the C/A code

begins at the same time as the first chip of the P-code.

The effective delay of the G2 sequence to form the G2i sequence is accomplished by combining the output of tw’o

~~es of fie G2 shfi re~ster  by Modulo-2 addition  (see Fie~re ~-l  1), Thi~-six of tie possible combinations are

selected, one to correspond to each of the 36 d~erent P-codes. Table 3-1 contains a tabulation of the G2 shift

register taps selected and their corresponding P-code X2i and PRN signal numbers together \\ith the first several

chips of ea$~ resultant PRN code. Timing relationships related to the C/A code are sho~lfn  in Fi=~re 3-12.
.-
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3.3.3  Navigation Data. The content and format of (he NAV data for data ID number 2 are given in Appendix II of

this document (reference paraqaph 20.3.3.5.1.1). Data ID number 1 is no longer in use.

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

maintained by the U.S. Naval Observato~)  zero time-point defined as midnight on the night of January 5,

1980/morning of January 6, 1980. The largest unit used in stating GPS time is one \veek defined as 604,S00

seconds. GPS time may differ from UTC because GPS time shall be a continuous time scale, !vhile  UTC is

corrected periodically ;Vith an integer number of leap seconds. There also is an inherent but bounded drift rate

behveen  the UTC and GPS time scales. The OCS shall control ~he GPS time scale to be lvithin one microsecond of

UTC (Modulo  one second).

The NAV data contains the requisite data for relating GPS time to UTC. The accuracy of this data during the

transmission interval shall be such that it shall relate GPS time (maintained by the MCS of the CS) to UTC

wSNO)  within 90 nanoseconds (one si=gma).  This data is generated by the CS; therefore, the accuracy of this

relationship may degrade if for some reason the CS is unable to upload data to a SV. At this point, it is assumed

that alternate sources of UTC are no longer availabie, and the relative accuracy of the GPS/UTC  relationship will

be sufficient for users. Range error components (e.g. SV clock and position) contribute to the GPS time transfer

error, and under normal operating circumstances (t~vo  frequency time transfers from SV(S) ~vhose navigation
-:-

message indicates a URA of eight meters or less), this correspon&  to a 97 nanosecond (one sigma) apparent

uncertainty at the SV. Propagation delay errors and receiver equipment biases unique to the user add to this time

transfer uncertainty.
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In each SV the Xl epochs of the P-code offer a convenient unit for precisely counting and communicating time.

Time stated in this reamer is referred to as Z-count, ~vhich is given as a 29-bit bina~ number consisting of t~vo

parts as follo~vs:

a. The binary number represented by the 19 least significant bits of the Z-count is referred to as the time of

tveek (TOW) count and is defined as being equal to the number of Xl epochs that have occurred since the

transition from the previous \veek. The count is short-qcled  such that the range of the TOW-count is

from O to 403,199 Xl epochs (equaling one ~veek)  and is reset to zero at the end of each ~veek. The TOW-

count’s zero state is defined as that X 1 epoch \vhich is coincident ~vith the start of the present \veek. This

epoch occurs at (approximately) midnight Saturday night-Sunday morning, \vhere midnight is defined as

0000 hours on the Universal Coordinated Time ~C) scale ~vhich  is nominally referenced to the

Greemvich Meridian. Over the years the occurrence of the “zero state epoch” may differ by a fe~v seconds

from 0000 hours on the l.JTC scale since Uf’C is periodically corrected ~vith leap seconds \vhile the TOW-

count is continuous ~vithout such comection. To aid rapid ground lock-on to the P-code signal, a truncated

version of the TOW-count, consisting of its 17 most significant bits, is contained in the hand-over \vord

(HOW) of the L-Band do~vrdink  data s~eam; the relationship bet~veen the actual TOW-count and its

truncated HOW version is illuwted by Figure 3-13.

. .. .
b. The ten most significant bits of the Z-count area binan representation of the sequential number assi=med

to the present GPS \veek (Modulo 1024). The range of this count is from O to 1023 ~vith its zero state

being defined as that ~veek ~vhich starts !\ith the X 1 epoch occur-ring at approximately midnight on the

night of Janua~ 5, 1980/morning  of Januan, 6, 1980. At the expiration of GPS \veek number 1023, the

GPS ~veek number ~vill rollover to zero(0). Users must account for the previous 1024 ~veeks.
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100,799

\O

1

. . 2  /3.- DECIMAL EQUIVALENTS OF HOW-MESSAGE TOW COUNTS

NOTES:

1.

2.

3.

4,

5,

TO AID IN RAPID GROUND LOCK-ON THE HAND-OVER WORD (HOW) OF EACH
SUBFRAME CONTAINS A TRUNCATED TIM E-OF-WEK  (TOW COUNT

THE HOW IS THE SECOND WORD IN EACH SUBFRAME (REFERENCE
PARAGRAPH 20.3.3.2).

THE HOW-MESSAGE TOW COUNT CONSISTS OF THE 17 MSE3S  OF THE
ACTUAL TOW COUNT AT THE START OF THE NEXT  SU6FRAME.

TO CONVERT FROM THE HOW-MESSAGE TOW COUNT TO THE ACTUAL TOW
COUNT AT THE START OF THE NEXT SUBFRAME. MULTIPLY BY FOUR.

THE  FIRST SUBFRAME STARTS SYNCHRONOUSLY WITH THE END/START OF
WEEK EPOCH.

Fi=~re 3-13. Time Line Relatiotlship  of HOkV Message
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5. NOT APPLICABLE
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6. NOTES

6.1 Acronvms

A-S

Autonav

BPSK

Cs

DN

EAROM

GPS

HOW

ICC

ICD

ID

IODC

IODE

LSB

LSF

MCS.-. .
MSB

NAV

h~US

Nsc

NSY

OBCP

O c s

PRN

R.F

RMs

SA

SEP

Ss

Anti-Spoofing

Autonomous Navigation

Bi-Phase Shift Key

Control Segment

Day Number

Electrically Alterable Read-Only MemoV

Global Positioning System

Hand-Over Word

Interface Control Contractor

Interface Control Document

Identification

Issue of Data, Clock

Issue of Data, Ephemeris

Least Significant Bit

Leap Seconds Future

Master Control Station

Most Significant Bit

Navigation

Nudet Detection User Segment

Non-Standard C/A-Code

Non-Standard Y-code

On-Board Computer Program

Operational Control Segment

Pseudo-R~ndom  Noise

Radio Frequenq

Root Mean Square

Selective AvailabiliU

Spherical Error Probable

Space Segment
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Sv

SW

~D

TBs

TLM

TOW

UE
~.

u s

USNO

UT’c

WGS 84

Space Vehicle

Space Vehicle Number

To Be Determined

To Be Supplied

Telemet~

Time Of Week

User Equipment

User Range Accuracy

User Range Error

User Segment

U.S. Naval ObservatoT

Universal Coordinated Time

World Geode~ic System 1984

Week Number
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6.2 Definitions

6.2.1 User Range Accura~.  User range accuracy (lJR%) is a statistical indicator of the ranging accuracies

obtainable }vith a specific SV. URA is a one-sigma estimate of the user range errors in the navigation data for the

transmitting satellite. It includes all errors for Ivhich the Space and Control Segments are responsible. It does not

include any errors introduced in the user set or the transmission media. \Vhile the UR4  may vary over a given

subframe fit intewal,  the M index ~ reported in the NAV message corresponds to the maximum value of U

anticipated over “tie fit internal.

6.2.2 SV Block Definitions. The follo~ving  block definitions are given to facilitate discussion regarding the

capability of the various blocks of GPS satellites to support the SV-to-US  interface.

6.2.2.1 Developmental SVS. The original concept validation satellites developed by Rock\vell International and

desi=mted  as satellite vehicle numbers (sVNS)  1-11 are termed “Block I“ SVS throughout this document. These

SVS \vere designed 10 provide 34 days of positioning sem-ice Ivithout  contact from the CS. These SVS transmit a

confi=wration code of 000 (reference paragraph 20.3.3.5.1.6).

6.2.2.2 Operational SVS. The operational satellites are designated Block II, Block 11A and Biock IIR SVS.. .

Characteri~~s  of these .SVs are provided belo~v.  Modes of operation for these SVS and accuracy of positioning

services provided are described in paragraphs 6.3.2  through 6.3.4. These SVS all transmit a coti]=~ration  code of

001 (reference 20.3.3.5. 1.6). The navigation signal provides no direct indication of the g~e of the transmitting

Sv.
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6.2.2.2.1 Block II SVS. The first block of full scale operational SVS de~eloped by Rock\vell International are

designated as SVNS 13-21  and are termed “Block II” SVS. These SVS \vere designed to provide 14 days of

positioning service ~vithout contact from the CS.

6.2.2.2.2 Block IIASVs. Thesecond  blockoffill  scale operatiollal SVsde\'eloped  by Rock\vell Intemationalae

designated as SVNS 2240 and are termed “Block 11A” SVS. These SVS \\’ere desiy~ed to provide 180 days of

positioning service \vithout contact from the CS.
. .

6.2.2.2.3 Block ITR SVS. The block of operational replenishment SVS developed by Martin Marietta are

desi=mated  as SVNS 41-66  and are temed “Block IIR” SVS. These SVS \vill provide at least 14 days of positioning

service }vithout  contact from the CS \vhen the SVS are operating in the Block 11A mode and ~vill provide a

minimum of 1S0 days of positioning sewice  ~vithout contact from the CS \vhen operating in autonomous

navigation (Autonav) mode.

6.2.3 Operational Interval Definitions. The follo~ving  three operational in[en’als have been defined. These labels

\\lll be used to refer to dtierences in the interface definition as time progresses from SV acceptance of the last

mvigation  data upload.

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

paragraph 20.3.3.4.3. 1) is zero.

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

internal flag is one and the IODE (reference paragraph 20.3.4.4) is less than 240.
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6.2.3.3 Lon~-tem  Extended Operations. The SV is undergoing long-term extended operations \vhenever the fit

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

N70te: the DoD Navigation User Se=ment  and Time Transfer User have no requirement to operate, and may not

operate properly, ~vhenever any SV is operating in long-term extended operations.

6.3 Supporting Material
. .

6.3.1 Received Si ~nais. The =Waranteed minimum user-received signal levels are defined in paragraph 3.3.1.6.

AS additional supporting material, Fi~re 6-1 illustrates the minimum po~ver of the near-ground user-received L1

and L2 signals as a finction  of SV elevation angle using the follo}ving  assumptions: (a) the signal is measured at

the output of a 3 ‘~i linearly polarized receiving antenna; (b) the SV is above a 5 degree elevation angle; (c) the

received signal levels are observed ~vithin the in-band allocation defined in paragraph 3.3.1. l; (d) the atmospheric

path loss is 2.O dB; and (e) the SV attitude error is 0.5 degrees (to\vards reducing signal level). The actual SV

attitude error \\ill not exceed +0.5 degrees after the SV has stabilized to its final orbital state.

. ..-
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Higher  received signals levels can be caused by such factors as SV attitude errors, mechanical antenna ali=wment

errors, transmitter po~ver output variations due to temperature variations. ~oltage variations and potver amplif:er

vruiations, and due to a variability in link atmospheric path 10SS. The maximum receit’ed signal levels as a result

of these factors is not exTected to exceed -155.5 dBtv and -153.0 dB\v, respectively, for the P(Y) and C/A

components of the L 1 channel, nor -158.0 dB\v for either signal on the L2 channel. This estimate assumes that the

receiting  antenna characteristics are as described above, the atmospheric loss is 0.6 dB and the SV attitude error is

0.5° (to\vards  increased si=-l level).

6.3.2 Estended Navigation Mode ~iock InIA).  The Block 11 and 11A SVS are capable of being uploaded by the

CS \vith 182 days of navigation data to suppot-r  a 1 SO day positioning senice.  Due to memory retention

lifitatiom, the Block II SVS may not transmit correct data for the entire 1S0 days but are guaranteed to transmit

correct data for at least 14 days 10 support short-ternl  extended operations. Under nomlal conditions the CS \vill

provide daily uploads to each SV, }vhich tvill allotv the SV to maintain nomal operations as defined in para=mph

6.2.3.1 and described \vithin this ICD. During normal operations, the SVS \\ill have a user range error that is at or

belo~v a level required to support a positioning accuracy of 16 meters spherical error probable (SEP). In addition,

the almanac data, UTC parameters and ionospheric data Ivill be maintained current to meet the accuracy specfied

in this ICD.
. ..-

If the CS is unable to upload the SVS (the CS is unavailable or the SV is unable to accept and process the upload),

each SV ~vill individually transition to short-teml  extended operations and eventually to Iong-teml extended

operations (based on time from each SVs  last upload) as defined in paragraphs 6.2.3.2 and 6.2.3.3, and as futther

described throughout this ICD. As time from upload continues through these three operational intewals,  the user

range error of the SV \\ill increase, causing a positioning service accuracy degradation. The rate of accuracy

degradation is slo~v over the short-term extended operations internal, such that at the end of this interval

(approximately 14 days after upload) the US \\-ill be able to achieve a positioning accuracy of 425 meters SEP. The

rate of accuracy degra&ltion increases in the Iong-tem] extended internal. such that by the lSOth day .afrer the last

upload, the positioning errors ~vill have go~~m  to 10 kilometers SEP. I)urin: these intervals the URA  ~~ill continue

to provide the proper estimate of the user range errors.
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During short-term and long-term extended operations (approximately day 2 through day 1S2 after an upload), the

almanac data, UTC parameters and ionospheric data \\ill not be maintained current and \vill degrade in accuraq

from the time of last upload.

6.3.3 Block 11A Mode @lock ITR).  The Block IIR SVS, ~vhen operating in the Block 11A mode, ~vill perform

similarly to the Block 11A SVS and Ivill provide at least 14 days of positioning service (through short-tern

estended  operations) \vithout contact from the CS.

6.3.4 Autonomous Navigation Mode. The Block IIR SV, in conjunction \vith a stilcient number of other Block

IIR SVS, operates in an Autonav mode \vhen commanded by the CS. Each Block IIR SV in the constellation

determines its o~vn ephemeris and clock correction parameters \ia SV-to-SV ranging, communication of data, and

on-board data processing ~vhich  updates da~l uploaded by the CS. In the Autonav mode the Block IIR SV Ivill

maintain normal operations as defined in paragraph 6.2.3.1 and as further described \tithin this ICD, and \vill have

a user range error that is at or belo~v a level required to support 16 meter SEP accuracy. If the CS is unable to

upload the SVS, the Block IIR SVS ~vill maintain nomlal  operations for period of at least 180 days after the last

upload.

In the Autonav  mode, the almanac data, UTC parameters and ionospheric data are still calculated and maintained
.-

current by the CS and uploaded to the SV as required. If the CS is unable to upload the SVS, the almanac dam,

UTC parameters and ionospheric data ~vill not be maintained current and \vill degrade in accuraq from the time of

the last upload.
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10. APPE~~ I. LETTERS OF EXCEPTION

10.1 Scoue. As indicated in paragraph 1.3, ini[ia[  signa[ure  approval of t]lis documen[,  as ~vell as approval of

subsequent changes to the document, can be contingent upon a “letter of exception”. This appendix depicts such

“letters of exception” when utilized by any signatory of this document in the initial approval cycle and/or in the

change approval process. The ICC will omit such letters of exception from subsequent revisions of this document

based on titten authorization by the respective signatory (w-ithout  processing a proposed interface revision notice

@w for approval). ” When some @ut not all) of the exceptions taken by a signato~ are resolved, the si~atory

shall provide the ICC with an updated letter of exception for inclusion in the next ICD revision (without processing

a Pm for approvaI).

10.2 A~Dlicable  Documents. The documents listed in Section 2.0 shail be applicable to this appendix.

10.3 Letters of Excet)tion. If si=wature approval of this document – as filxed to the cover page -- is marked by an

astens~ it indicates that the approval is contingent upon the exceptions taken by that si=watoxy in a letter of

exception. hy letter of exception which is in force for the revision of the ICD is depicted in Fianre  10-1.

Si=mtones  for whom no letter of exception is shown have approved this version of the document Mthout

exception. . .--

ICD-GPS-200C
10 OCT 1993

49



Uhis page intentionally left blank.)

ICD-GPS-200C

50
do OCT 1993



. .-.

Spucc  Syste;ns  Division
Rockwell  Intem.!ionnl  Corpomtion

2600 l~etminster  Boulevard
P.o. Box 36U

Seal Beach. Cnlifonli;t  90740-76-14

IrI reply refer to 93 MA372S

Date: September 22, 1993

To: The -C Companies
11770 E. Warner Ave., Suite210
Fountain Valley, CA 9270S

Subject: Rocknvell  International Letter of Exception to
ICD GPS-200 P~-200A-006NC,  dated Novmber

21,19S6,

Attention: Thomas R. Denigan

Reference: ARINC Companies FAX dated Septemkr  20, 1993,
T. R. Denigan to D. L. Butler, same subject.

It is RocLwell’s  position that tie statement requested in tie subject
letter of exception be incorporated, as written, in tile nest revision to
ICD-200.  The ‘B’ revision of ICD-200  incorpora~ed  only tl~e last
portion of the reqttested c]lange . . . . .the initialization vector for X2A is
100100100101 and for X2B is OIOIOIOIOIOO.”  1[ is felt tha[the tirst
portion of the sentence, “Using  the same convention idmtified for X 1 A
and X lB,... ” ~~ill  aid tl~e reader of tl~e ICD in understanding tile
derivation of tile X2A and X2B terms.

ROCKWELL INTERNATIONAL
Space Systems Division

/
dc~” ,1*
W. L Young. Manager
Engineer
Contracts & Proposals GPS Program

cc: D. L. Butler
W. F. Fratie

Figure  10-1. Letter of Exception (sheet 1 of 14)
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Coilins  Avionics  & Comnlunic~tions  Divkio,t
Rockwell ln[er!ta[ion~l  Cor~raCion dlh

350 Collin. Road NE
Cedar  Rapids. M 3249S ROCI<WCII

(319) 395-1000 Ii~tcr:l::tioni]l

September 23, 1993

~C Research Corporation
11770 Warner Avenue, Suite 210
Fountain Valley, CA 92708

Attention: Mr. Tom Denigan

Subject: Review of ICD-GPS-200B Outstanding Letters of Exception
in Preparation of ICD-GPS-200C

Dear Mr. Denigan:

A review of Rocknvell  International’s Collins  Avionics  & Communications

Division, outstanding Le[ters of Exception as listed in lRN-200B~07  to
ICD-GPS-200B  shows 2 Letters of Exception that have ken satisfied or are
no longer pertinent:

. . sheet 46, (letter dated March 31, 1987).-
sheet 53 &M, (letter dated September 10, 19S6)

The follo~ting letters as Iisted ill IRN-200BO07 to ICD-GPS-200B are still
pflinent  and are to be included ill any revixd ICD-GPS-200  releases:

sheet Ma, WC (letter dated March 27, 1991)
sheet 56g (letter da[ed Sqtem&r  23, 1992)

Sincerely,

C.S, Olson
prom Manager

F1gu~~ 1 ()-1, L~~~r of  Exception  (sheet  2 Of 14)
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Collins A\,ionics & Contnlu”imtions  Di}ision
Rockwell  International Co~r~tion

350 Collins Road NE
Cedar Rapids,  M 52498

(319) 395-1000
Rock\vell
Intcrniltionill

245 Sb1004Sb
March 27, 1991

ARINC Research Corporation
4410 East Fountain Blvd., Suite 100
Colorado Springs, CO 80916

. .
Attentiou: Ms. Chql Abendschan

Subject: Rocknvell  CACD Letter of Exception against PIRN-200B-00  lB (as
corrected by WC memo on twos rmd oversi~ts, 19 IMAR 91 )

me subject P~-200B-OOIB  documents the estended navigation capabilities inherent in the
Space Se~entAJser  Seglent  interface as a result of the ti~corporation  of mission package
soihvare release Oti. 10 in[o the Control Segment. CACD’S approval of this PIRN, \vhich
indicates concurrence hat the PIRN  accurately reflects the as-built Control and Space
SeVenK in the area of extended navigation, is given ivitil exception.

CACD ties exception because:

1. The exlended navigation capabilities documented by the PIRN  are not a requirement of
the GPS Phase III User Equipment (UE) contract FM701-S5-C-0038, tie GPS UE
Phase IV contract FW70  1-90-C-0092, or the GPS MAGR Contract F0470 1-91-C-0003.
Therefore, the GPS User Equipment, wtich has been and \vill k developd under
these contracts, do no o~rate in compliance }vitll extended navigation.

. .--
2. While \ve may technically comment on the impact to tile UE as a result of OR5. 10

implementation, ~ve cannot (as PIRN  approval might othenvise indicate) verify that
0R5. 10 implements the extended navigation requirements identified in tile PIRN.

h SUniiary,  ‘<Long  Tem~ Extended” opemtions from 15 to 1 SO days follot!ing  an upload
from the Control Segment are not supported by tile Phase III GPS UE. Attachment 1
contains the detailed corrunents  on tile PIRN items to !vhich CACD takes exception.

Sinccre!y,

&~&-
J. L. Arnoid
GPS Progams  lManager

Enclosure
cc: Lt. Jim Dagley

Capt. Greg Latlshinc

Figure  10-1. Letter of Exception (sheet 3 of 14).
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. .. .

ATTACI-31v~~  1

Rocklvell CACD Exceptions [o PR~-?OOB-00  lB

PIRN ITEM

17, 18

. .

Rockw’el[  CACD Conuncmt

These PIRN  items document the change in tie definition of the Week
Number in subframe 1, ~vord 3 due to the implementation of long term
estendtd ephemeris curve tits lvhich  cross GPS week boundaries. The
new definition states that the \veek number is the ten most si~ificant bits
of the Z-count and \\ill represent the GPS week of the ~ of tie data set
transmission interval. Previously, the week number always represented
tie current GPS \veek of ~ansmission.  CACD ties exception to his
redefinition because:

1. The PIRN introduces an inconsistency with the detlnition of Z-count
given in paragraph 3.3.4, page 33 which states that “the [en most
sigiticant bi~ of the Z-count area binary representation of the sequential
number assiged to the present GPS week (Module 1024).”

2. Since the GPS week being transmitted by the Space Segent could
vary from SV to SV (depending upon time of upload) and since the
transmitted GPS \veek could & difftient horn the current GPS week by
one week starting on day 29 after an upload, the GPS LIE could navigate
using the wrong GPS week. Uw ot the wTong GPS week could cause
navigation in[e~p(ions and cou Id rtiult in the incorrect time-tagging of
tie satellite data. The user could therefore be provided with navigation
data which is marked valid \\iIen, in fact, it is not valid. This is an
unacceptable situation.

These PIRN items docummt  the change in the definition of the ephemeris
fit interval flag for a value equal to I and its corresponding relationsltip to
the IODCAODE  during exlended operations. The GPS UE suppofis only
a tit in[erva]  O( 6 hours irllen the tit interval t~ag equa]s 1. The newly
defined ~hemeris  tit intervals of 8, 14,26, 50,74, 9S, 122, and 146
hours for Long Term Exlmldcd  Operations are not supported and the UE
will compute 6 hour curve tits \vhcnever these are in efiect.

Fi~re 10-1. Letters of Exception (sl~ee[ 4 of 14)
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ATTACHMENT L (COtl[.  )

RocLnvell CACD Exceptio]ls to PIRN-200B-00 lB

. ..-

PIRN m~f Rockwell CACD Comment

39, 40, 50, 54 These Pm itmns describe the almanac data sets and how the almanac
m grows tluoughout  extended operations. Ti]e GPS UE requirements
for almanac-based direct P-code ~F (time to first fix) are only
applicable to Normal Operations in \\fiich tile almanac parameters have
been updated within the last six days. Extended operations mav
jeopardize missions of those users \vho require etlicient alm~c-based
direct P-code ~Fs.

43 This PIRN item documents the fact tl~at tie health summary in subfiame
5, page 25 is only updated at, the time of’almanac upload. During
extended operations tl~e health summary may become out&ted due to the
length of time since the last upload.

If the health summary becomes outdated and does not accurately reflect
the status of tie GPS constellation, d~e TTFF for the GPS UE may be
delayed. ~s is due to the time wasted on the possible acquisition of
unhealthily SVS which were marked “healthy” by the health summary.
Also, attempts lo acquire heallily SVS wilich  are marked dealthy will
not be made. As a result, ex~ended  operations wv jeopardize missions of
those users \*tio require eflicien[ ~.

$5,46 These Pm items document the changes for the UTC parameter &ta sets
during  estended operations. The GPS LIE uses the ~C parameters to
provide tile user with precise time. Exception is tien because:

1. CACD is not confident that tile accuracy of tie UTC parameters can be
maintained tiou~lout  ex~ended oprations.  This accuracy is specified as
90 ns (one sigma) on ICD-GPS-200B page 32. As a result, estended
operations ~ jeopardize missions of those users who require precise
U-rc.

2. Since the GPS UE does not account for [he dcgaded accuracy of the
UTC parameters as a function of time during extended opera~ions,  the
user may k provided \\itll an incorrect  estimate of his time accuracy
\vhich  again ~jeopardize  his mission. CACD klieves  the UfC
parameters’ accuracy, as a function of time, should be specified in some
GPS system specification.

Fi~re 10-1. Letters of Exception (sheet 5 of 14).
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Collins Avionic*  & Communications Di~ision
Rockwell I!ttemationa!  Corporatiotl OllQ

3S0 Collins Road XE
Cedar Rapids, M 52498 Rocl<\Ycll

(319) 395-1000 Intcriiilt  iollal

September 23, 1992

A.RINC Research Corporation
11770 Warner AveIIue,  Suite210
Fountain Valley, CA 9270S. .
Attention: M. Peter Fyfe

Subject PIRN-200B-009A  RocLIvell  CACD Letter of Exception

Dear Mr. Fyfe:

The subject PIRN-200B-009A  ~vhich documents the changes to the Space SegenWser
Segment interface for the Block ~ SVS  is  hereby  approt,eci  by RockIvell  CACD \}ith the
follolting  exception:

The PJRN states hat U’fC parameters (PN items 4, 20), ionospheric model
parameters ~~ items 21, 27a), and almanac data (PIRN items 22a, 22b)  lvill
degde when the Block IIR SVS do not receive an upload horn the Control
Se~ent. Since the IIR SVS indicate “normal operations” (cuwe fit intewal flag of 4
hours) at all times, dome user se~ent requirements cannot be met during “normal
operations” in tl~e absence of Control Segent uploads. These affected
requirements are precise UTC time transfer and almanac-based direct P-code time to

.- tirst fix.. .

The affected User Equipment (UE)  is that desiged and developed by RocA.veil CACD under
the GPS UE Phase III Contract F04701-S5-C-0038, GPS UE Phase IV Contract FW70 1-90-
C-0092, and GPS WGR Contract FM70 i-9 I-C-0003.

Sincerely,

KG93Y
C. S. Olson
Program Manager

CSSljk

Fi~re 10-1. Letters of Exception (sl]eet  6 of 14)
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Collins Avionics & Communications Division Olb
Rockwell International Corpo,a[ian

Ojo  COllinS  R02d N5
C&ar  Rz?ids,  1A 5243a Rockwell

[31 9) 395-1000 I n t e r n a t i o n a l

June l;, 1995

.AR~TC Research Corporation
~0 East hperial Highway, Suite 450
El Segundo, C.A 90245-3509

Attention: iMr. Thomas Denigan

Subj~k P~N-200C-001  RocLweII  C.ACD Letter of Exception

Enclosure: Approval sheet for PIRN--300C-OOl

References: ARINC  Research Corporation letter dated Janua~ 16, 1995;
Su bjecti P~N-200C-001  to ICD-GPS-200C--.-

The subject P~.?J-200C-001 is approved by Rockwell CACD with the following
exception:

The effect of Item 2, “Change Section 20.3.3.5.2.2, page  121” of this P~N
is that computed almanac age in Rockwell CACD goverrunent  User
Equipment (UE) will be approximately 14 hours older than actual
almanac age. Since almanac age computation is for dispIay/output
purposes only there is no impact to receiver operation or navigation
solution accuracy. C.ACD computes an almanac time-of-transmission that
is nominally the multiple of 212 seconds truncated from 3.5 days prior to
t he almanac  reference  time, to=. Item 2 of subject PIRAT-200C-001
documents the change of toa from being nominaliy  the multiple of 1212
seconds truncated from 3.5 days (S4 hours) after the first valid
transmission time for an almanac set to being nominally the multiple of
71z seconds  ~uncated fionl 70 hours after  the first valid transmission time

for an almanac set. Therefore, Rockwell C.ACD government UE will
compute and output an incorrect almanac age by approximately 14 hours.

Fi~re 10-1. Letters of Exception (shee[ 7 of 14)
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The second sentence of paragraph 20.3.3.5.2.2, “The almanac is updated ofien
enough  to ensure that GPS time, t, shall differ  from t== by less than 3.5 days
during  th~ transmission period”, must not change. This is to ensure the proper
resolution of the GPS ~~-eek number associated \vith  the almanac.

Technical questions concerning this matter should be referred to Lalvrence  Bums
at (319)395-2616., .

Sincerely,

.-. .

Fi~re 10-1. Letters of Exception (sheet S of 14)
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. .--

Intffnarlonal  Business %iachinrs  Corponrlo. 800 X. Frul.  rick .+ VCII..
Callhcrsburg  .\! D 211879

mooloo1935
October 1, 1993

Mr. Tom Denigan
WC Research Corporation
11770 Warner Avenue, suite 210
Fountain Valley, CA 927S0

Subject: IBM “Letter of Exception” against ICD-GPS-200B  as
Modified by ~-200B-00  lB

Reference: 1.
2.
3.
4.

2:
7.
8.
9.
10.

ICD-GPS-200B,  dated No\’ember 30, 19S7
RN-200B-OOIB,  dated April 15,, 1991
IRN-200B-002, dated July 26, 1991
IRN-200B-003,  dated December 2, 1991
IRN-200B-004, &ted December 5, 1991
~-~OOB()()5, &ted ~~ember  16, 1991
~-~0()~()6, &ted De~emb~r  9, 1992
IRN-200B-007,  dated July 19, 1993
IBM Ielr= 020689-2, dated February 6, 19S9
Contract F0470  1-90-C-0009

Dear Mr. Denigan:

With the release of the referenced lR,N-200B-001 B throu~I -007, [his Ietter
represents the current IBM IeIter of exception against ICD-GPS-200B,
replacing Reference 9.

The LBiM contract d~s not support ii~e foliollin~

Block I end of data ~nsrnission  (ParagplI  20.3.2)

The option of repeated almanacs for 12 or felver SVS (Paragapl]s
20.3.3.5.1.2, 20.3,3.5.1.3)

The use of pages 2, 3,4, 5, 7, S, 9, and 10 of subframe 4 for purpose other
than almanac data for SVS 25 tiou* 32 (Paragraphs 20.3.3.5.1,
20.3.3.5.1.1, 20.3.3.5.1.3, Table 20-V)

Fi~re 10-1. Letters of Exception (sl~eet 9 of 14)
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Mr. Toln De~ligan RDOO1OO1935
Octoberl, 1993

Questions and coordination related to tl~e teclutical content of ICD-GPS-
200 should be addressed to Mi~]g  Ka]]g  Cl]ien at 30 11240 -@49.

Very  tnily yours,

Magdalena  V. Clyne
Contract AdrninisLrator

cc: Capt. B. Schrirnsher,  SMC/CZGD
Lt. R. La~on, SMCiCZET

Fi~re 10-1. Letters of Exception (stleet 10 of 14)
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MARTIN MARIETTA ASTRO  SPACE

17 August 1994
GPS IIR-CM-1046

ARINC  Research Corporation
2250 E. Imperia[ Highway, Suite 450
El Segundo, CA 90245-3509

Attention: Ms. Pat Alexander

Subject: Approval of lCD-GPS-200,  Revision C

Reference: Contract F047cI 1 -89-C-007~
ICD-GPS-2’00,  Revision C dated 10 OGober 1993

Dear  Ms. Alexander:

Martin Marietta Astro Space approves with exception ICD-GPS-200,  Revision C as
evidenced by the attached signed approval sheet. The areas of exception are both
general and specific in nature.

~eneral  Areas of Fxceotion~

-= .Mafiin Marietia  takes exception to specific changes in requirements originally conveyed in
IRN Nos. IRN-200B-001  , IRN-200B-004,  IRN-200B-005,  and IRN-200B-006  of [CD-GPS-
200B. The principal reason for these exceptions is that Maflin tvlarietia’s contract does not
include requirements for Extended  Navigation, Llser  Range  Accuracy bin structure, some
aspects of the Time of Almanac requirements and the Spherical Error Probability of the
nevigaiion signals received by the navigation users. Detailed reasons for these
exceptions are given below.

1. Extended Navia=~ion
Martin Marietta takes exception to the application of Extended Navigation (EN)
requirements, or the afirioution of EN petiormance  or EN petiormance  verification
to the Block [[R SV. Sucn application or &Rribution may inadvertently be construed
from the overall context.

The B[ock [IA op~rational  mode called  Long Term Extended  OperationWExtended
Navigation” is undefined and not required in the Block IIR contract. There is no
Block IIR requirement to suppofi 180 days in the Block 11A mode w“thoui  regular
CS contacts and uplozas.  Tne Block llR contract defines the Block 11A mode in the
contefi  of ICD-GPS-200S  dated  30 November 1587 which describes a 14 day
autonomy capability.

FigIre  10-1. Letters of Excep[ioll (sheet 11 of 14)
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17 August 1994

GPS IIR-CM-1046
Pzg2 2

2 ..-

3.

The Block IIR design supports 180 day autonomy in the contem of the Autonomous
Navigation mode and 1.4 day autonomy in the Block 11A mode. It may be possible  to
construct upload databases that will allow operation beyond 14 days with the current
design, but this is not a current requirement. The Block IIR Space Vehicle does not
suppofl such an upload design, performance description, and performance
verification.

Section 20.3.2, sentence 2 states “Block IIR SVS are designed to have sufficient
memory to store 182 days of upload NAV data in the Block 11A mode . ..” Martin
Marietia takes exception to a”182 day” NAV data storage requirement in the Block
[IA  mode. Tne Block llFl design and validation plan is required to provide
performance and memory margin computed on 14 day storage in the 11A mode as
defined in Sections 20.3.4.4 and 20.3.4.5 of the ICD-GPS-200B  dzted 30 November
1987.

Sections 20.3.4.4 and 20.3.4.5 with new Tables 20-XII and 20-XII 1, define ditierent
“days spanned”, % intervals-, and Transmission intervals- compared to the 30
November 1987 ICD-GPS-200B.  These changes are generated by some of the
Extended Navigation upload characteristics for the Block 11A SV which supports“182
days” of data. Martin Marietta takes exception to evaluation and validation of the
Block IIR design performance under these modified sections and tables.

uRA  Bin Sta
Martin Marietta t~kes exception to items relating to U RA index to ranges of URA in
meters appears to require the Block IIR SV in the Autonomous Navigation (AN) mode
to transtiion from one index to the next at exactly the values of URA indicated. This
spe~fi~ion of URA bins is not a defined requirement for Block [[R. The Block IIR AN
design is based on the equations and the ‘no better  than’ descriptions preSent ifl

ICD-GPS-200B,  in accordance with the Block IIR implementation.

Wnen in the AN mode, the Maflin Marietta design estimates IJRA on board the SV
and converts the resutt to the index in the NAV user message by rearranging the
equations and solving for the index. As a result, our design approximates, but does
not exactly math, the description when Block ilR is in the AN mode.

When ~lo~k \[R is in the [[A mode, the M~fiin M2ri~tta design does match  the URA bin
description exactly because we broadcast the index uploaded from the CS and the
CS estimates URA.

Soherical Errot Probable  (SEP\
Martin Marietta takes exception to the IJRE statement in 6.3.4 since it implies Martin
Marietta responsibility to relate Block IIR URE to

Fi=mre 10-1. Letters of Exception

16 meters SEP.
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IRN-200B-006  added section 6.3.4 on “Autonomous Navigation Mode.” The third
sentence states that the Block IIR SV in the Autonav mode “... will have a user range
error that is .at or below a level required to support 16 meter SEP accuracy.” The
Block IIR  SV constellation, when authorized to operate in the Autonav mode, is
required to provide 6 meters (1 sigma) URE. The 6 meter requirement is defined in
SV Segment Specification (SS-SS-500). Martin Marietta has been advised that this
independently derived 6 meter URE requirement does support the 16 meter SEP
system requirement for a nominal geometric dilution of precision. The 16 meter SEP
accuracy in the user equipment output is dependent on geometry of the SVS chosen
by the URE for the solution. The 16 meter SEP accuracy is not a requirement for
Block IIR Space  Vehicle.

4. Tme of Almanac 170a\
Martin Marietta takes exception to paragraph 20.3,3.5.2.2,  since it implies that the SV
is required to ensure that time of almanac (Tea) values be the same for a given data
set (when the SV health is changed by the CS) or that Toa differ for successive data
sets (which contain changes in SV heafth). Tnis is a CS responsibility.

Martin Marietta is concerned about the ambiguous CS/SV requirement to ensure that
the described Toa values are presented to Users in Appendix 11, paragraph
20.3.3.5.2.2.

. ..-
ICD-GPS-200,  Revision C deletes ‘The cs shall ensure’ in paragraph 20.3.3.5.2.2.
This is a change from ICD-GPS-200B  dated 11/30/87 which is applied to our
contract. If so deleted, ICD-GPS-200B  will be mute as to who ensures that “All Toa

values in SF4&5 shall be the same for a given almanac data set and shall differ for
successive data sets which contain changes in almanac parameters or SV heatih.’

The Block [[R design is not required to, and does not, atie~ or check Toa based on
the SV heaiih settings described by this section. The Block IIR design depends on
CS up[oaas for SV health and the relationship of SV health data to almanac
reference time.

In an independent process, CS uploads for Toa values and almanacs are inputs to
the on-board generation of Toa values when the Block IIR design propagates
almanacs  to remain within 3.5 days of GPS time. If the CS providss  a vafid  upload,
the Block IIR on-board processing will maintain that all Toa values in SF4&5 will be
the same for a given a[manac data set and will difier for successive data s=is which
cant2in changes in alm2nac parameters.

.—

Fi~re 10-1. Let[ers of Exception (sheet 13 of 14)
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s oecific E x c e otion~
In addition, Martin Marietta tekes exceptions to the specific requirements Iistsd below:

Paragraph #
20.3.3.3.1.1

Table “20-V
6.2.3 -6.2.3.3
6.3.2,6.3.3
6.3.4
6.3.4

20.3.2
20.3.2

20.3.3.4.1
20.3.3.5.1.2
20.3.3.5.1.2
20.3.3.5.2.2
20.3.4.1
20.3.4.4
Table 20-XII
20.3.4.4. .

- - Table 20-XI I

Description
Change of week number: Extended Navigation (EN).

SV ID Nos. in Note 4 ( E N ) .
Definitions. CS responsibility. N/A to Block-llR.
Extended Navigation Mode description.
“... and will have . . . 16 meter SEP accuracy.”
Orbit pammeters.  Narrative on almanac. N/A to Block-IIFl.
Martin Marietta uses ICD-GPS-401  method.
“... 182 days of uploaded NAV data in the Block [IA . ..”
“(d) if a control . . . subframes will indicate ID = 1 . ..”
IRN excludes Block-1 I PI.
CS requirement deleted. (Related to extended nav.).
Propagation of Toa requirements.
“For Block II . . . transmission interval.”
Propagation of Toa requirements.
Reqrnt for subframe changes at frame bounda~.
Table 20-XII: Ext. Nav related.
IODC Requirements. Ext. Nav related.
Two hour data sets are not tested.
Transmission intervals. Ext. Nav rele.ted.

Note that  if Matiin Marietta has taken eadier exception to a change in any requirements in a
previous revision of this document, Maflin Marietta continues to take exception to that
change. The retraction of an exception will be accomplished by a letter explicitly stating that
the exception is no longer valid.

[f there are any questions of a technical nature concerning the contents of this letier, please
cont2ct Dave Levin at (610) 354-3022. All other questions or comments should be
addressed to the undersigned at (61 O) 354-1710.

Very truly yours,

M A R T I N  MAf?lE17A  ASTRO  S P A C E

D. SUDOW

Manzger,  GF’S Contracts
GPS PMO

Idd

Fi~re 10-1. Letters of Exception (sl~eet 14 of 14)
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20. WPENDIX  II. GPS NAVIGATION DATA STRUCTURE FOR DATA ID NO. 2

20.1 Stove. This appendix describes the specific GPS navigation @A~ data structure denoted by data ID

number 2. This data ID number, \vhen transmitted as part of the NAV data, shall be represented by the t~vo-bit

binary notation as 01. Data ID number 1 is no longer in use.

20.2 A~uIicable Documents.
. .

20.2.1 Government Documents. In addition to the documents listed in paragraph 2.1, the follo~ving documents of

the issue specified contribute to the definition of the NAV data related interfaces and forma part of this Appendix

to the ex-tent Specfled  herein.

Specifications

None

Standards

None

Other Publications

None.---

20.2.2 Non-Government Documents. ln addition to the documents listed in paragraph 2.2, the follo~ving

documents of the issue ~ec~led contribute to the definition of the NAV data related interfaces and form a part of

this Appendix to the exlent spec~!ed herein.

Specifications

hTone

Other Publications

none
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20.3 Requirements

20.3.1 Data Characteristics. The data stream shall be transmitted by the SV on the L 1 and L2 channels at a rate

of 50 bps. The data stream, when present, shall be common to both of those L-band frequencies, irrespective of the

PRN ranging code(s) used.

20.3.2 Messaze  Structure. As shotn  in Figure 20-1, the message structure shall utilize a basic format of a 1500

bit long frame made” Up of five subframes, each subframe  being 300 bits long. Subframes  4 and 5 shall be

subcornrnutated 25 times each, so that a complete data message shall require the transmission of 25 full frames.

The 25 versions of subties 4 and 5 shall be referred to herein as pages 1 through 25 of each subframe. Each

subframe shall consist often words, each 30 bits lon~, the MSB of all words shall be transmitted first.

Each subfrarne and/or page of a subframe shall contain a telemetry (TLm word and a handover word (HOW), both

generated by tie SV, and shall start with the TLM/HOW pair. The TLM word shall be transmitted first,

immediately followed by the HOW. The latter  shall be followed by eight data words. Each word in each frame

shall contain panty (reference Section 20.3.5).

.---
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SUBFRAME PAGE
NO. NO,

1 NIA

1

. .. .

17’
1 31 61 73 77 p3 91 121

TLM HOW w II

22 BITS c p 22 BITS t p 10 P 23 IBITS -- I P I 24 BIT- ] P I

II I BITS I

4444 A

181 197 211 219 241 271

‘GO bc p ~ af 1
P P

%

Bl~~— a BITS
P t P

16 31TS BITS 16 BITS 22 arrs

-L a Lsas IOOC.  1031TS TOTAL

- RESERVED
P = 6 PARITY 31TS
t = 2 NONINFORMATION BEARING SITS uSGD FOR PARITY COMPUTATION (SEZ PARAGW?H  20.3.5)
C = TLM 31TS 23 ANO 24 WICH A2E RESEZVEO

Fi~re 20-1. Data Format (si~eet 1 of 10)
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2

PAGE
NO,

NIA

t= DIRECTION OF OATA FLOW FROM SV MSa FIRST  —~

~ 150BITS 3 SECONDS ~

1 31 61 69 91 107 121

TLM HOW IOOE cr~ An
c P t P 8 P 8 P 24 alTS P

22 BITs 22 BITS BITS 16 alTs 16 BITS BITS

A A
I

M;& LSBS

151 167 181 211 1227 1241 271 2a7

%C ~ c “ * b.

2 . . NIA ? 24 BITS P 8 P 24 BITS P t P
-. 16 BITS 31TS 16 BITS BITS 16 31TS

++ + t
MSBS Lsas Msas Lsas

- R~sERv~D
S?A3E -5 alTs ~

P = 6 PARITY alTS
t = 2 NONINFORMATION BEARING SITS USEO FOR PARITY COMPUTATION (SEE PA~GRAPH  20.3 5)
C = TLM 31TS 23 AND 24 WICH  ARE RESERVED

Fi~lre  20-1. Data Fomlat  (sheet 2 of 10)
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k DIRECTION OF DATA FLOW FROM Sv MS9 FIRST -—/

14-~’”’4~’D2
SUBFRAME

+w2D3+mRD4+mRD54

PAGE
NO. NO. . 1 31 61 /77 91 121 137

TLM HOW Ck C*

3 NIA c ? t P 8 P 24 BITS P
22 31TS

8 P
22 BITS 16 BITS BITS 16 BITS BITS

4 +
MS3S LS8S

~.3231TSTOTAL ~ iO -323[7S TOTAL

3
. ..-

NIA

151 ~al 211 241 271 279

c=
24 BITS P a P 24 31TS ? h , ‘or ‘y , p

16 BITS BITS 24 a~S alTS SITS

A 4 A
I

Lsas
MiSs LS&

1
k iO .32 SITs ToTAL

01-32 alTS  TOTAL

- RESERVED
P = 6 PARITY alTS
t = 2 NONINFORMATION aSAi?lNG  BITS US50 FOR  PARITY COMPUTATION (SCE PARAG~PH 20.3.5)
C = TLM 81TS 23 AND 24 WICH A2E RESE3V50

Fi~re 20-1. Data Format (sheet 3 of 10)
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SUBr~ME
61P A G E

NO. NO. 1 31 63 69 91 99

TLM HOW e ~ ~ ~i
c P t P

22 BITS 22 BITS 16 BITS BITS 16 BITS

1
5 TH8U

24

5
1

THRU
. . 24. .

I 121

++

~lD.6BlTsJDATA ID - 231TS ~
~ HEALTH  —

DIRECTION OF DATA FLOW FROM SV

1S0 BITS 3 SE~NOS

151 181 211 241

6 , ‘o , “ p ‘o
24 Srs 2491iS 24 BITS 24 BITS

1 I I I I I I m271 279 290

P P

4f?8 MSSS 3 LSas
~. 11 alTS TOTAL

q, -11 alTs TOTAL

P = 6 PARITY BITS
t = 2 NONINFORMATION a3RlNG alTS  USEO FOR  PA3nY COMPUTATION (SEZ PARAGRAPH 20.3.5)
C = TLM BITS 23 AND 24 WICH  ARE RESZRVZD

FiWre  20-1. Data Forl~lat (st~eet 4 of 10)

ICD-GPS-200C
10 OCT 1993

70



4 ““’N”’”TAFL”’:E”-hmROI-mRD2  +WRD3+WRD4+MRD5

SUS,7AME
NO.

‘“h

5 25
I

C P
22 BITS

61

31 ]53 59 91 121

HOW b. y, ~
W HEALTH SV HEALTH

t P a 691TSISV ~ 6 91T~V ~

22 BITS 911S 31TS w. Sv Sv Sv Sv Sv % Sv
1 2 3 4 5 6 7 8

44
DATA ID -2 alTs

SV (PAGE)  ID -6 alTS=

-150’”sDIR~CTION  OF OATA FLOW FROM  SV MSa FIRST

3 SECONDS

~RD6+_07  +.R08+wQR09  +WR030<

271
151 181 211 241 1274

= HEALTH W HEALTH SV H~LTH SV HEALTH
6 alTs/sv

. P 6 arm ~ 6 arrssv 6 a[TSISV ~ SPARE

5 25 Sv w Sv Sv
?. . Sv Sv Sv Sv Sv Sv Sv Sv w w Sv Sv

t P
13 ars. -

9 10 11 1? 13 14 15 16 17 18 19 20 21 22 23 24

RFsE~Eo  .3 9,Ts A

—  RESEWEO
P = 6 PARITY BITS
t = 2 NONINFORMATION aEARING SITS US~D FOR PARITY  COMPUTATION (SZE PARAGRAPH 20.3.5)
C = TLM alTS 23 ANO 24 WICA ARE RES~RVEO

Fi~re 20-1. Data Fon~Iat (sl~eet 5 of 10)
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SUBFRAME P A G E
N“, NO.

b

1

TLM

4 1,6.11. C P
16&21 22 BITS

4

*

—

P

—

JIA
DATA ID -2 BITS

SV (PAGE) ID.631TS

1= DIRECTION OF OATA FLOW FROM SV MSS FIRST ~

-’”’”s 3s’”Nm~~RD6+woRD7  +WOR08+MR09+MRDI0

151 181 211 241 249 271

SPARE
1,6.11. 24  BITS— P 2.4 31TS-” P
16821

24 BITS-- p 8— 16 p t P
BITS. . a l T s - 22 BITS

- -

-  RESERVED
P = 6 PARITY BVS
t = 2 NONINFORMATION O~RING  31TS USED FOR  PARITY COMPUTATION (SEE PARAG%?H 20.3 5)
C = TLM BITS 23 AND 24 WICH  ARE  RESERVED
NOT= PAG5S 2. 3.4.5.7.8.9 & 10 OF SUBFMME  4 HAE  THE SAME FORMAT AS PAGES 1 THROUGH 24 OF SUBF~ME  5

Fi~lre 20-1. Data Fonllat  (s!leet  6 of 10)
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SUB~ME P A G E
NO. NO.

4 12.19, 20,
22.23224

4 32.19.20.
22. 23& 24

. .. .

~’:’;’OFmTAiL’’”-+mRDI+mRD2  +mxD3+mRD4+wRD,

I 31 63 S9 91 121

TLM HOW
c P t P 16 P 24 BITS- P 24  B ITS -- P

22 BITS 22 BITS
- -

~,~~.- ‘--

I

++
OATA 10-2 BITS ~ I

Sv (PAGE) ID -6 BITS ~

151 181 211 241 249 271

S? ARE SP4RE
24 OITs” P 2491TS- P 24 ails-” P a-- P 1 P

31TS 16 BITS 22 BITS

- RESEmSO
P = 5 PARITY  BITS
t = 2 NONINFORMATION Bm.ING BITs  us~D FoR pARmy  COMPUTATION  (S~S pA~G~pH  zo,3 5)
C = TLM 317S 23 ANO 24 WICH ARE RESERV50
NOTE: PAGES 2.3.4, 5, 7.8.9 & 10 OF SUfjF~ME  4 HAVE THE SAME FORMAT AS PAGES 1 THROUGH 24 OF SUBFWME  5

FiWre  20-1. Data Format (sheet 7 of 1!))
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“’’’°F”’A’LO’’B”-+WRDI~WRD2 +WRO3+WRDa+W2D5

SUBFRAME

‘ 0 ” 4  ‘“m

4
. .. .

61

63 59 77 91 99 [107 121 129 137

~ ~
P

~ ~ ~ ~ ~ ~ ~ ~ ~

BITS BITS BITS BITS BITS BITS BITS BITS

DATA  IO. 291Ts2]

~ (DAG~)  ID.  691Ts

<

“’’°F”TAFLO’=;’-
-.RD6+.RD7+..8+..9~10lO

I 151

AI

18
24 SITS

Ital 211 219 227 241 ?49 /257 271 279

~ y p A\* a y ~ 3P S?ARE ~ p
P P 8

2431TS SITS SITS BITS 3[7s BITS 911S BITS 14 ams

++ 4
Msas LSas

Ao. 32 BITS TOTAL  ~
L

‘LSF

— ,~s~RvED
P = 6 PARITY BITS
t = 2 NONINFORMATION SWRING BITS USED FOR PARITY COMPUTATION (SEE PARAGRAPH 20.3.5)
C = TLM BITS 23 AND 24 WICH  ARE RESERVED
NOTE: PAGES 2.3, 4.5.7. a. 981007 SUEF~ME  4 HAE THE SAME FORMAT AS PAGES 1 T3ROUGX  25 OF SUBFRAME 5

Fiyre 20-1. Data Fontlat  (sheet S of IO)
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SUBmME P A G E
NO. NO,

4 25

4 . .
. -

25

4

4

“’’’°FmTAFLO’:E”-~~RDl+wQR02  +woR03+mR04+woRos

161

1 31 63 59 31 121

TLM HOW
A-SPOOF L A- sPOOF 8
WCONFIG

A- SPOOF&

c P t P P Sv mNFIG ~ SV CONFIG ~

22 91TS 22 BITS w Sv w w w w w w w w w % w w Sv w
1 2 3 4 5 5 7 8 9 70 11 12 13 14 15 16

4 4
DATA 10-2 31TS

SV (PAGE) ID -6 BITSd

F’”TS“Rco’ONoFmTAFLO’E”-““’+”RO’+””’+””’+”’”’”

A

SPARE.2BlTsd  ~ W.~LTH.6~ITS

-  RESERVZO SPARE  .4 BITS-J
P = 6 PARITY 31’S
t = 2 NONINFORMATION SEARING 31TS uSED  FOR PARITY COMPUTATION (SEE PARAGRAPH 20,3.5)
C = TLM 91TS 23 ANO 24 WICH ARE RZSZRVED
NOTE: PAGES 2.3.4.5, 7.8.9 & 10 OF SLJBF%ME  4 HAVE THE SAME FORMAT AS PAGES 1 Tii30UGH  24 OF SU8FRAME  5

Fi~re 20-1. Data Fornlat (sheet 9 of 10)
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SUBFRAME P A G E
NO. NO. m1 -.

TLM

4 13.14.15 C P
& ~7- 22 BITS

i61

31 63 63 91 121

HOW
t P P 24 BITS- P 24 %lTS- P

22 BITS BITs--

44
DATA ID - 2917s

W (PAGE) ID -6 SITS3

151 181 211 241 271

4 13.14.15 2 4 8 ~ V P 24 BrTS- P 24 BITT p 24 BIT~ P 22 BITS- t P
a 17-

.-. .

- THE lNDl~TED  PORTIONS OF mRDs 3 THROUGH 10 oF PAG~s  13, 14, & 15 ARE S?ARES,  W[LE THOSE ~- PAG5 17
ARE RSSERVED  FOR SPECIAL MZSSAGES  (PLUS SPARES) PER PA~G~PH  203.3.5.1.10

—  RZSER’VED
P = 6 PARITY 31TS
I = 2 NONINFORMATION 9EARING  911S uSED FOR PARITY COMPUTATION (SEE PARAGRAPH 20.3.5)
c = TLM BITS 23 AND 24 WICH ARE REs~RvEo
NOTE: PAGES 2, 3.4.5.7.8.9810 OF SUBFWME  4 HAW THZ  SAME  FORMAT AS PAGES 1 TfiROuGH 24 OF SU3FWME  5

Fi~re 20-1. Data Fern-iat (sheet 10 of 10)
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Block II and 11A SVS are designed \\ith sfilcient rnemo~  capaci~  for storing 1S2 days of uploaded NAV data.

Ho\vever, the memory retention of tiese SVS will determine the duration of data transmission. Block IR SVS are

designed to have sufficient memory 10 store 1 S2 days of uploaded NAV data in the Block 11.4 mode and to store

210 days of CS data needed to generate N~V data on-board in the Autonav  mode. Alternating ones and zeros will

be transmitted in words 3 through 10 in place of the normal NAV data \vhenever  the SV cannot locate the requisite

valid con~ol or data element in its on-board computer memory. The following specifics apply to this defadt

action: (a) the pari~ of the affected words will be invalid, (b) the [\vo trailing bits of word 10 will be zeros (to

allow the parity of subsequent subframes to be valid -- reference paragraph 20.3.5), (c) if the problem is the lack of

a data eIemenL only the directly related subframe(s)  will be treated in this manner, (d) if a control element cannot

be located, this default action wiII be applied to all subframes  and all subframes  will indicate ID = 1 (i.e., an ID-

code of 001) in the HO\V (reference para~aph 20.3.3.2) @lock Im SVS indicate the proper subframe ID for all

subfimes.)  and (e) certain failures of data which may occur in the SV memory or during an upload will cause the

SV to transmit in non-standard codes WSC and NS~ }vh.ich  would preclude normal use by the US. Normal NAV

data transmission will be resumed by tie SV whenever a valid set of elements becomes available.

Block I SVS can store only 34 days of uploaded data. Whenever Block I SVS reach the end of the uploaded data,

they will tinsmit a pattern of ones and zeros in words 3 through 10 of each subframe with t~vo trailing zeros in

word 10. F-u-rther,  the Block I SVS do not have the capaciU of transmitting alternating ones and zeros in words 3

through 10 in pface of the nomal NAV data in default cases specified in the proceeding paragraph.
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Block 11 SVS are uploaded t%ith 182 days of NAV data. Ho\vever, the EAROM retentivity for these SVS is

desi=med and=wranteed  for only 14 days. Therefore, Block II SVn~emoI?’isnlost  likely to fail sornetimeduring

long-term estended  operations after repeated ~vrite operations. In the case of memory failure, the SV ~vill transmit

alternating ones and zeros in ~vord 3-10 as specified in the above paragraph.

Block 11A SVS are also uploaded \vith

designed and .-anteed  for 180 days.
. .

The memo~ retentivity for the Block IIR

IS~ days of data. Ho\vever, the E~OM retentivity for these SVS is

SVS is desi=med and guaranteed for210 days.

Although the data content of the SVS xvill be temporarily reduced during the upload process, the transmission of

valid NAV data will be continuous. The data capacity of specflc operational SVS may be reduced to accommodate

pa.rdal memory tiilures.

. ..-
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20.3.3 Message Content. The format and contents of the TLM word and the HOW, as \vell as those of words tkee

through ten of each subframe/page, are described in the follo~ving subparagr~?phs  (message content related to SA is

defined in ICD-GPS-203 and/or ICD-GPS-207 -- see note in paragraph 2. 1). The timing of the subframes and

pages is covered in Section 20.3.4.

20.3.3.1 Telemetm  Word. Each TLM \vord is 30 bits long, Occurs every six seconds in the data frame, and

first word in each subframe/page. The format shall be as shown in Fi=~re 20-2. Bit 1 is transmitted first.

TLM word shall begin “with a preamble, follo~ved by the TLM message, two resewed bits, and six parity bits.

is the

Each

The

TLM message contains information needed by the authorized user as defined in ICD-GPS-203  and/or ICD-GPS-

207 (see note in paragraph 2. 1), and by the CS, as described in the related SS/CS interface documentation.

20.3.3.2 Handover Word (HOW.  The HOW shall be 30 bits long and shall be the second word in each

subframe/page, immediately follo~+ing  the TLM word. A HOW occurs every 6 seconds in the data frame. The

format and content of the HOW shall be as showm in Figure 20-2. The MSB is transmitted first. The HOW be~ns

with the 17 MSBS of the time-of-week COW) count. (T’he full TOW count consists of the 19 LSBS of the 29-bit Z-

cou.nt). These 17 bits correspond to the ToW-count at the Xl epoch which occurs at the start (leading edge) of the

nest following subframe (reference paragraph 3.3.4).

.---
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.+

~SB ““word=

Preamble
TLM Message o a1 0 0 0 1 0 1 1

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4  2 5 2 6 2 7 2 8 2 9 3 0

4 H O W

Synchronization FJag(for SV Configuration OOO)or
Anti-SpoofFlag (for SV Configuration 001)

Momentum Flag (for SVConfiguration  OOO)or
“Alert’” Flag (for SV Configuration 001)

Solved for bits to preserve
parity check with zeros in
bits 29 and 30

1 I
,.

TOW-Count Message Sub-

(Truncated) frame o 0
ID

1 2 3 . 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Fislre 20-2.  TLMand HO\VFon]~ats
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.

Bit lSisused innvo\vays: (a)on SVsthat  predesignated bycotilguration code 000, bit lSisthe roll momentum

dump flag ~vitha”l” inthis  bit-position indicating that anon-conservative (thmster  type) momentumdump has

occurred since the last upload (this flag is reset at a ne~v end-of-message transmission at the conclusion of the next

upload); and (b) on SVS desi=mated  by cotil=~ration  code 001, bit 1 S is an “alert” flag. When this flag is raised

(bit 18 =” l“), it shall indicate to the unauthorized user that the SV ~ may be ~vorse than indicated in subfrarne

1 and that he shall use that SV at his o~~m risk. The authorized user shall refer to ICD-GPS-203  and/or ICD-GPS-

207 (see note in paragraph 2. 1).
.,

Bit 19 also has a dual role: (a) on SVS that are designated by cotil=wration code 000 in page 25 of subframe 4, bit

19 is used as a synchronization flag; and (b) on SVS designated by cotil~ration  code 001, bit 19 is an anti-spoof

(A-S) flag.

When used as a synchronization flag, a “O” in bit position 19 indicates that the SV is in synchronism which is

defined as the condition in ~vhich the leading edge of the TLM ~vord is coincident \vith the Xl epoch. If bit 19 is a

“ l“, this condition may not .etiW, i.e., the SV is not in synchronism, and further data from this SV should not be

used since it may be erroneous. When used as an A-S flag, a “ I“ in bit-position 19 indicates that the A-S mode is

ON in that SV.

. .

provlae Ifie W 01 ~ne suoxrame In il’nlcn Inat panlcular  Hu w IS rne secona T1’era;Bits 20,21, -~nd220fthe  HOW ““ ‘ - “’ ‘“ ‘ ‘“’ “’ ““ ‘“
.,-. ., . . .L ..-. —s .- .--J.

the ?D code shall be as follofvs:

Stlbframe ~ Code

1 00 I
~ 010

3 011

d 100

5 101
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20.3.3.3 Subframe 1. The content of words three through ten of subframe 1 are defined belo}v, followed by related

algorithms and material pertinent to use of the data.

20.3 .3.3.1 Subframe 1 Content. The third through tenth words of subframe 1 shall  each contain six parity bits as

their LSBS; in addition, two non-infomation bearing bits shall be provided as bits 23 and 24 of word ten for panty

computation purposes. The remaining 190 bits of words three through ten shall contain the clock parameters and

other data described in the following.
. .

The clock parameters describe the SV time scale during the period of validity. The parameters in a data set shall

be valid during the inteml of time in which they are transmitted and shall remain valid for an-additional period of

time after mnsrnission  of the nexl data set has started. The timing information for subframes,  pages, and dam sets

is covered in Section 20.3.4.

20.3.3 .3.1.1 Week Number. The ten MSBS of word three shall contain the ten MSBS of the 29-bit Z-count as

qualified herein. These ten bits shall represent the number of the current GPS week at the start of the data set

transmission intexval  with “all zeros” indicating week ‘O”. The GPS week number incremen~  at each end/start of

week epoch. For Block II SVS in long-term exlended operations, be~nning appro.simately  28 days after upload,

tie ~nsmission  week number may not correspond to the actual GPS tveek number due to curve fit intemls that. ..-
cross week boundaries.
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20.3.3 .3.1.2 Code(s) on L2 Channel. Bits 11 and 12 of \vord three shall indicate lvhich code(s) is (Ne)

commanded ON for the L2 channel, as fol[o~is:

00 = Resemed,

01 = P code ON,

10 = C/A code ON.

20.3 .3.3.1.3 SV Acciriacv. Bits 13 through 16 of ~vord  tiree shall give the w index of the SV (reference

paragraph 6.2. 1) for the unauthorized user. The URA index ~ is an integer in the range of O through 15 and has

the following relationship to the M of the SV.

M lNDEX W (meters)

o

1

2

3

4

5

6

7“:.

8

9

10

11

12

13

14

15

0.00

2.40

3.40

4.85

6.85

9.65

13.65

24.00

48.00

96.00

192.00

384.00

76S.00

1536.00

3072.00

6144.00

2.40

2.40

4.85

6.85

9.65

13.65
X4.()()

48.00

96.00

192.00

3s4.00

76S.00

1536.00

3072.00

6144.00

< R (or no accuraq prediction is available - unauthorized users are

advised to use tie SV at their o!!m risk.)

83
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For each URA index (~, users may compute a nominal URA value (X) as given by:

. If the value  of N is 6 or less, X = 2L’ ‘x’z),

. Hthe value of N is 6 or more, but less than 15, X = 2(X- ‘),

. N = 15 shall indicate the absence of an accuracy prediction and shall advise the umuthorized

user to use that SV at his otvn risk.

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

20.3 .3.3.1.4 SV Health. The six-bit health indication given by bits 17 through 22 of ~vord  three refers to the

transmitting SV. The MSB shall indicate a summary of the health of the NAV data, \vhere

O = all NAV data are OK,

1 = some or all NAV data are bad.

The five LSBS shall indicate the health of the signal components in accordance ~vith the codes given in paragraph

20.3.3.5.1.3. The health indication shall be given relative to the “as designed’” capabilities of each SV (as

desi~ated by the cotil=~ration  code - see paragraph 20.3.3.5.1.6). Accordingly, any SV \vhich does not have a
. .

certain capability ~vill be indicated as “healthy” if the lack of this capability is inherent in its design or if it has

been cordigured into a mode ~vhich is normal from a user standpoint and does not require that capability.

Additional SV health data are given in subframes 4 and 5. The data given ill subframe  1 may differ from that

sho~fm in subframes 4 and/or 5 of other SVS since the lat~er may be updated at a different time.
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20.3.3 .3.1.5 Issue of Data, Clock (IODC].  Bits 23 and 24 of word three in subframe  1 shall be the t!vo MSBS of

the ten-bit IODC term; bits one through eight of ~vord eight in subfralne  1 shall contain tile eight LSBS of the

IODC.  The IODC indicates the issue number of the data set and thereby provides the user with a convenient

means of detecting any change in the correction parameters. Constraints on the IODC as \vell as the relationship.
between the IODC and the IODE (issue of data, ephemeris) tem~s are defined in paragraph 20.3.4.4.

Lonq-term  Extended  Operations. For Block 11 SVS, whenever the fit interval flag indicates a fit interval greater

than 4 hours, the IOISC can be used to determine the actual fit internal of the data set (reference section 20.3.4.4).

20.3 .3.3.1.6 Data Flag for L2 P-Code. When bit 1 of word four is a “1”, it shall indicate that the NAV data stream

was commanded OFF on the P-code of the L2 channel.

20.3.3 .3.1.7 @esewed)

20.3 .3.3.1.8 Estimated Group Delav Differential. Bits 17 through 24 of \vord  seven contain the L1-L2 correction

ten, TGD,  for the benefit of “L1 only” or “L2 only” users; the related user algorithm is given in para=mph

20.3.3.3.3.

. ..-
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20.3.3 .3.1.9 SV Clock Correction. Bits nine through 24 of ~~ord qigh[, bits one through 24 of ~vord  nine, and bits

one through 22 of \vord ten contain the parameters needed by the users for apparent SV clock correction (bC, an,

an, am). The reIated algotithrn  is ~ven in paragraph 20.3.3.3.3.

~1).3.3.3.2  Subfmme  I parameter Characteristics, For hose parameters Ivhose  characteristics are not Mly defined

in Section 20.3.3.3.1, the number of bits, the scale factor of the LSB (~vhich  shall be the last bit received), the

range, and the units  shall be as specified in Table 20-1.
. .

20.3 .3.3.3 User Algorithms for Subframe 1 Data. The algorithms defined belo~v (a) allo~v all users to correct the

code phase time received from the SV ~vith respect to boti SV code phase offset and relativistic effects, (b) permit

the “single frequenq”  (L 1 or L2) user to compensate for the effects of SV group delay differential (the user wrho

utilizes both frequencies does not require this correction, since the clock parameters account for the induced

effects), and (c) allo~v the “nvo frequency” (L1 and L2) user to correct for the group propagation delay due to

ionospheric effects (the single frequency user may comect for ionospheric effects as described in paragmph

20.3.3.5.2.5).

. .--
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Table 20-1. Subframe  1 Parameters

Parameter

;ode on L2

Veek No.

. 2  Pdataflag”

;V accuraq

;V health

rGD

:ODC

&

in

an
. .

am ‘-

No. of
Bits**

2

10

1

4

6

8*

10

16

8*

16*

~~*

Scale
Factor
(LSB)

1

I

1

1

~-;  1

Effective
~nge***

604.7S4

units

jiscretes

,veek

discrete

(see test)

discretes

seconds

(see test)

seconds

seclsec=

secfsec

seconds

* Parameters so indicated shall be [~vo’s complement. \\ilh  the sign bit (+ or -) occupying the MSB;

** See Figure 20-1 for complete bit allocation in subframe;

*** Unless othen~ise indicated in this column. effective range is the maximum range atrdinable ~~tith
indicated bit allocation and scale factor.
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20.3.3 .3.3.1 User Aloorithm  for SV Clock Correction. The pol}mominl  defined in the folloiving allotvs the user to

determine the effective SV Pm code phase offset referenced to the phase center of the antennas (AtW) \vith respect

to GPS system time (t) at the time of data transnlission. The coefficients transmitted in subframe  I describe the

offset apparent to the t~vo-frequency  user for the interval of time in ~vhich the parameters are transmitted. This

estimated correction accounts for the deterministic SV clock error characteristics of bias, drift and aging, as Ivell as

for the SV implementation characteristics of group delay bias and mean differential group delay. Since these

coefficients do not include corrections for relativistic effects, the user’s equipment must determine the requisite

relativistic correction: “Accordingly, the offset given belo~v includes a term to perform this function.

The user shall correct the time received from the SV \vith the equation (in seconds)

t = k - Atw

\vhere

t = GPS system time (seconds),

tw = effective SV PM code phase time at message transmission time (seconds),

AIW = SV Pm code phase time offset (seconds).

(1)

The SV Pm code phase offset is given by

. ..-
Atw = am + a~(t - &) + an(t  - &)2 + At~ (2)

\vhere

am, an and an are the polynomial coefficients given in subframe 1. t.= is the clock data reference time in

seconds (reference paragaph 20.3.4.5), and Atr is the relati~istic  correction term (seconds) \vhich is given

by

At, = Fe(A)ln  sin Ek.

me orbit parameters (e, A, Ed used here are described in discussions of data contained in subframes 2 and 2,

Ivhile F is a constant tvhose  value is

.2P%
F.— =  +.442 S07633  (lOj10 sec/(meter)*’2,~?
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where

IJ meters3
p = 3.986005 X 10 . value of Earth’s uni}.ersal  gravitational parameters

second 1

8  mete=
c  =  2 . 9 9 7 9 2 4 5 8 s  1 0  = = speed of light.

Note that equations (1) and (2), as written, are coup[ed.  While the coefficients ate, afi and a~ are generated by

using GPS time as indicated in equation (2), sensitiy-ity  of IW to t is negligible. This negligible sensiti~ity will

allow the user to appro.s.imate  t by tsv in equation (2). The value oft must account for beginning or end of week

crossovers. That is, if the quantity t - & is greater than 302,400 seconds, subtract 604,800 seconds from t. If the

quantity t - &is less than -302,400 seconds, add 604,S00 seconds tot.

The control segment \%-ill utilize the following alternative but equivalent expression for the relativistic correction

when estimating the NAV parameters:

!vhere
+
R is the instantaneous position vector of the SV,
+
V is the instantaneous velocity vector of the SV, and

c is the speed of light. (Reference paragraph 20.3.4.3).

4 +
It is immaterial whether the vectors R and V are expressed in earth-fixed, rotating coordinates or in earth-
centered, inefi”al coordinates.
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20.3.3 .3.3.2 L1 - L2 Correction. The L1 and L2 correction term, TGD. is calculated by the CS to account for the

effect of SV group delay differential bet]veen L 1 and L2 based on meas(lrements  made by the SV contractor during

factory testing. This correction term is only for the benefit of “single-frequency” (L 1 or L2) users; it is necessitated

by the fact that the SV clock offset estimates reflected in the am clock comection coefficient (see paragraph

20.3.3.3.3. 1) are based on the effective PRN code phase as apparent \vith t~vo frequency ionospheric comections.

Thus, the user ~vho utilizes the L1 frequency only shall modi&  the code phase offset in accordance \vith paragraph

20.3.3 .3.3.1 with the equation

(At~v)Ll = AtSV

\vhere  TGD is provided to

modification is given by

- TGD

the user as subframe 1 data. For the user \vho utilizes L2 only, the code phase

(Atsv)L2  =  
AtSV -  YTGD

\vhere, denoting the nominal

Y
=  (fL~/fLz)z  =

.---

center frequencies of L1 and L2 as fLl and fLz respectively,

(1575.42/1227.6)’ = (77/60$.

The value of TGD is not equal to the mean SV group delay differential, but is equal to the delay differential

multiplied by 1/(1-y ). That is,

1
TGD = —  (tL~ -  tL~)

i - y

~vhere tLl is the GPS time the ih frequen~  signal is transmitted from the SV.
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20.3.3 .3.3.3 Ionospheric Correction. The t~so frequency &l and L2) user shall correct for the group delay due to

ionospheric effects by applying the relationship:

.

PR = PR2 -  yPRl

l-y

\vhere

PR = pseudorange corrected for ionospheric effects,

PRi = pseudorange measured on the L-band channel indicated by the subscript

and y is as defined in paragraph 20.3.3.3.3.2. The clock correction coefficients are based on “t\vo frequency”

measurements and tierefore account for the effects of mean d~erential delay in SV instrumentation.

20.3 .3.3.3.4 Example A~plication of Correction Parameters. A typical system application of the correction

parameters for a user receiver is sho~vn in FiWre  20-3. The ionospheric model refereed to in Figure 20-3 is

discussed in para=~ph 20.3 .3.5.2.5 in conjunction \vith the related data contained in page 1S of subframe 4.
. ..-

20.3.3.4 Subframes 2 and 3. The contents of ~vords three through ten of subfmmes  2 and 3 are defined belo~v,

follo~ved by material pertinent to the use of the data.
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T~~*
ESTIMATE OF SV
TRANSMISSION TIME

a~o, afl, an, tOC

“r ‘-~

+A tsv
‘Y

@
TROPOSPHERIC
MODEL 4

?
CODE PHASE OFFSET
- TRUE SV CLOCK EFFECTS
-  E Q U I P M E N T  G R O U P  D E L A Y  +

T Vopo
DIFFERENTIAL EFFECTS

- RELATIVISTIC EFFECTS
@ -

IONOSPHERIC
MODEL. 4

++ Ttino an. D“ Y

CONVERTER USER POSITION,

+
VELOCITY. and
TIME (CLOCK BIAS)

GPS TIME PATH DELAY
- G E O M E T R I C
-  TROPOSPHERIC SPEEO OF LIGHT
- 10 NO SPHERIC-

RANGE DATA F80M
OTHER  SATELLITES
CALIBRATION DATA
AUXILIARY SENSOR

USER CLOCK BIAS

+\ - SINGLE FREQUENCY USER ONLY
GPS TIME

Fi=wre  20-3. Sample Applicatiol~  of Correction Pafilnleters
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20.3.3.4.1 Content of Subframes 2 and 3. The third through tenth \~ords  of subframes  2 and 3 shall each contain

six parity bits as their LSBS; in addition, two non-information bearing bits shall be provided as bits 23 and 24 of

word ten of each subframe for parity computation purposes. Bits 2SS through 292 of subframe 2 shall be spares

containing alternating ones and zeros with valid pari~  (reference paragraph 20.3.3.5.1.11). The remaining 375

bits of those two subframes shall contain the ephemeris representation parameters of the transmitting SV.

The ephemeris parameters describe the orbit during the curve fit intervals described in section 20.3.4. Table 20-LI

~ves the definition of&e orbiti  parameters using terminology typical of Keplerian  orbital pararnerers; it shall be

noted, however, that the transmitted parameter values are exTressed  for a coordinate ~stem which allows the best

trajectory fit in Earth fixed coordinates for each specific fit intenral. The user shall not interpret intermediate

coordimte  values as pertaining to any conventional or stable coordinate system.

-:-
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Table 20-11. Ephemeris Data Definitions

MO

An

e

(A)ln

(OMEGA)I)

if)

OMEGADOT

c Uc

cr.

Ci.

IODE

Mean Anomaly at Reference Time

Mean Motion Difference From Computed Value

EccentriciU

Square Root of the Semi-Major Axis

Longitude of Ascending Node of Orbit Plane at \Vee!ily Epoch

Inclination Angle at Reference Time

ArOwment  of Perigee

Rate of~ght  Ascension

Rate of Inclination Angle

Amplitude of the Cosine Harmonic Correction Term to the Ar=%ment of Latitude

Amplitude of the Sine Harmonic Correction Term to the Ar=wment  of Latitude

Amplitude of the Cosine Harnlonic  Correction Term to the Orbit Radius

Amplitude of the Sine Harmonic Correction Term to lhe Orbit Rildius

Amplitude of the Cosine Harmonic Correction Term to [he Angle of Inclination

Ampli[ude  of the Sine Harnlonic  Correction Terll~ to the Angle of Inclination

Reference Time Ephemeris (reference paragraph 20.3 .4.5)

Issue of Data ~phemeris)
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The issue of ephemeris data (IODE) term shall provide the user ~vith a convenient means for detecting any change

in the ephemeris representation parameters. The IODE is provided in both subframes 2 and 3 for the purpose of

comparison with the 8 LSBS of the IODC term in subframe  1. Whenever these three terms do not match, a data set

cutover has occurred and ne~v data must be collected. The timing of the IODE and constraints on the IODC and

IODE are defined in paraqaph 20.3.4.4.

Any change in the subframe  2 and 3 data ~vill be accomplished \vith a simultaneous change in both IODE ~vords.

The CS shall assure that  the k. value, for at [east the first data set tratlsmitted by an SV after an upload, is dfierent

from that transmitted prior to the cutover.

A “fit interval” flag is provided in subframe  2 to indicate ~vhether the ephemerides are based on a four-hour fit

interval or a fit interval greater than four hours (reference paragraph 20.3.3.4.3.1).

20.3 .3.4.2 Subframe 2 and 3 Parameter Characteristics. For each parameter contained in subfiames 2 and 3, the

number of bits, the scale factor of the LSB (\vhich shall be the last bit received), the range, and the units shall be as

specified in Table 20-111.

. ..-
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Table 20-111. Ephemeris Parameters

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

IODE 8 (see text)

G 16* 2
-5

. .
meters

An 16*
~43 semi-circles/see

MO
-:1

32* ~ semi-circles

c 16* 2
-29

Uc radians

e ~~ ~-~~ 0.03 dimensionless

Cw 16* 2
-29 radians

(A)ln -19 In
32 2 meters

& 16 24 604,7S4 seconds

c. 16* ~-29 radians

(OMEGA)O
-31~~* ~ semi-circles

Ck lfj* 2
-29 radians

io : -- 32*
~.; 1 semi-circles

G 16* 2
-5 meters

Q ~~* z.: 1
semi-circles

OMEGADOT ~~* ~4; semi-circledsec

IDOT 14* ~A; semi-circledsec

* Parameters so indicated shall be t~vo’s complement, \\itll  the sig]] bit (+ or -) occupying the MSB;
* * See Fio~re 20-1 for complete bit allocation in subframe;

*** Unless othen~’ise indicated in this colurml, effective range is the maximum range attainable l~ith
indicated bit allocation and scale factor.
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20.3.3.4.3 User Al~ori(hm  for Euhemeris  Determination. The user shall compute the earth fixed coordinates of

position for the phase center of the SVS’ antennas utilizing a variation of the equations sholvn in Table 20-IV.

Subframes 2 and 3 parameters are Keplerian in appearance; the falues  of these paran)eters,  hotvever, are obtained

via a least squares curve fit of the predicted ephemeris of the phase center of the SVS’ antennas (time-position

quadruples; t, x, y, z). Particulars concerning the periods of the cume fit, the resultant accuraq, and the applicable

coordinate system are given in the follo~ving subparagraphs.

20.3.3 .4.3.1 Cutie Fit”Intemals. Bit 17 in \vord 10 of slrbfrarne 2 is a “fit interval” flag lvhich indicates the curve-

fit internal used by the CS in determining the ephemeris parameters, as folloivs:

O = 4 hours,

1 = greater than 4 hours.

The relationship of the curve-fit inten~l to transmission time and the timing of the curve-fit intervals is covered in

section 20.3.4.

. ..-
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. Table 20-IV. Elements of Coordinate Systems (sl~eet 1 of 3)

M = 3.986005 x IOIJ meters3/sec2

.
~e = 7.2921151467 x 10”5 radfsec

rk = t-&t.-

n=nO+An

M~ = MO + nt~

WGS S4 value of the earth’s universal gravitational

parameter

WGS S4 ~’alue of the eartl~’s rotation rate

Semi-major axis

Computed mean motion (rad/see)

Time from ephemeris reference epoch

Corrected mean motion

Mean anon]aly

* t is GPS ~stern time at time of tral~smission. i.e.. GPS tinle corrected for transit time (range/speed of

light). Furtilent~ore,  tk shall be the actual total time difference bet~~een the time t and the epoch time

&, and must account for beginning or end of \v*k crossovers. That is. if [~ is greater than 302,400

seconds, subtract 604,S00 seconds fronl tk. If tk is less tl~an -302,400 seconds. add 604,800 seconds to

tk.
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Table 20-IV. Elements of Coordinate Systems (sheet 2 of 3)

Mk=Ek-esin  E~ “ Kepler’s Equatiol~ for Eccentric Anomaly
(may be solved by iteration) (radians)

{1_ ,  sinl~k
Vk =  t a n  — True Anomaly

Cosvk

{

~sinEk/,(l-ecosEk)
= tan-’

(cosEk-e)/(l-ecosEk) I

{1E, =  COS-’ ‘+  Cosvk
l+ecosvk

rk = A(l-ecosE~) + ~r~

ik = i. + bik + (TDOT)  tk

Eccen[ric  Anomaly

Ar=wmenl  of Latitude

Ar=qment of Latit~lde Correction
Radius Correction

)

Second Hamlonic Perturbations

Inclination Correction

Correc:td  ArWnlent of Lali[ude

Corrected Radius

corrected Inclination
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Table 20-IV. Elements of Coordinate Systems (sheet 3 of 3)

x~’ = r~cosu~
ykfl = r~sinu~

)
Positions in orbiul  plane.

S2 =Qo+(fi -fie)tk-fie to<
k

Corrected longitude of ascending node.

x~ = xk’co~k - y~’cosi~si]~~. .
y~ = xksi~~ + y~’cosi~co~~

z~ = y~’sini~ }

Earth-fixed coordinates.
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20.3.3 .4.3.2 Parameter Sensitivi~. The sensitivity of the SV’S antenna phase center position to small

perturbations in most ephemeris parameters is extreme. The sensiti~i~  of position to the parameters (A)]n, G..

and & is about one meter/meter. The sensitivi~  of position to the an=~iar parameters is on the order of 108

meters/semicircle, and to the an=nlar rate parameters is on the order of 1012 meters/senlicircle/second.  Because of

this extreme  sensitivity to an~lar perturbations, the value of x used in the cume fit is given here. n is a

mathematical constant, the ratio of a circle’s circumference to its diameter. Here n is taken as

“n = 3.1415926535898.

20.3 .3.4.3.3 Coordinate Svstem. The equations given in Table 20-IV provide the

position in the WGS 84 earth-centered. earth-fixed reference frame defined as follo~vs:

SV’s antenna phase center

OMGIN  = Earth’s center of nlass*

Z-AXIS = Parallel to the direction of the CONVENTIONfi  INTENTIONAL ORIGIN (CIO)

for polar motion, as defined by the BEAU INTEWATIONAL  DE L’HE~ (BW

on the basis of the latitudes adopted for the BR stations**

X-tis  = Intersection of the WGS S4 reference meridian plane and the plane of the mean

astronomic equator, the reference meridian being parallel to the zero meridian defined

by the BMAU INTERNATIONN  DE L’HEURE (BIH)  on the basis of the longitudes

adopted for the BIH stations***
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Y-AXIS = Completes a right-handed, earth-centered, earth-fixed orthogonal coordinate ~stem,

*

**

***

20.3.3 .4.3.4

measured in the plane of the mean astronomic equator 90° east of the X-axis***

Geometric center of WGS S4 ellipsoid

Rotation axis of WGS S4 ellipsoid

X, Y axes of WGS S4 ellipsoid

Geometric Range. The user shall account for the effects due to earth rotation rate (reference Table

20-1~ during the time of signal  propagation so as 10 evaluate the path delay in an inertially  stable coordinate

system. Specifically, if the user ~vorks in earth-fixed coordinates he should add (-h, y A t, 6.x A L O) to his

position (x, y, z).

20.3.3.5 Subframes 4 and 5. Both subframe 4 and 5 are subcommutated  25 [imes each; the 25 versions of these

subframes  are referred to as pages 1 through 25 of each subframe. With the possible exception of “spare” pages

and exTlicit repeats, each page contains dfierent specific data in ~vords  three through ten. As sho~vn  in Fi=wre 20-

1, the pages of subfmme  4 utilize six different formats, ~vhile those of subframe 5 use t~vo. The content of wmrds

three through ten of each page is described belo~v,  follolved by algorithms and material pertinent to the use of the

data. ----

20.3.3.5.1 Content of Subframes 4 and 5. Words three through [en of each page contain six parity bits as their

LSBS; in addition, t~vo non-infomla[ion  bearing bits are provided as bits 23 and 24 of tvord  ten in each page for

parity computation purposes. The data contained in the remaining bits of \vords three through ten of the various

pages in subframes 4 and 5 are described in t!~e follo~~ing subparagraphs.
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.4 brief summary of the various data contained in each page of subfrarnes  4 and 5 is as follo~~s:

a. Subfiame 4:

● pages 1, 6, 11, 16 and 21: (resemed);

● Pages z, 3, 4, 5, 7, 8, 9 and 10: almanac data for SV 25 through 32 respectively.

These pages may be desi=~ated  for other functions; the format and conten[  for each

page is defined by the SV ID of that page. In this case, the six-bit health \vord of page

25 is set to “6 ones” @efer  to 20.3.3.5. 1.3) and the SV D of the page Tvill not have a

value in the range of 25 through 32;

● Pages 12, 19, 20, 22, 23 and 24: (resewed);

● pages  Is, 14 and 15: spares;

● Page 17: speciaI  messages;

● page 18: ionospheric and UTC data;

. .--
● page 25: A-S flag~SV  cotil=gumtions

through 32.

for 32 SVS, plus SV health for SV 25

b. Sub frame 5:

● Pages 1 through 24: almanac data for SV 1 throu~h  24;

● Page 25: SV health data for SV 1 through 24, the almanac reference time and

the almanac reference \veek number.
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20.3.5 .5.1.1 Data D and SV lD. The two MSBS of word three in each page shall contain the data ID which

defines the applicable GPS NAV data structure. Data ~ one (denoted by binan code 00) was utilized during

Phase I of the GPS program and is no longer in use; data ID t~vo (denoted by binav code O 1) is described in this

Appendix. Future data IDs wtill be defined as necessary.

As sho~n  in Table 20-V, the data ID is utilized to provide one of t~vo indications: (a) for those pages which are

assi=med  to contain the almanac data of one spectilc SV, the data ID defines the data structure utilized by that SV

whose almanac data tie contained in that page; and (b) for all other pages, the data ID denotes the data structure of

the transmitting SV.

The SV ID is given by bits three through eight of word three in each page as sho~%m  in Table 20-V. Specific IDs

are reserved for each page of subframes 4 and 5; however, the SV ID of pages 2, 3, 4, 5, 7, 8, 9 and 10 of subframe

4 may change for each page to reflect the alternate contents for that page. The SV IDs are utilized in two different

ways: (a) for those pages which contain the almanac data of a given SV, the SV ID is the same number that is

assi=med  to the PRN code phase of that SV (reference Table 3-1), and (b) for all other pages the SV ID assi=-ed  in

accordance with Table 20-V serves as the “page ID”. IDs 1 through 32 are assi=~ed to those pages which contain

the almanac &ta of specific SVS @ages 1-24 of subframe  5 and pages 2-5 and 7-10 of subframe 4). The “O” D

(binary all zeros) is assi=wed to indicate a dummy SV, while IDs 51 through 63 are utilized for pages containing. ..-
otier than almanac data of a specific SV. The remaining Ds (33 through 50) are unassigned.

Pages \vhich contain identical data (for more frequent repetition) carV  the same SV lD (e.g., in subframe 4, pages

1,6, 11, 16 and 21 carry an lD of 57, \vhile pages 12 and 24 are designated by an ID of62).
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.

Table 20-V. Data IDs and SV fDs in Subfral}les  4 al]d 5

Subfrallle 4 Subfmme  5
pa~e

Data ID SV ID* Data ID Sv m“

1 Note(2) 57 Note(1) 1
2 Note(3) Note(1) ~j Note(1) ~

3 Note(3) Note(I) 26 Note(1) 3
4 Note(3) Note(1) ~~ Note(1) 4
5 Note(3) Note(1) ~s Note(1) 5

6 Note(2) 57 No[e(l) 6
7 Note(3) Note(l) 29 Note(1) 7
8 Note(s) Note(I) 30 Note(I) s
9 Note(s) Note(1) 31 Note(1) 9
10 Note(3) Note(1) ~~ Note(1) 10

11 Note(2) 57 Note(1) 11
12 Note(2) 62 Note(l) 12
13 Note(2) j~ Note(1) 13
14 Note(2) 53 Note(1) 14
15 Note(2) 54 Note(1) 15
16 Note(2) 57 Note(1) 1 6
17 Note(2) 55 Note(1) 17
1s Note(2) 56 Note(1) Is
19 Note(2) 58 Note(4) Note(1) 19

-20 Note(2) 59 No[e(4) Note(1) lo
21 Note(2) 57 Note(l) 21
~~ Note(2) 60 Note(4) Note(1) 22
23 Note(2) 61 Note(4) Note(1) 23
~~ Note(2) 61 Note(1) ~~
15 Note(2) 63 Note(2) 51

* Use “O” to indicate “dummy(’ SV. \Vhen  using “O” to indicate dilmmr  SV. use the data ID of the transmitting
Sv.

Note 1: Data ID of that SV ~rhose SV lD appears in that page.
Note 2: Data ID of transmitting SV.
Note 3: pages  ~, ~, ~, j, 7.8, ~. and 10 ofsllbfr~nle # mav con[ain  almanac data for SVS 25 through ~~,

respectively, or data for other functions as identified by a different SV ID from the value sho~n.
Note 4: SV ID may van.
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20.3.3 .5.1.2 Almanac Data. Pages 1 through 24 of subframe  5, as \vell as pages 2 through 5 and 7 through 10 of

subframe  4 contain the almanac data and a SV health ~vord for up to 32 SVS (the health tvord is discussed in

paragraph 20.3.3.5. 1.3). The almanac data are a reduced-precision subset of the clock and ephemeris parameters.

The data occupy all bits of \vords three through ten of each page except the eight MSBS of ~vord  three (data ID and

SV ID), bits 17 through 24 of \vord five (SV health), and the 50 bits devoted to parity. The number of bits, the

scale factor &SB), the range, and the units of the almanac parameters are given in Table 20-VI. The algorithms

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

The almanac message for any dummy SVS shall contain alternating ones and zeros ~vith va[id parity. For twelve or

fe~ver SVS, almanacs may be repeated !vithin the 25-qcle subcommutation limit. Whenever this option is

exercised, the follo~ving constraints shall apply: (a) each page of subframes 4 and 5, lvhich is assiemed by Table

20-V to one of the active SVS in orbit, must contain the almanac data of that SV to ~vhich it is assigned by Table

20-V, (b) those almanac-type pages Tvhich remain unused per the above rule, shall then be re-assi=wed  to carry a

duplicate set of almanac data for the active orbiting SV, (c) these page re-assignments  shall be in ascending order

of page numbers (starting \vith subframe 5, follo~ved by subframe 4) being used for SVS having an ascending order

of SV ~s, and (d) each re-assi=-ed  page must carry the SV ID of that SV ~vhose almanac data it contains.

The almanac parameters shall be updated by the CS at least once every 6 days \vhile the CS is able to upload the. .

SVS. If the C~ is unable to upload the SVS, the accuracy of the almanac parameters transmitted by the SVS ~vill

de==de  over time.
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For Block I SVS, one or t~vo sets of almanac data is uploaded to cover the 3-4 days of valid data transmission. For

Block II and 11A SVS, three seis of almanac shall be used to span 1 S2 days. The first and second sets \*ill be.

transmitted for up to six days each; the third set is in[ended to be transmitted for the duration of the 1S2 days from

the last upload, but the duration of transmission \\iIl depend on the individual SV’S capability to reiain  data in

memoxy.  All three sets are based on six-day curve fits that comespond  to the first six days of the transmission

interval. For Block IIR SVS, multiple sets of almanac parameters shall be uploaded to span 210 days.

. .

.-. .
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Table 20-VI. Almanac P:lrameters

Scale
No. of Factor Effective

Parameter Bits** (LSB) K211ge*** Units

~-21
e 16 dimellsionless

ba “ s
,12

602.112 seconds

~i**** 16* ,-19 semi-circles

OMEGADOT 16* ~ -3 s semi -ci rcles/sec

(A)ln ~J ~ -11 In
met ers

(OMEGA)O 24* ~.l;
semi-circles

a 24* ,-23 semi-circles

MO 24* ,-23 semi-circles

11* ~ -20
afo seconds

.-
ati 11*

~-?s secfsec

* Parameters so indicated shall be~~vo’s colllpleille[lt ~~i[l~tl~csigll  bit (+or-)occupying  tile MSB;

** See FiWre20- lforconlplete bi[alloca[iol~ i1lsubfra1lle:

* * *  Unless  otllenvise il~dicated intllis coluIlll~. effective ral~geis tllenlaxiltlLll~~ ratlgeat(ainable  \~ith
indicated bit allocation and scale fac[or;

**** Re]~[i\~e[o  io=l). ~() Senli-CirC!eS.
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20.3.3 .5.1.3 SV Health. Subframes4  and 5 contain nvotypes  of SV health data: (a) each of the 32 pages %vhich

. contain the cloc~ephemens  related almanac data provide an eight-bit SV health status \vord  regarding the SV

v’hose  almanac data they carry, and @) the 25th page of subframe  4 and of subframe 5 jointly contain six-bit health

status data for up to 32 SVS.
.

The three MSBS of the eight-bit health tvords  indicate health of the NAV data in accordance \vith the code ~ven in

Table 20-VII. The six-bit \vords provide a one-bit summary of the NAV data’s health status in the MSB position in

accordance \vith”  para~aph 20.3.3.3.1.4. The five LSBS of both the eight-bit and the six-bit }vords provide the

health status of the SV’S si~l components in accordance \\ith the code given in Table 20-VIII. A special

meaning is assi=med,  ho~vever, to the “6 ones” combination of the six-bit health \vords in the 25th page of

subframes 4 and 5: it indicates that “the SV \vhich has that ID is not available and there may be no data regarding

that SV in that page of subfiames  4 and 5 that is assigned to normally contain the almanac data of that SW

~0~: (a) th.is special meaning applies to the 25th page of subframes  4 and 5 @; and (b) there maybe data

regarding another SV in the aImanac-page  referred to above as defined in paragraph 20.3.3.5.1.1). The health

indication shall be @ven relative to the “as desi=wed  capabilities of each SV (as desi=~ated by the confi=mration

code — see paragraph 20.3.3.5. 1.6). Accordingly, any SV \vhich does not have a certain capability will be

indicated as “healthy” if the lack of this capabili~  is inherent in its design or it has been coti]=~red  into a mode

\vhich is normal from a user standpoint and does not require that capability.. ..-
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Table 20-VII. NAV Data Health Indications

Bit Position in Page

Indication

137 13s 139

0 .0 . 0 UL DATA OK

o 0 1 P~TY FAILURE -- some or all parity bad

o 1 0 TLM/HO\V FORMAT PROBLEM -- any departure from standard format (e.g.,

preamble misplaced and/or  incorrect, etc.), except for incorrect Z-count, as
reported in HOLV

o 1 1 Z-CC)W IN HO\V BAD – any problem \\ith Z-count value not reflecting

actual code phase

1 0 0 SUB~S 1, 2. 3-- one or more elements in \vords  three through ten of

. . one or more subfmmes  are bad

1 0 1 SUBF RAMES 4. 5-- one or more elements in \vords  three through ten of one

or more sub frames are bod

1 1 0 ALL UPLOADED DATA BAD -- one or more elements in \\’ords  three

through ten of any one (or more) subframes  are bad

1 1 1 ALL DATA B.~ -- TLM ~vord and/or HO\V  and one or more elements in any

one (or more) subfmmes  are bad
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Table 20-VIII. Codes for Health  of SV Signal Components

iMSB L S B Definition

0 0 0 0 0 All Signals OK
0 0 0 0 1 All Signals Weak*
0 0 0 1 0 AI I SignaIs  Dead
0 0 0 1 1 All Signals Have No Data Modulation
0 0 1 0 0 ““ Ll P Signal Weak
0 0 1 0 1 L1 P Signal Dead
0 0 1 1 0 L1 P Si~al Has No Data Modulation
0 0 1 1 1 L2 P Signal W=k
0 1 0 0 0 L2 P Signal Dead
0 1 0 0 1 L2 P Signal Has No Da[a Modulation
0 1 0 1 0 L1 C Signal Weak
0 1 0 1 1 L 1 C Signal Dead
0 1 1 0 0 L1 C Signal Has No Data Modulation
0 1 1 0 1 L2 C Si~al Weak
0 1 1 1 0 L2 C Si~al Dead
01111 L~ C Signal  Has NO Data Modulation

1 0 0 0 0 L1 & L2 P Signal Weak
1 0 0 0 1 L1 & L2 P Signal Dead
1 0 0 1 0 L 1 & L2 P Signal Has No Data Modulation
1 0 0 1 1 L1 & L2 C Signal Weak
lo-imo L1 & L2 C Signal Dead
1 0 1 0 1 L1 & L2 C Signal Has No Data Modulation
1 0 1 1 0 L 1 Signal Weak*
1 0 1 1 1 L1 Signal Dead
11000 LI Signal  Has No Data Modulation
1 1 0 0 1 L2 Signal Weak*
1 1 0 1 0 L~ signal Dad

1 1 0 1 1 L2 Signal Has No Data Modulation
1 1 1 0 0 SV ~ Temporarily Out (Do not use this SV during current pass**)
1 1 1 0 1 SV Will Be Temporarily Out @se ~}ith caution**)
1 1 1 1 0 Spare
1 1 1 1 1 More Than One Combination Would Be Requi red To Describe Anomalies (Except those marked

by **)

* ~ to 6 ~ belo,v SpecKled potver le~el due to reduced polver ou~ut,  eXCeSS phase noise> Sv attitude> ‘tc.
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Additional SV health data are given in subframe 1. The data given in subframes  1, 4. and 5 of the other SVS may

differ from that sho~vn in subfmmes 4 and/or 5 since the latter  lllay be updated at a different time.

The eight-bit health status words shall occupy bits 17 through 24 of \vord five in those 32 pages ~vhich contain

almanac data for individual SVS. The six-bit health status \vords shall occupy the 24 MSBS of ~vords four through

nine in page 25 of subframe 5 plus bits 19 through 24 of \vord S, the 24 MSBS of ~vord 9, and the 1 S MSBS of \vord

10 in page 25 of subframe 4.

The predicted health data ~vill be updated at the time of upload ~vhen a ne$v almanac has been built by Lhe CS. The

transmitted health data may not correspond to the actual health of the transmitting SV or other SVS in tie

constellation.

20.3.3 .5.1.4 Resewed).

20.3.3 .5.1.5 @eserved).

~f).3.3.3-l.6 Anti.SDoof  (A-S) Fla~s and SV cofil~rations. page 2j of subframe 4 shall  contain a four-bit-long

term for each of up to 32 SVS to indicate the A-S status and the cotil=wra[ion code of each SV. The MSB of each
.-

four-bit term shall be the A-S flag \\tith a “ 1“ indicating that A-S is ON. The three LSBS shall indicate the

cordi=qration  of each SV using the follo~ving  code:

~ SV Confimlration

000 “Block I“ SV (memo~  capacity for 34 days of uploaded data)

001 “Block II” SV (A-S capabili~,  plus flags for A-S and “alert” in HOLV; memory capaci~

as described in paragraph 20.3.2).
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Additional codes ~vill be assigned in the future. shoufd [he need arise,

These four-bit terms shall occupy bits 9 through 24 of \vord three. the 24 MSBs  of ~vords four through seven, and

the 16 MSBS of \vord eight, all in page 25 of subframe 4.
.

Since the anti-spoof information is updated by the CS at the time of upload, the anti-spoof data may not comespond

to the actual anti-spoof status of the transmitting SV or other SVS in the constellation.
.

20.3 .3.5.1.7 Almanac Reference Week. Bits 17 through 24 of ~vord three in page 25 of subframe 5 shall indicate

the number of the \veek (wN,)  to ~vhich the almanac reference time (to,) is referenced (see paragr~hs 20.3.3 .5.1.2

ad 20.3.3.5.2.2). The ~. term consists of the eight LSBS of the full ~~feek number. Bits 9 through 16 of w’ord

three in page 25 of subframe j shall contain the value of L, ~vhich is referenced to this WN,.

20.3.3 .5.1.8 Universal Coordinated Time ~C) Parameters. The 24 MSBS of ~vords six through nine plus the

eight MSBS of tvord ten in page 18 of subframe 4 shall contain the parameters related to correlating UTC time ~vith

GPS time. The bit len=ti,  scale factors, ranges, and units of these parameters are given in Table 20-IX. The

related algorithms are described in paragraph 20.3.3.5.2.4.

. .-.
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The UTC parameters shall be updated by the CS at least once evev six days \vhile the CS is able to upload the

SVS. If the CS is unable to upload the SVS, the accuracy of the UTC parameters trallsmi[[ed  by the SVS \\ill

de~ade over time.

20.3.3 .5.1.9 Iono~heric Data. The ionospheric parameters \vhich allo~v the “L1 only” or “L2 only” user to utilize

the ionospheric model (reference paragraph 20.3.3 .5.2.5) for computation of the ionospheric delay are contained in

page 18 of subframe 4. They occupy bits 9 through 24 of \vord  three plus the 24 MSBS of ~vords  four and five. The

bit lenetis, scaIe factors, ranges, and units of these parameters are given in Table 20-X.

The ionospheric data shall be updated by the CS at least once every six days \vhiie the CS is able to upload tie

SVS. If the CS is unable to upload the .SVS, the iol~ospheric data transmitted by the SVS may not be accurate.
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Table 20-I.X.  UTC Parameters

Scale

No. of Factor Effecti\e

Parameter Bits** (LSB) Rrrnge*** Units

AQ
-30~~* ~ seconds

-50
Al’ ‘“ ~~* ~ seclsec

A tLs S* 1 secol~ds

8
~12

b[
602,112 seconds

WNt s 1 tveeks

WNI.sF s 1 \veeks

DN S**** 1 7 days

A t~F s* 1 seconds

.-.-

* Parameters so indicated shall be t~vo’s  complenlent ~~ith tl~e sign bit (+ or -) occupying the MSB;

** See Fi~re 20-1 for complete bit allocation in sllbfranle:

*** Unless othenvise indicated in this coltlllln, effec~ive range is tl~e nlaximum range attainable vtith

indicated bit allocation and scale factor.

**** Mght  ju~ified.
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Table 20-X.  Ionospheric Parameters

Scale

No. of Factor Effective

Parameter Bits** (LSB) &~nge*** Units

ao S* ~-lo
seconds

al S* ~-zl see/semi-circle

az S* ~-?a sec/(semi-circle)2

aj s*
~ .2-I

sec/(senli-circ  le)5

PO S* ,11
seco[lds

pl S* 2
l-i sec/senli-circle

P2 8*
716 sec/(semi-circle)2

g-j S* ~16 sec/(senli-circle)3

* Parameters so indicated shall be t~vo’s complement lritl~ the sign bit (+ or -) occupying the MsB;

** See Figure 20-1 for complete bit allocation irl subfr:]me:

*** Unless othenlise  indicated in this column. effecti~e range is [he maximum range attainable \\i:h

indicated bit allocation  and scale factor.
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20.3.3.5.1.10 Special Messa~es. Page 17 of subframe 4 shall be resen’ed  for special messages tltith the specific

contents at the discretion of the operating command. It shall accommodate the wansmission of 22 eight-bit ASCII

characters. The requisite 176 bits shall occupy bits 9 through 24 of ~vord three, the 24 MSBS of \vords four through

nine, plus the 16 MSBS of \vord ten. The eight MSBS of ~vord three shall contain the data D and SV D, \vhile bits

17 through 22 of word ten shall be spares containing alternating one and zeros. The remaining 50 bits of words

three tiough  ten are used for parity (six bits/\vord)  and parity computation (t~~o bits in ~vord ten). The eight-bit

ASCII characters shall be limited to the follo~tting  set:

Alphanumeric Character ASCII Character

A - Z A - Z

o - 9 0 - 9

+ i-

. (Decimal point)

‘ (Minute mark) ,

0  (De~ee siq) 0

I I

Blank Space. .--

“ (Second mark) !,

Code (Octal)

101-132

060-071

053

055

056

047

370

057

040

072

042
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20.3.3.5.1.11 Suare Data Fields. All bi[s of \vords  three through ten, except the 5S bits used for data lD, SV

@age) ~, parity (six LSBS in each ~vord) and pan~ computation @its  23 and 24 of t~ord ten) of pages 13, 14 and

15 of subframe 4, and those almanac pages assigned SV ID of zero are designated as spares. In addition, as sho~vn

in Table 20-XI, several smaller groups of spare bits exist in subframes 4 and 5. These spare bit positions of each

\vord shall contain a pattern of alternating ones and zeros }~ith valid ~vord parity.

20.3.3.5.1.12 @esen’ed).

20.3.3.5.2 Al~orithms  Related to Subframe  4 and 5 Data. The follo~ving  algorithms shall apply \vhen interpreting

Almamc,  Universal Coordinated Time, and Ionospheric data in the Navigation message.

20.3 .3.5.2.1 Almanac. The almanac is a subset of the clock and ephemeris data, ~vith reduced precision. The user

algorithm is essentially the same as the user algorithm used for computing the precise ephemeris from the one

subframe 1, 2, and 3 parameters (see Table 20-IV). The almanac content for one SV is given in Table 20-VI. A

close inspection of Table 20-VI \\ill reveal that a nominal inclination angle  of 0.30 semicircles is impiicit  and that

the parameter 5; (correction to inclimtion)  is transmitted, as opposed to the value computed by the user. All other

parameters appearing in the equations of Tables 20-IV, but not included in the content of the almanac, are set to

zero for SV position determination. In these respects, the application of the Table 20-IV equations differs bemveen. .

the almamc-~nd  the ephemeris computations.
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Table 20-M. Spare Bits in Subfmnle  4 and 5

Subframe

4

5

NOTE:

page(s)

12, 19, 20, 22, 23, 24

1’,’6, 11, 12, 16, 19, 20,

17

1s

25

~j

25

\Vord

9

10

10

10

8

10

Spare Bit

Positions in

LVord

9-24

17-22

9 - 2 2

17-13

19-22

10 4-22

In addition, all bits of tvords  three through ten in pages 13, 14. and 15 of subframe 4 (except

the 58 bits used for data ID, SV (page)  ID, parity and pariy computation) are also desi=-ated

as spares.
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The user is cautioned that the sensiti~i~  to small perturbations in the parameters is even greater for the almanac

than for the ephemeris, ~vith the sensiti~”i~ of the angular rate terms over the in[emal of applicabili~  on the order

of 1014 meters/( semicircle/second). An indication of the URE prol~ided  by a given almanac during each of Khe

operational internals is as follotvs:

Almanac Ephemeris URE

(estimated by analysis)

Operational Interval 1 sigma (meters)

NorrnaI ~oo*!t

Short-term Ex.-ended 900- 3,600*

Long-teml  Extended 3600- 300,000+

* ~ values generally tend to degrade quadratically Over time. Larger errors maybe encountered

during eclipse seasons and \vhenever  a propulsive event has occurred.. .. .

t After the CS is unable to upload the SVS, URE values  for the Block lIR SVS operating in Ihe

Autonav mode tend to degrade quadratically such that  Ihe w \\ill approach 300,000 meters 1

sigma at 180 days.
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20.3.3 .5.2.2 Almanac Reference Time.

Nomal and Short-term Exlended O~erations. The almanac reference time, L,. is some multiple of 212 seconds

occurring approximately 70 hours after the valid transmission time for this almanac data set (reference 20.3.4.5).
#

The almanac is updated ofien enough to ensure that GPS time, t, shall differ from tO, by less than 3.5 days during

the transmission period. The time from epoch t~ shall be computed as described in Table 20-IV, except that be

shall be replaced \\’ith  k.
.

Lorr~-term  Ex-tended  O~erations. During long-term extended operations or if the user }\ishes to exlend the use

time of the almanac beyond the time span that it is being transmitted, one must account for crossovers into time

spans where these computations of tk are not valid. This may be accomplished ~ttithout time ambiguity by

recognizing that the almanac reference time (La) is referenced to the almanac reference week (WN.),  both of which

are given in word three of page 25 of subframe  5 (see paragraph 20.3.3.5.1.7).

All b values in subfrarnes 4 and 5 shall be the same for a given almanac data set and shall differ for successive

data sets which contain changes in almanac parameters or SV health. h’ote that cutover to a new upload may occu

between the almanac pages of interest and page 25 of subframe 5 (reference paragraph 20.3.4. I), and thus there

may be a temporary inconsistency between ka, in the almanac page of interest, and in word 3 of page 25 of.---
subframe 5. The ba mismatch signifies that this \~, may not apply to the almanac of interest and that the user

must not apply almanac data until the pages \\ith identical values of k= are obtained.

20.3.3 .5.2.3 Almanac Time Parameters. The almanac time parameters shall consist of an 1 I-bit constant lerm

(am) and art 1 l-bit first order term (an). The applicable first order poljmomia],  ~rhich  shall provide time to within

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

IRN-200C-001
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~vhere

t = [$” - Atsv

t = GPS Vstem time (SeCOIldS),

tm = effective SV PRN code phase

(seconds),

time at message transmission time

Ah = SV PRN code phase time offset (seconds).

The SV PRN’code  phase offset is given by

AL = am + afl t~

\vhere the computation of tk is described in paragraph 20.3.3.5.2.2, and the polynomial coefficients am and an are

given in the almanac. Since the periodic relativistic effect is less than 25 meters, it need not be included in the

time sde used for almanac evaluation. Over the span of applicability, it is expected that the almanac time

parameters \vill provide a statistical ~ component of less than 135 meters, one sigma. This is partially due to

the fact that the error caused by the truncation of an and an may be as large as 150 meters plus 50 meters/day

re]atiVe to the b, reference time.

-.---
During extended operations (short-tem~ and long-term) the almanac time parameter

time accuracy or URE component.

20.3.3 .5.2.4 Universal Coordinated Time ~C\. Page IS of subframe  4 includes:

may not provide the Spedled

(1) the parameters needed to

relate GPS time to WC, and (2) notice to the user regarding the scheduled fiture or recent past (relative to NAV

message upload) value of the delta time due to leap seconds (AtLsF),  together ~~ith the \veek number (~uF) and

the day number (DN) at the end of \vhich the leap second becomes effective. “Day one” is the first day relative to

the end/start of ~veek and the WNLsF value consists of the eight LSBS of the full tveek number. The user must

account for the truncated nature of this parameter as ~vell as truncation of WN. LVNL, and \VLSF due to rollover of

the full tveek number (see paragraph 3.3.4@)). The CS shall manage these parameters such that the absolute value

of the difference bet~veen the untruncated  \W and \VNLsF values  shall not exceed 127.
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Depending upon the relationship of the effectivi~  date to the user’s current GPS time. [he folio~i”ing  three different

~C/GPS-time  relationships exist:

a. lfienever  the effectivity time indicated by the \VNLSF and the DN values is not in the past (relative to

the user’s present time), @ the user’s present time does not fall in the time span ~vhich starts at DN + 3/4 and

ends at DN + 5/4, the UTC/GPS-time  relationship is given by

tmc ““ = (tE - AtUTC)  ~odulo  S6400 seconds]

}vhere  tnc is in seconds and

At~c =

tE .

Atu =

AO and Al =

bt =

.
.-

ti; =

AtLS + AO + Al (tE - bc + 604800 (WN - ~~)), seconds;

GPS time as estimated by the user on the basis of correcting tsv for factors

described in paragaph 20.3.3.2.2 as \vell as for ionospheric and SA (dither)

effects;

delta time due to leap seconds;

constant and first order terms of polpomial;

reference time for UTC data (reference 20.3.4.5);

current \veek number (derived from subframe  1);

UTC reference \veek number.

The estimated GPS ~ime ([E) shall  be in seconds relative to end/start of Iveek. The reference lilne for ~C dau (bt)

shall be referenced to the start of that \veek Ivhose number (JW~) is given  in \vord eight  of page 1 S in subframe 4.

The WI value consists of the eight LSEtS of the full \veek number. The user must account for the truncated nature

of this parameter as tvell as truncation of W, W{, and WMF due to rollo~~er  of the full \veek number (see

para=mph  3.3 d(b)). The CS shall manage these parameters such that the absolute value of the difference bet~veen

the untruncated  WN and WNL values shall not exceed 127.
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b. Whenever the user’s current time falls \vithin the [ime span of DN -i 3/4 to DN + 5/4, proper

accommodation of the leap second event ttith a possible ~veek number transition is provided by the following

expression for UTC:

turc = W~odulo (86400 + LtLsF - AtLs)],  seconds:

where

w = (tE - At~C - 43200)  ~odulo 86400]+ 43200, seconds;

and the definition of At~C (as given in 20.3.3.5.2.4a above) applies throughout the transition period. NTote that

when a leap second is added, unconventional time values of the form 23 :59:60 .s,,x  are encountered. Some user

equipment may be desi=med  to appro.timate  lJTC by decrementing the running count of time within several

seconds after the event, thereby promptly returning to a proper time indication. Whenever a leap second event is

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

c. Whenever the effectivity time of the leap second event, as indicated by the WNLsF and DN values, is in. .--
the “past” (relative to the user’s cur-rent time), the relationship previously given for tb~c in 20.3.3.5.2.4a  above is

valid except that the value of AtLsF is substituted for AtLs. The CS \\’ill coordinate the update of UTC parameters at

a future upload so as to maintain a proper continui~  of the tmc time scale.
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zo.3.3.5.~.5  Ionospheric  Model.  The “t~vo frequen~”  &l and L?) user shall  correct the time received frOm Lhe

SV for ionospheric effect by utilizing the time delay differential bet~~een  L 1 and L? (reference para~aph

20.3.3.3.3.3). The “one frequency” user, ho~t’ever. may use the model given in Fi=~re 20-4  to make this correction.

It is estimated that Lhe use of this model ~vill provide at least a 50 percent reduction in the single - frequency user’s

WS error due to ionospheric propagation effects. During extended operations. or for the Block IIR SVS in the

Autonav mode if the CS is unable to upload the SVS, the use of this model ]vill yield unpredictable results.

20.3.3 .5.2.6 (Resemedj,

.-. .
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The ionospheric correction model is gil’en by

[F*(5.0*10-9) , 1X121.57J

\vhere

TiOnO is referred to the L 1 frequenw;  if the user is operating on the L2 frequenq,  the correction term must

be multiplied by y (reference Plra==ph  20.3.3.3.3.2),

[if AMP<O, AMP=OJ

. .. .
~~(t - -

x = ‘oqoo), (radians)
PER

[if PER <72,000, PER= 72,000)

F = 1.0+ 16.0 [0.53 - E]s

and a“ and P. are the satellite tmnsnlitted  data \vords ~~i[h n = O, 1.2, and 3.

Fi~re 20-4. Ionospheric Model (Sheet 1 of 3 )
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Other eqtlations  that nlllst be sol~”ed are

~m  = $i + 0.064 cos(l.i - !..617) (Serlli-circles)
4

2i = 1.  - v “nA
(semi-circles)

cos~i

[

@.+ wos.A(semi  - circles), I#ils 0.416

4,= if @i > +0.416,  then #i = +0.416

1

(semi-circles)

if $i < –0.416, then @i = –0.416

0.0137
- 0.022

““= E+ O.11
(semicircles)

(=4.~z * lo~l.i + GPS time (See)

“-.

\vhere

O < t < S6400: therefore. if r 2 S6400 seco]lds.  sllbtrac[ 86400 seconds:

if t C O seconds. add 86400 seconds.

Fi~lre  20-4. Ionospheric Model (Sheet 2 of 3)
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The terms used in computation of ionospheric delay areas follo~rs:

● Satellite Transmitted Terms

a“

P.

● Receiver Genemted Terms

E

A

+U

x“

GPS time -

● Computed Terms

x... .
F

t

$*,

).i

$i

w

the coefficients of a cubic eqtlation  representing the amplitude of the vertical

delay (4 coefficients - S bits each)

the coefficients of a cubic equation representing the period of the model

(4 coefficients - S bits each)

elevation angle bet~vken the user and satellite (semi-circles)

azimuth angle bet~veen the user and satellite. measured clochnvise  posilive from

the true North (semi-circles)

user geodetic latitude (semi-circles) WGS-S-i

user geodetic longtude  (semi-circles) WGS-84

receiver compu[ed  ~stem time

phase (radians)

obliquiv factor (dimensionless)

local lime (see)

geonlagnetic  Ia[i(ude of the cart]] projection of the io]lospheric intersection

point (me~]n ionospheric height assunled  350 km) (semi-circles)

geodetic Iongi[ude of the earth projection of the ionospheric intersection point

(semi-circles)

geodetic ]atitilde of the eaflh projectio[l of the ionospheric intersection point

(semi-circles)

earth’s central angle beRveen the user Position  and the earth projection of

ionospheric intersection point (semicircles)

Figl]re  20-4. Ionospheric V[odel (Shee[  ~ of 3)
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20.3.4 Timinq  Relationships. The follo\\lng  cont”entiol]s  shall appl!’

~O+~.~.  I paain~  and Cll[overs. At end/s[a~  of ~veek (a) tile mclic p~gillg of subframes  1 through 5 shall restart

\vith subframe  1 regardless of \vhich subframe \vrIs  last transmitted prior to end/strIrt  of \veek, and (b) the cycling of

the 25 pages of subframes 4 and 5 shall restart ~vith page 1 of each of the subframes,  regardless of lvhich page \vas

the last to be transmitted prior to the end/start of \veek. Cutovers to nelvly updated data for subframes 1, 2, and 3

occur on frame boundaries (i. e., Modulo 30 seconds reiatile  to end/stan  of \veek). Ne\vly updated data for

subframes  4 and 5 ma~ start to be transtnitred  \vith any of the 25 pages of tl~ese subframes.

20.3.4.2 SV Time vs. GPS Time. In controlling the SVS and uploading of data. the CS shall allo~v for the

follotting  timing relationships:

a. Each SV operares on its o~vn SV time:

b. All time-related data in the TLM \vord  and the HO\V shall be in SV-time:

c. All other data in the NAV message shall be relative to GPS time:

d. The acts of transmitting the NAV message shall be executed by the SV on SV time.

20.3.4.3 Speed of Light. The speed of light used by the CS for gellera[ing  the data described in the above
. . .

paragraphs is

c = 2.9979245S x 10s meters pcr second

\vhich is the ofiicial \VGS-S4  speed of light. The tlscr shall use the same \alue  for the speed of light in all

computations.
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20.3.4.4 Data Sets. The IC)DE is an S bit number equal (o the S LSBS of the 10 bit IODC of the same data s:t.

The follo~~ing  rules govern the transmission of IODC and IODE values in different data sets: (1) The transmitted

IODC }vill be different from any value transmitted by the SV during the preceding seven days; (2) The transmitted

IODE ~vill be different from any value transmitted by the SV during the preceding six hours; (3) For Block I SVS,

the IODCS shall be any numbers in the range O to 1023 excluding those values of IODCS  that correspond to IODES

values in the range 240 to 255. For Block II SVS, the range of IODC tvill be as ~ven in Table 20-XII.

Cutovers to ne~v data sets will occur only on hour boundaries except for the first data set of a ne~v upload. The first

data set may be cut-in (reference para=mph 20.3.4. 1) at any time during the hour and therefore maybe transmitted

by the SV for less than one hour. During short-term operations, mtover-to  4-hour sets and subsequent cutovers  to

succeeding 4-hour data sets \\iIl  al~vays occur Modulo 4 hours relative to end/start of \veek. Cutover from 4-hour

data se~ to 6-hour data sets shall occur Modulo 12 hours relative to end/stan  of ~veek. Cutover from 12-hour data

sets to 24-hour data sets shall occur Modulo  24 hours relative to end/s~art of \veek. Cutover from a data set

transmitted 24 hours or more occurs on a Modulo 24-hour bounda~ relative to endstan  of \veek.

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

data set. Each data set remains valid for the duration of its curve fit internal.

. ..-
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●

Table 20-XII. IODC Values and Data Set Lerr~hs for Block 11 SVS

Days Transmission Cume Fit IODC Range
Spanned Intema i In[emal mote 1)

(hours) (hollrs)

1 ““ 1 mote 4) 4 (Note 2)

2-14 4 6 Note 2)

15-16 6 8 z40-247

17-20 12 14 ~~s-~jj,  496 mote  s)

21-27 ~~ 26 497-503

2 s 4 1 4s 50 504-510

42-59 71 74 511, 752-756

60-S7 96 9s 757-763

8S-122 l~o 122 764-767, 1008-1010
1~~-lsz 144 146 1011-1020

Note 1: For transmission internals of 6 hours or greater. the 10DC values she\\-n \*ill be transmitted in
increasing order.

. .
Note 2: IODC values for blocks \\itll 2-or 4-hour transmission internals (at least the first 14 days after

upload) shall be any numbers in the range O to 1023 excluding those \’alues of IODC that
correspond to IODE values in the range 240-255. subject to the col~straints on re-transmission
given in paragraph 20.3.4.4.

Note 3: The ninth 12-hour data set may not be tral~smitted.

Note 4: Some SVS \vill ha~”e transmission internals of 2 hours per paragraph 20.3.4.4.
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~ormal  Operations. The subframe 1, 2, and 3 data sets are transmitted by the SV for periods of one hour, The

corresponding curve fit interval is four hours. Block II, Block 11A, and Block IIR SVS in the Block 11A mode tvill

de~iate. They ]vill transmi[ subframe 1, 2, and 3 data sets for periods of t~io hours. The corresponding cume-fit

interval ~vill be four hours.

Short-tern and Lon~-tem~ Estended  Operations. For the first 2 to 3 days of short-tern] operations, Block I SVS

}%ill transmit data sets for periods of four hours. (Block I SVS can only store a total of 34 days of uploaded data.)

The corresponding curve fit internals are six hours. For Block II SVS, the transmission intervals and cume fit

intervals ~~ith the applicable IODC ranges are given in Table 20-XII.

20.3.4.5 Reference Times. Many of the parameters \vhich describe the SV state vary \vith true time, and must

therefore be espressed  as time functions ~vith coefficients provided by the Navigation Message so as to be

evaluatable  by the user equipment. These include the follo~ving  parameters as functions of GPS time:

a. SV time,

b. lMean anomaly,

c. Longitude of ascending node,

d. UTc,.-.-
e. Inclination.

Each of these parameters is formulated as a pol>momial  in time. The specific time scale of expansion can be

arbitra~. Due to the short data field Ienshs available in the Na\figation  Messlge  format, the nominal epoch of the

polynomial is chosen near the midpoint of the expansion range so that quantization  error is small. This results in

time epoch values ~vhich  can be different for each data set. Time epochs contained in the Navigation Message and

the different algorithms \vhich utilize them are related as folio!vs:
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Epoch Application Algorithm Reference

b. 20.3.3 .3.3.1

b. 20.3.3.4.2

b, ~0.~.;.j.z.~  and 20.3.3 .5.2.3

b[ 20.3.3 .5.2.4

For Block ISVs, the follo\tiIlg  describes  tl\enotnillal  selection, \vllicll\\'ill  reexpressed Modulo 604,800 seconds

in the Navigation Message:

k, & = 2 hours after the first valid transmission time for 4-hour fit inten’al data sets, and 3 hours after

the start of transmission for 6-hour fit internal data sets.

k, L,= 70 hours after the first valid transmission.

For Block II SVS, Table 20-~11  describes the nominal selection \\hich  \\-ill be exiressed  Modulo 604,800 seconds

in the Navigation Message.

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

navigation data \\till normally be ~vorking \\itll nega[ive  values of (t-tOC) and (t-~) in evaluating the expansions.

The CS \\ill introduce small deviations froln the nominal if necessan  to preclude possible data set transition

arnbi=~ity \\’hen a ne~~’  upload is cut o\’er for transmission. A change from the reference time is used to indicate a

change of values in the data set.
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Table 20-XIII. Reference Times for Block II SVS

Hours Mter First Valid Transmission Time

Fit Internal (hours) Transmission t~~ [O= to,
Intewal  (hours) (clock) (epilemeris) (almanac) &c)

4 1“ ~ ~

6 4 3 3

8 6 4 4

14 12 7 7

26 ZJ 13 13

50 4s ~j 25

74 72 37 27

98 96 49 49

122 120 61 61

146 144 73 73

144 (6 days) 144 70 70

144 (6 days) 40s0 70 70

* Some SVs Ittill nave transnlission  intenals of 2 hours per paragraph 20.3.4.4.
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20.3.5 Data Frame pari~. The data signal shall contain  p~rlh coding  according  to the fol]o~ving  conventions.

.
30.3.5.1 SV/CS  Paritv Algorithm. This algorithm links 30-bit i~ords \vithin and across subframes  of ten \vords

using the (32.26) Hamming Code described in Table 20-XIV.

20.3.5.2 User Parin’ Al~orithm. As far as the user is concerned, several options are available for performing data

decoding and error detection. Fi=nre 20-5 presents an example flo~~ chart that defines one \vay of recovering data

(dn) and checting  pari~. The panty  bit DjO” is used for recovering ralv data. The parity bits D29” and DjO”, along

with the recovered ra~v data (d.) are Modulo-2  added in accordance \\-itll tile equations appearing in Table 20-MV

for Dz5 . . . D;o, tvhich provide parity to compare \\ith transmitted parity D2j . . . D;o.

. .--
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Table 20-XIV. Pari~ Encoding Equations

dl, d2, . . . . d2~ are the source data bits;

the ~mbol  * is used to iden~ the last 2 bi~ of t,he pre~-ious \vord of the subfral]le;

D2j, Dzc, . . . . D311 are the conlputed parity bits;

Dl, D2, . . . . D29, D;. are the bits transn~itted by the SV;

@ is the “Modulo-2”  or “Exclusive-Or” operation.
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*
e
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0FAIL
EXIT

i
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EXIT

Figlre 20-5. Exanlpie  Flo~\'Ctlan  for User In]plenlentation  of Pari~Algoritllm
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