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1. INTRODUCTION

1.1 Scoe
This InterfaceSpecification(lS) defines the characteristics of a signal transmitted f@labal Positioning System

(GPS) satellites to navigation receiveos radio frequency (RF) link 1 (L1). While there are multiple signals
broadcast within the frequency band of L1, tl8slefinesonly the signal denoted L&ivil (L1C). Throughout this
document, the L1 carrier denotes 1575.42 MHz

1.2 Interface Definition
Utilizing the L1 open linkdefined in this document, GPS space vehicles (Sa&ept Block II/IIA, IIR/IIR-M, and

IIF SVs, shall transmitcontinuous earth coveradd C signal that providethe rangingcodes and the systedata

needed to accomplish timavigation missiono all users having RF visibilitto SVs and suitable receivers

1.3 IS Approval andChanges

The GPSWing (GPSW is the necessary authgrito make this IS effective.The GPS8V administers approvals
under the auspices of the Configuration Control Board (CCB), which is governed by the appropriste GPS
Operating Instruction. The GPSV CCB membership includethe United States Department of Transportation

representativéor civil organizations and public interest

The Interface Control Contractor (ICCJesignated by the governmeit, responsible fothe bag preparation,
obtaining approvaldistribution,retention, and Interface Control Working Group (ICWG) coordination of s |
accordance with GB3-001A.

A proposal to change the approved version of this IS can be submitted by any ICWG participating organization to
the GPS$V and/or the ICC. The ICE responsible for the preparation of the change paper and change coordination
in the form of a Proposed Interface Revision Nofle€RN) and is responsible for coordination of PIRNs with the
ICWG. The ICWG coordinated PIRN must be submitiscaninterface Revision NoticelRN) to the GP8/ CCB

for review and approval.

1 IS-GPS800A
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2. APPLICABLE DOCUMENTS

2.1 Applicable Documents

The following documents of the issue specified contribute to the definition of the interfaces betwebB's $Eate

Segmen{SS)and theUser SegmentJS), and form a part of thisSlto the extent specified herein.

Specifications
None

Standards

None

Other Publications
IS-GPS200(current issug

Navstar GPS Space Segment/Navigation User Interfaces

GP-03-001A (20 April 2005) GPSinterface Control Working Group Charter

2.2 Reference Documents

The following documents are for reference oauhyd are not controlled by the GPSW

[ 1] T. Ri chardson, R. Ur bBRenskyeParityGilcé ¢ k cCedées EancmfiERBg To &
Information Theory, Vol. 47, NO. 2, February 2001.

[2] J. Bet z, AiBi nary Offset Carrier Modul ations for Rat
vol. 48, pp. 227246, 2001
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3. SIGNAL REQUIREMENTS
Therequirementspecified in tiis secion define the requisite characteristics of the SS/US interface for thd BPS

signal.

3.1 Signal Structure
The GPSSV typically transmig multiple distinct signals modulated on theé RF carrier The signals include C/A,

P(Y), M, andL1C which are modulated on the carrieequency TheL1C signal definedn this ISconsists of two
maincomponentsone denotedl1Cr to represent a pilot signabithout any data messagbat is spread by a
ranging code, and1C; that is spread by a ranging caaled modulated by a data messagbelL1Cris also

modulated by aSV uniqueoverlaycodeg L1Co.

The L1Cr and L1Cp components are transmitted using ranging codes defined in Seci@n Jhe SVs shall
transmit intentionally'incorrect” versions of the respective ranging coaleseeded to protect usefrem receiving
and utilizing anomalous signalsThese "incorrect" codes are termed standard_1Cr (NSCP) and norstandard
L1Co, (NSCD). Nonstandard codes are not for ig#tion by the users and, therefore, are not defined in this

document.

The data message €A Cp, denoted D;c(t), includes SV ephemerides, system time, system time offsets, SV clock
behavior, status messages)d other data message§he message strucwrand data encoding techniques are
defined in Section 3.2.3.

The L1G signal is modulated on the L1 RF carrier using a Binary Offset Carrier (BOC) (1, 1) modulation
technique. The L1E&signal is modulated on the L1 RF carrier using a Fivhdtiplexed BOC (TMBOC)

modulation technique. The TMBOC technique utilized & sighal uses a combination of BOC (1, 1) and BOC

(6, 1) modulation as described in Section 3.3.

3.2 Signal Definition

3.2.1 Signal Characteristics

The following specifies the characteristics and qualitthefL1C signal.

3.2.1.1 Frequency Plan
The carrier frequency for thelC signal shall be coherently derived from a frequency socooemon with other

signalswithin the SV. The nomindrequencyof this source as it appears to @pserver on the ground is 10.23
MHz. The SV carrier frequency and clock ratesthey would appear to an observer located in thea@\offset to
compensate for relativistic effects. The clock rates are offsef\bif = -4.4647E10, which is equivalent to a
change in th&1C-code chipping rate of 1.028Hz by a A f =-4.5674E4 Hz. This results in an offset L1:€ode
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chipping rate of 1.022999999326 MHz. The nominal carrier frequency)fi as it appears to an observer on the
groundi shallbe 1575.42 MHz.

The requirements specified in thiS $hall pertain to the signal contained witl@i30.69MHz bandvidth centered

about the L1 nominal frequency.

The L1C signal shallutilize a moduldion technique of BOGf,, 1) which specifies a subcarrier frequencyfok
1.023 MHz and a spreading code chipping rate »f1l1023 MHz = 1.023 MHz.

3.2.1.2 Signal Polarization

The transmitted signalhall beRight-Hand Circularly Polarized (RHCP). Foanangular range of13.8degrees
from nadir, the L1 ellipticity shall be no worse thah8dB.

3.2.1.3 Carrier Phase Noidd BR)

The phase noise spectral density of the unmodulated carrier shall not exceed the magnitude luflanst(aig a

log-log plot) between30 dBc/Hz &1 Hz and-70 dBc/Hz at 1 x 10#Hz, and the oneided integrated phase noise
spectrum between 1 Hz and 10 kHz shall not exceed 0.01 radians rms.

Or,

The phase noise spectral density of the unmodulatedrcsinaé be such that an approximation to the third order
Jaffe Rechtin phase lock loop, which ha&0 Hz onesided loop noise bandwidth, shall be able to track the carrier

to an accuracy of 0.01 radians rms.

3.2.1.4 Spurious Transmissions

In-band spurious transmissions, from the SV, shall ba below-40 dBc over the band specified in 3.2.1.1.- In
band spurious transmissions are defined as transmissions within the band specified inwhizli.&are not
expressly components of the kignal

3.2.1.5 Correlation Loss

Correlation loss is defined as the difference between the SV power recethedandwidthdefined in 3.2.1.5and
the signal power recovered in an ideal correlation receiver of the same bandsiittjhan exact replicaf dhe
waveform within an ideal shamqutoff filter bandwidthcentered at L1whose bandwidth corresponds to that
specified in 3.2.1.1 and whoghaseis linear over that bandwidthThe correlation loss apportionmeatie to SV

modulation and filteéng imperfectionsshall be0.2 dB maximum

3.2.16 Signal Component Phasing

3.2.1.6.1 Phase Relationship

Carriersof thetwo L1C components defined in Section 3.1 shall be in the ghasawithin £100 milliradians.
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Carriers of the two L1C components shallib¢he same phase (within £100 milliradians) as the e carrier.

See ISGPS200 for phase relationships to other L1 signals.

3.2.1.6.2Phase Continuity

While a satellite is broadcasting standard Lt@deandstandard L1g code signals with datahich indicates L1C
signal health is OKthere will not be anycommaneédoperation causing an intentionatasediscontinuity. This
does not apply tphasediscontinuities caused kgjgnalmodulation Phase discontinuities are subjectthe

requirement®f 3.2.1.6.1

3.2.1.7 Signal Characteristics

3.2.1.7.1Signal Coherence
All transmitted signals for a particul8V shall be coherently derived from the sameboard frequency standard.

On the Licarrier, the chip transitions of the two modulating signalsCp and L1G, shall be such that the average
time difference betweetem(i.e. L1G/L1Cp), and between each atttetransitionsof L1P(Y) (i.e. L1G/L1P(Y),
L1CYL1P(Y)), donot exceed 10 nanosecondghe variabletime difference shall not exceed 1 nanoseco®si
probability), when including consideratioof the temperature and antenna effect changes during a vehicle orbital
revolution. Corrections for the bias components of the time difference are provided to the US in theZNAV

message using parameters designated as(f8@rence paragrah5.3.9.).

3.2.1.7.2 Signal Distortion
The duration ofthe i + flolarityd portions ofthe BOC (1, 1) codeshall equalthe duration of theftl pd ar i t y o

portions oftheBOC (1, 1)codewithin 5 nanosecondss measwed at the zero crossing point.
The duration of the fi+1 polarityo puwatidniofothel opfoltalred tBOC
portions of the BOC (6, 1) code withtitnanoseconslas measured at the zero crossing point

3.2.1.8 Equipment Group Delay

Equipment group delay is defined as the delay between the signal radiated output of a specific SV (measured at the
anenna phase centars observed fr om t hand tiseiogtputaof tbas SVE dwvaml fregquerncg si n g s
source; the delay consists of a bias term and an uncertainty. The bias term is of no concern to the US since it is
included in the clock corrdoin parameters relayed in thavigationdata, and is therefore accounted for by the user
computations of system timeThe uncertainty (variation) of this delags well as the group delay differential

between theeference signal and tlsggnalsof L1C, are defined in the followingubsections

3.2.1.8.1Group Delay Uncertainty

The effective uncertainty of the group delay shall not exdeedanoseconsl(95% probability.

5 IS-GPS800A
8 June 2010



3.2.1.8.2Group Delay Differential
Not applicable. See Secti®8.2.1.7.1(Signal Coherencegnd3.5.3.9.1(Inter-Signal Group Delay Differential

Correction.

3.2.1.8.3 Space Service VolumésSV) Group Delay Differential
L1C SSV group delay differential parameters are provided in TBD.

3.2.1.9 Signal Power Levels

The SV shall providean L1C signal strength aEnd-of-Life (EOL), worstcase, in order to meet thminimum
effective received signd¢vels specified in Table.2-1. Any combining operation done by the SV and associated
loss is compensated by an increase in SV transmitted power and thus transparent to the user F@gment.
terrestrial uses; the minimumeffective receivedsignal power is measured at the output @f3 dBi linearly
polarizeduser receiving antenna (located near ground) at worst normal orientation, when the SV elevation angle is
higher than Sdegres and assuming0.5 dB atmospheric lossFor orbital uses, the minimumeffective received

signal power is masured at the output of a 0 idi8eal righthand circularly polarized (i.e. O dBxial ratig user
receiving antennair( geosynchronourbit) at 23.5 degrees off nadir and using 0 dB atmospheric I0Bse

received signal levels are observed within thband allocation defined in Para. 3.2.1.1

The SV shall provide signals with the following characteristic: theawi relative power (referenced to peak
transmitted powerghall not decrease by motean 2 dB from the Edgef-Earth (EOE) to nadir, nor more than 10
dB from EOE to 20 degrees off nadir, and no more tfabdB from EOE to 23 degrees off nadir; the power drop

off between EOE an#l23.5 degree®ff nadirshall be in a monotonically decsag fashion.

Higher received signal levels théimoseshown in Table 2-1 can be caused by such factors as SV temperature

induced transmitter power variations, voltage variations and power amplifier variations, and due to variability in link
atmospheripat h | oss. The terr est r poawdrlevel sesuttirfg Sromilzeseifattarsis r e c e i \
not expected to exceed54 dBW total for the composité1C signal For purposes of establishing user receiver

dynamic range for receiver design and test, the maximum received signal power level is not expected {b5kceed

dBW total for the composite L1C signal.

Table 32-1. Received Minimum RF Signal Strength

Termestrial Orbital Terrestrial Orbital
L1Cr - 158.25 dBW -183.75 dBW
L1C - 157 dBW -182.5 dBW
L1GCp - 163 dBW - 188.5 dBW

*Over 99.5% of the solid angle inside a cone with a 23.5 degrearglf with its apex at the SV and measu
from Odegrees at the center of the Earth.
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3.2.2 PRN Code Characteristics

The characteristicef the L1Cr-, L1Cp-, and theL1Cy-codes are defined below in termstbéir structure and the

basic method usefdr generating them. Figures23l and 32-2 depict simplified block diagrams of the scheme for
generating th&1C PRNcodes

3.2.2.1L1C Codes

The PRN ranging codes LEQ) and L1G(t) for PRNsignalnumber i are independent, time synchronized] 10
milliseconds in length at a chipping rate 023 Mbps for total length of 10230 chipsIn addition,there isan
overlay modulationcode L1G,(t) for PRN signalnumber i which alsas independent, time synchronizeahd 18
seconds in length at a rate of 100 ,dps total length of 1800 bitsThe overlaycode, L1G;(t), is module2 added
to L1Gs(t). (See Figure 3:-2 for timing relationship.)

Assignment of these codgegments by’RN signal number is given in Table.32 and Table 3.28. The tabls
provide code segments for 63 PRN numhbkeasare designated for GPS use.

3.2.2.1.1RangingCode Structure
Both L1G5(t) and L1G;(t) are constructed using the same method. Each ranging code is derived from a unique

length- 10223 sequence with a commothit expansion sequence inserted BRN signalnumberdependent point.

The unique lengt#10223 sequence for each ranging code is derived from a single fixed-12tB sequence

called a Legendre sequkEkisdefindd@g ), for t = 0, é, 10222.
L(0)=0;
L) =1, if there exsts an integer x such that t is congruenttmedulo 10223;
L) =0, if there exists10integer x such that t is congruent fomodulo 10223.

Table 62-1 in Section 6.3 provides thegeneratedequence of the above defined L(t).
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The abovelLegendre sequence is used to construct the unique 180328 sequence used for each ranging code.
This sequence, called a Weibde, is the exclusiver of L(t) and a shift of L(t).A Weil-code W(t ; w) is specified
by Weil Indexw, ranging from 1 t&111, which represents the shaftL(t) and is defined as,

Wi(t; w) = L(t) @ L( (t +w) modulo 10223) fort=0to 10222

Assignment of Weil Indexy, by PRN signal number, i, is given in Table-2.2
Finally, the ranging code is constructed by itisg a fixedexpansion sequendeto the Weitcode. The expansion
sequencés composed o$even bit values 0 1 1 0 1 0 The insert point is specified Bgsertion Indexp, wherep =

1 to 10223.Theexpansion sequenéginserted before thg" value of the Weicode.

Thus the ranging codel Cy(t)/L1Cp(t) is defined as,

L1CH(t)/LLCH(1) = Wit ; w), fort=0,1,...pi 2
L1C(t)/L1Cp(t) = O, fort=pi 1;

L1Cw(t)/L1Cpi(t) = 1, fort=p;

L1Ck(t)/L1Cp(t) = 1, fort=p+1,

L1Cu(t)/L1Cy(t) = 0, fort=p+2;

L1Cw(t)/L1CH(t) = 1, fort=p+3;

L1Cx(t)/L1Cp(t) = O, fort=p+4;

L1C(t)/L1Cp(t) = O, fort=p+5;

L1Cw(t)/L1CH(t) = Wi(tT 7 ;w), fort=p+6,p+7,...,10229.

Assignment of Insertion Index, by PRN signal number, is given in Table 3:2. The generation df1Cp-code
andL1Cp-code is conceptually described in Figure-B.2

3.2.2.1.20verlayCode Structure

Theoverlaycodes L1G;(t) are constructed usirignearFeedbackshift Register (LFSR) methods. These codes are

2047 bits long truncated t@800bit long sequencesand are constructed using-&tage LFSR generawias
described below. This section provides the code generation method for the first 63 rRiRitbersand Section
6.3.1.2 provideshe generation method for the additional P&thalnumberss4 through 210.
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Theoverlaycodes are derived frothe addition (exclusiveor) of two sequences. The two sequences, denoted as S1
and S2, areeachderived fom a PRN signal numberdependentode generator polynomial representedRix).

The generator polynomi&br Slis defined as,
11 .
P(x)=> m;X,
j=0

where the coefficient m is defined for eachPRN signalnumber i. For PRN signahumbers 1- 63, only the

sequence Sl is used and, as such, S2 is not needed. The sequence S2 is added to S1 sequence to generate the
additional PRN signal numbers 64 through 210 as further described in Section 6Th&.Benerator polynomial

coefficiert m ; for PRN signal numbers 163 arespecifiedin Table 3.23. Table 3.23 alsospecifiesthe initial 11

bits of the sequence, which @so thenitial conditionof the code generatéor eachPRN signal numberThe final

11 bits of the sequence are also shown in Tabl83tRese are the last 11 values after the code generator is clocked

for 1800 bits.The L1Cqy-code generator is conceptually described in Figure3.2

Table 3.22. L1C Ranging Codes Parametersiggments(sheet 1 of 3)

GPS L1Cr L1Cp

PRN . . " . . . " .

Signal Weil Insertion In|t|a_l 24 Flna_l 24 Weil Insertion In|t|a_I 24 Flna_l 24

No. Index Index Chips Chips Index Index Chips Chips

(w) (P (Octal) (Octal) (w) (p) (Octal) (Octal)
1 5111 412 05752067 | 20173742 | 5097 181 77001425 | 52231646
2 5109 | 161 70146401 | 35437154 | 5110 359 23342754 | 46703351
3 5108 |1 32066222 | 00161056 | 5079 72 30523404 | 00145161
4 5106 303 72125121 | 71435437 | 4403 1110 03777635 | 11261273
5 5103 | 207 42323273 | 15035661 | 4121 1480 10505640 | 71364603
6 5101 | 4971 01650642 | 32606570 | 5043 5034 42134174 | 55012662
7 5100 | 4496 21303446 | 03475644 | 5042 4622 00471711 | 30373701
8 5098 |5 35504263 | 11316575 | 5104 1 32237045 | 07706523
9 5095 | 4557 66434311 | 23047575 | 4940 4547 16004766 | 71741157
10 5094 | 485 52631623 | 07355246 | 5035 826 66234727 | 42347523
11 5093 | 253 04733076 | 15210113 | 4372 6284 03755314 | 12746122
12 5091 | 4676 50352603 | 72643606 | 5064 4195 20604227 | 34634113
13 5090 |1 32026612 | 63457333 | 5084 368 25477233 | 47555063
14 5081 | 66 07476042 | 46623624 | 5048 1 32025443 | 01221116
15 5080 | 4485 22210746 | 35467322 | 4950 4796 35503400 | 37125437
16 5069 | 282 30706376 | 70116567 | 5019 523 70504407 | 32203664
17 5068 | 193 75764610 | 62731643 | 5076 151 26163421 | 62162634
18 5054 | 5211 73202225 | 14040613 | 3736 713 52176727 | 35012616
19 5044 | 729 47227426 | 07750525 | 4993 9850 72557314 | 00437232
20 5027 | 4848 16064126 | 37171211 | 5060 5734 62043206 | 32130365
21 5026 | 982 66415734 | 01302134 | 5061 34 07151343 | 51515733
NOTES:
* PRN sequences 337 are reserved for other uses (eggound transmitters)
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3.22 L1C Ranging Codes Parameter Assignments (sheet 2 of 3)
GPS L1Cs L1Cp
sﬁ;{n,:u Weil Insertion Initiql 24 Finql 24 Weil Insertion Initiql 24 Finql 24
No. Index Index Chips Chips Index Index Chips Chips
(w) (p) (Octal) (Octal) (w) (9] (Octal) (Octal)
22 5014 | 5955 27600270 | 37672235 | 5096 6142 16027175 | 73662313
23 5004 | 9805 66101627 | 32201230 | 4983 190 26267340 | 55416712
24 4980 | 670 17717055 | 37437553 | 4783 644 36272365 | 22550142
25 4915 | 464 47500232 | 23310544 | 4991 467 67707677 | 31506062
26 4909 | 29 52057615 | 07152415 | 4815 5384 07760374 | 44603344
27 4893 | 429 76153566 | 02571041 | 4443 801 73633310 | 05252052
28 4885 | 394 22444670 | 52270664 | 4769 594 30401257 | 70603616
29 4832 | 616 62330044 | 61317104 | 4879 4450 72606251 | 51643216
30 4824 | 9457 13674337 | 43137330 | 4894 9437 37370402 | 30417163
31 4591 | 4429 60635146 | 20336467 | 4985 4307 74255661 | 20074570
32 3706 | 4771 73527653 | 40745656 | 5056 5906 10171147 | 26204176
33 5092 | 365 63772350 | 50272475 | 4921 378 12242515 | 07105451
34* 4986 | 9705 33564215 | 75604301 | 5036 9448 17426100 | 31062227
35+ 4965 | 9489 52236055 | 52550266 | 4812 9432 75647756 | 36516016
36* 4920 | 4193 64506521 | 15334214 | 4838 5849 71265340 | 07641474
37* 4917 | 9947 73561133 | 53445703 | 4855 5547 74355073 | 35065520
38 4858 | 824 12647121 | 71136024 | 4904 9546 45253014 | 03155010
39 4847 | 864 16640265 | 01607455 | 4753 9132 12452274 | 34041736
40 4790 | 347 11161337 | 73467421 | 4483 403 07011213 | 20162561
41 4770 | 677 22055260 | 54372454 | 4942 3766 35143750 | 01603755
42 4318 | 6544 11546064 | 11526534 | 4813 3 26442600 | 40541055
NOTES:
* PRN sequences 337 are reserved for other uses (gggound transmitters)
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3.22 L1C Ranging Codes Parameter Assignments (sheet 3 of 3)
GPS L1Cs L1Cp
sﬁ;{n,:u Weil Insertion Initiql 24 Finql 24 Weil Insertion Initiql 24 Finql 24
No. Index Index Chips Chips Index Index Chips Chips
(w) (p) (Octal) (Octal) (w) (9] (Octal) (Octal)
43 4126 | 6312 24765004 | 16522173 | 4957 684 67214123 | 64750626
44 3961 | 9804 14042504 | 74053703 | 4618 9711 62274362 | 72550016
45 3790 | 278 53512265 | 52211303 | 4669 333 23371051 | 36130364
46 4911 | 9461 15317006 | 72655147 | 4969 6124 25121057 | 25236175
47 4881 | 444 16151224 | 01212152 | 5031 10216 20362622 | 43732204
48 4827 | 4839 67454561 | 10410122 | 5038 4251 33050463 | 02316015
49 4795 | 4144 47542743 | 22473073 | 4740 9893 65334051 | 00212370
50 4789 | 9875 65057230 | 63145220 | 4073 9884 65523456 | 35163655
51 4725 197 77415771 | 65734110 | 4843 4627 53741004 | 33771603
52 4675 | 1156 75364651 | 25167435 | 4979 4449 66360341 | 41161255
53 4539 | 4674 75664330 | 17524136 | 4867 9798 34421651 | 76257261
54 4535 | 10035 44600202 | 47064764 | 4964 985 04530741 | 33512503
55 4458 | 4504 23211425 | 14016156 | 5025 4272 12621031 | 16237466
56 4197 |5 51504740 | 11723025 | 4579 126 62330452 | 24120336
57 4096 | 9937 47712554 | 76760325 | 4390 10024 67510404 | 11103121
58 3484 | 430 67325233 | 04724615 | 4763 434 00726605 | 36467526
59 3481 |5 61517015 | 72504743 | 4612 1029 00200154 | 66444010
60 3393 | 355 43217554 | 51215201 | 4784 561 37533004 | 70455364
61 3175 | 909 52520062 | 00630473 | 3716 289 73771510 | 26726105
62 2360 | 1622 77073716 | 71217605 | 4703 638 44071707 | 63663333
63 1852 | 6284 56350460 | 50200707 | 4851 4353 34665654 | 42142704
NOTES:
* PRN sequences 337 are reserved for other uses (gggound transmitters)
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Table 3.23. L1Co OverlayCode Parameter Assignmen(sheet 1 of 3)

GPs PRN| . StPolynomial N . ‘ . . :

Signal No. Coefﬂu(emn;)(OCtal) *| Initial 11 Bits (Octal”) ** Final 11 Bits (Octal”)
1 5111 3266 0410
2 5421 2040 3153
3 5501 1527 1767
4 5403 3307 2134
5 6417 3756 3510
6 6141 3026 2260
7 6351 0562 2433
8 6501 0420 3520
9 6205 3415 2652
10 6235 0337 2050
11 7751 0265 0070
12 6623 1230 1605
13 6733 2204 1247
14 7627 1440 0773
15 5667 2412 2377
16 5051 3516 1525
17 7665 2761 1531
18 6325 3750 3540
19 4365 2701 0524
20 4745 1206 1035
21 7633 1544 3337

NOTES:

*  The polynomial coefficient is given dsmyg, ény, 1. Thus octabl11corresponds to

thegeneratopolynomialPy(x) = 1 +x + X% +x° + x'.

**  The initial 11 bits also represent the initial conditiop; = g for each PRN signal
number. (See Figure 32)

exampleoctal 3266 correspondsinaryl 1010110110.

The initial and thdinal bit values are obtained after dropping the initial bit valué&6r
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3.23 L1Cp OverlayCode Parameter Assignments (sheet 2 of 3)

GPs PRN| . StPolynomial y . : . . \

Signal No. Coefﬂu(emn;)(OCtal) *| Initial 11 Bits (Octal®) ** Final 11 Bits (Octal”)
22 6747 1774 0176
23 4475 0546 0244
24 4225 2213 1027
25 7063 3707 1753
26 4423 2051 3502
27 6651 3650 0064
28 4161 1777 2275
29 7237 3203 0044
30 4473 1762 2777
31 5477 2100 0367
32 6163 0571 0535
33 7223 3710 3776
34 6323 3535 2677
35 7125 3110 0102
36 7035 1426 2520
37 4341 0255 2444
38 4353 0321 3770
39 4107 3124 1517
40 5735 0572 1133
41 6741 1736 3754
42 7071 3306 0033

NOTES:

*  The polynomial coefficient is given dsnmyg,
the generator polynomiah®) = 1 +x + X% +x° + x'.

**  The initial 11 bits also represent the initial conditinp; |

number. (See Figure 32)

ény, 1. Thus octal 5111 corresponds
Py for each PRN signal

The initial and the final bit values are obtained after dropping the initial bit value O.
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3.23 L1Cp OverlayCode Parameter Assignments (sheet 3 of 3)

GPs PRN| . StPolynomial y . : . . \

Signal No. Coefﬂu(emn;)(OCtal) *| Initial 11 Bits (Octal®) ** Final 11 Bits (Octal”)
43 4563 1307 1170
44 5755 3763 1567
45 6127 1604 3534
46 4671 1021 2515
a7 4511 2624 0104
48 4533 0406 3343
49 5357 0114 1510
50 5607 0077 2170
51 6673 3477 0710
52 6153 1000 3375
53 7565 3460 2650
54 7107 2607 3307
55 6211 2057 2262
56 4321 3467 2161
57 7201 0706 2076
58 4451 2032 1200
59 5411 1464 0643
60 5141 0520 2000
61 7041 1766 3377
62 6637 3270 1605
63 4577 0341 1552

NOTES:

*  The polynomial coefficient is given dsnmyg,
the generator polynomiah®) = 1 +x + X% +x° + x'.

**  The initial 11 bits also represent the initial conditinp; |

number. (See Figure 32)

ény, 1. Thus octal 5111 corresponds
Py for each PRN signal

The initial and the final bit values are obtained after dropping the initial bit value O.
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FIXED LENGTH-10223 LEGENDRE SEQUENCE (INDEXED 0 THROUGH 10222)

011110111100101010100101...0010110101010110000

I A WEIL INDEX
v Li-” P (w)
@; IR
@)
! ‘;l WEIL SEQUENCE WITH INDEXw
W(OWDLW(2) | . W(10222
1
N T INSERTIONINDEX
(9)]
EXPANSION SEQUENCE
0110100
v ‘L
C(0)C(1)CQ) 10110100 C(10229
1 1

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

NOTE: WEIL INDICES AND INSERTION INDICES GIVEN IN TABLE 3.2

Figure 32-1. Generation 0£1Cp-/L1Cp-Codes
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S1 POLYNOMIAL:

T+myx+mp x>+ - - Hmx O+ x*

11

| OUTPUT

my m ms Mg my Mg My Myo
Y [ [ 2 3 4 5 6 7 8 9 10 11
Ny Ny N3 Ng Ns Ne ny Ng Ng Nio N1y
(@]
0 1 2 3 4 5 6 7 8 9 10
INITIAL \_ TAP
CONDITIONS SHIFT DIRECTION NUMBERS
B
g
1
:
1
! S2 POLYNOMIAL:
! 1+x%+xM
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
A 2 3 4
: n ny n3 Ny
1
:
1
1 O
P 0 1 2 3 4 5 6 7 8 9 10
1
1
1
1
1

NOTE: S1POLYNOMIAL COEFFICIENTSAND INITIAL CONDITIONSARE GIVEN IN TABLE 3.2-3
MSB OF INITIAL CONDITION GIVEN IN TABLE 3.2-3 IS IN STAGE 11
FIRST BIT OF THE OUTPUT IS THE MSB OF THE OUTPUT SEQUENCE

FOR S1 POLYNOMIAL,m; IS EQUAL TO 1

11

NOTE: S2 POLYNOMIAL IS NEEDED ONLY FOR PRN NUMBERS 64210 AS DESCRIBED IN SECTION 6.3.1.2

Figure 32-2. L1Co-CodeGenerator Configuration
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3.2.2.2 Non-Standard Codes

The nonstandard codes, used to protect the user fo@oking ananomalousnavigation signal are not for

utilization by the user and, therefore, are not defined in this documlent addi ti on to the SV©O
autonomously initiate the broadcast nonstandard codes, th8Vs shall also be capable of initiating and
terminating the broadcast &fSCP and/or NSCD code(s) independently of each otheesponse to &ontrol

SegmentCS) command.

3.2.3 MessageCharacteristics

The following defineshe overall message structusé the L1C message, Qc(t). The data content dhe L1C

message is defined in Sectidh.

3.2.3.1 L1C Message Structure

The message modulated otibe L1Cp, signal consists of subframand frams, asshown in Figure 2-3. A frame
is divided into three subframeasf varying length Multiple frames are required to broadcast a complete data
messagsetto users.

Eachframeshall consist 0B b i t sTimedfin@i er val 0 in(subféamg 16 &t i t-g a oif eldihkne® i
and ephemeridatawith Cyclic Redundancy CheclICRQ) in subframe 2, and 2/ i t s of #AwithiCR@G bl ed de
in subframe 3.The content ofsubframe Zominally variesfrom one frame to the nexsnd is identified by a page

number. e content o§bframe2 is nominallynonvariantovera period of multiple frames

Subframe 1provides9-bit TOI datathat corresponds to tHgV time epoch at the start (leading edge) of the next
following frame(reference paragraph532). The 9-bit TOI data shall be encoded ins@-symbolcode using Bose,
Chaudhuri, and Hocquenghem (BCH) code as defined in paragra3i2

Subframes 2 and 8hall utilize 24-bit CRC parity algorithnas defined in paragraph 3.2.3v8h a separate CRC for
each subftme Each of tle two subframeq2 and 3 shall befurther encoded using LoWensity Parity Check
(LDPC) Forward Error Correction (FEC) code as defined in paragraph 3.2I8& FEC encoded symbols shall be
interleaved, as defined in paragraph 3.2.3.Brpo being module? added td.1Cp-code.

Theresulting1800 symbdd, D,1¢(t), representing one message frame, d¥edtiroadcast at 100 symbols per second.
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Subframe 1 Subframe 2 Subframe 3

A PN
/_A_\/ N ~
TOI Clock & Ephemeris i CRC Varliaaak‘aglls Bat i CRC
(9 Bits) (576 Bits) | (24 Bits) (250 Bits) - 1(24Bits)

N AN J
Y Y

[ LDPC Encode] [ LDPC Encode]
QZOO Symbols) (548 Symb(@

[ BCH Encode ]

Interleave

TOI NAV message
(52 Symbols (1748 Symbols)
< 18 seconds >
¢ DIRECTION OF SYMBOL FLOW

Figure 32-3. L1C MessageStructure

3.2.3.2Time ofIntervalData Encoding
Nine bits of TOI dataare channel encoded using BCH (), code. The dght Least Significant Bitsl(SBs the

rightmost bit$ of nine-bit TOI dataareencoded using the generator polynomiar68 (octal) This code generator
is conceptually described in Figure23l using an 8-stage linear shift register generator. TOI data bits & (8
LSBs)are loaded into the generatdtost Significant Bit (M SB) first, as initial conditions of the registenrshich is
then shifted 51 times to generate 51 encoded symbais.ninth bit of TOI data (MSB) shall be modtcadded to
the 51 encoded symbols and it stedflobe appendedis the MSBof the 52symbol TOI messageThe first output
symbol of the generatdafter module2 added to the ninth bit of TOI datahall be thesecondMSB of the 52

symbol TOI message.

The following provides an example decoding technigue to decode the TOITda&2 UE-received soft decisions

are stored as sign/magnitude and correlated, respectively, with the 52 symbols of a TOIl code word hypothesis
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corresponding to MSB = 0. (A SV transmitted O is expected to produce a sign of 0.) For each soft decision, the
correlation computation adds the magnitude if the sign agrees with the code word hypothesis and subtracts the
magnitude otherwise. The corridan computation is repeated for all 256 TOI code word hypotheses. The decision

on the eight LSBs corresponds to the TOI code word hypothesis producing the largest absolute value of the

correlation. The decision on the MSB is 0 if this largest correlai®positive and 1 otherwise.

POLYNOMIAL.:
LHXAXHX+X O+ X+ X
STAGE
NUMBERS @
0'1-0-2-0-3-0-4-0-5-0-6-0-7-0-8 O
INPUT OUTPUT

oO
O
v O

®) @) ®) ®) o o
3 4 5 6 7 8

\_ TAP

NUMBERS
SHIFT DIRECTION

—_—

NOTE: INITIAL CONDITIONSARE 8 LSBs of TOI DATA(MSB IS SHIFTED IN FIRST)

Figure 32-4. BCH (51, 8)Code Generator
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3.2.3.3 Cyclic Redundancy Check
Twenty-four bits of CRC will provide protection against burst as well as random errors with a probability of

undetected errar 224 = 5.96<10°8 for all channel bit error probabilities0.5. The CRC word is calculated in the
forward direction on a givemessage using a seed of 0. The sequence of 24 hs.(Pp.) is generated from the
sequence of information bits {rm,,...,m) (MSB to LSB sequenceéh a given message. This is done by means of a

code that is generated by the polynomial

2
g€k => gX'

i=0
where

g, =1 for i=013456,710111417182324
=0 otherwise

This code is called CR4Q. The generator polynomial of this code is in the following form (using binary

polynomial algebra):
g« = ¢+ X p& _
where p(X) is the primitive and irreducilgp@lynomial
P = X234+ X X3 X2 XM X%+ X4 X7+ X5+ X341

When, by the application of binary polynomial algebra, the abo¥® & divided into mK)X®*, where the

information sequence ] is expressed as
m& =m, + m_ X +m, X%+ +mx<

The result is a quotient and a remaindeX)Ri{f degree < 24. The bit sequence formed by this remainder represents
the CRC sequence CRCbit p, for any i from 1 to 24, is the coefficient 5f*' in R(X).
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This code has the following characteristics:

It detects all single bit errors per code word

It detects all double bit error combinations in a codeword because the generator polynomial g(X) has a
factor of at least three terms.

It detects any odd number of errors because g(X) contains a factor 1+X.

It detects any burst error for which the length of the burst?4 bits.

It detects most large error bursts with length greater tha@R@length r = 24 bits. The fraction of error

bursts of length b > 24 that are undetected is:

224=5.96x% 108, if b > 25 bits
223=1.19x 107, if b = 25 bits

3.2.3.4 Low Density Parity Chec OPC) Code
Subframe 2 and subframe 3 are separately encoded raggnd2L DPC cods. Subframe 2 has a total of 600 bits

consisting of 576 bits for Clock and Ephemeris addits for CRC. Subframe 3 has a total of 274 bits consisting of
250 bits for Variable Data and 24 bits for CRC. As a result of rate %2 LDPC encoding, there are 1200 symbols (coded
bits) for Subframe 2 and 548 symbols for Subframe 3 as described ia Biga.

The LDPC encoér structure is based am paritycheck matrix H(m, n) of m rows and n columns. For Subframe 2,
m=600, n=1200 and for Subframe 3, m=274, n=548. H(m, n) is further decomposed into 6 submatrices A, B, T, C, D,
and E as shown in Rige 3.25 (see reference document [1achelement of matrix H(m, n) is eithervalue ofi 0 &

or filo.
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n columns
(1200/548)

mrows /) | """ A """ B """" “““ T """ >599{273

(600/274)

. . J
\ c ......... D E 1
- .
Y Y
600/274 | 599/273

Figure 3.25. Parity Check Matrix H for LDPC Code

Tables6.2-2, 6.2-3, 6.2-4, 6.2-5, 6.2-6, and6.2-7 shall definethe coordinates of elementsth valuefi 1 0 each of the
submatrices A, B, C, [E, andT, respectively, for Subframe 2. Tab&2-8, 6.2-9, 6.2-10, 6.2-11, 6.2-12, and6.2-13
shall definethe coordinates of elementsth valuef 1i0 each of thesubmatrices A, B, C, [E, andT, respectively,
for Subframe 3. The inverse of T is not included in this document, howdvas a lower triangular matriand

therefore, the inverse of T can be easily identified.

The rate % LDPC encoder shall use gheen matrices A, B, T, C, 3nd Eof Section6.24 to generate the encoded

symbols usinghe following algorithm:

Py :_¢-1. (-E-T*-A+C)-s'
p =-T - (A-s'+B-py)

where,
¢=-E-T*-B+D,
s = subframe 2 or subframe 3 data
[ ]'indicates transpose
and elements of matcesp; and p are modulo 2 humbers

The encoded symbols for broadcast are comprised Qffg;here s is the systematic portion of the codeword, and

{p,, p,} comprise the combined parity bits.
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3.2.3.5Interleaving
The1748encoded symbols of subframes 2 and 3 are combined and interlesingaa block interleaverThe block

interleaveris conceptually described usiregtwo-dimensional arrayf 38 rows and & columns, as depicted in
Figure 3.26. TheLDPC encoded subframe &/mbolsare writtenfirst (MSB first) into the interleaver from left to
right starting at Row .1 After Row 1 is filled, Row 2 is filled from left to right anchis process continues untiie
1748" symbol (LSB of LDPC encoded subframe 3) is written it rightmost cell ofhe last 88") row. Once all
1748 symbols are written into the array, gynbolsare sequentially read out of the arréy, broadcasto user,
from top to bottom starting at Column After reading out the last symbaf the 38" row in Column1, Column 2
symbols are read out from top to bottom aig process continues until the last syminothe 38" row of the last

column (48 is read out

23 IS-GPS800A
8 June 2010



WRITE

Combined LDPC Encoded Subframes 2 au
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| 236 137] 138
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Direction of Symbol Flow from S
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Figure 3.26. ConceptuaBlock Interleaver
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3.3 Signal Modulation

The signals modulated on the L1 RF carrier include C/A, P(Y)aniL1C, which consists of two components:
L1Cr and L1G. The modulation used is binary offsmrrier (BOC) as described in reference documentT[2é

modulation is essentially shaped BP®&Kere a subcarrier is used to shape the spectrum.

The bitstream ofhe L1Cr signalis constructed by modu® addition of L1G-code and L1g-code. The overlay
code, L1G, is described in section 3.2.2.1.2. The PRN ranging codes; A€ L1G,, aredescribed in section
3.2.2.1.1. The bitstream of L}0s constructed by modu® addition of L1G-code and the L1C message symbol
train, D_1c(t). The timing relationship of L1C signal components is described in Figue 3.3

The bitstream othe L1Cy, signal is modulated on L1 carrier frequency using BOC (1, 1) modulation, with a
subcarrier frequency of 1.023 MHz and a chipping rate of 1.023 Mbps. Each bit of the bitstream is applied to a
BOC (1,1) spreading symbol consisting of one cycle of a 1.023 stimrewave, defined as binary 10 (1= positive

binary bit value, see Figure 323) with total duration 1/1.023 microseconds. The BQ() spreading symbols are

defined using sin@hasing, sdheyare aligned withhe bits ofthe L1Cp-code. Contrarytoecovent i on,- a #A00
phase with the cdegreedpueaf phasawiththecarden i s 180

The bitstream ofhe L1Cr signal is modulated on L1 carrier frequency using TMBOC modulation technique. The
L1C, TMBOC technique uses a mixture of BOG {3 spreading symbols and B 1) spreading symbols, where

each BOC(6,1) spreading symbol consists of 6 cycles of a 6 x 1.023 MHz squarewave, defined as binary
101010101010 (1= binary bit value), with total duration 1/1.023 microse¢sadg-igure 3-2b).

The pattern of BO{1,1) and BOQ6,1) spreading symbols repeats every 10230 spreading symbols corresponding

to a new bit of L1G-code. Let the index of the spreading symiorsL1Crbe t =0, 1, . . ., 10229, where t =0 is

the first spreadingysnbol in the next bit of L1g-code. Write t as t =i+ 33 \, where y=0, ...,32and\= 0, .. .,

309. Then all spreading symbols in Ld&e BOC(1,1), except for those that are BQ&1) that occur for those t

withu, =0, 4, 6, and 29 (i.e,t&, 4, 6, 29, 33, 37, 39, Tdhipatteén,issho@rl 9 7 , 10
in Figure 3.32c.

The BOC(1,1) and BOJ®6,1) spreading symbols are defined using-gihasing, seheyare aligned withthe bits of
L1Cq-code. The phase relationstiptween L1G and L1G is defined in section 3.2.1.6.
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Figure 3.31. L1CP-/L1CD-/L1CO-Code Timing Relationships
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3.4 Interface Criteria

The following specifiemdditional criteria for the SS/US interface for the GRE signal.

3.4.1 GPS Time

GPS time is established by the GPS Control Segment and is referenced to Coordinated Universal Time (UTC) as
realizedby the U.S. Naval Observatory (UT@SNO)) with zero timepoint defined as midnight on the night of
January 5, 1980/morning of January 6, 1980. The largest unit used in stating GPS time is one week defined as
604,800 seconds, concatenated with the GPS week number. GPS time may differ from UTCGe&atise is a
continuous time scale, while UTC is corrected periodically with an integer number of leap seconds. There also is an
inherent but bounded drift rate between the UTC and GPS time scales. The GPS CS shall control the GPS time
scale to be withi 50 nanosecond96% probability)of UTC (USNO) (modulo one second).

The L1C message (henceforth referred toGMAV -2) contains the requisite data for relating GPS time to UTC.
The accuracy of this data during tilhansmission interval shall be suctatlit relats GPS time to UTGUSNO) to

within 1.5 nanosecondsRMS over 30 days This data is generated by the GPS CS; therefore, the accuracy of this
relationship may degrade if for someason the GPS CS is unable to upload data to a SV. Propagation delay errors

and receiver equipment biases unique to the user add to this time transfer uncertainty.

The CNAV-2 datacontainsthirteenbits represering the sequentiahumber assigned togtcurrent GPS week (see
paragraph 6.2). The range of this count is from O to 8191 with Z&yo state being defined as the GPS week

number zero and every integer multiple of 8192 weeks thereafter (i.e. 0, 8192, 16384, etc.).

3.4.2 SV Time vs. GPS Tim

In controlling the SVs andploading of data, the CS shall allow for the following timing relationships:

Each SV operates on its own SV time;

All TOI and Interval Time of Week (ITOW) in the CNAYZ messages shall be in Sihe;
All other data in th&€NAV -2 messageshall be relative to GRfime;

The acts of transmitting tHeNAV-2 messages shall be executed by the SV on SV time.

3.4.3 Speed of Light
The speed of light used by the CS for generating the data described in the above paragraphs is

c=2.99P2458 x 18 meters per second

which is the official WGS84 speed of light. The user shall use the same value for the speed of light in all

computations.

28 IS-GPS800A
8 June 2010



3.5 Messagdefinition
As shown in Figure8.2-3, the L1C messageCNAV-2, structure utilizes three differesubframeformats. This

section defines and specifies the content of eatirame.

3.5.1 Message Content
Subframe 1 provides TOI count defined as being equal to the numbeisetd8d epochs that have occurredesinc

the start of current Interval Time of Week (ITOW) epoch (reference Section.3.5.3)

Subframe 2 provides clock and ephemeris data which is nominally invariant over multiple frames. Subframe 2 also
providesthe ITOW count defined as being equal to tm@mber of twehour epochs that have occurred since the

transition from the previous week.

Subframe 3 provides otheravigationdata which is commutated over multiple pages. Each page of subframe 3
provides different data as shown in Figures3tBrough3.5-8. Additional subframe 3 pages may be definethin

future. It shall be noted thahe broadcast sequence of subframe 3 pages is variable and, as such, users must not
expect a fixepatternof pagesequence Subframe 3 providean 8-bit PRN numbef the transmitting SV with a

range of 0 (00000000) to 255 (11111111).

In the event of message generation failure, the SV shall replace each aStdafredne 2 and/or ®ith the default
message.The data content of the default message shall be aitegrates and zerdseginning with oneand the
message shall contain a proper CRC blodk. addition, in the event ofmessage generation failure of either
subframe 2 or 3the SV shalfeplace the content of subframe 1 with the default TOI caltit{1111) The SV

shall also broadcast the default TOI count in the event of a subframe 1 message generation failure.

3.5.2 Subframe 1

The TOIlcountutilizes a9-bit dataword that represents SV time at the start of the nexdek®nd frame.The count
represents the number of-&8cond epochs that have occurred since the start of tHeotwqeriod represented by
ITOW count in the subframe @f the next 1&econd frame The TOI count range is from 0 (000000000) to 399
(110001111).The beginning epocbf a twahour period shall correspond to a start of subfraraadITOl countone
(000000001) shall correspond to the start of the nexget®nd frame following the beginning of a tivour period
The TOI data is nominallihesame on all SVdd¢r thoseSVs that broadcast TOI data).

The9-bit subframe 1 data is channel encoded into 52 symbols for broadcast as specified in paragraph 3.2.3.2.
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DIRECTION OF DATA FLOW FROM SV

MSB FIRST —*

< 100 BITS >
1 14 22 34 39 50 76
WN ITOW top toe AA ,&
5
13 BITS 8 BITS 11 BITS BITS 11 BITS 26 BITS 25 BITS
T ?7 URA. INDEX
L1C HEALTH i 1 BIT
le DIRECTION OF DATA FLOW FROM SV MSB FIRST —t
< 100 BITS >
101 118 141 174
Ang Aﬁo Mo-n €n
17 BITS 23 BITS 33BITS 27 MSBs
l¢ DIRECTION OF DATA FLOW FROM SV MSB FIRST —r
€ 100 BITS >
201 | 207 240 273
€n ®n Qo.n io-n
6
LSBs 33 BITS 33 BITS 28 MSBs
le DIRECTION OF DATA FLOW FROM SV MSB FIRST —*
< 100 BITS >
301 | 306 323 338 354 370 394
fon Ad ion Cen Ceen Ceon Ceen
5
LSBs 17 BITS 15 BITS 16 BITS 16 BITS 24 BITS 7 MSBs
le DIRECTION OF DATA FLOW FROM SV MSB FIRST —*
< 100 BITS >
401 418 439 460 | 465 471 497
Crcn Cus-n Cucon aro-n 8n-n
5 4
17 LSBs 21 BITS 21 BITS BITS N 26 BITS MSBs
URA INDEX T URA2 INDEX i 3 BITS
URA.: INDEX i 3BITS
e DIRECTION OF DATA FLOW FROM SV MSB FIRST —r
< 100 BITS >
501 517 527 540 553 Nl 577
afn-n arn-n Teo ISCuicp ISCrico RESERVED CRC
16 LSBs 10 BITS 13 BITS 13 BITS 13 BITS 10 BITS 24 BITS
‘ Integrity Status Flag
Figure3.5-1. Subframe 2 Clock, Ephemeris ITOW
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< DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 100 BITS >
1 9 15 31 44 51 59 75 88
PRN | Page Ao Arn Azn Als tot WNqt WN_sr
No
8 BITS | 6BITS 16 BITS 13 BITS 7BITS | 8 BITS 16 BITS 13 BITS 13 BITS
< DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 102 BITS »
101 [105 113 121 129 137 145 153 161 169 177 190
DN | Atsr o a o as Bo By B2 Bs ISC_L1CA ISC_L2C
4
BITS|8BITS | 8BITS 8 BITS 8 BITS 8 BITS 8 BITS 8BITS | 8BITS | 8BITS 12 BITS 12 BITS
|¢—— DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 72 BITS >
203 216 229 251 274
ISC_L5I5 ISC_L5Q5 RESERVED CRC
12 BITS 12 BITS 12 BITS 24 BITS

NOTE: Broadcast sequence sfibframe 3 pages is a variable and, as such, users must not expect a

pattern of page sequence.

fixed

Figure 3.52. Subframe 3, PageilUTC & IONO
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< DIRECTION OF DATA FLOW FROM SV MSB FIRST 1
< 100 BITS >
99
1 9 15 |18 34 47 63 76 83
PRN Page teeTo WNgeTo Ao.ceTo AiceTto Az.ceTo teor
No
8 BITS [6BITS 16 BITS 13 BITS 16 BITS 13 BITS 7 BITS 16 BITS
GNSS D 3BITS PM-XT 2 MSBs —1
< DIRECTION OF DATA FLOW FROM SV MSB FIRST 1
< 100 BITS >
101 120 135 156 171
.
PM-X PM-X PM-Y PM-; AUT1
19 LSBs 15 BITS 21 BITS 15 BITS 30 MSBs
|¢—— DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 74 BITS >
202 221 251 274
AU!rl RESERVED CRC
19 BITS 30 BITS 24 BITS

L AUT17 1LSB -

NOTE: Broadcast sequence of subframe 3 pagesviaxiable and, as such, users must not expect a fix

pattern of page sequence.

Figure3.5-3. Subframe 3, Pagei2GGTO& EOP
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DIRECTION OF DATA FLOW FROM SV

< MSB FIRST
< 100 BITS »
1 9 15 28 36 69
PRN Page WNan toa Reduced Almanac Reduced Almanac
No Packet 1 Packet 2
8 BITS [6BITS 13 BITS 8BITS 33BITS 32 MSBs
< DIRECTION OF DATA FLOW FROM SV MSB FIRST 1
< 100 BITS >
102 135 168
Reduced Almanac Reduced Almanac Reduced Almanac
Packet 3 Packet 4 Packet 5
33BITS 33BITS 33BITS
L Reduced Almanac Packet 27 1LSB -
|¢— DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 74 BITS >
201 234 251 274
Reduced Almanac RESERVED CRC
Packet 6
33BITS 17 BITS 24 BITS

NOTE: Broadcast sequence of subframe 3 pages is a variable and, as such, users must not expec

pattern of pagsequence.

t a fixed

Figure3.54. Subframe 3, Pagei3ReducedAlmanac
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< DIRECTION OF DATA FLOW FROM SV MSB FIRST :
< 100 BITS >
1 9 15 28 36 44 147 58 69 80 97
PRN | Page WNan toa PRN, e 5 ) JA QD
8BiTs |eBis|  138ITS 8BITS | 8BITS 11 BITS 11 BITS 11BITS 17 BITS MSBs
LLAEALTRT BT ﬂ L L5 HEALTH T 1BIT
L2 HEALTHT 1BIT
< DIRECTION OF DATA FLOW FROM SV MSB FIRST 1
< 100 BITS >
101 113 129 145 156 166
Q o Mo a0 an RESERVED
12 LSBs 16 BITS 16 BITS 11BITS | 10BITS 35BITS
l«———— DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 74 BITS >
201 251 274
RESERVED CRC
50 BITS 24 BITS

NOTE: Broadcast sequence of subframe 3 pages is a variable and, as such, users must not expeq

pattern of pagsequence.

t a fixed

Figure3.5-5. Subframe 3, PageidMidi Almanac
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< DIRECTION OF DATA FLOW FROM SV MSB FIRST |
< 100 BITS >
37
1 9 15 26 38 72
PRN | Page top-n too cbC EDC
No
8 BITS |6BITS 11 BITS 11 BITS 34 BITS 29 MSBs
DC DATATYPET 1BIT -
< DIRECTION OF DATA FLOW FROM SV MSB FIRST |
< 100 BITS >
101 164
EDC RESERVED
63 LSBs 37 BITS

{¢——— DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 74 BITS >

201 251 274

RESERVED CRC
50 BITS 24 BITS

NOTE: Broadcast sequence of subframe 3 pages is a variable and, as such, users must not expeq

pattern of page sequence.

t a fixed

Figure 3.56. Subframe 3, PageibDifferential Correction
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DIRECTION OF DATA FLOW FROM SV

NOTE: Broadcast sequence of subframe 3 pages is a variable and, as such, users must not expeq

pattern of page sequence.

< MSB FIRST ‘
< 100 BITS >
1 9 15 |19
PRN | Page TEXT MESSAGE (29 8-BIT CHARACTER)
No | 4
8BITS |6BITS|BITS 82 MSBs
TEXT PAGE
< DIRECTION OF DATA FLOW FROM SV MSB FIRST ‘
< 100 BITS >
101
TEXT MESSAGE (29 8-BIT CHARACTER)
100 BITS
l[¢——— DIRECTION OF DATA FLOW FROM SV MSB FIRST
< 74 BITS >
201 251 274
TEXT MESSAGE (29 8-BIT CHARACTER) CRC
50 LSBs 24 BITS

t a fixed

Figure 3.57. Subframe 3, Pagei6Text
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(Reservell

Figure 3.58. Subframe 3, Pagei7(Reserved)

37 IS-GPS800A
8 June 2010



3.5.3 Subframe?

Subframe 2 provides users with the requisite data to correct SV time and to calculate SV pHsitionally, the
subframe 2 data is invariant for the nominal transmission interval of two hdims.contents of the SV ephemeris
representationclock correctionand accuracy parameters are defined below, followed by material pertinent to the
use of the data.

The general format of ephemeris datasobframe 2consiss of data fields for reference time tags, a set of
gravitational harmonic correction terms, ratagl rate corrections to quaseplerian elements, and an accuracy

indicator for ephemerieelated data.

The ephemeris parameters describe the orbit of the transmitting SV during the curve fit interval of three hours. The
nominal transmission interval is two hours, and shall coincide with the first two hours of the curve fit interval. The
period of applicaltity for ephemeris data coincides with the entire tHneer curve fit interval. Table 3.51 gives

the definition of the orbital parameters using terminology typical of Keplerian orbital parameters; it is noted,
however, that the transmitted parametduea are expressed such that they provide the best trajectory fit in Earth
Centered, Eartirixed (ECEF) coordinates for each specific fit interval. The user shall not interpret intermediate

coordinate values as pertaining to any conventional coordinstensy

Any change in theubframe Z2phemerisand clockdatashallbe accomplished with a simultaneous change ingthe t
value. TheSV shallassure that thgdtvalue, for at least the first data set transmitted by an SV after an upload, is
different fromthat transmitted prior to the cutovef.he eight LSBs of,. for each data set shall be different from
the eight LSBs of,. transmitted during the previous six hours by the SV.

The general format of clock daba subframe 2 consistof data fields fo SV clock correction coefficientsThe
clock parameters ofubframe 2describe the SV time scale during the period of validity. The paramaters
applicableduring the time in which they are transmitteBeyond thatime, they are still applicabldyowever, the

most recentlata seshould be used since the accuracy degrades over time.
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Table 3.51. Subframe ZParameterq1 of 3)

Scale
No. of Factor | Effective
Parameter Bits** (LSB) Range*** Units
WN Week No. 13 1 weeks
ITOW Interval time of week 8 83 (see text)
top Data predict time of week 11 300 604,500 seconds
L1C health 1 (see text)
URAcIndex SV ephemeris accuracy inde 5* (see text)
toe Ephemerigklock data 11 300 604,500 seconds
reference time of week
A FrE* Semimajor axis difference at 26* 2° meters
reference time
A Change rate isemimajor 25* 2% meters/sec
axis
®p Mean Motion difference from
computed value at reference 17* 24 semicircles/sec
time
a Rate of mean motion 23* 2”7 semicircles/set
difference from computed
value
Mon, Mean anomaly at reference 33* 2% semicircles
time
e, Eccentricity 33 2% dimensionless
o Argument of perigee 33* 232 semicircles

* Parameters so indicated ane wo 6 s

c onotatiore me n t
*x See Figure.5-1 for complete bit allocation iSubframe 2

*kk Unless otherwise indicated in this column, effective range ismthémum range attainable with

indicated bit allocation and scale factor.

Fkkx Relative to Agr= 26,559,710 meters.
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Table3.51. Subframe Parameters (2 &

Scale
No. of Factor | Effective
Parameter Bits** (LSB) | Range*** Units
Qop**** Reference right ascension angle 33* 2% semicircles
L]

A Q *x | Rate of right ascension difference 17* 24 semicircles/sec
io-n Inclination angle at reference time 33* 2% semicircles
ion 1 DOT | Rate of inclination angle 15* 24 semicircles/sec
Cisn Amplitude of the sine harmonworrection |  16* 2% radians

term to the angle of inclination
Cien Amplitude of the cosine harmonic 16* 2% radians

correction term to the angle of inclinatior]
Cisn Amplitude of the sine correction term to 24* 28 meters

the orbit radius
Cicn Amplitude of the cosine correction termt  24* 28 meters

the orbit radius
Cusn Amplitude of the sine harmonic correctiof ~ 21* 2% radians

term to the argument of latitude
Cuen Amplitude of thecosine harmonic 21* 2% radians

correction term to the argument of latituc

*%*

*kk

Kkkk

kkkkk

Parameters so indicated and wo 6 s ¢ onuotatiore me n t
See Figure.5-1 for complete bit allocation iSubframe 2

Unless otherwise indicated in this column, effective range is the maximum range attainable wit

indicated bit allocation and scale factor.

Qo is the right ascension angle at the weekly epoch propagated to the refemenaethe rate of

right ascension@ger Table 3.51}.

Relative tof)REF =-2.6 x 10° semicircles/second.
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Table 3.51. Subframe 2 Parameters (3 of 3)
Scale
No. of Factor Effective
Parameter Bits** (LSB) Range*** Units
URA,.Index | SV Clock Accuracy Index 5* (see text)
URA,; Index | SV Clock Accuracy Change Index 3 (see text)
URAq2Index | Sv Clock Accuracy Change Rate Index 3 (see text)
&2-n SV Clock Drift Rate Correction Coefficien| 10* 2760 sec/set
&1-n SV Clock Drift Correction Coefficient 20* 248 sec/sec
&o-n SV Clock Bias Correction Coefficient 26* 235 seconds
Top™** Inter-Signal Correction for L1 or L2 P(Y) 13* 235 seconds
ISCpcp™*** Inter-Signal Correction for L1 13* 235 seconds
ISCico™** | Inter-Signal Correction for L1g 13* 2% seconds
*  Parameters so indicated and wo 6 s ¢ onuotatiore me n't
* See Figure3.5-1 for complete bit allocation iSubframe 2
ok Unless otherwise indicated in this colunefffective range is the maximum range attainable with
indicated bit allocation and scale factor.
¥*% The bit string of #A10000000000000 will i ndi
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3.5.3.1 Transmission Week Number

Bits 1 through13 of subfame 2shall contain 13 bits that are a mod8b92 binary representation of the current

GPS week number at the start of the data set transmission interval (see parag2aph 6.2.

3.5.3.2|ITOW

Bits 14 through 21 of subframe 2 shall contain 8 bits reptiegpiT OW count defined as being equal to the number

of two-hour epochs that have occurred since the transition from the previous Weelcountis shortcycled such

that the range of thETOW-count is from 0 t83 2-hourepochs (equaling one week) and is reset to zero at the end

of each week. ThETOW-count's zero state is defined as tBdiour epoch which is coincident with the start of the

present week. This epoch occurs at (approximately) midnight SaturdaySuigtity morning, where midnight is

defined as 0000 hours on the UTC scale that is nominally refeddn the Greenwich MeridiaThe occurrence of

the Azero state epochodo may di ffer by a few seconds fr

corrected with leap seconds while GPS time is continuous without such correction.

3.5.3.3 Data Predict Time of Week
Bits 22 through32 of subframe Zhall contain the data predict time of weef)(t The t, term provides the epoch

time of week of the state estimate utilized for the prediction of satellite-feastrian ephemeris parameters.

3.5.3.4 L1C Signal Health
The onebit health indication in biB3 of subframe 2efers to thed.1C signal of the trasmitting SV. The health of

thesignal is indicated by:

0 = Signal OK,

1 = Signal bad or unavailable.

The predicted health data will be updated at the time of upload when a new data set has been built by the CS. The
transmitted health data may nmtrrespond to the actual health of the transmitting $Vreal time, f the L1C
signal becomeanhealthy the statuschangewill normallybe indicated by the broadcast of retandard coder be

indicated by the health bits as described in subframe 2

Additional SV health data are given in the almanaguinframe 3pages 3 and.4The data given isubframe 2nay
differ from that shown in other messages of the transmitting SV and/or other SVs since the latter may be updated at

a different time.Subfrane 2 data is the most reliable; subframe 3 data is intended only to aid acquisition.

3.5.3.5 SV Accuracy
Bits 34 through 38 of subframe 2shall contain the ephemeris User Range Accuracy (lJRAdex of the SV.

URA, index shall provide the ephemeridated user range accuracy index of the SV as a function of the current
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ephemeris message curve fit interval. While the ephenreddted URA may vary over the ephemeris message
curve fit interval, the URA index (N) insubframe 2shall correspond to thearimum URA, expected over the

entire curve fit interval.

The URAci ndex i s a t wodsentatioroong digeddteger in the range of +15 id6 and has the

following relationship to the ephemeris URA:

URA,. Index URA,. (meters)
15 6144.00 < URA,
14 3072.00 < URA, < 6144.00
13 1536.00 < URAg, < 3072.00
12 768.00 < URAy, < 1536.00
11 384.00 < URAy, < 768.00
10 192.00 < URAg, < 384.00
9 96.00 < URAg, < 192.00
8 48.00 < URAy, < 96.00
7 2400 < URA, < 48.00
6 1365 < URA, < 24.00
5 9.65 < URA, < 13.65
4 6.85 < URA, < 9.65
3 485 < URA, < 6.85
2 340 < URAg, < 4.85
1 240 < URAg, < 3.40
0 1.70 < URA, < 2.40
-1 120 < URA, < 1.70
-2 0.85 < URAg, < 1.20
-3 0.60 < URA, < 0.85
-4 043 < URAg, < 0.60
-5 0.30 < URA, < 0.43
-6 0.21 < URAg, < 0.30
-7 0.15 < URAg, < 0.21
-8 0.11 < URAg, < 0.15
-9 0.08 < URAg, < 0.11
-10 0.06 < URA, < 0.08
-11 0.04 < URAp, < 0.06
-12 0.03 < URA, < 0.04
-13 0.02 < URA, < 0.03
-14 001 < URAp, < 0.02
-15 URAge < 0.01
-16 No accuracy prediction availaldleuse at own risk
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3.5.3.6 Ephemeris Parameter Characteristics

For each ephemeris parameter containeslibframe 2the bit lengtts, scalefactors, rangesand units argivenin

Table 3.51. See Figure3.5-1 for complete bit allocation isubframe 2

3.5.3.6.1User Algorithm for Determination of SV Position

The wuser shall compute the ECEF coordinates of posi ti
variation of the equations shownTrable 3.52. The ephemeris parameters are Keplerian in appearance; however,

the values of these parameters pmreduced by th&V via a least squares curve fit of the predicted ephemeris of the

SV APC (timeposition quadruples: t, X, y, z expressed in ECEF coordinates). Particulars concerning the applicable
coordinate system are given in Secti@0s3.3.4.3.2and20.3.3.4.3.4 of IS5PS200.

The sensitivity of the SV&s position to smal/l perturbat
position to the parameters A,.& and G, is about one meter/meter. The sensitivity of positionhto angular

parameters is on the order of®Ifieters/semcircle, and to the angular rate parameters is on the order'df 10
meters/sermcircle/second. Because of this extreme sensitivity to angular perturbations, the walisedin the curve
fitisgivenhere.ti s a mat hemati cal constant, the r atristakends a ci r ¢
3.1415926535898.
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Table3.52. Elements of Coordinate Syste(part 1 of 2)

Element/Equation

Description

u = 3.986005 x 11 meterd/seé
Q. = 7.2921151467 x Trad/sec
Ag=Arert+ AA *

Ac=Ap+ (A.) ty

no= |
AO
=t toe ™

AnA:An0+i @k
Ny =g+ ANy
M= Mg+ m 1y

My =E e,sin B

=tan

. |\J1-e,? sinE, / €~e, cosE,

. e, +Cosv
E.= COSl {”—k}

1+e, cosv,

¢osE, —-e. | ¢-e, cosE, |
k n_t n k

WGS 84 value of

WGS 84 value of
SemiMajor Axis at reference time

SemiMajor Axis

Computed Mean Motion (rad/sec)

Time from ephemeris reference time

Mean motion difference from computed value

Corrected Mean Motion
Mean Anomaly

Keplerds equation
(may be solved by iteration)

True Anomaly

Eccentric Anomaly

*%

Ager= 26,559,710 meters

(0

‘0

t is GPS system time at time of transmission, i.e., GPS time corrected for transit time (range/speed
Furthermore, tshall be the actual total difference between the tiame the epoch timgg and must accoun
for beginning or end of week crossovers. That ig if tgreater than 302,400 seconds, subtract 604
seconds fromd If t, is less than302,400 seconds, add 604,800 seconds to t
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Table3.52. Elements of Coordinate System (part 2 of 2)

Element/Equation * Description
D= v+ o Argument of Latitude
Sug = CusnSIiN2Dy + G ,COSADy Argument of Latitude Correction

. . . Second Harmonic
8y = GenSiN2Dy + C.,cOS2Dy Radial Correction Perturbations
i = GsnSIN2Dy + Ge.ncOSADK Inclination Correction
U = D+ 08Uy Corrected Argument of Latitude
r« = AJ(17 e, cosk)+dr Corrected Radius
ik = iont (ion-DOT)t + Sig Corrected Inclination
X = I COSUx
, . Positions in orbital plane
Yk = Il SINUg
Q= szEF+ P i Rate of Right Ascension
Q=Qon+ (QT Q)i T Qetoe Corrected_ongitude of Ascending Node
Xk = X COSQy — Yi' COSiy SinQy
Yk = X SINQy + Yi' COSix COSy Earthfixed coordinates of SV antenna phase center
Zy = Y'Siniy
/ .

ok (o= 2.6 x 10° semicircles/second.

3.5.3.7 Clock Parameter Characteristics

The bit lengtls, scale factors, rangesand units ofthe clock correction parameters shall be as specified in
Table3.51.

3.5.3.7.1User Algorithms for SV Clock Correction Data
The algorithms definedh paragraph 20.3.3.3.3.1 of-l8PS200 allow all users to correct the code phase time

received from the SV ith respect to both SV code phase offset and relativistic effects. However, since the SV
clock corrections of equations iparagraph 20.3.3.3.3.1 of -ISPS200 are estimated by the CS using dual
frequency L1P(Y) and L2 P(Y) code measurements, the siigguency(L1) user and the dudiequency(L1/L2

and L1/L§ user must apply additional terms to the SV clock correction equations. These terms are described in
paragrapt8.5.3.9 In addition, users shall usg,tprovided in bits 39 through 49 of subfra 2, to replace,din the
algorithms in paragraph 20.3.3.3.3.1 ofG®S200.
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3.5.3.8 SV Clock Accuracy Estimates
Bits 460 through470 of subframe 2shall contain the URA Index, URA.: Index, and URA., Index of the SV
(reference paragraph 6.2.1) for the user. The L JRex together with UR4; Index and URA., Index shall give

the clockrelated user range accuracy of the SV as a function of time since the predigfiosgd to generate the

uploadel clock correction polynomial terms.

Clock-related URA (URAoc) accounts for sigAalspace contributions to user range error that include, but are not
limited to, the following: the net effect of clock parameter and code phase error in the transgntietbs single

frequency users who correct the code phase as described in Section 3.5.3.9.1, as well as the net effect of clock
parameter, code phase, and intersignal correction error foifrégalkency L1/L2 and L1/L5 users who correct for

group delay ad ionospheric effects as described in Section 3.5.3.9.2 and Section 3.5.3.9.3.

The user shall calculate the cleckated URA with the equation (in meters)

URAGc = URAG, + URAG (LT top) for t-t,p < 93,600 seconds
URAG: = URAGp + URAG (1T top) + URAG (ET top T 93,600% for t-to, > 93,600 seconds
where

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

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

The CS shihderive URA,, at time t, which, when used together with URAand URA,; in the above equations,
results in the minimum URA that is greater than the predicted URAuring the entire duration up to 14 days

after tp.
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The user shall use theoadcast URA Index to derive URAy,

The

i ndex

i srepreserttatian 6fs

a signedinteger in the range of +15 fdl6 and has the following relationship to the cloelated user derived

URA

URA Index

The user may use the upper bound value in the JJRAnge corresponding to the broadcast index, thereby

15
14
13
12
11
10

©

P NWMOOTO N

-10
-11
-12
-13
-14
-15
-16

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

URA., (meters)

ANNNNNNANNNANANANNANNANNANANNNANNANANNANANNNANNNNNANNNNANNANNAN

URAu
URAu
URAu
URAu
URAu
URAuc
URAu
URAu
URAu
URAu
URAu
URAu
URAuc
URAuc
URAu
URAuc
URAuc
URAq
URAuc
URAuc
URAu
URAuc
URAu
URAu
URAu
URAu
URAu
URAu
URAu
URAu
URAu

IAIA A A IA A IA A IA A IA DA A IA A A A IA A A A IA A IA A TN IA TN A TA

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

No accuracy prediction availaldleuse at own risk

calculating the maximum URAthat is equal to or greater than the CS predicted {JRXk the user may use the

lower bound value in the range which will provide the minimum JRM#at is equal to or less than the CS predicted

URA.
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The transmitted UR; Index is an integer value the range 0 to 7. UR#A Index has the following relationship to
the URA::

1
URA 1 = 2—N (meters/second)

where
N = 4 + URA,; Index

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

1
URA,, = o (meters/secorfil

where
N = 25 + URA., Index

3.5.3.9 Group Delay Correction Parameters

Bits 527 through 65 of subframe 2 provide the group delay differential coroecterms folL1C signal users. The

following algorithms shall apply when interpreting the correction parameters in the me$$eghbit lengtls, scale

factors, ranges, and units of these parameters are given in I &dle The bit st 0i0W® ehahflooC
indicate that the group delay value is not available. The related algorithm is given in par&ysap/®sland

3.5.39.2

3.5.3.9.1Inter-Signal Correction

The correction terms, gb, ISC1cp, and ISG;cp, are initially provided by the CS to account for the effect of SV
inter-signal biasedbetween L1 P(Y) and L2 P(Yhetween L1 P(Y) andl1Cp, and between L1 P(Y) andlCp,
respectively, based on measurements made by the SV contractor during SV manufiotuv@lues of Ep and

ISCs for each SV may be subsequently updated to reflect the actoddibgroup delay differential. For maximum
accuracy, the single frequentyCr user must use the correction terms to make further modifications to the code
pha® offset in paragraph 20.3.3.3.2flIS-GPS200with the equation:

(Atsy)Licp = Atsy - Tgp + ISClicp
where Tgp (see paragraph 20.3.3.3.2RI1S-GPS200) and ISG;cp are provided to the user asbframe data. For

maximum accuracy, the single frequendyCp user must use the correction terms to make further modifications to

the code phase offsgiven by:

(Atsy)Licp = Atsy - Tep + 1SCGlicp
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where, ISCycp is provided to the user asibframe 2lata.

The valus of ISG;cp and ISG1cp are measured values that represent the mean SV group delay differential between

the L1 P(Y}code and th&1Cp-codeor L1Cp-code respectively as follows,

ISClice = tupy) - tuice
ISClico = tupy) - tLaco,

wheret 1, is the GPS timef the L1 frequency x signal (a specific epoch of the signal) transmitted from the SV

antenna phase center.

3.5.3.9.2L1/L2 Ionospheric Correction
The two frequencyl(1Cp and L2C) user shall correct for the group delay and ionosphéeicteby applying the

relationship

_ (PR_oc —119PR 1cp) + ¢ (ISCoc — 712!SCacp)
PR= 1 CTGD .
712

The two frequencyl(1Cp and L2C) user shall correct for the group delay and ionospheric effects by applying the

relationship

_ (PR oc —712PR 1cp) + ¢ (ISCLoc —1121SCLacp)
PR= 1 cTep
-712

For the preceding equations, fioedowing definitions apply:

PR = pseudorange corrected for ionospheric effects,

PR = pseudorange measured on the channel indicated by the subscript,

ISC = inter-signal correction for the channel indicated by the subscript (see paragraph
3.5.39.1, see paragraph 30.3.3.3.1.1 ofG®S200 for ISC,c),

Tep = see paragraph 20.3.3.3.9RIS-GPS200,

c = speed of light,

and, denoting the nominal center frequencies of L1 and L2 asd f, respectively,

v = (fu/fo)® = (1575.42/1227.6) = (77/60F.
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3.5.3.9.3L1/L5 lonospheric Correction
The two frequencyL(1Cr and L5 Q5) user shall correct for the group delay and ionospheric effects by applying the

relationship

_ (PR 55~ 115PRiacp) + ¢(1SC 505~ 115/SCLacp) or

PR GD*

1-115
The two frequencyL1Cp and L5 Q5) user shall correct for the group delay and ionospheric effects by applying the
relationship

_ (PR 505~ "15PRiacp) + ¢ (1SC 505~ 115/SCacp) .
I-n5

PR

Tep:

The two frequency (L1£and L5 I5) user shall correct for the group delay and ionospheric effects by applying the
relaionship

pr- (PRUsIs ~115PRiacp) + C(SC 515~ 115'SCacp)
- =15 b

The two frequency (L1gand L5 15) user shall correct for the group delay and ionospheric effects by applying the
relationship

pr- (PRusIs ~715PRacp) +(ISC 515~ 118/SCacp) ¢
1-15 eP
For the preceding equations, the following definitions apply:

PR = pseudorange corrected for ionospheric effects,
PR = pseudorange measured on the channel indicated by the subscript,
ISC = inter-signal correction for the channel indicated by the subscript (see paragraph 3.5.3.9.1,

see paragrapk0.3.3.3.12.1 of IS-GPS705for ISC sgs and ISCss),
Tep = see paragraph 20.3.3.3.3.2 of %S 200,
c = speed of light,

and, denoting the nominal center frequencies of L1 d&naisLf, and {5 respectively,

vis = (fuffis)® = (1575.42/176.45° = (1541152

3.5.3.10 Integrity Assurance

The L1C message will contain information that allows users to operate when integrity is asBoieds
accomplished using an integrity assured URA value in conjunction with an integrity status fiagJRA value is
the RSS of URAoe and URAoc; URA is integrity assuiethe enhanced levehly when the integrity status flag is

filo
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3.5.3.10.1Integrity Status Fla¢iSF)

Bit 566 of subframe 8hallbet he | ntegrity Status Flag (I SF). A A0O0 in
signal is provided with the legacy level of integrity assurance. That is, the probability that the instantaneous URE of

the conveying signal exceeds 4.42 timesupger bound value of theurrent broadcast URAdex for more than

5.2 seconds, without an accompanying alert, is lessthan -5 10per hour . A f10 in bit pos
the conveying signal is provided with an enhanced level of integrityrasse. That is, the probability that the
instantaneous URE of the conveying signal exceeds 5.73 timeppke bound value of theurrent broadcast URA

index for more than 5.2 seconds, without an accompanying alert, is less than Bp&0hourThe probabilities

associated with the nominal and lower bound values of the current broadcast URA are not defined.

I n this context, an fAalerto is defined as any indica
elsewhere in this document, whi signifies that the conveying signal may be invalid and should not be used, such

as, not Operationdfiealthy, NonStandard Code, parity error, etc.

3.5.4 Subframe 3
Subframe 3 provides users with otmavigationdata which is commutated over mulépbages. The contents of

subframe 3 data are defined below.

Every subframe 3 page begiwith an 8bit PRN number of the transmitting SV with a range of 0 (00000000) to
255 (11111111). Each subframe 3 page is identified bpiagige number provided bits 9 through 14.

3.5.4.1 Subframe 3, PageilUTC & IONO
As depicted inFigure 3.52, subframe 3page lcontains the UTC and ionospheric correction parameters. The

contents of subframe Page 1 aredefined belowand followedby material pertinent to the use of the data.

3.5.4.1.1UTC Parameter Content
Subframe 3pagel shall contain the parameters related to correlating UTC(USNO) time with GPS Tineebit
lengths, scale factors, ranges, and uoitdhese parameters ggaven in Table 3.8. Sedrigure 3.52 for complete

bit allocation insubframe 3page 1.

The parameters relating GPS time to UTC(USNO) shall be upbgtéue CS at least once every three days while
the CS isable to upload the SVs. If the CS is umabd upload the SVs, the accuracy of the UTC parameters

transmitted by the SVs will degrade over time.

3.5.4.1.1.1UTC and GPS Time
Subframe 3page lincludes: (1) the parameters needed to relate GPS Time to UTC(USNO), and (2) notice to the

user regarding the scheduled future or recent past (relativavigationmessage upload) value of the delta time
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due to leap secondat, sg), together with the wek number (Wisg) and the day number (DN) at the end of which
the leap second becomes effective. Information required to use these parameters to galcidaite paragraph

20.3.3.5.2.46f IS-GPS200except the following definition oktyrc shall be ged

Atyre = Atis + Agn + Arn (te T tor + 604800 (WNi WNg) + Ag.n (te it + 604800 (WNi WN,y))? seconds

Table 3.53. UTC Parameters
No. of | ScaleFactor Effective .
Parameter Bits** (LSB) Range*** Units
Bias coefficient of GPS time scale . .35
Aon relative to UTC time scale 16 2 seconds
Drift coefficient of GPS time scale . 51
At relative to UTC time scale 13 2 sec/sec
Drift rate correction coefficient of GPS . -68
Az time scale relative to UTC time scale ! 2 sec/set
eets Current or padeap second count 8* 1 seconds
tot Time data reference Time of Week 16 2! 604,784 seconds
WNo: Time data reference Week Number 13 1 weeks
WN_sr | Leap second reference Week Number 13 1 weeks
DN Leap second reference Day Number frxkk 1 days
o o Current or future leap second count 8* 1 seconds
*  Parameters so indicated shallibéwo's complemermotation
**  SeeFigure 3.52 for complete bit allocation;
*kk Unless otherwise indicated in this column, effective range is the maxramge attainable with indicated
bit allocation and scale factor;
ok Right justified.

3.5.4.1.2]onospheric Data
The i onospheric parameters which allow the AL1 onlyo u

ionospheric delay are containeddubframe 3 page 1 The fione frequencyo user sho
paragraph 20.3.3.5.2& IS-GPS200 to make this correction for the ionospheric effects. The bit lengths, scale

factors, ranges, and units of these parameters are given in Ta¥lefa8-GPS200.
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The ionospheric data shall be updatecdthy CS at least once every six daysile the CS is able to upload the

SVs. If the CS is unable to upload the SVs, the ionospheric data transmitted by the SVs may not be accurate.

3.5.4.2 Subframe 3, Pagei2GGTO & EOP
Subframe 3page2, as depicted ifrigure 3.53, contains th&PS/Glolal Navigation Satellite System (GNSS) Time
Offset GGTO) parameterandEarth Orientation Parametels@P). The contents of subframegage?2, is defined

below,and followedby material pertinent to the use of the data.

3.5.4.2.1GGTOParameter Content

Subframe 3page?2 shall containthe parameters related to correlating GPS time with other GNSS time. Bits 15

through 17 of subfram@&, page 2 shall identify the other GHISe navigation system to which the offset data
applies. The three bits adefined as follows

000 = no data available,
001 = Galileo,
010 = GLONASS,

011 through 111 = reserved for other systems.

The bit lengths, scale factors, rangasd units of the GGTO parameters are given in Tabld.3.See Figure 3:3

for complete biallocation in subframe 3, page 2.

The validity period of the GGTO shall be 1 day as a minimum.

3.5.4.2.1.1GPS and GNSS Time
The GPS/GNS&ime relationship is given by,

tonss= e T (Aoseto+ AsceTo(te T tosto+ 604800 (WNi WNGGT0) + Assaro(te T tosro+ 604800 (WN WNggro))?)

where gnss is in seconds,etand WN are as defined in Section 20.3.3.5.2.4 e6F5200, and the remaining
parameters are as defined in Tablg4.

The GGTO parameters provide a global average of the time bé$aten GPS time and the other GNSS time
scales modulo one second. Users must also apply any integer seconds difference between the systems using

definitions of each system time scale as defined in respective signal interface documents.
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Table3.54. GPSGNSS Time Offset Parameters
Scale
No. of Factor | Effective
Parameter Bits** (LSB) | Range*** Units
AoccTo Bias coefficient of GPS time scal{ 16* 2% seconds
relative to GNSS time scale
AiceTo Drift coefficient of GPS timescale |  13* 2%t sec/sec
relative to GNSS time scale
AzceTto Drift rate correction coefficient of | 7* 268 sec/set
GPS time scale relative to GNSS
time scale
teeto Time data reference Time of Wee 16 2t 604,784 | seconds
WNeeto | Time data reference Week 13 2° weeks
Number
GNSS ID | GNSS Type ID 3 see text
*  Parameters so indicated shallibéwo's complemenotation
**  See Figure3.5-3 for complete bit allocation;
**  Unless otherwise indicated in this colureffective range is the maximum range
attainable with indicated bit allocation and scale factor.

3.5.4.2.2EOP Parameter Content
Subframe 3page 2shall contairearth orientation parameters. The EOP message provides users with parameters to

construct the ECEF and ECI coordinate transformation (a simple transformagtbodthat does notaccountfor
EOP,is defined in Section 20.3.3.4.3.3.2 of@&S200). Thebit lengths scale factorsranges and units of all
EOP fields ofsubframe 3, page aregiven in Table 3.5.
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3.5.4.2.3User Algorithm for Application of the EOP
The EOP fields insubframe 3, page 2ontain the EOP needed to construct the E@EECI coordinate

transformation. The user computes the ECEF position of the SV antenna phase center using the equations shown in
Table 3.52. The coordinate transformation, for translating to the corresponding ECI SV antenna phase center
position, is derived sing the equations shown Bection 30.3.3.5.1.1 an@lable 30-VIIl of IS-GPS200. The
coordinate systems are defined in Section 20.3.3.4.3.36PIS200.

Table3.55. Earth Orientation Parameters

Scale
No. of Factor Effective
Parameter Bits** (LSB) Range*** Units
teop EOP Data Reference Time 16 2 604,784 seconds
PM_XA X-Axis Polar Motion Value | 21* 2% 1 arcseconds
at Reference Time.
PM_X X-Axis Polar Motion Drift at| 15* 2% 7.8125x 10 | arcseconds/day
Reference Time.
PM_YAA Y-Axis Polar Motion Value | 21* 220 1 arcseconds
at Reference Time.
PM_Y Y-Axis Polar Motion Drift at| 15* 2 7.8125x 1G | arcseconds/day
Reference Time.
AUT1AAA UT1-UTC Difference at 31* 224 64 seconds
Reference Time.
AUT1AAA Rate of UTTUTC 19* 22 7.8125 x 16 | seconds/day
Difference at Reference
Time

*  Parameters so indicated and wo 6 s ¢ onutatiore me n't
*x See Figure.5-3 for complete bit allocation isubframe 3, page 2
ok Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor.

Represents the predicted angudasplacement of instantaneous Celestial Ephemeris Pole with resp
semiminor axis of the reference ellipsoid along Greenwich meridian.

AA Represents the predicted angular displacement of instantaneous Celestial Ephemeris Pole with f
semiminor axis of the reference ellipsoid on a line directetv@st of Greenwich meridian.

AAA \ith zonal tides restored.
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3.5.4.3 Subframe 3, Page& Page 4 Almanac

The dmanac parameters are provided in any oneulfframe 3 pages 3 and4. Page 3providesthe reduced

almanac parameters aiMidi almanac parameters are providedpiege 4 The reduced almanac parameters (i.e.
subframe 3page 3 for the complete set of SVs in the constellation will be broadcast by a SV using shorter duration
of time compared to the broadcast of the complete set of Midi almanac parametawsbfi@ne 3page 4. The

parameters are defined below, followed by material pertinent to the use of the data.

3.5.4.3.1 Almanac Reference Week
Bits 15 through 27 ofubframe 3pages 3 and 4 shall indicate the number of the week, (YN which the almanac

reference time {f) is referenced (see paragraph 3.5.4.3.2). The, W&fm consists of 13 bits which shall be a
modulo-8192 binary representation of the GPS weeknber (see paragraph &Rto which the 4, is referenced.

Bits 28 through 35 of subframe Bages 3 and 4 shall contain the value,gfthich is referenced to this VAN

3.5.4.3.2 Almanac Reference Time
See paragraph 20.3.3.5.2.2 ofG$S200.

3.5.4.3.3SV PRN Numbe
Bits 36 through 43 of subframe Bage 4 and bits 1 through 8 in each packet of reduced almanac shall specify PRN

number of the SV whose almanac or reduced almanac, respectively, is provided in the message or in the packet.

3.5.43.4 Signal Health (L1/L2/L5)

The three, orit, health indication in bits 44, 45 and 46 of subframpage 4 and bits 3B2 and 33 of each packet

of reduced almanac refers to the L1, L2, and L5 signals of the SV whose PRN number is specified isatye anes

in the packet. For each health invdidzemd oi 10 asin@mi fsiigani
or all navigation data armvalid. The predicted health data will be updated at the time of upload when a new
reduced almarahas been built by the CS. The transmitted health data may not correspond to the actual health of

the transmitting SV or other SVs in the constellation.

3.5.4.3.5Reduced Almanac Data

Subframe 3page 3, Figure 38, shall contain reduced almanac data packets for 6 $ks.reduced almanac data

of a SV is broadcast in a packet of 33 bits long, as described in Bdx®e The reduced almanac data are a subset
of the almanac data which provide ephemeris with less precision than that derived from parameters in subframe
2. The reduced almanac data values are provided relative-Bpgcdied reference values. Thi lengths,scale

factors, rangesand units of the reduced almar@rameters are given in Taldes-6.

The reduced almanac parameters shall be updated by the CS at least once every 3 days while the CS is able to

upload the SVs. If the CS is unable to upload the 8\s the accuracy of the reduced almanac parameters
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transmitted by the SVs will degrade over time.

3.5.4.3.5.1Reduced Almanac Packet

The following shall apply when interpreting the data provided in each packet of reduced almanac (s&e59yure

3.5.4.3.5.1.1Reduced Almanac
The reduced almanac dataprovided in bits9 through30 of each packet. The data from a packet along with the

reference values (see Talde5-6) provide ephemeris with further reduced precision.

The user algorithm is

essentially the same as the user algorigmployedfor computing the ephemeris from the parameiarsubframe 2

(see Section35.3.61 and Table3.5-2).

Other parameters appearing in the equations of Tablg, but not

provided by the reduced almanac with the reference values, are set to zero for SV petsitimimdtion.

< 33 BITS >
1 17 24 31 (32 (33
PRN, S Qo [o2

8 BITS 8 BITS 7 BITS 7 BITS

jr A A
L1 HEALTH
L2 HEALTH
* See Figures 3.5-4 for complete bit allocation in the message. L5 HEALTH
Figure 3.59. Reduced Almanac Packet Content
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Table 3.56. Reduced Almanac Parameterg**

Parameter***** No. of Bits Scale Factor (LSB)| Effective Range ** Units
S F 8 * 2" b Meters
Q 7% 2° i semicircles
D+ 7 * 2° ok semicircles
* Parameters so indicated shallibé wo 6 s ¢ onutatiore me n't
* Effective range is the maximum range attainable with indicated bit allocation and scale factor;

ok Relativeto A= 26,559,710 meters;
Fokkk @, = Argument of Latitude at Reference Time 3 Mo;
ek Relative to following reference values:

e=0
8; = +0.0056 semcircles (i = 55 degrees)

Y -26 x 10° semicircles/second

3.5.4.3.6 Midi Almanac Parameter Content

Subframe 3page 4shall containMidi almanac data for a SV whose PRN number is specified in the mesHagje.
bit lengths, scalefactors, rangesand units of the almanac parameters are given in Bablé The user algorithm is
essentially the same as the user algorigmployedfor computing the ephemeris as specified in Tabl\20f I1S-
GPS200. Other parameters appearing in the equatidisable 201V of IS-GPS200, but not provided by th#lidi
almanac with the reference values, are set to zero for SV position determirg¢iemparagraph 20.3.3.5.2.3 of IS

GPS200 for almanac time parameters.
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Table3.57. Midi Almanac Parameters
Scale
No. of Factor Effective
Paameter Bits** (LSB) Range*** Units
toa 8 2 602,112 seconds
e 11 21° dimensionless
i 11* 24 semicircles
Q 11* 23 semicircles/sec
JA 17 2* Jmeters
do 16* 2 semicircles
o 16* 2 semicircles
Mo 16* i semicircles
Ao 11* 220 seconds
a 10* 2% sec/sec
* Parameters so indicated shallibéwo's complememotation
**  See Figure3.55 for complete bit allocation isubframe 3page 4
***  Unless otherwise indicated in this colupaffective range is the maximum range attainable with
indicated bit allocation and scale factor;
*+x  Relative to 4 = 0.30 semuircles.

3.5.4.4 Subframe 3, PageiSDifferential Correction

Subframe 3page 5,Figure 3.56, contains the Differential CorrectididbC) parameters.These parameters provide

users with sets of correction terms that apply to the clock and ephemeris data transmittber IB¥s. DC
parameters are grouped in packets, as described in this section. The availability of this data is subject to the control
and determination of the CSThe contents of subframe Bage 5 are defined below,and followedby material

pertinent tathe use of the data.

3.5.4.4.1 Differential Correction Parameter Content

Subframe 3page 5shall containrDC parameters that apply to the clock and ephemeris data transmitted by another
SV. One subframe, page 5as depicted ifrigure 3.56, shall contain 34 bits of clock differential correction (CDC)

parameters and 92 bits of ephemeris differential correction (EDC) parameters for one SV other than the transmitting
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SV. Bit 37 of subframe,3age 5 shall be a DC Data Type indazathat indicates the data type for which the DC
parameters apply. Zero (0) signifies that the corrections apply to CAA&ta, D.c(t), and one (1) signifies that
the corrections apply to NAYlegacy)data, D(t) defined in Appendix Il of ISSPS200

The content of an individual data packet is depicted in Figusd 0. Thebit lengtls, scale factorsranges and

units of all fields in the DC packet are given in TabI&8.

3.5.4.4.2 Differential Correction Data Predict Time of Week

The DC data predt time of week (¢,p) provides the epoch time of week, in increments of 300 seconds (i.e. five

minutes), at which the prediction for the associated DC data was performed.

3.5.4.4.3Time of Differential Correction Data

The time of DC dataob, specifies the reference time of week, in increments of 300 seconds (i.e., five minutes)
relative to the GPS week, for the associated CDC and EDC data.

3.5.4.4.4DC Data Packet

Each DC data packet contains: corrections to SV clock polynomial coeffigemt&led insubframe 2of the
corresponding SV, corrections to qu&splerian elements referenced tg f the corresponding SV; and User
Differential Range Accuracy (UDRA) and UDRA indices that enable users to estimate the accuracy obtained after
corrections are applied. Each DC packemade up of two different segments. The first segment contains 34 bits

for the CDC parameters and the second segment contains 92 bits of EDC parameters totaling 126 bits. The CDC

and EDC parameters form an indivigtgair and users must utilize CDC and EDC as a pair.

3.5.4.4.4.1SV PRN ldentification
The PRN ID of both CDC and ED&5 depicted ifrigure 3.5-10 identifies the satellite to which the subject 436
differential correction packet data applies (by PRNdce assi gnment ) . A value of all

ID field shall indicate that no DC data is contained in the remainder of the data block. In this event, the remainder

of the data block shall be filler bits, i.e., alternating ones and zerasirgiwith one.

3.5.4.4.4.2 Application of DC Data
The application of CDC data and EDC data is defined in paragraphs 30.3.3.7.3, 30.3.3.7.4, and 3f.333.7.5
GPS200
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_ wsB CDC = Clock Differential Correction LsB
1 9 22 30 34

PRN ID daro dan UDRA

8 BITS 13 BITS 8 BITS 5BITS

EDC = EphemerisDifferential Correction
_MsB LSB
1 9 23 36
PRN ID o o
8 BITS 14 BITS 14 BITS
MSB LSB
37 52 63
qy ®
15 BITS 12 BITS
MSB LSB
64 76 88 92
L]
a0 P4 UDRA
12 BITS 12 BITS 5BITS
Figure3.5-10. Differential Correction Data Packet
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Table3.5-8. Differential Correction Parameters

Scale
No. of Factor Effective
Parameter Bits** (LSB) Range*** Units
PRN ID 8 see text
Sap SV Clock Bias Correction 13* 2% seconds
Sa SV Clock Drift Correction 8* 2%t seconds/second
UDRA User Differential Range 5* see text
Accuracy Index
Aal Alpha Correction to Ephemeris 14* 23 dimensionless
Parameters
AB Beta Correction to Ephemeris 14* 2% dimensionless
Parameters
Ay Gamma Correction to Ephemer 15* 2% semicircles
Parameters
Ai Angle ofInclination Correction 12* 2% semicircles
AQ Angle of Right Ascension 12* 2% semicircles
Correction
AA SemiMajor Correction 12* 2° meters
UDRA | Change Rate of User Differentig 5 see text

Range Accuracy Index.

*  Parameters so indicated and wo 0 s
*x SeeFigure 3.56 for complete bit allocation isubframe 3page %
ok Unless otherwise indicated in this column, effective range is the maximum range attainable with
indicated bit allocation and scale factor.

c onutatioreg me n t
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3.5.4.5 Subframe 3, Pagei6Text

Subframe 3page 6,as depicted ifFigure 3.57, contains the Text messag&he specific contents of text message

will be at the discretion of the Operating Commar@ubframe 3page 6can accommodate the transmissior2&f
eightbit American Standard Code for Informatiamdrchange ASCII) characters. The requisite bits shall occupy
bits 19 through 30 of subframe 3page 6 The eightbit ASCII characters shall be limited to the set described in
paragraph 20.3.3.5.1d IS-GPS200.

3.5.4.6 Subframe 3, Pagei7(Resered)

(Reserved)

3.5.5 Timing Relationships

The following conventions shall apply.

3.5.5.1 Paging and Cutovers

Broadcast sequence of subframe 3 pages is completely arbitrary and, as such, users must not expect a fixed pattern

of page sequence

Cutovers of subframe 2 data to new data sets will nominally occur on hour boundaries except for the first data set of

a new upload. The first data set of newly uploaded data will cutover on 15 minute boundaries.
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4. NOT APPLICABLE
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5. RESERVED
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6. NOTES
6.1 Acronyms

APC - antenna phase center
ASCII - American Standard Code for Information Interchange
BCH - Bose, Chaudhuri, and Hocquenghem
BOC - Binary Offset Carrier
BPSK - Bi-Phase Shift Key
CCB - Configuration Control Board
CDC - clock differential correction
CNAV-2 - L1C Navigation Message
CRC - Cyclic Redundancy Check
CSs - Control Segment
dBc - Power ratio of a signal to a (unmodulated) carrier signal, expressed in decibels
DC - differential correction
DN - Day Number
ECEF - Earh-Centered, Eartfrixed
ECI - EarthCentered, Inertial
EDC - ephemeris differential correction
EOE - Edgeof-Earth
EOL - End-of-Life
EOP - Earth Orientation Parameters
FEC - Forward Error Correction
GBAS - Ground Based Augmentation System
GGTO - GPS/GNSS Time Offset
GNSS - Global Navigation Satellite System
GPS - Global Positioning System
GPSW - GPS Wing
ICC - Interface Control Contractor
ICWG - Interface Control Working Group
IRN - Interface Revision Notice
IS - Interface Specification
ISC - Inter-Signal Correction
ITOW - Interval Time of Week
LDPC - Low Density Parity Check
LFSR - Linear Feedback Shift Register
LSB - Least Significant Bit
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LSF - Leap Seconds Future

L1C - Common L1 Signal

MCS - Master Control Station

MHz - Megahertz

MSB - Most Significant Bit

NAV - LegacyNavigationMessage, D(t)
NSCD - nonstandard L1

NSCP - nonstandard L1

PIRN - Proposed Interface Revision Notice
PRN - PseudeRandom Noise

RF - Radio Frequency

RHCP - Right-Hand Circularly Polarized
RMS - Root Mean Square

SBAS - Satellite Based Augmentation System
sps - symbols per second

SS - Space Segment

SSsv - Space Service Volume

SV - Space Vehicle

TBD - To Be Determined

TBR - To Be Resolved

TBS - To Be Supplied

TMBOC - Time-Multiplexed BOC

TOI - Time of Interval

TOW - Time of Week

UDRA - User Differential Range Accuracy
UE - User Equipment

URA - User Range Accuracy

us - User Segment

USNO - U.S. Naval Observatory

uTC - Coordinated Universal Time
WGS 84 - World Geodetic System 1984

6.2 Definitions

6.2.1 User Range Accuracy

User Range Accuracy (URA) is a statistical indicator of the GPS ranging accuracy obtainable with a specific signal

and SV. Whether the integrity status flagddfo or @n§ 4.42 times URA bounds instantaneous URE under all
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conditions with 1-1e5 per hour probability. When the integrity status flaged 5.73 times URA bounds
instantaneous URE under all conditions witthet8 per hour probability.

Note #1: URA applies over the curve fit interval that is applicable to the NAV data from which the URA is read, for
the worstcase locationvithin the intersection of the satellite signal and the terrestrial service volume.

Note #2: The URA for a particulaignal may be represented by a single parameter in the NAV data or by more than
one parameter representing components of the total URA. Specific URA parameters and formulae for calculating the

total URA for a signal are defined in the applicable Spagen8at to Navigation User Segment IGD

6.2.1.1 Integrity Assured URA

When the integrity assurance monitoring is available, as indicatdtelyi nt egr i t y sttad ythd d | ag o
URA value is chosen such t lEaxceedingathrpshoidlisanbti(skeisectionof t he
3.5.3.10 for probability values). The URA value is conveyed to the user in the form of a URA index value. The

URA index represents a range of values; for integrity assurance applications, it is prudeti¢cR88 of the

largest URA index values in the URA index range.

6.2.1.2 User Differential Range Accuracy

User Differential Range Accuracy (UDRA) is a statistical indicator of the GPS ranging accuracy obtainable with a

specific signal and SV after thejzation of the associated differential corrections (DC parameters).

6.2.2 GPS Week Number

The GPS week numbering system is established with week number zero (0) being defined as that week which

started with the X1 epoch occurring at midnight UTC(USN®)the night of January 5, 1980/ morning of January
6, 1980. The GPS week number continuously increments by one (1) at each end/start of week epoch without ever
resetting to zero. Users must recognize that the week number information containeubnigditon message may

not necessarily reflect the current full GPS week number (see parayiaph).

6.2.3 Legendre Sequence
The Legendre sequence L(t) of length 10223, defined in Section 3.2.2.1.1, ignghadrie 6.21.

6.2.4 LDPC Submatrices

This section defines the coordinates of el ements with

b

n

V

Tables 6.2, 6.23, 6.24, 6.25, 6.26,and 6.2/ def i ne the coordinates of el emen:

submatrices A, BC, D, E, andT, respectively, foiSubframe 2. Tables 62, 6.29, 6.210, 6.211, 6.212, and 6.21.3
define the coordinates of el ements wiEfahdT wvespectively, ol 6 i n
Subframe 3.

Due to large amount afiformation provided in some of the submatrix tables, supplemental information is provided in
Tables 6.214, 6.215, 6.216, and 6.21 7 . The suppl ement al information tabl

and column of submatrices A anddr subfames 2 and 3.
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Table 6.21.

Legendre Sequencgctal)

17362522
47166774
43761771
45322543
12273570
67446011
11167632
57024573
04327166
10306066
31650153
60236326
46160571
30215575
17261023
30662311

26661362
56406443
67666353
24172144
13633455
72007265
02636356
11601532
55705060
36007055
46441436
07746322
66366266
36013370
56126513
12644611
31515520
21217162
65261523
45334053
14722113
23376333
26011074
63505724
31141430
06376024

73143031
40402617
63757753
37432162
15652657
57711024
73150266
71772406
77477642
12006074
60021445
66705713
67206661
12627147
11076665
74563144

13762326
62032322
11734360
12454475
47060431
30642163

1623661141250053 31262417 17034206 62431101 01565472 15400334 54427620 31

43577615
21377412
15077504
54526404
14002034
57421255
70241405
77450405
73133225
07672412
14252232
17604341
23111025
27344131
70774674
40361665
32451140
57756460

34741742
35343610
10410242
77326143

222517 65350474 54114016 02230023 20076271 43647711 27674121 21

16221254
77371036
73772650
17073116
72004335
05753416
71543563
66664554
12750552
34472726
54565162

24040503
04720203
60753126
20105020
33320762
71636641

23642253
77424463
56336221
43212310
06065367
77447005

270307324455111 07111721 06057071 55213236 61747265 55572754 467

41312437
77431354
65702312
14256722
05243150
22320076
21613226
54156425
76636465
14215307
11350217

76027406
40736426
61624734
45150310

31322707
30177233
76463525
33210534
32633605
14426340

BPB27 45756540 02651270 47406731 54412044 45121407 103
12216361 25747536 16022770 34124777 66602424 61062733
45761540 04527340 51131031 066495201265 25500450 633771
21025171 74373774 73231401 75214170 25043117 23754267
56632723 55751254 50347551 46734531 02104647 52536041
43106463 74452331 75274175 27330230 55640164 64561770 36243256 11562553 24303426 3

63155340
22533503
22576527
47510306
33017222
57365677

23737215
03657575
24074124
53065054
31212154
52456412

03043446
70742405
24235772
30662160
16512002
30366020

34527335366600 46771541 17106067 27274101 26601503 461
00652013 20512504 76042132 60335767 61546365 41213454
43471220 13072340 23453225 435653821205627031242 0431271
13536756 62400403 06007003 43754654 40260130 10264334
56703424 20713757 54011061 56564102 21526462 22227644
7410745 11741370 13407414 26363462 13253020

65416740
77150400
77466552
05107037

26275421
25366663
67435700
72332534
12752101
05322262

12740027

QaFB 52247706 66633026 37301354 54237744 7214

46710330
03073516
26357161
24154552

73232373
31233002
06232554
55463054
25110166
61461312

02605611
65547377
14171772
73500140
11752006
11136462

15370031 77300273 35501333 33151247
56347466 36245544 1423518B377@&4514403
35205643 12012635 73526361 37265704
54166771 27703137 74542727 45031447

22673214 65366373 57740342 14365061
225742281714 10240442 53145643 74102
63247125 11061276 57410334 52564011
73060727 31146544 03037511 170216A4R
77244646 23672177 52462044 62541736
06715512 66162462 33665124 21726377

37165604 57241060 07610146 14730412

70430313 72734542 05642563 45063606
25121772 07415233 2231602232 2231207
44542302 72172633 32353566 53564413
75472075 30127754 31703165 43053505

03551750 56322005 72756214 71476701
¥B0D222441162 31343635 22453046 70523
03151663 53053560 07570252 41515673
06633116 23575400 41134403 206638834
63367120 60460023 16557645 25126724
64044736 30372707 02213167 15353711

11230337 14731665 60031207 35265102
02476506 2876207453 15573152 400721
71171636 73007652 65507360 66640363
11061235 70241717 46775052 54236740
02055360 45013674 03505462 53557536
12301066 60334674 67165034 73437400

NOTE:

Since 10224 bits are listed above, a single initial bit value of 0 should be ignored. Tfitss #8values in the
above sequence represented by octal 17362522 are the bitvalues,0111101111001010101

The above sequence is read from left to right across a row and then moves down to the next row
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Table 6.22. LDPC Submatrix A for Subframe™2 (sheet 1 of 11)

R C R C R , C R , C R C R C R , C

1 1 9 17 21 , 33 432, 49 263 65 534 81 12, 97
151 1 62 17 228 , 33 449 | 49 366 65 559 81 196 , 97
440 1 456 17 299 , 33 549 , 49 402 65 206 82 102 , 98
131 2 26 18 363 , 34 206 , 50 123 66 510 82 | 233 , 98
197 2 154 18 387 , 34 248 , 50 172 66 520 82 | 405 , 98
552 2 380 18 496 , 34 590 , 50 441 66 186 83 109 , 99
105 3 178 19 46 , 35 212 , 51 101 67 215 83 148 , 99
378 3 420 19 76 , 35 473, 51 389 67 348 83 | 312 , 99
461 3 529 19 219 , 35 525 , 51 555 67 252 84 66 , 100
83 4 40 20 87 , 36 132, 52 237 68 374 84 155 , 100
404 4 235 20 350 , 36 424 | 52 280 68 483 84 | 247 , 100
501 4 397 20 393 , 36 459 , 52 429 68 185 85 | 288 , 101
67 5 59 21 199 , 37 157 , 53 108 69 298 85 | 386 , 101
227 5 285 21 442 | 37 345 , 53 413 69 499 85 | 543 , 101
584 5 411 21 586 , 37 470 , 53 585 69 246 86 10 , 102
333 6 273 22 266 , 38 35 , 54 271 70 307 86 107 , 102
431 6 376 22 329 , 38 297 , 54 335 70 464 86 | 547 , 102
563 6 598 22 568 , 38 564 , 54 410 70 39 87 103, 103

17 7 259 23 231, 39 139 , 55 78 71 254 87 128 , 103
250 7 326 23 465 , 39 175 , 55 97 71 418 87 | 355 , 103
427 7 528 23 532 , 39 495 , 55 530 71 56 88 190 , 104
137 8 120 24 152 , 40 13 , 56 63 72 117 88 | 390 , 104
310 8 203 24 336 , 40 72, 56 372 72 481 88 | 587 , 104
373 8 434 24 394 , 40 202 , 56 526 72 268 89 129 , 105
116 9 194 25 45, 41 73 , 57 18 73 421 89 | 383 , 105
279 9 213 25 80 , 41 315 , 57 265 73 454 89 | 597 , 105
522 9 399 25 125 , 41 401 , 57 382 73 337 90 61 , 106
42 10 11 26 357 , 42 225 , 58 75 74 489 90 | 242 | 106
184 10 479 26 560 , 42 238 , 58 158 74 524 90 [ 351 , 106
369 10 557 26 573 , 42 362 , 58 167 75 127 91 171, 107
218 11 93 27 113, 43 328 , 59 234 75 283 91 | 216 , 107
426 11 110 27 406 , 43 447 | 59 457 75 486 91 [ 506 , 107
491 11 575 27 468 , 43 588 , 59 95 76 31 92 98 , 108
89 12 241 28 165 , 44 136 , 60 482 76 88 92 193 , 108
306 12 379 28 187 , 44 293 , 60 505 76 416 92 [ 591 , 108
438 12 537 28 358 , 44 476 , 60 55 77 8 93 54 , 109
169 13 5 29 23 , 45 4, 61 150 77 174 93 64 , 109
295 13 92 29 282 , 45 276 , 61 301 77 578 93 [ 220 , 109
593 13 222 29 314 , 45 544 , 61 86 78 52 94 | 340 , 110
48 14 189 30 41, 46 38 , 62 261 78 294 94 | 367 , 110
341 14 255 30 287 , 46 141, 62 519 78 316 94 [ 536 , 110
509 14 540 30 569 , 46 342 , 62 29 79 82 95 12, 111
70 15 104 31 144, 47 192 , 63 318 79 253 95 43, 111
142 15 518 31 462 | 47 452 | 63 497 79 548 95 [ 260 , 111
353 15 565 31 503 , 47 539 , 63 114 80 69 96 30 , 112
126 16 133 32 180 , 48 407 , 64 182 80 275 96 146 |, 112
291 16 256 32 320 , 48 437 , 64 243 80 553 96 | 448 , 112
453 16 409 , 32 582 , 48 507 , 64 492 81 15 , 97 | 200 , 113
* Coordinates of elements with value A10 in
represented as R, C where R=row and C=column.
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Table 6.22 LDPC Submatrix A for Subframe 2 * (sheet 2 of 11)

R C R , C R , C R , C R , C R , C R , C
240 113 37 , 129 | 277 , 145 | 272 , 161 81 , 177 | 191 , 193 | 197 , 209
476 113 | 121 , 129 | 356 , 145 | 511 , 161 | 596 , 177 | 330 , 193 | 298 , 209
20 114 | 290 , 130 [ 349 , 146 | 412 , 162 60 , 178 | 214 , 194 | 59 , 210
96 114 | 504 , 130 | 445 , 146 | 469 , 162 | 204 , 178 | 320 , 194 [ 105 , 210
338 114 | 562 , 130 | 531 , 146 | 592 , 162 | 325 , 178 | 558 , 194 [ 559 , 210
84 115 | 161 , 131 | 251 , 147 | 391 , 163 51 , 179 | 176 , 195 | 124 , 211
156 115 | 230 , 131 | 344 , 147 | 463 , 163 | 153 , 179 | 235 , 195 [ 507 , 211
493 115 | 541 , 131 | 400 , 147 | 579 , 163 | 414 , 179 | 587 , 195 [ 552 , 211
278 116 | 135 , 132 [ 249 , 148 44 , 164 | 262 , 180 | 111 , 196 [ 201 , 212
370 116 | 179 , 132 | 502 , 148 | 134 , 164 | 264 , 180 | 143 , 196 | 283 , 212
414 116 | 359 , 132 | 527 , 148 | 471 , 164 | 303 , 180 | 477 , 196 | 501 , 212
195 117 | 300 , 133 | 147 , 149 | 286 , 165 | 217 , 181 95 , 197 | 86 , 213
332 117 | 327 , 133 | 296 , 149 | 521 , 165 | 284 , 181 99 , 197 [ 122 , 213
514 117 | 513 , 133 | 556 , 149 | 551 , 165 | 365 , 181 | 538 , 197 [ 227 , 213
164 118 36 , 134 | 226 , 150 19 , 166 | 126 , 182 78 , 198 | 157 , 214
381 118 | 425 , 134 | 343 , 150 60 , 166 | 371 , 182 | 210 , 198 | 242 , 214
444 118 | 595 , 134 | 458 , 150 | 451 , 166 | 423 , 182 | 226 , 198 | 563 , 214
170 119 | 183 , 135 16 , 151 1, 167 | 236 , 183 | 173 , 199 | 93 , 215
223 119 [ 485 , 135 24 , 151 | 207 , 167 | 321 , 183 | 250 , 199 | 229 , 215
550 119 | 589 , 135 | 388 , 151 | 460 , 167 | 339 , 183 | 335 , 199 [ 427 , 215
71 120 | 177 , 136 | 224 , 152 68 , 168 | 274 , 184 4 , 200 | 116 , 216
302 120 | 221 , 136 | 309 , 152 | 334 , 168 | 490 , 184 | 322 , 200 [ 161 , 216
321 120 | 378 , 136 | 395 , 152 | 403 , 168 | 570 , 184 | 526 , 200 [ 459 , 216
74 121 47, 137 32 , 153 79 , 169 85 , 185 38 , 201 [ 200 , 217
308 121 | 166 , 137 | 106 , 153 | 188 , 169 | 163 , 185 75 , 201 [ 369 , 217
566 121 | 450 , 137 | 428 , 153 | 303 , 169 | 319 , 185 | 149 , 201 | 549 , 217
49 122 94 , 138 65 , 154 | 118 , 170 | 211 , 186 | 196 , 202 | 469 , 218
422 122 | 257 , 138 | 145 , 154 | 536 , 170 | 361 , 186 | 278 , 202 | 515 , 218
554 122 | 494 , 138 | 281 , 154 | 546 , 170 | 467 , 186 | 305 , 202 | 581 , 218
267 123 27 , 139 | 436 , 155 3, 171 7 , 187 77 , 203 | 12 |, 219
523 123 | 408 , 139 [ 455 , 155 | 140 , 171 50 , 187 90 , 203 [ 426 , 219
574 123 | 479 , 139 [ 517 , 155 | 571 , 171 | 384 , 187 | 512 , 203 | 445 , 219
58 124 | 274 , 140 34 , 156 22 , 172 [ 313 , 188 | 110 , 204 [ 306 , 220
90 124 | 292 , 140 | 567 , 156 | 417 , 172 | 331 , 188 | 203 , 204 [ 326 , 220
360 124 | 443 | 140 | 583 , 156 | 561 , 172 | 508 , 188 | 385 , 204 | 555 , 220
430 125 | 124 , 141 28 , 157 21, 173 | 301 , 189 33 , 205 [ 328 , 221
439 125 | 245 , 141 | 576 , 157 | 377 , 173 | 474 , 189 47 , 205 | 435 , 221
466 125 | 398 , 141 [ 599 , 157 | 468 , 173 | 475 , 189 | 485 , 205 [ 593 , 221
239 126 | 160 , 142 | 168 , 158 | 258 , 174 | 229 , 190 | 323 , 206 | 258 , 222
435 126 | 270 , 142 | 375 , 158 | 280 , 174 | 317 , 190 | 421 , 206 | 509 , 222
488 126 | 535 , 142 | 533 , 158 | 347 , 174 | 352 , 190 | 542 , 206 | 570 , 222
53 127 | 324 , 143 | 209 , 159 8 , 175 [ 115 , 191 | 223 , 207 [ 70 , 223
433 127 | 396 , 143 [ 500 , 159 | 198 , 175 | 137 , 191 | 269 , 207 | 256 , 223
580 127 | 480 , 143 | 516 , 159 | 324 , 175 [ 201 , 191 | 444 , 207 | 516 , 223
159 128 91 , 144 2 , 160 [ 138 , 176 6 , 192 [ 162 , 208 [ 151 , 224
311 128 | 130 , 144 | 100 , 160 | 419 , 176 | 205 , 192 | 184 , 208 | 291 , 224
354 128 | 368 , 144 | 181 , 160 | 597 , 176 | 364 , 192 | 392 , 208 | 547 , 224
25 129 | 122 , 145 14 , 161 57 , 177 | 102 , 193 | 119 , 209 | 246 , 225
* Coordinates of elements with value A106 in
represented as R, C where R=row and C=column.
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Table 6.22 LDPC Submatrix A for Subframe 2 * (sheet 3 of 11)

R C R , C R , C R , C R , C R , C R , C
272 225 | 228 , 241 | 289 , 257 | 584 , 273 | 194 , 289 [ 376 , 305 [ 505 , 318
456 225 | 579 , 241 | 582 , 257 | 594 , 273 | 481 , 289 | 475 , 305 | 163 , 319
213 226 | 195 , 242 | 264 , 258 | 333 , 274 36 , 290 67 , 306 | 232 , 319
380 226 | 219 , 242 | 432 , 258 | 530 , 274 | 347 , 290 | 310 , 306 | 400 , 319
466 226 | 238 , 242 | 501 , 258 | 546 , 274 | 454 , 290 | 348 , 306 | 422 , 319

17 227 | 57 , 243 | 175 , 259 | 266 , 275 | 198 , 291 | 220 , 307 5 , 320
308 227 | 393 |, 243 | 215 , 259 [ 352 , 275 | 290 , 291 [ 263 , 307 [ 185 , 320
545 227 | 508 , 243 | 590 , 259 | 415 , 275 | 524 , 291 [ 337 , 307 | 375 , 320
353 228 | 342 , 244 | 189 , 260 37 , 276 | 135 , 292 | 176 , 308 [ 430 , 320
420 228 | 442 |, 244 | 212 |, 260 | 265 , 276 | 208 , 292 | 267 , 308 3, 321
449 228 | 452 |, 244 | 367 , 260 | 493 , 276 | 245 , 292 | 472 , 308 | 239 , 321
40 229 | 329 , 245 49 , 261 | 123 , 277 88 , 293 29 , 309 [ 423 , 321
112 229 | 360 , 245 | 470 , 261 | 346 , 277 | 111 , 293 72, 309 [ 529 , 321
518 229 | 374 |, 245 | 497 , 261 | 535 , 277 | 431 , 293 [ 286 , 309 [ 354 , 322
145 230 | 425 , 246 45 | 262 25 , 278 91 , 294 94 , 310 [ 366 , 322
180 230 | 537 |, 246 | 140 , 262 | 136 , 278 | 113 , 294 [ 296 , 310 [ 391 , 322
598 230 | 572 |, 246 | 564 , 262 | 236 , 278 | 532 , 294 | 586 , 310 | 143 , 323
243 231 | 30 |, 247 | 139 , 263 | 284 , 279 61 , 295 18 , 311 | 183 , 323
528 231 | 231 , 247 | 503 , 263 | 457 , 279 | 148 , 295 87 , 311 [ 279 , 323
585 231 | 489 |, 247 | 533 , 263 | 494 , 279 | 522 , 295 [ 179 , 311 [ 411 , 323
120 232 | 16, 248 | 202 , 264 83 , 280 71 , 296 | 513 , 311 | 54 , 324
177 232 | 48 |, 248 | 370 , 264 | 146 , 280 82 , 296 | 343 , 312 | 121 , 324
253 232 | 504 , 248 | 439 , 264 | 566 , 280 | 458 , 296 | 408 , 312 [ 502 , 324
103 233 | 132, 249 73 , 265 | 114 , 281 | 247 , 297 | 544 , 312 | 541 , 324
338 233 | 386 , 249 | 350 , 265 | 150 , 281 | 417 , 297 [ 595 , 312 [ 13 , 325
446 233 | 394 , 249 | 534 , 265 | 578 , 281 | 424 , 297 50 , 313 [ 106 , 325
107 234 | 344 , 250 | 294 , 266 | 118 , 282 | 292 , 298 81 , 313 [ 174 , 325
138 234 | 438 , 250 | 362 , 266 | 216 , 282 | 405 , 298 | 373 , 313 [ 359 , 325
399 234 | 573 |, 250 | 418 , 266 | 261 , 282 | 558 , 298 [ 491 , 313 [ 251 , 326

11 235 | 165 , 251 8 , 267 | 486 , 283 | 109 , 299 74 , 314 | 327 , 326
363 235 [ 205 , 251 28 , 267 | 550 , 283 | 127 , 299 | 234 , 314 | 538 , 326
523 235 | 406, 251 | 539 , 267 | 557 , 283 | 377 , 299 | 433 , 314 | 565 , 326

80 236 | 42, 252 | 128 , 268 | 182 , 284 | 155 , 300 [ 553 , 314 [ 130 , 327
233 236 | 312 , 252 | 437 , 268 | 381 , 284 | 355 , 300 [ 171 , 315 [ 153 , 327
575 236 | 560 , 252 | 506 , 268 | 434 , 284 | 499 , 300 | 387 , 315 [ 273 , 327
379 237 | 295 , 253 | 224 , 269 89 , 285 98 , 301 | 404 , 315 | 527 , 327
389 237 | 358 , 253 | 402 , 269 | 159 , 285 | 164 , 301 | 413 , 315 [ 10 , 328
569 237 | 396, 253 | 477 , 269 | 199 , 285 | 543 , 301 96 , 316 | 270 , 328

92 238 1 |, 254 | 316 , 270 | 299 , 286 | 248 , 302 [ 115 , 316 | 281 , 328
193 238 | 23, 254 | 441 , 270 | 372 , 286 | 339 , 302 [ 548 , 316 | 287 , 328
282 238 | 436 , 254 | 589 , 270 | 510 , 286 | 351 , 302 | 554 , 316 | 221 , 329

66 239 | 41, 255 | 101 , 271 | 108 , 287 53 , 303 58 , 317 [ 349 , 329
170 239 | 249 , 255 | 313 , 271 | 464 , 287 | 186 , 303 | 318 , 317 | 480 , 329
540 239 | 453 , 255 | 410 , 271 | 483 , 287 | 271 , 303 [ 382 , 317 [ 520 , 329

63 240 | 187 |, 256 | 237 , 272 39 , 2838 | 260 , 304 | 397 , 317 [ 156 , 330
104 240 | 462 , 256 | 357 , 272 | 259 , 288 | 383 , 304 52 , 318 | 178 , 330
496 240 | 487 |, 256 | 384 , 272 | 336 , 288 | 461 , 304 [ 302 , 318 [ 443 , 330
134 241 | 167 , 257 15, 273 69 , 289 | 323 , 305 | 471 , 318 | 467 , 330
* Coordinates of elements with value A106 in
represented as R, C where R=row and C=column.
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Table 6.22 LDPC Submatrix A for Subframe 2 * (sheet 4 of 11)

R C R , C R , C R , C R , C R , C R , C
188 331 44 , 343 | 398 , 354 | 100 , 364 | 431 , 373 | 284 , 383 | 79 , 393
388 331 | 241 , 343 | 409 , 354 | 138 , 364 44 , 374 | 316 , 383 | 252 , 393
514 331 [ 285 , 343 | 117 , 355 [ 172 , 364 | 196 , 374 | 563 , 383 | 380 , 393
521 331 | 385 , 343 | 315 , 355 | 369 , 364 | 247 , 374 30 , 384 | 459 , 393
154 332 65 , 344 | 371 , 355 10 , 365 | 330 , 374 | 137 , 384 | 475 , 393
450 332 | 207 , 344 | 448 |, 355 76 , 365 | 548 , 374 | 513 , 384 | 61 , 394
519 332 | 482 , 344 | 463 , 355 [ 322 , 365 | 166 , 375 | 573 , 384 | 102 , 394
574 332 | 490 , 344 35 , 356 | 437 , 365 | 214 , 375 | 591 , 384 | 238 , 394
31 333 | 168 , 345 | 191 , 356 | 451 , 365 | 269 , 375 46, 385 | 290 , 394
125 333 [ 204 , 345 | 311 , 356 68 , 366 | 527 , 375 65 , 385 | 545 , 394
390 333 | 334 , 345 | 460 , 356 | 144 , 366 | 593 , 375 | 116 , 385 | 283 , 395
395 333 [ 577 , 345 | 511 , 356 | 318 , 366 | 162 , 376 | 175 , 385 | 325 , 395
99 334 | 173 , 346 6 , 357 | 455 , 366 | 241 , 376 | 334 , 385 | 420 , 39
160 334 | 276 , 346 26, 357 | 549 , 366 | 273 , 376 82 , 386 | 428 , 395
474 334 | 340 , 346 | 341 , 357 7 , 37 | 310 , 376 | 452 , 386 | 505 , 395
488 334 [ 517 , 346 | 403 , 357 | 149 , 367 | 342 , 376 | 534 , 386 | 40 , 39
141 335 43, 347 | 419 , 357 | 198 , 367 48 , 377 | 568 , 386 | 54 , 39
217 335 | 268 , 347 20 , 358 | 317 , 367 | 197 , 377 | 581 , 386 | 100 , 396
293 335 | 275 , 347 84 , 358 | 331 , 367 | 359 , 377 | 237 , 387 | 223 , 396
525 335 [ 300 , 347 | 304 , 358 2 , 368 | 538 , 377 | 403 , 387 | 463 , 396
46 336 22, 348 | 440 , 358 32 , 368 | 558 , 377 | 426 , 387 | 64 , 397
288 336 | 429 , 348 | 588 , 358 | 472 , 368 47 , 378 | 555 , 387 | 134 , 397
345 336 | 567 , 348 | 244 , 359 | 540 , 368 | 105 , 378 | 598 , 387 | 193 , 397
368 336 | 599 , 348 | 252 , 359 | 596 , 368 | 248 , 378 | 125 , 388 | 528 , 397
77 337 24, 349 | 416 , 359 | 169 , 369 | 294 , 378 | 184 , 388 | 597 , 397
142 337 | 218 , 349 | 495 , 359 | 319 , 369 | 408 , 378 | 207 , 388 | 17 , 398
551 337 | 254 , 349 | 580 , 359 [ 346 , 369 14 , 379 | 266 , 388 | 28 , 398
561 337 | 498 , 349 | 158 , 360 | 365 , 369 | 145 , 379 [ 306 , 388 [ 120 , 398
166 338 | 240 , 350 | 210 , 360 [ 378 , 369 | 351 , 379 42 , 389 | 151 , 398
277 338 | 255 , 350 | 214 , 360 | 167 , 370 | 466 , 379 73 , 389 | 347 , 398
297 338 | 465 , 350 | 508 , 360 [ 349 , 370 | 552 , 379 [ 246 , 389 | 29 , 399
314 338 | 556 , 350 | 571 , 360 | 447 , 370 | 139 , 380 [ 509 , 389 [ 99 , 399
56 339 [ 152 , 351 14 , 361 | 473 , 370 | 154 , 380 [ 575 , 389 | 277 , 399
131 339 [ 192 , 351 75 , 361 | 576 , 370 | 254 , 380 70 , 390 | 446 , 399
428 339 | 307 , 351 | 262 , 361 9 , 371 | 392 , 380 [ 203 , 390 | 493 , 399
592 339 [ 356 , 351 | 325 , 361 85 , 371 | 405 , 380 | 425 , 390 [ 37 , 400
133 340 | 181 , 352 | 484 , 361 | 336 , 371 | 148 , 381 | 510 , 390 [ 113 , 400
144 340 [ 309 , 352 34 , 362 | 469 , 371 | 173 , 381 | 585 , 390 | 399 , 400
531 340 | 407 , 352 89 , 362 | 476 , 371 | 416 , 381 12, 391 | 485 , 400
568 340 [ 500 , 352 | 225 , 362 64 , 372 | 501 , 381 | 291 , 391 [ 562 , 400
19 341 51 , 353 | 249 , 362 78 , 372 | 570 , 381 | 366 , 391 [ 11 , 401
209 341 62 , 353 | 412 , 362 | 169 , 372 91 , 382 [ 543 , 391 | 22 , 401
478 341 | 190 , 353 33 , 363 | 406 , 372 | 119 , 382 | 584 , 391 | 213 , 401
562 341 [ 222, 353 97 , 363 | 427 , 372 | 227 , 382 26, 392 [ 355 , 401
257 342 | 583 , 353 | 129 , 363 27 , 373 | 474 | 382 59 , 392 [ 578 , 401
322 342 | 230 , 354 | 147 , 363 55 , 373 | 496 , 382 | 181 , 392 4, 402
332 342 | 305 , 354 | 492 , 363 [ 211 , 373 | 189 , 383 [ 228 , 392 | 56 , 402
401 342 | 364 , 354 79 , 364 | 259 , 373 | 275 , 383 | 456 , 392 | 379 , 402
* Coordinates of elements with value A106 in
represented as R, C where R=row and C=column.
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Table 6.22 LDPC Submatrix A for Subframe 2 * (sheet 5 of 11)

R C R , C R , C R , C R , C R , C R , C
443 402 | 176 |, 412 | 114 , 422 | 396 , 431 | 357 , 441 [ 404 , 450 | 296 , 460
92 403 | 231 , 412 | 225 , 422 | 530 , 431 | 436 , 441 25 , 451 | 488 , 460
338 403 | 260 , 412 | 234 , 422 24, 432 | 477 | 441 98 , 451 | 580 , 460
358 403 15 , 413 | 464 , 422 | 261 , 432 | 521 , 441 | 424 , 451 | 191 , 461
411 403 | 375 |, 413 | 564 , 422 | 397 , 432 | 215 , 442 | 451 , 451 | 200 , 461
417 403 | 394 , 413 | 121 , 423 | 421 , 432 | 287 , 442 | 473 , 451 | 320 , 461
104 404 | 438 , 413 | 127 , 423 | 526 , 432 | 382 , 442 2, 452 | 499 |, 461
274 404 | 487 , 413 | 288 , 423 | 265 , 433 | 491 , 442 | 186 , 452 | 589 , 461
321 404 | 180 , 414 | 362 , 423 | 315 , 433 | 515 , 442 | 236 , 452 | 20 , 462
430 404 | 226 , 414 | 531 , 423 | 387 , 433 | 178 , 443 [ 386 , 452 | 281 , 462
586 404 | 547 | 414 86 , 424 | 519 , 433 | 483 , 443 | 400 , 452 | 326 , 462
80 405 | 560 , 414 | 126 , 424 | 599 , 433 | 525 , 443 33 , 453 | 414 , 462
87 405 | 577 , 414 | 280 , 424 | 123 , 434 | 554 , 443 | 285 , 453 | 542 , 462
256 405 23 , 415 | 328 , 424 | 339 , 434 | 567 , 443 | 356 , 453 [ 172 , 463
337 405 71 , 415 | 471 , 424 | 504 , 434 | 159 , 444 | 503 , 453 | 195 , 463
546 405 | 109 , 415 38 , 425 | 556 , 434 | 211 , 444 | 587 , 453 | 232 , 463
111 406 | 157 , 415 | 174 , 425 | 583 , 434 | 298 , 444 | 183 , 454 | 314 , 463
271 406 | 305 , 415 | 390 , 425 | 136 , 435 | 514 , 444 | 304 , 454 | 479 , 463
363 406 41 |, 416 | 444 , 425 | 299 , 435 | 596 , 444 | 383 , 454 | 115 , 464
482 406 | 103 , 416 | 520 , 425 [ 308 , 435 39 , 445 | 538 , 454 | 258 , 464
595 406 | 217 , 416 93 , 426 | 312 , 435 60 , 445 | 574 , 454 | 413 , 464
58 407 | 395 , 416 | 361 , 426 | 481 , 435 | 108 , 445 7 , 455 | 533 , 464
219 407 | 434 , 416 | 370 , 426 83 , 436 | 122 , 445 | 242 , 455 | 544 |, 464
250 407 77 , 417 | 478 , 426 | 204 , 436 | 267 , 445 | 263 , 455 | 66 , 465
439 407 | 243 , 417 | 539 , 426 | 229 , 436 | 215 , 446 | 468 , 455 | 163 , 465
523 407 | 257 , 417 | 147 , 427 | 286 , 436 | 301 , 446 | 498 , 455 | 292 , 465
35 408 | 462 |, 417 | 374 , 427 | 461 , 436 | 341 , 446 53 , 456 | 458 , 465
95 408 | 590 , 417 | 402 , 427 31 , 437 | 550 , 446 72, 456 | 572 , 465
170 408 | 150 , 418 | 480 , 427 | 133 , 437 | 588 , 446 | 376 , 456 | 57 , 466
372 408 | 251 , 418 | 511 , 427 | 303 , 437 55 , 447 | 517 , 456 | 74 , 466
393 408 | 353 , 418 88 , 428 | 311 , 437 | 135 , 447 | 592 , 456 | 128 , 466
155 409 | 497 , 418 | 140 , 428 | 557 , 437 | 209 , 447 | 216 , 457 | 364 , 466
332 409 | 582 , 418 | 164 , 428 | 131 , 438 | 454 , 447 | 239 , 457 | 529 , 466
435 409 | 432 , 419 | 177 |, 428 | 182 , 438 | 465 , 447 | 307 , 457 | 141 , 467
442 409 | 516 , 419 | 441 , 428 | 313 , 438 | 171 , 448 | 343 , 457 | 233 , 467
566 409 | 522, 419 8l , 429 | 348 , 438 | 208 , 448 | 377 , 457 | 302 , 467
118 410 | 535 , 419 | 224 , 429 | 541 , 438 | 345 , 448 43, 458 | 492 , 467
202 410 | 576 , 419 | 340 , 429 62 , 439 | 391 , 448 | 220 , 458 | 500 , 467
329 410 68 , 420 | 532 , 429 69 , 439 | 561 , 448 | 352 , 458 [ 190 , 468
410 410 [ 212, 420 | 594 , 429 | 161 , 439 | 253 , 449 | 373 , 458 | 279 , 468
457 410 | 245 , 420 21 , 430 | 165 , 439 | 293 , 449 | 429 , 458 | 299 , 468
188 411 | 324 , 420 | 389 , 430 [ 506 , 439 | 333 , 449 85 , 459 [ 323 , 468
235 411 [ 412 , 420 | 449 |, 430 49 |, 440 | 371 , 449 | 230 , 459 | 344 , 468
282 411 [ 101 , 421 | 494 , 430 [ 110 , 440 | 398 , 449 | 367 , 459 | 360 , 468
407 411 | 129 , 421 | 524 , 430 | 117 , 440 | 112 , 450 [ 495 , 459 | 445 , 468
537 411 | 206 , 421 8 , 431 [ 199 , 440 | 124 , 450 | 559 , 459 | 107 , 469

5 412 | 276 , 421 | 160 , 431 | 551 , 440 | 295 , 450 18 , 460 | 132 , 469
142 412 | 470 , 421 | 201 , 431 45 , 441 | 353 , 450 | 194 , 460 | 240 , 469
* Coordinates of elements with value A106 in
represented as R,Wwhere R=row and C=column.
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Table 6.22 LDPC Submatrix A for Subframe 2 * (sheet 6 of 11)

R C R , C R , C R , C R , C R , C R , C
317 469 90 , 476 19 , 481 | 258 , 484 | 452 , 487 | 496 , 490 | 547 , 493
327 469 | 146 , 476 97 , 481 | 269 , 484 | 481 , 487 | 517 , 490 | 28 , 494
433 469 | 168 , 476 | 119 , 481 [ 298 , 484 | 513 , 487 [ 520 , 490 | 49 , 494
490 469 | 192 , 476 | 124 , 481 | 313 , 484 | 552 , 487 | 563 , 490 | 103 , 494
96 470 | 381 , 476 | 152 , 481 | 378 , 484 | 555 , 487 41 |, 491 [ 132, 494
106 470 | 179 , 477 | 158 , 481 | 395 , 484 | 587 , 487 | 137 , 491 | 188 , 494
205 470 | 218 |, 477 | 229 , 481 | 398 , 484 | 599 , 487 [ 153 , 491 | 202 , 494
238 470 | 222, 477 | 234 , 481 | 475 , 484 42 , 488 | 168 , 491 | 205 , 494
244 470 | 330 , 477 | 344 , 481 | 489 , 484 56 , 488 | 178 , 491 | 246 , 494
268 470 | 401 , 477 | 431 , 481 [ 568 , 484 89 , 488 | 245 , 491 | 301 , 494
354 470 | 489 , 477 | 455 , 481 | 586 , 484 | 126 , 488 | 261 , 491 | 310 , 494

1 471 | 571, 477 | 471, 481 21 , 485 | 231 , 488 | 267 , 491 | 334 , 494
94 471 27 , 478 | 557 , 481 60 , 485 | 294 , 488 | 339 , 491 | 485 , 494
154 471 | 262 , 478 | 569 , 481 63 , 485 | 382 , 488 | 362 , 491 [ 512 , 494
210 471 | 278 , 478 | 105 , 482 | 150 , 485 | 410 , 488 | 426 , 491 | 524 , 494
486 471 | 300 , 478 | 128 , 482 | 162 , 485 | 445 , 488 | 462 , 491 | 593 , 494
536 471 | 335 , 478 | 144 , 482 | 189 , 485 | 449 | 488 | 521 , 491 [ 39 , 495
553 471 | 450 , 478 | 149 , 482 | 249 , 485 | 477 , 488 [ 558 , 491 | 66 , 495
187 472 | 463 , 478 | 222 , 482 | 278 , 485 | 501 , 4838 | 581 , 491 | 70 , 495
221 472 3 , 479 | 226 , 482 | 296 , 485 | 506 , 488 7 , 492 | 83 , 495
392 472 9 , 479 [ 297 , 482 | 332 , 485 | 579 , 488 57 , 492 | 117 , 495
409 472 67 , 479 | 336 , 482 | 394 , 485 | 585 , 488 96 , 492 [ 359 , 495
453 472 | 130 , 479 | 366 , 482 | 425 | 485 16, 489 | 122 | 492 | 386 , 495
484 472 | 185 , 479 | 396 , 482 | 554 , 485 22, 489 | 145 | 492 | 441 , 495
565 472 | 255 , 479 | 399 , 482 | 591 , 485 44, 489 | 221 , 492 | 446 , 495

13 473 | 365 , 479 | 415 , 482 27 , 486 | 136 , 489 | 260 , 492 | 466 , 495
63 473 | 385 , 479 | 440 , 482 | 141 , 486 | 187 , 489 | 295 , 492 | 508 , 495
156 473 | 422 , 479 | 473 , 482 | 160 , 486 | 199 , 489 | 335 , 492 [ 525 , 495
270 473 | 460 , 479 | 519 , 482 | 197 , 486 | 227 , 489 | 343 , 492 | 549 , 495
309 473 | 467 , 479 29 , 483 | 207 , 486 | 266 , 489 | 369 , 492 | 560 , 495
384 473 | 518 , 479 | 104 , 483 | 224 , 486 | 276 , 489 | 412 , 492 | 597 , 495
418 473 | 569 , 479 | 116 , 483 | 235 , 486 | 304 , 489 | 434 , 492 | 47 , 496

16 474 | 579 , 479 | 153 , 483 [ 252 , 486 | 318 , 489 | 534 , 492 | 114 , 496
52 474 23 , 480 | 172 , 483 | 312 , 486 | 370 , 489 | 546 , 492 | 190 , 496
143 474 32 , 480 | 293 , 483 | 328 , 486 | 464 , 489 40 , 493 [ 200 , 496
289 474 36, 480 | 325 , 483 | 338 , 486 | 522 , 489 86 , 493 | 230 , 496
368 474 51 , 480 | 352 , 483 | 393 , 486 | 530 , 489 | 182 , 493 | 250 , 496
444 474 76 , 480 | 390 , 483 | 427 , 486 15 , 490 | 248 , 493 | 287 , 496
566 474 | 264 , 480 | 402 , 483 | 543 , 486 32 , 490 | 284 , 493 | 291 , 496
34 475 | 274 , 480 | 406 , 483 | 562 , 486 58 , 490 | 306 , 493 | 303 , 496
256 475 | 319 , 480 | 447 , 483 54 , 487 | 123 , 490 | 354 , 493 [ 429 , 496
272 475 | 331 , 480 | 465 , 483 91 , 487 | 165 , 490 | 363 , 493 | 436 , 49
388 475 | 350 , 480 | 509 , 483 | 173 , 487 | 179 , 490 | 384 , 493 | 474 , 496
415 475 | 419 , 480 | 545 , 483 [ 208 , 487 | 201 , 490 | 430 , 493 | 526 , 496
423 475 | 448 , 480 11 , 484 | 243 , 487 | 239 , 490 | 478 , 493 | 575 , 496
507 475 | 502 , 480 46, 484 | 333 , 487 | 281 , 490 | 484 , 493 | 596 , 496

4 476 | 512, 480 50 , 484 | 400 , 487 | 355 , 490 | 492 , 493 | 30 , 497
50 476 6 , 481 69 , 484 | 420 , 487 | 493 , 490 | 532 , 493 | 170 , 497
* Coordinates of elements with value A106 in
represented as R,Wwhere R=row and C=column.
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Table 6.22 LDPC Submatrix A for Subframe 2 * (sheet 7 of 11)

R C R , C R , C R , C R , C R , C R , C
203 497 | 279 , 500 | 379 , 503 [ 435 , 506 | 573 , 509 [ 100 , 513 | 251 , 516
212 497 | 340 , 500 | 413 , 503 | 548 , 506 8 , 510 | 130 , 513 [ 273 , 516
302 497 | 371 , 500 | 417 , 503 | 578 , 506 31 , 510 | 164 , 513 | 280 , 516
326 497 | 385 , 500 | 432 , 503 | 583 , 506 61 , 510 | 233 , 513 | 330 , 516
443 497 | 428 , 500 | 440 , 503 35 , 507 | 139 , 510 | 282 , 513 | 421 , 516
456 497 | 497 , 500 | 453 , 503 43 , 507 | 193 , 510 | 307 , 513 | 451 , 516
459 497 | 564 , 500 | 479 , 503 85 , 507 | 196 , 510 | 317 , 513 | 467 , 516
498 497 | 572, 500 13 , 504 | 112 , 507 | 206 , 510 | 320 , 513 | 469 , 516
515 497 [ 590 , 500 25 , 504 | 115 , 507 | 323 , 510 | 409 , 513 | 480 , 516
523 497 | 598 , 500 92 , 504 | 131 , 507 | 327 , 510 | 418 , 513 | 561 , 516
533 497 45 , 501 | 180 , 504 | 167 , 507 | 348 , 510 | 494 , 513 | 34 , 517
553 497 72, 501 | 198 , 504 | 216 , 507 | 368 , 510 | 510 , 513 [ 36 , 517
594 497 93 , 501 | 213 , 504 | 288 , 507 | 457 , 510 | 588 , 513 | 79 , 517

5 498 | 142 , 501 | 241 , 504 [ 357 , 507 | 499 , 510 90 , 514 [ 127 , 517
20 498 | 151 , 501 | 257 , 504 | 407 , 507 | 507 , 510 | 107 , 514 | 215 , 517
73 498 | 155 , 501 | 346 , 504 | 442 , 507 | 595 , 510 [ 118 , 514 | 220 , 517
111 498 | 218 , 501 | 405 , 504 | 472 , 507 12 , 511 | 161 , 514 | 240 , 517
174 498 | 236 , 501 | 408 , 504 [ 504 , 507 64 , 511 | 223 , 514 | 309 , 517
217 498 | 265 , 501 | 414 , 504 | 571 , 507 95 | 511 | 254 , 514 | 360 , 517
263 498 | 341 , 501 | 455 , 504 17 , 508 | 101 , 511 | 277 , 514 | 401 , 517
356 498 | 374 , 501 | 483 , 504 38 , 508 | 108 , 511 | 283 , 514 | 404 , 517
361 498 | 389 , 501 | 491 , 504 80 , 508 | 146 , 511 | 311 , 514 [ 444 , 517
380 498 | 505 , 501 1 , 505 [ 147 , 508 | 163 , 511 [ 321 , 514 | 535 , 517
437 498 | 528 , 501 | 106 , 505 | 157 , 508 | 214 , 511 | 383 , 514 | 574 , 517
527 498 | 541 , 501 | 143 , 505 [ 186 , 508 | 262 , 511 [ 423 , 514 | 577 , 517
556 498 68 , 502 | 169 , 505 | 195 , 508 | 364 , 511 | 469 , 514 | 21 , 518
565 498 71 , 502 | 194 , 505 | 209 , 508 | 424 , 511 | 576 , 514 | 24 , 518
589 498 98 , 502 | 228 , 505 | 372 , 508 | 454 , 511 | 584 , 514 | 50 , 518
59 499 [ 120 , 502 | 242 , 505 [ 411 , 508 | 503 , 511 62 , 515 | 53 , 518
75 499 | 191 , 502 | 253 , 505 | 450 , 508 [ 551 , 511 65 , 515 | 55 , 518
135 499 [ 210 , 502 | 349 , 505 [ 461 , 508 [ 580 , 511 71 , 515 99 , 518
138 499 | 270 , 502 | 373 , 505 | 476 , 508 10 , 512 | 113 , 515 | 148 , 518
159 499 [ 337 , 502 | 387 , 505 [ 537 , 508 74 , 512 | 149 , 515 | 244 , 518
176 499 | 342 , 502 | 438 , 505 [ 567 , 508 78 , 512 | 152 , 515 | 297 , 518
237 499 | 351 , 502 | 539 , 505 | 125 , 509 | 110 , 512 | 289 , 515 [ 324 , 518
305 499 [ 375 , 502 | 542 , 505 | 166 , 509 | 133 , 512 [ 315 , 515 | 448 , 518
329 499 | 391 , 502 | 570 , 505 | 204 , 509 | 177 , 512 | 397 , 515 [ 460 , 518
381 499 [ 529 , 502 2 , 506 [ 272 , 509 | 183 , 512 | 416 , 515 | 490 , 518
422 499 | 540 , 502 37 , 506 | 290 , 509 | 192 , 512 | 433 , 515 | 516 , 518
482 499 [ 559 , 502 77 , 506 | 316 , 509 | 247 , 512 | 447 , 515 | 550 , 518
486 499 48 , 503 88 , 506 | 322 , 509 | 268 , 512 | 514 , 515 | 14 , 519
582 499 87 , 503 | 129 , 506 | 347 , 509 | 314 , 512 | 538 , 515 [ 26 , 519
592 499 | 134 , 503 | 184 , 506 | 439 , 509 | 345 , 512 | 544 , 515 | 41 , 519
84 500 | 175 , 503 | 219 , 506 | 470 , 509 | 403 , 512 81 , 516 | 52 , 519
102 500 | 271 , 503 | 292 , 506 | 488 , 509 | 449 , 512 94 , 516 | 67 , 519
121 500 | 275 , 503 | 358 , 506 | 500 , 509 | 487 , 512 | 109 , 516 [ 97 , 519
171 500 | 286 , 503 | 367 , 506 | 531 , 509 18 , 513 [ 140 , 516 [ 211 , 519
259 500 | 308 , 503 [ 376 , 506 | 536 , 509 82 , 513 | 181 , 516 | 232 , 519
* Coordinates of elements with value A106 in
represented as R,Wwhere R=row and C=column.
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Table 6.22 LDPC Submatrix A for Subframe 2 * (sheet 8 of 11)

R C R , C R , C R , C R , C R , C R , C
285 519 | 518 , 522 | 585 , 525 | 131 , 529 | 154 , 532 | 367 , 535 [ 426 , 538
300 519 | 522 , 522 57 , 526 | 146 , 529 | 214 , 532 | 379 , 535 | 546 , 538
350 519 | 559 , 522 76, 526 | 165 , 529 | 237 , 532 | 425 , 535 | 500 , 538
353 519 | 595 , 522 | 150 , 526 | 238 , 529 | 306 , 532 | 490 , 535 7 , 539
377 519 9 , 523 [ 177 , 526 | 312 , 529 [ 332 , 532 | 556 , 535 [ 22 , 539
495 519 | 192 , 523 | 186 , 526 | 323 , 529 | 501 , 532 | 575 , 535 | 70 , 539
576 519 | 197 , 523 | 204 , 526 | 342 , 529 | 534 , 532 38 , 536 | 115 , 539

19 520 | 256 , 523 | 303 , 526 | 350 , 529 | 560 , 532 45 , 536 | 133 , 539
33 520 | 264 , 523 | 371 , 526 | 435 , 529 | 562 , 532 85 , 536 | 157 , 539
156 520 | 276 , 523 | 387 , 526 | 523 , 529 6 , 533 | 189 , 536 [ 185 , 539
175 520 | 295 , 523 | 396 , 526 | 569 , 529 11 , 533 | 266 , 536 | 191 , 539
185 520 | 360 , 523 | 402 , 526 | 589 , 529 28 , 533 | 272 , 536 | 233 , 539
225 520 | 363 , 523 | 462 , 526 60 , 530 51 , 533 | 298 , 536 | 310 , 539
250 520 | 390 , 523 | 471 , 526 76, 530 95 , 533 | 365 , 536 | 327 , 539
388 520 | 494 , 523 | 499 , 526 96 , 530 | 106 , 533 | 369 , 536 | 416 , 539
419 520 | 521 , 523 | 543 , 526 | 277 , 530 | 203 , 533 | 403 , 536 | 454 , 539
442 520 | 550 , 523 28 , 527 | 293 , 530 | 227 , 533 | 431 , 536 | 527 , 539
458 520 | 571 , 523 35 , 527 | 304 , 530 | 231 , 533 | 458 , 536 | 536 , 539
468 520 | 586 , 523 | 105 , 527 | 324 , 530 | 271 , 533 | 466 , 536 | 31 , 540
483 520 3 , 524 [ 159 , 527 | 355 , 530 [ 375 , 533 | 503 , 536 | 42 , 540
489 520 91 , 524 [ 207 , 527 | 405 , 530 | 422 , 533 | 542 , 536 | 97 , 540
511 520 | 102 , 524 | 280 , 527 | 433 , 530 | 441 , 533 53 , 537 [ 113 , 540

13 521 | 111 , 524 | 331 , 527 | 459 , 530 | 509 , 533 67 , 537 [ 202 , 540

17 521 | 128 , 524 | 345 , 527 | 473 , 530 | 598 , 533 | 114 , 537 [ 209 , 540
65 521 | 261 , 524 | 444 | 527 | 477 , 530 73 , 534 | 142 , 537 | 267 , 540
77 521 | 300 , 524 | 478 , 527 | 552 , 530 | 118 , 534 | 198 , 537 [ 320 , 540
103 521 | 319 , 524 | 546 , 527 | 593 , 530 | 176 , 534 | 239 , 537 [ 328 , 540
158 521 | 345 , 524 | 549 , 527 2 , 531 | 211 , 534 | 259 , 537 | 380 , 540
222 521 | 394 , 524 | 565 , 527 58 , 531 | 336 , 534 | 309 , 537 | 448 , 540
255 521 | 398 , 524 | 587 , 527 | 167 , 531 | 348 , 534 | 314 , 537 | 481 , 540
357 521 | 456 , 524 12, 528 | 213 , 531 | 370 , 534 | 330 , 537 | 518 , 540
377 521 | 480 , 524 25 , 528 | 218 , 531 | 386 , 534 | 432 , 537 | 548 , 540
413 521 | 486 , 524 | 149 , 528 | 278 , 531 | 389 , 534 | 484 , 537 [ 596 , 540
502 521 | 577 , 524 | 162 , 528 | 280 , 531 | 393 , 534 [ 502 , 537 [ 20 , 541
507 521 51 , 525 | 164 , 528 | 392 , 531 | 407 , 534 | 506 , 537 | 36 , 541
511 521 90 , 525 | 172 , 528 | 419 , 531 | 492 , 534 | 581 , 537 [ 39 , 541
594 521 94 , 525 | 182 , 528 | 427 , 531 | 526 , 534 4 , 538 | 47 , 541

6 522 | 122 , 525 | 285 , 528 | 438 , 531 | 563 , 534 23 , 538 | 49 , 541
29 522 | 139 , 525 | 294 , 528 | 465 , 531 | 580 , 534 | 112 , 538 [ 273 , 541
221 522 | 148 , 525 | 388 , 528 | 553 , 531 32 , 535 | 156 , 538 | 283 , 541
243 522 | 230 , 525 | 404 , 528 | 558 , 531 34 , 535 | 158 , 538 | 382 , 541
252 522 | 236 , 525 | 437 , 528 | 572 , 531 78 , 535 | 179 , 538 | 391 , 541
291 522 | 270 , 525 | 464 , 528 35 , 532 | 137 , 535 | 235 , 538 [ 452 , 541
331 522 | 329 , 525 | 497 , 528 48 , 532 | 181 , 535 | 287 , 538 | 461 , 541
358 522 | 352 , 525 | 539 , 528 74 , 532 | 208 , 535 | 301 , 538 | 478 , 541
362 522 | 365 , 525 24 , 529 | 100 , 532 | 257 , 535 | 308 , 538 | 545 , 541
372 522 | 428 , 525 63 , 529 | 116 , 532 | 318 , 535 | 354 , 538 | 564 , 541
488 522 | 573 , 525 | 105 , 529 | 129 , 532 | 349 , 535 | 383 , 538 [ 592 , 541
* Coordinates of elements with value A106 in
represented as R,Wwhere R=row and C=column.
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Table 6.22 LDPC Submatrix A for Subframe 2 * (sheet 9 of 11)

R C R , C R , C R , C R , C R , C R , C
40 542 | 120 , 545 | 132 , 548 | 296 , 551 | 470 , 554 14 , 558 | 110 , 561
62 542 | 153 , 545 | 140 , 548 | 455 , 551 | 487 , 554 16 , 558 | 135 , 561
83 542 | 184 , 545 | 311 , 548 | 516 , 551 | 495 , 554 88 , 558 [ 172 , 561
121 542 | 225 , 545 | 325 , 548 | 519 , 551 10 , 555 | 117 , 558 | 215 , 561
159 542 | 281 , 545 | 333 , 548 | 568 , 551 19 , 555 | 234 , 558 [ 279 , 561
194 542 | 289 , 545 | 411 , 548 | 579 , 551 37 , 555 | 240 , 558 | 312 , 561
264 542 | 299 , 545 | 533 , 548 8 , 552 | 226 , 555 | 374 , 558 | 363 , 561
344 542 | 440 , 545 | 540 , 548 | 127 |, 552 | 255 , 555 | 430 , 558 | 378 , 561
366 542 | 463 , 545 | 588 , 548 | 147 , 552 | 282 , 555 | 450 , 558 [ 442 , 561
410 542 | 504 , 545 54 , 549 | 180 , 552 | 302 , 555 | 467 , 558 | 573 , 561
412 542 | 541 , 545 | 104 , 549 | 183 , 552 | 331 , 555 | 475 , 558 | 584 , 561
420 542 | 561 , 545 | 143 , 549 | 206 , 552 | 338 , 555 [ 482 , 558 [ 596 , 561
472 542 33 , 546 | 174 , 549 | 305 , 552 | 373 , 555 | 512 , 558 | 63 , 562
491 542 61 , 546 | 207 , 549 | 339 , 552 | 397 , 555 | 515 , 558 [ 98 , 562
498 542 89 , 546 | 216 , 549 | 406 , 552 | 479 , 555 | 531 , 558 | 124 , 562

8 543 | 125 , 546 | 245 , 549 | 417 , 552 | 513 , 555 52 , 559 [ 173 , 562
59 543 | 151 , 546 | 275 , 549 | 421 , 552 | 530 , 555 69 , 559 | 176 , 562
66 543 | 168 , 546 | 315 , 549 | 434 , 552 | 584 , 555 [ 109 , 559 [ 201 , 562
101 543 | 217 , 546 | 364 , 549 | 474 , 552 30 , 556 | 119 , 559 | 247 , 562
161 543 | 260 , 546 | 436 , 549 | 578 , 552 75 , 556 | 130 , 559 | 256 , 562
199 543 | 288 , 546 | 500 , 549 | 591 , 552 79 , 556 | 163 , 559 | 265 , 562
220 543 | 321 , 546 | 524 , 549 | 201 , 553 82 , 556 | 187 , 559 | 269 , 562
244 543 | 400 , 546 | 547 , 549 | 249 , 553 | 123 , 556 | 241 , 559 [ 284 , 562
274 543 | 408 , 546 | 557 , 549 | 253 , 553 | 126 , 556 | 341 , 559 | 436 , 562
307 543 | 446 , 546 27 , 550 | 286 , 553 | 144 , 556 | 359 , 559 | 447 , 562
334 543 | 460 , 546 68 , 550 | 313 , 553 | 160 , 556 | 362 , 559 | 553 , 562
340 543 | 537 , 546 81 , 550 | 316 , 553 | 166 , 556 | 529 , 559 | 561 , 562
347 543 18 , 547 93 , 550 | 351 , 553 | 193 , 556 | 535 , 559 8 , 563
414 543 46, 547 | 108 , 550 [ 356 , 553 | 265 , 556 | 544 , 559 | 38 , 563
496 543 72 , 547 | 228 , 550 | 415 , 553 | 268 , 556 | 583 , 559 | 148 , 563
26 544 99 |, 547 | 290 , 550 | 418 , 553 | 385 , 556 4 , 560 [ 154 , 563
80 544 | 145 , 547 | 384 , 550 | 505 , 553 | 485 , 556 55 , 560 | 162 , 563
188 544 | 224 , 547 | 401 , 550 | 525 , 553 | 587 , 556 67 , 560 [ 229 , 563
190 544 | 242 , 547 | 468 , 550 | 574 , 553 56, 557 | 173 , 560 | 239 , 563
248 544 | 279 , 547 | 476 , 550 | 582 , 553 | 152 , 557 | 196 , 560 | 316 , 563
251 544 | 284 , 547 | 493 , 550 | 599 , 553 | 169 , 557 | 337 , 560 | 336 , 563
317 544 | 319 , 547 | 514 , 550 3 , 554 | 171 | 557 | 346 , 560 | 400 , 563
322 544 | 399 , 547 | 554 , 550 | 134 , 554 | 210 , 557 | 357 , 560 | 467 , 563
368 544 | 424 , 547 | 565 , 550 | 170 , 554 | 223 , 557 | 376 , 560 | 504 , 563
447 544 | 443 , 547 87 , 551 | 195 , 554 | 232 , 557 | 395 , 560 | 523 , 563
520 544 | 508 , 547 | 136 , 551 | 246 , 554 | 326 , 557 | 402 , 560 | 538 , 563
528 544 | 566 , 547 | 138 , 551 | 258 , 554 | 381 , 557 | 409 , 560 | 586 , 563
551 544 5 , 548 | 141 | 551 | 262 , 554 | 439 , 557 | 445 , 560 | 18 , 564
555 544 15 , 548 | 200 , 551 | 292 , 554 [ 451 , 557 | 468 , 560 | 89 , 564
570 544 43 , 548 | 212 , 551 | 297 , 554 | 453 , 557 | 567 , 560 | 197 , 564

9 545 64 , 548 | 219 , 551 | 343 , 554 | 457 , 557 23 , 561 | 299 , 564
92 545 8 , 548 | 247 , 551 | 361 , 554 | 517 , 557 60 , 561 | 373 , 564
107 545 | 124 , 548 | 254 , 551 | 429 , 554 | 549 , 557 98 , 561 | 377 , 564

* Coordinates of elements with value A106 in
represented as R,Wwhere R=row and C=column.
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Table 6.22 LDPC Submatrix A for Subframe 2 * (sheet 10 of 11)

R C R , C R , C R , C R , C R , C R , C
431 564 | 392 , 567 | 435 , 570 45 , 574 | 167 , 577 | 406 , 580 | 364 , 583
448 564 | 459 , 567 | 551 , 570 | 117 , 574 | 174 , 577 | 422 , 580 | 420 , 583
493 564 | 462 , 567 | 563 , 570 | 147 , 574 | 223 , 577 | 438 , 580 [ 522 , 583
519 564 | 547 , 567 3 , 571 | 210 , 574 | 255 , 577 | 456 , 580 | 525 , 583
531 564 | 554 , 567 50 , 571 | 230 , 574 | 310 , 577 | 489 , 580 | 537 , 583
534 564 | 575 , 567 59 , 571 | 248 , 574 | 37 , 577 | 505 , 580 | 578 , 583
540 564 94 , 568 | 137 , 571 | 304 , 574 | 429 , 577 | 514 , 580 [ 10 , 584
567 564 | 115 , 568 | 179 , 571 | 311 , 574 | 433 , 577 | 562 , 580 | 73 , 584
598 564 | 132 , 568 | 200 , 571 | 332 , 574 | 452 , 577 | 589 , 580 [ 114 , 584

2 565 | 153 , 568 | 249 , 571 | 376 , 574 | 483 , 577 75 , 581 | 221 , 584
31 565 | 217 , 568 | 251 , 571 | 379 , 574 | 488 , 577 77 , 581 | 240 , 584
83 565 | 241 , 568 | 294 , 571 | 390 , 574 | 509 , 577 | 205 , 581 [ 293 , 584
91 565 | 252 , 568 | 314 , 571 | 396 , 574 25 , 578 | 250 , 581 | 344 , 584
134 565 | 254 , 568 | 371 , 571 | 407 , 574 49 , 578 | 275 , 581 | 415 , 584
165 565 | 292 , 568 | 397 , 571 | 581 , 574 70 , 578 | 285 , 581 | 421 , 584
225 565 | 303 , 568 | 427 , 571 51 , 575 | 104 , 578 | 359 , 581 [ 424 , 584
272 565 | 307 , 568 | 450 , 571 88 , 575 | 140 , 578 | 380 , 581 | 446 , 584
305 565 | 360 , 568 | 511 , 571 | 123 , 575 | 155 , 578 | 418 , 581 | 457 , 584
335 565 | 412 , 568 19 , 572 | 146 , 575 | 160 , 578 | 430 , 581 | 495 , 584
375 565 | 453 , 568 81 , 572 | 189 , 575 | 194 , 578 | 472 , 581 | 516 , 584
382 565 | 501 , 568 92 , 572 | 228 , 575 | 209 , 578 | 490 , 581 | 539 , 584
424 565 15, 569 96 , 572 | 351 , 575 | 287 , 578 | 533 , 581 6 , 585
505 565 48 , 569 99 , 572 | 399 , 575 | 313 , 578 | 541 , 581 | 34 , 585
537 565 69 , 569 | 116 , 572 | 426 , 575 | 322 , 578 | 591 , 581 | 83 , 585
41 566 | 166 , 569 | 139 , 572 | 437 , 575 | 419 , 578 27 , 582 | 144 , 585
112 566 | 218 , 569 | 151 , 572 | 477 , 575 | 434 , 578 64 , 582 | 156 , 585
257 566 | 227 , 569 | 350 , 572 | 518 , 575 | 463 , 578 74 , 582 | 180 , 585
260 566 | 267 , 569 | 485 , 572 | 528 , 575 44, 579 80 , 582 | 242 , 585
263 566 | 353 , 569 | 510 , 572 | 536 , 575 | 103 , 579 97 , 582 | 296 , 585
278 566 | 388 , 569 | 515 , 572 | 588 , 575 | 106 , 579 | 161 , 582 [ 330 , 585
281 566 | 416 , 569 | 543 , 572 1 , 576 | 108 , 579 | 309 , 582 | 334 , 585
387 566 | 451 , 569 | 590 , 572 65 , 576 | 138 , 579 | 318 , 582 [ 352 , 585
417 566 | 461 , 569 | 599 , 572 | 123 , 576 | 170 , 579 | 443 , 582 [ 381 , 585
454 566 | 499 , 569 5 , 573 [ 163 , 576 | 185 , 579 | 445 , 582 | 393 , 585
469 566 | 512 , 569 46, 573 | 211 , 576 | 192 , 579 | 480 , 582 | 479 , 585
484 566 | 557 , 569 | 130 , 573 | 216 , 576 | 198 , 579 [ 482 , 582 [ 481 , 585
487 566 13 , 570 | 191 , 573 | 258 , 576 | 291 , 579 | 517 , 582 | 12 , 586
552 566 40 , 570 | 234 , 573 [ 270 , 576 | 315 , 579 | 532 , 582 | 76 , 586
566 566 56 , 570 | 347 , 573 | 282 , 576 | 378 , 579 | 545 , 582 | 107 , 586

11 567 | 127 , 570 | 354 , 573 | 306 , 576 | 508 , 579 7 , 583 | 109 , 586
37 567 | 136 , 570 | 369 , 573 | 408 , 576 | 529 , 579 87 , 583 | 125 , 586
128 567 | 149 , 570 | 404 , 573 | 476 , 576 | 555 , 579 | 131 , 583 [ 222 , 586
165 567 | 203 , 570 | 410 , 573 | 564 , 576 53 , 580 | 158 , 583 | 224 , 586
199 567 | 259 , 570 | 550 , 573 | 577 , 576 | 119 , 580 | 164 , 583 [ 233 , 586
202 567 | 295 , 570 | 560 , 573 | 593 , 576 | 145 , 580 [ 171 , 583 [ 245 , 586
288 567 | 365 , 570 | 580 , 573 52 , 577 | 182 , 580 | 236 , 583 [ 329 , 586
348 567 | 398 , 570 | 582 , 573 93 , 577 | 219 , 580 | 290 , 583 | 358 , 586
385 567 | 411 , 570 | 594 , 573 | 120 , 577 | 317 , 580 | 324 , 583 | 391 , 586
* Coordinates of elements with value A106 in
represented as R,Wwhere R=row and C=column.
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