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1. SCOPE

1.1 Scope. This Interface Control Document(ICD) defines the requirements related [0 the interface between the

Space Segment (SS) of the Global Positioning System (GPS) and the Navigation User Segment (US) of the GPS.

1.2 Kev Dates. The major milestones for which integration data shall be provided are:

a (TBD)

1.3 ICD Approval and Changes. ARINC Research Corporation has been designated the Interface Control

Contractor (ICC), and is responsible for the basic preparation. approval. distribution. and retention of the ICD in

accordance with YEN 75-13A. The following signatories must approve this ICD to make it effective:

a Space Segment Contractors

b. Control Segment Contractor

c. User Segment Contractors

d. Navstar GPS Joint Program Office

BLOCK I1I11IA
Rockwel | International,
Space Systems Division

Block IIR

Martin Marietta.
Astro Space Division

International Business Machines,
Federal Systems Company

Rockwell International. Collins
Avionics & Communications Division

SMC/CZ (AFMC)

ICD-GPS-200C
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Initial signature approval of this ICD can be contingent upon a letter of exception dzlincating those items by
paragraph numbers that are not a part of the approval. Such letters of exception can be prepared by any of the
signatories and must be furnished to the ICC for inclusion in Appendix | of the approved and officialy released

version of the ICD.

Changes to the approved version of this ICD can be initiated by any of the signatories and must be approved by al
above signatories. The ICC is responsible for the preparation of the change paper. change coordination, and the
change approval by all signatories in accordance with YEN 75-13A. Designated signatories can approve proposed
changes to this ICD without any increase in the scope of a specific contract by so specifying in a letter of exception.
Such letters of exception must be furnished to the ICC for inclusion in the released version of the approved change
and in Appendix | of the subsequent revised issues of the ICD.

Whenever all the issues addressed by aletter of exception are resolved. the respective signatory shall so advise the
ICC in writing. When some (but not al) of the exceptions taken by asignatory are resolved, the signatory shall
provide the ICC with an updated letter of exception. Based on such notifications -- without processing a proposed
interface revision notice (PIRN) for approval -- the ICC will omit the obsolete letter of exception from the next

revision of the ICD and will substitute the new one (if required).

Review cych;.; for al Proposed Interface Revisions Notices (PIRNs) is 45 days afier receipt by individual addressees
unless a written request for a waiver is submitted to the ICC. Reviewing parties with delinquent responses will be

charged with an automatic letter of exception.

1ICD-GPS-200C
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2. APPLICABLE DOCUMENTS

2.1 Government Documents. The following documents of tile issue specified contribute to the definition of the

interfaces between the GPS Space Segment and the GPS Navigation User Segment. and forma part of this ICD to

the extent specified herein.

Specifications
Federal
None
Military
None
Other Government Activity
None
Standards
Federal
None
A filitary
None

Other Publications

1CD-GPS-203* Navstar GPS Selective Availability and Anti-Spoofing
current issue Requircments (SECRET) (U)

ICD-GPS-207*, Navstar GPS Selective Availability and Anti-Spoofing
current issue Receiver Design Requirements (SECRET) (U)

YEN 75-13A Interface Control Working Group

16 Nov1979

with Change Notice 1

ICD-GPS-200C
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2.2 Non-Gov.ernment Documents. The following documents of the issue specified contribute to the definition of

the interfaces between the GPS Space Segment and the GPS Navigation User Segmentand forma part of this ICD

to the extent specified herein.

Specifications

None

Other Publications

None

* ICD-GPS-203 is the applicable document for the signatories of this document (ICD-GPS-200); for all other
organizations the applicable document isICD-GPS-207. In case of conflict between this document (ICD-GPS-200)
and either ICD-GPS-203 or ICD-GPS-207. this document shall govern.

ICD-GPS-200C
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3. REQUIREMENTS

3.1 Interface Definition. Asshownin Figure 3-1, the interface between the GPS Space Segment (SS) and the GPS

navigation User Segment (US) consists of two radio frequency (RF) links:L1 and L2. Utilizing these links, the
space vehicles (SVs) of the SS shall provide continuous earth coverage for signals which provide to the US the
ranging codes and the system data needed to accomplish the GPS navigation (NAV) mission. These signals shall
be available to a suitably equipped user with RF visihility to an SV. The related selective availability (SA) and
anti-spoofing (A-S) requirements are defined in ICD-GPS-203 and/or in ICD-GPS-207 (see note in paragraph 2.1).

3.2 Interface Identification. The carriers of the L-band links are modulated by up to two hit trains, each of which

normally is a composite generated by the Modulo-2 addition of a pseudo-random noise (PRN) ranging code and the
downlink system data (referred to as N.4V data).

3.2.1 Ranging Codes. Three PRN ranging codes are transmitted: the precision (P) code which is the principal
NAV ranging code; the Y-code, used in place of the P-code whenever the A-S mode of operation is activated; and
the coarse/acquisition (C/A) code which is used primarily for acquisition of the P (or Y) code (denoted as P(Y)).
Appropriate code-division-multiplexing techniques allow differentiating between the SVS even though they al
transmit at the same L-band frequencies. The SVS will transmit intentionally “incorrect” versions of the C/A and
the P(Y) cod.é where needed to protect the users from receiving and utilizing anomalous NAV signals as a result
of a malfunction in the SV’S reference frequency generation system. These two “incorrect” codes are termed non-
standard C/A (NSC) and non-standard Y (NSY) codes. However, the requirements regarding Y-code and non-
standard codes do not apply to Block | SVS.

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

ON-BOARD |

COMPUTER ! SPACE VEHICLE

PROGRAM - (SV)
(OBCP)

L1v

L2
Y

GPS USER

SEGMENT (US)

Figure 3-1. Space Vehicle/NAV User Interfaces
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3.2.1.1 P-Code. The PRN P-code for SV ID number i is a ranging code, Fi(t), of 7 days in length at a chipping

rate of 10.23 Mbps. The 7 day sequence is the Modulo-2 sum of two sub-sequences referred to as XI and X2i; their
lengths are 15,345,000 chips and 15,345,037 chips, respectively. The X2; sequence is an X2 sequence selectively
delayed by 1 to 37 chips thereby allowing the basic code generation technique to produce a set of 37 mutually
exclusive P-code sequences of 7 days in length. Of these, 32 are designated for use by SV'S, while the remaining 5
are reserved for other purposes (e.g. ground transmitters, etc.). Assignment of these code phase segments by SV-

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

3.2.1.2 Y-code. The PRN Y-code, used in place of the P-code when the A-S mode of operation is activated, is
defined in ICD-GPS-203 and/or in ICD-GPS-207 (see note in paragraph 2.1). The requirements regarding PRN
Y -code do not apply to Block | SVS.

3.2.1.3C/A Code. The PRN /A Code for §v D number i isa Gold code, G;(t), of 1 millisecond in length a a
chipping rate of 1023 Kbps. The Gi(t) sequence is a linear pattern generated by the Modulo-2 addition of two sub-
sequences, Gl and G2;, each of which isal023 chip long linear pattern. The epochs of the Gold code are
synchronized with the XI epochs of the P-code. As shown in Table 3-I, the G2; sequence is a G2 sequence
selectively delayed by 5to 9350 chips, thereby generating a set of36 mutually exclusive C/A-codes. Assignment of
these by SV-ID (or other use) is also given in Table 3-I.

3.2.1.4 Non-standard Codes. The NSC and NSY codes, used to protect the user from a mafunction in the SV's
reference frequency system (reference paragraph 3.2.1), are not for utilizat ion by the user and, therefore, are not
defined in this document. However, the requirements regarding Y-code and Non-standard codes do not apply to

Block | SVs.

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

SV | GPSPRN Code Phase Selection Code Delay First First
D Signal Chips 10 Chips 12 Chips
No. No. Octal* Octal
c/A P
C/A(G2) (X2) C/A P
1 1 2 @ 6 1 5 1 1440 4444
2 2 38 7 2 6 2 1620 4000
3 3 4 & 8 3 7 3 1710 4222
4 4 58 9 4 s 4 1744 4333
5 5 1 & 9 5 17 5 1133 4377
6 6 2 10 6 1s 6 1455 4353
7 7 1 & 8 7 139 7 1131 4344
8 8 2 & 9 8 140 s 1454 4340
9 9 3 @10 9 141 9 1626 4342
10 10 2 8 3 10 251 10 1504 4343
11 11 3 © 4 11 252 11 1642 |
12 12 50 6 12 254 12 1750 |
13 13 6 ® 7 13 255 13 1764 \
14 14 7 6 8 14 256 14 1772 |
15 13 8 ® 9 15 257 15 1775
16 16 9 @10 16 255 16 1776 \
17-- 17 1 © 4 17 469 17 1156
| s- 1s 2 8 3 1s 470 1s 1467 |
19 19 38 6 19 471 19 1633 4343

* |n the octal notation for the first 10 chips of the C/A code as shown in this column, the first

** C/A codes 34 and 37 are common.
*** PRN sequences33 through 37 are reserved for other uses (e.g. ground transmitters).

O ="exclusive or”

digit (1) represents 31" for the first chip and the last three digits are the conventional octal

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

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

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

SV | GPSPRN Code Phase Selection Code Delay First First
ID Signal Chips 10 Chips 12 chips
No. No. Octa* C/A octal
P
C/A(G2) (X2) C/A P
20 20 4 8 7 20 472 20 1715 4343
21 |21 5 & 8 21 473 21 1746
22 22 6 & 9 22 174 22 1763
23 23 1 & 3 23 509 23 1063
24 24 4 & 6 24 512 24 1706 \
25 25 50 7 25 513 25 1743
26 26 6 © 8 26 514 26 1761 l
27 27 7 @& 9 27 515 27 1770
28 28 g ©10 28 516 28 1774
29 29 1 & 6 29 S59 29 1127
30 30 2 8 7 30 860 30 1453
31 31 3 @ 8 31 61 31 1625
32 32 4 8 9 32 S62 32 1712
o 33 5 ©10 33 863 33 1745
34%x 4 ®10 34 950 34 1713
35 10 7 35 947 33 1134
xy 36 2 © 8 36 948 36 1456
- 37+ 4 © 10 37 950 37 1713 4343

* %

Kk X%

In the octal notation for the first 10 chips of the C/A code as shown in this column, the first
digit (1) represents a “I” for the first chip and the last three digits are the conventional
octal representation of the remaining 9 chips. (For example, the first 10 chips of the C/A
code for PRN Signal Assembly No. 1 are: 1100100000).
C/A codes 34 and 37 are common.
PRN sequences 33 through 37 are reserved for other uses (e.g. ground transmitters).

B="exclusiveor”

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

ICD-GPS-200C
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3.2.2 NAV Data. The system data, D(t), includes SV ephemerides, system time, SV clock behavior data, status
messages and C/A to P (or Y) code handover information. etc. The 50 bps data is Modulo-2 added to the P(Y)-
and C/A- codes; the resultant bit-trains are used to modulate the L 1 and L2 carriers. For a given SV, the data train
D(t), if present, is common to the P(Y) and C/A codes on both the L1 and L2 channels. The content and
characteristics of data ID number 2 are given in Appendix Il of this document. Data ID number 1 is no longer in

use.

3.2.3 L-Band Signal Structure. The L1 link consists of two carrier components which are in phase quadrature

with each other. Each earner component is hi-phase shift key (BPSK) modulated by a separate bit train. One bit
train is the Modulo-2 sum of the P(Y)-code and NAV data, while the other is the Modulo-2 sum of the C/A-code
and the NAV data. The L2 link is BPSK modulated by only one of those two bit trains; the bit train to be used for
L2 modulation is selected by ground command. A third modulation mode is also selectable on the L2 channel by
ground command: it utilizes the P(Y)-code without the NAV data as the modulating signal. For a particular SV,
all transmitted signal elements (earners, codes and data) are coherently derived from the same on-board frequency

source.

3.3 Interface Criteria. The criteria specified in the following define the requisite characteristics of the SS/US

interface. i

3.3. 1 Composite Signal. The following criteria define the characteristics of the composite L-band signals.

ICD-GPS-200C
10 OCT 1993
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3.3.1.1 Frequency Plan. The L-band signals shall be contained within two 20.46 -MHz bands centered about L1
and L2. The carrier frequencies for the L 1 and L2 signals shall be coherent ly derived from a common frequency
source within the SV. The nomina frequency of this source -- as it appears to anobserver on the ground -- is
10.23 MHz. The SV earner frequency and clock rates -- as they would appear to an observer located in the SV --
are offset to compensate for relativistic effects. The clock rates are offset by A f/f= -4.4647E- 10, equivalent to a
change in the P-code chipping rate of 10.23 MHz offset bya A f =-4.5674E-3 Hz. This is equal to
10.22999999543 MHz. The nominal carrier frequencies (f,) shall be 1575.42 MHz, and 1227.6 MHz for L1 and

L2, respectively

3.3.1.2 Correlation Loss. Correlation 1oss is defined as the difference between the SV power received in a 20.46
MHz bandwidth and the signal power recovered in an ideal correlation receiver of the same bandwidth. On the L1
and L2 channels, the worst case correlation loss occurs when the carrier is modulated by the sum of the P(Y) code

and the NAV data stream. For this case, the correlation loss apportionment shall be as follows:
1 SV modulation imperfections 0.6 dB
2. Ideal UE receiver waveform distortion 0.4 dB

(due to 20.46 MHz filter)

3313 Carﬁ_er Phase Noise. The phase noise spectral density of the unmodulated carrier shall be such that a

phase locked loop of 10 Hz one-sided noise bandwidth shall be able to track the carrier to an accuracy of 0.1

radians rms.
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3.3.1.4 Spurious Transmissions. In-band spurious transmissions shall be at least 40 dB below the unmodulated L1

and L2 earners over the allocated 20.46 MHz channel bandwidth.

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

plus data and P(Y)-code plus data) shall be in phase quadrature (within =100 milliradians) with the C/A signal
earner lagging the P signa by 90 degrees. Refernng to the phase of the P carrier when Pi(t) equals zero as the
“zero phase angle’, the P(Y)- and C/A-code generator output shall control the respective signal phases in the
following manner: whén Pi(t) equals one, a 180-degree phase reversal of the P-carrier occurs; when Gi(t) equals
one, the C/A carrier advances 90 degrees; when the Gi(t) equals zero, the C/A carrier shall be retarded 90 degrees

(such that when Gi(t) changes state, a 180-degree phase reversa of the C/A earner occurs). The resultant nominal

composite transmitted signal phases as a function of the binary state of the modulating signals are as shown in

Table 3-11.

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

minimum levels specified in Table 3-II1 into a 3dBi linearly polarized user receiving antenna (located near
ground) at worst normal orientation, when the SV is above a 5-degree elevation angle. Additional related data is

provided as supporting material in paragraph 6.3.1.

ICD-GPS-200C
10 OCT 1993
12



Table 3-II. Composite L1 Transmitted Signal Phase

Nominal Composite L1 Code State
Signal Phase*
P CIA
0° 0 0
-70.5" 1 0
+109.3° 0 1
[sO° 1 1
*

H Relative to O, 0 code state with positive angles leading and negative angles lagging.

Table 3-11I. Received Minimum RF Signal Strength

Signal
Channel
P(Y) CIA
L1 -163.0 dBW :160.0 dBW
L2 -166.0 dBW or -166.0 dBw

ICD-GPS-200C
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3.3.1.7 Equipment Group Delav. Equipment group delay is defined as the delay between the L-band radiated

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

of no concern to the US since it is

source; the delay consists of a bias term and an uncertainty. The bias term is
included in the clock correction parameters relayed in the NAV data, and is therefore accounted for by the user
computations ©f SYS™ time (reference paragraph 20.3.3.3.3.1). The uncertainty (variation) of this delay as well

as the difference between the L 1 vsthe L2 delays are defined in the following.

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

(two sigma).

3.3.1.7.2 Group Delav Differential. The group delay differential between the radiated L1 and L2 P(Y) signals is

specified as consisting of random plus bias components. The mean differential is defined as the bias component
and will be either positive or negative. For a given navigation payload redundancy configuration, the absolute

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

shall not exceed 3.0 nanoseconds (two sigma).

3.3.1.S Signal Coherence. All transmitted signals for a particular SV shall be coherently derived from the same

on-board frequency standard; all digital signals shall be clocked in coincidence with the PRN transitions for the P-

signal and occur at the P-signa transition speed. On the L I channel the data transitions of the two modulating
signas (i.e. that containing the P(Y)-code and that containing the C/A-code) shall be such that the average time

difference between the transitions does not exceed 10 nanoseconds (two sigma).
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3.3.1.9 Signal Polarization The transmitted signal shall be right-hand circularly polarized (RHCP). For the

angular range of +14.3 degrees from boresight, L1 ellipticity shall be no worse than 1.2dB for Block IIIIA and
shall be no worse than 1.8 dB for Block IR SVS. L2 ellipticity shall be no worse than 3.2dB for Block ILIIA SVS

and shall be no worse than 2.2 dB for Block IIR over the angular range off 14.3 degrees from boresight.

3.3.2 PRN Code Characteristics. The characteristics of the P- and the C/A-codes are defined below in terms of

their structure and the basic method used for generating them. The characteristics of the Y-code are defined in
ICD-GPS-203 and/or ICD-GPS-207 (see note in paragraph 2.1). Figure 3-2 depicts a smplified block diagram of
the scheme for generating the 10.23 Mbps Pi(t) and the 1.023 Mbps G;(t) patterns (referred to as P- and C/A-codes
respectively), and for Modulo-2 summing these patterns with the NAV bit train, D(t), which is clocked at 50 bps.

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

IRN-200C-001
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3.3.2.1 Code Structure. The P;(t) pattern (P-code) is generated by the Modulo-2 summation of two PRN codes,
X1(t) and X2(t - iT), where T is the period of one P-code chip and equals (1.023x107)" seconds, while i is an
integer from 1 through 37. This allows the generations of 37 unique P(t) code phases (identified in Table 3-I)

using the same basic code generator.

The linear G;(t) pattern (C/A-code) is the Modulo-2 sum of two 1023-bit linear patterns, G 1 and G2;. The latter
sequence is selectively delayed by an integer number of chips to produce 36 unique G(t) patterns (defined in Table
3-1). "

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

Mbps (X1and X2;). X| itself is generated by the Modulo-2 sum of the output of two 12-stage registers (X1A and
X1B) short cycled to 4092 and 4093 chips respectively. When the XIA short cycles are counted to 3750, the XI
epoch is generated. The XI epoch occurs every 1.5 seconds after 15,345,000 chips of the X| pattern have been
generated. The polynomials for X1A and XIB, as referenced to the shift register input, are:

XIA: 1 +X°+ X5+ X"+ X", and
XIB: 1+ X'+ + X+ X+ 3+ X0+ X+ X"

Samples of- the relationship between shift register taps and the exponents of the corresponding polynomial,

referenced to the shift register input, are as shown in Figures 3-3,3-4,3-5 and 3-6.
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POLYNOMIAL XIA:

1+XG+X8+X110X12

STAGE @
NUMBERS

2 3 4 S 6 7 8 9 10 1" 12
INITIAL \ TAP
CONDITIONS NUMBERS
SHIFT DIRECTION
—_—

Figure 3.3, X1A Shift Register Generator Configuration
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POLYNOMIAL Xx18B:

toxex2ex54xBex8ex104x!,x12

STAGE @
NUMBERS

1 2 3 4 5 3 7 8 ) 10 11 12

o - - -9 p— - B g - - - O
0 0 1 1 )] 1 0 0 1 0 ouUTPUT

-1

(@) O O O O ( )] O O O )

1 2 3 4 5 6 8 9 10 1 12
\ INITIAL \ TAP
CONDITIONS NUMBERS
SHIFT DIRECTION
—_—

Figure 3-4. X1B Shift Register Generator Configuration
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POLYNOMIAL X2A:

gextaxdexdexBax’ e xBax®ex

10, 11, x12

20

STAGE
NUMBERS
1 2 3 5 ] 7 8 9 10 13 12
- -9 -9 g -~ - - -9 -~ o
1 0 1 1 0 1 0 0 1 ouTPUT
O o O @) ( 0 0 O 0 @) O
2 3 4 S 7 8 9 10 11 12
INITIAL \ TAP
CONDITIONS NUMBERS
SHIFT DIRECTION
—>
Figure 3-5. X2A Shift Register Generator Configuration
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POLYNOMIAL X28B:

1ox2+x3¢x4¢x80xgox12

STAGE @
NUMBERS

3 4 5 [ 7 8 9 10 1% 12
N s -9 g4 o - sall o~ - -4 o —0
0 1 4] 1 0 1 1] b 0 OUTPUT
0 O 0 ( ( O 0 0 O 0
2 3 4 5 6 7 8 9 10 11 12
INITIAL TAP
CONDITIONS NUMBERS
SHIFT DIRECTION
—_—

Figure 3-6. X2 B Shift Register Generator Configuration
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The state of each generator can be expressed as a code vector word which specifies the binary sequence constant of
each Tegister as follows: (a) the vector consists of [he binary state of each stage of the register, (b) the stage 12
value appears at the left followed by the values of the remaining states in order of descending stage numbers, and
(c) the shift direction is from lower to higher stage number with stage 12 providing the current output. This code
vector convention represents the present output and 11 future outputs in sequence. Using this convention, at each
XI epoch, the XIA shift register is initialized to code vector 001001001000 and the XIB shift register is initialized
to code vector 010101010100. The first chip of the XIA sequence and the first chip of the X1B sequence occur

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

The natural 4095 chip cycles of these generating sequences are shortened to cause precession of the XIB sequence
with respect to the X1A sequence during subsequent cycles of the XI A sequence in the XI period. Re-
initialization of the XIA shift register produces a 4092 chip sequence by omitting the last 3 chips (001) of the
natural 4095 chip XIA sequence. Re-initialization of the XIB shift register produces a 4093 chip sequence by
omitting the last 2 chips (O 1) of the natural 4095 chip X1B sequence. This results in the phase of the X1B
sequence lagging by one chip for each XIA cycle in the XI| period.

The XI period is defined as the 3750 XIA cycles (15,