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1. INTRODUCTION

1.1 Scope. This Interface Specification (IS) defines the requirements related to the interface between the Space
Segment (SS) of the Global Positioning System (GPS) and the navigation User Segment (US) of the GPS for radio
frequency (RF) link 5 (LS).

1.2 IS Approval and Changes. The Interface Control Contractor (ICC) designated by the government is responsible
for the basic preparation, obtaining approval coordination, distribution, retention, and Interface Control Working
Group (ICWG) coordination of the IS in accordance with GP-03-001. The Navstar GPS Directorate (SMC/GP) is
the necessary authority to make this IS effective. SMC/GP administers approvals under the auspices of the
Configuration Control Board (CCB), which is governed by the appropriate GPS Directorate Operating Instruction
(OI). Military organizations and contractors are represented at the CCB by their respective segment member. All
civil organizations and public interest are represented by the Department of Transportation representative of the

SMC/GP.

A proposal to change the approved version of this IS can be submitted by any ICWG participating organization to
the GPS Directorate and/or the ICC. The ICC is responsible for the preparation of the change paper and change
coordination, in accordance with GP-03-001. The ICC prepares the change paper as a Proposed Interface Revision
Notice (PIRN) and is responsible for coordination of PIRNs with the ICWG. The ICWG coordinated PIRN must be

submitted to the GPS Directorate CCB for review and approval.

The ICWG review period for all Proposed Interface Revision Notices (PIRNs) is 45 days after receipt by individual

addressees. A written request to extend the review period may be submitted to the ICC for consideration.

2. APPLICABLE DOCUMENTS

2.1 Government 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 Segment (US), and form a part of this IS to

the extent specified herein.

Specifications
Federal

None

Military
None

Other Government Activity
None

1 IS-GPS-705B
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Standards
Federal

None
Military

None

Other Publications

IS-GPS-200 Navstar GPS Space Segment / Navigation
current issue User Interfaces
GP-03-001 GPS Interface Control Working Group
current issue (ICWG) Charter

2.2 Non-Government Documents.  The following documents of the issue specified contribute to the definition of

the interfaces between the GPS SS and the GPS Navigation US and form a part of this IS to the extent specified

herein.

Specifications

None
Other Publications

International Earth Rotation and Reference Systems Service (IERS) Technical Note 36

2 IS-GPS-705B
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3. REQUIREMENTS

3.1 Interface Definition. The signal interface between the GPS SS and the GPS Navigation US includes three radio

frequency (RF) links: L1, L2 and LS. Figure 3-1 illustrates the interface between the SS and the users. The L5 link
is only available on Block IIF and the subsequent Blocks of SVs. Utilizing these links, the space vehicles (SVs) of
the SS shall provide continuous earth coverage signals that provide to the users 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 visibility to an SV, including users in terrestrial and near-terrestrial applications as well as
users in orbital applications up to geostationary altitude. The civil functions of the L1 and L2 RF links are specified

in IS-GPS-200. Only the L5 link and its relationship with the L1 and L2 links are specified herein.

e il el L TR P S P |

SPACE SEGMENT |
| L5* i 5
! BLOCK III and | E
i FUTURESVs | 1BLocKIIF| | |[BLOCKIR | | BLOCK A 5

USER SEGMENT

* Illustration of minimum Signal-in-Space (SIS) components.

Future SVs may introduce additional signals beyond those shown.

Figure 3-1. GPS Space Segment to User Segment Interfaces

3 IS-GPS-705B
21 Sep 2011



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

One is a composite bit train generated by the modulo-2 addition of a pseudo-random noise (PRN) ranging code, a
synchronization sequence (see paragraph 3.3.3.1.2), and the downlink system data (referred to as L5 CNAV (civil
navigation) data), and the second is modulated with a PRN ranging code and synchronization sequence (see

paragraph 3.3.2.3) that differ from those used with the L5 CNAV data.

3.2.1 Ranging Codes. Two PRN ranging codes are transmitted on L5: the in-phase code (denoted as the I5-code);
and the quadraphase code (denoted as the Q5-code). Code-division-multiple-access techniques allow differentiating
between the SVs even though they may transmit at the same L5 frequency. The SVs shall transmit intentionally
"incorrect" versions of the I5 and the Q5-codes when needed to protect the users from receiving and utilizing
anomalous NAV signals. These two "incorrect" codes are termed non-standard IS (NSIS) and non-standard QS5

(NSQS5) codes.

3.2.1.1 L5-Codes. The PRN ranging codes I5;(t) and Q5i(t) for SV ID number i are independent, but time
synchronized, 1 millisecond in length, with a chipping rate of 10.23 Mbps. For each code, the 1-millisecond
sequences are the modulo-2 sum of two sub-sequences referred to as XA and XB;; their lengths are 8,190 chips and
8,191 chips, respectively that restart to generate the 10,230 chip code. The XB; sequence is selectively advanced,
thereby allowing the basic code generation technique to produce different code sequences of 1-millisecond in length.
Of these, 32 pairs are currently designated for use by SVs and 5 pairs are currently reserved. Assignment of these
code phase segments by SV ID number (or other use) is given in Table 3-1. SV ID and PRN numbers are identical to
those for the L1 and L2 signals as specified in IS-GPS-200.

The 74 codes (37 I5-codes and 37 Q5-codes) are a selected subset of over 4,000 possible codes that could be
generated using the selective advance. The remaining codes are available for future use of additional SVs and/or
other L5 signal applications such as Satellite-Based Augmentation System (SBAS) satellite signals. Of the

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

3.2.1.2 Non-Standard Codes. The NSI5 and NSQS5 codes, used to protect the user from tracking anomalous

navigation signals are not for utilization by the user and, therefore, are not defined in this document. The SVs shall
also be capable of initiating and terminating the broadcast of NSI5 and/or NSQS5 code(s) independently of each

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

3.2.2 NAV Data. The L5 CNAV data, Ds(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 encoded in a rate 1/2 convolution
encoder. The resulting 100 symbols per second (sps) symbol stream is modulo-2 added to the I5-code only; the
resultant bit-train is used to modulate the LS5 in-phase (I) carrier. The content and characteristics of the LS CNAV
data, Ds(t), are given in Appendix II of this document. In general, the data content is very similar to that modulated

on the L2 C channel of the SV.

The L5 quadraphase (Q5) carrier has no data.

4 IS-GPS-705B
21 Sep 2011



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

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

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

** In the binary notation for the first 13 chips of the I5 and Q5 XB codes as shown in these
columns. The rightmost bit is the first bit out. Since the initial state of the XA Code is all

1s, these first 13 chips are also the complement of the initial states of the IS or Q5-codes.

NOTE: The code phase assignments constitute inseparable pairs, each consisting of a specific
I5 and a specific Q5-code phase, as shown above.
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Table 3-Ia. Code Phase Assignments (sheet 2 of 2)
GPS PRN XB Code Advance — Chips* Initial XB Code State**
Signal No. 15 Q5 15 Q5
20 5443 1523 0110101101101 1100001110001
21 5641 4548 0010000001000 0110110010000
22 5816 4484 1110111101111 0010110001110
23 5898 1893 1000011111110 1000101111101
24 5918 3961 1100010110100 0110111110011
25 5955 7106 1101001101101 0100010011011
26 6243 5299 1010110010110 0101010111100
27 6345 4660 0101011011110 1000011111010
28 6477 276 0111101010110 1111101000010
29 6518 4389 0101111100001 0101000100100
30 6875 3783 1000010110111 1000001111001
31 7168 1591 0001010011110 0101111100101
32 7187 1601 0000010111001 1001000101010
33 7329 749 1101010000001 1011001000100
34 7577 1387 1101111111001 1111001000100
35 7720 1661 1111011011100 0110010110011
36 7777 3210 1001011001000 0011110101111
37 8057 708 0011010010000 0010011010001

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

** In the binary notation for the first 13 chips of the IS5 and Q5 XB codes as shown in these
columns. The rightmost bit is the first bit out. Since the initial state of the XA Code is all
1s, these first 13 chips are also the complement of the initial states of the IS or Q5-codes.

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

I5 and a specific Q5-code phase, as shown above.
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Table 3-Ib. Additional Code Phase Assignments (sheet 1 of 1)
PRN XB Code Advance — Chips** Initial XB Code State***
Signal No.* 15 Q5 15 Q5
38 5358 4226 0101100000110 1111110011101
39 3550 5604 1001001100101 0101010011111
40 3412 6375 1100111001010 1000110101010
41 819 3056 0111011011001 0010111100100
42 4608 1772 0011101101100 1011000100000
43 3698 3662 0011011111010 0011001011001
44 962 4401 1001011010001 1000100101000
45 3001 5218 1001010111111 0000001111110
46 4441 2838 0111000111101 0000000010011
47 4937 6913 0000001000100 0101110011110
48 3717 1685 1000101010001 0001001000111
49 4730 1194 0011010001001 0011110000100
50 7291 6963 1000111110001 0100101011100
51 2279 5001 1011100101001 0010100011111
52 7613 6694 0100101011010 1101110011001
53 5723 991 0000001000010 0011111101111
54 7030 7489 0110001101110 1100100110111
55 1475 2441 0000011001110 1001001100110
56 2593 639 1110111011110 0100010011001
57 2904 2097 0001000010011 0000000001011
58 2056 2498 0000010100001 0000001101111
59 2757 6470 0100001100001 0101101101111
60 3756 2399 0100101001001 0100100001101
61 6205 242 0011110011110 1101100101011
62 5053 3768 1011000110001 1010111000100
63 6437 1186 0101111001011 0010001101001

*  PRN sequences 38 through 63 are reserved for GPS.

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

*** In the binary notation for the first 13 chips of the IS5 and Q5 XB codes as shown in these
columns. The rightmost bit is the first bit out. Since the initial state of the XA Code is all
1s, these first 13 chips are also the complement of the initial states of the IS or Q5-codes.

NOTE #1: The code phase assignments constitute inseparable pairs, each consisting of a

specific IS and a specific Q5-code phase, as shown above.

NOTE #2: PRNs 38-63 are required per this Table if a manufacturer chooses to include these

PRNSs in their receiver design.
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3.2.3 L5 Signal Structure. The L5 consists of two carrier components that are in phase quadrature with each other.

Each carrier component is bi-phase shift key (BPSK) modulated by a separate bit train. One bit train is the modulo-
2 sum of the IS-code, NAV data, and synchronization sequence while the other is the Q5-code with no NAV data,
but with another synchronization sequence. For a particular SV, all transmitted signal elements (carriers, codes,

synchronization sequences, and data) are coherently derived from the same on-board frequency source.
3.3 Interface Criteria. The criteria specified in the following define the requisite characteristics of the LS interface.

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

3.3.1.1 Frequency Plan. The requirements specified in this document shall pertain to the signal contained within a
24 MHz band centered about the LS nominal frequency. The carrier frequencies for the L1, L2 and L5 signals shall
be coherently derived from a common frequency source within the SV. The nominal frequency of this source -- as it
appears to an observer on the ground -- is 10.23 MHz. The SV carrier 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 Af/f = -4.4647E-10, equivalent to a change in the I5 and Q5-code chipping rate of 10.23 MHz offset by a Af = -

4.5674E-3 Hz. This is equal to 10.2299999954326 MHz. The nominal carrier frequency (f;) -- as it appears to an
observer on the ground - shall be 1176.45 MHz, or 115 times 10.23 MHz.

3.3.1.2 Correlation Loss. Correlation loss is defined as the difference between the SV power received in the
bandwidth defined in 3.3.1.1 (excluding signal combining loss) and the signal power recovered in an ideal
correlation receiver of the same bandwidth using an exact replica of the waveform within an ideal sharp-cutoff filter
bandwidth centered at L5, whose bandwidth corresponds to that specified in 3.3.1.1 and whose phase is linear over
that bandwidth. The correlation loss apportionment due to SV modulation and filtering imperfections shall be 0.6

dB maximum.

3.3.1.3 Carrier Phase Noise. The GPS III SV shall provide LS signals with the following characteristic: the LS off-

axis relative power (referenced to peak transmitted power) shall not decrease by more than 2 dB from the Edge-of-
Earth (EOE) to nadir, and no more than 18 dB from EOE to 26 degrees off nadir; the power drop off between EOE

and +26 degrees shall be in a monotonically decreasing fashion.

3.3.1.4 Spurious Transmissions. In-band spurious transmissions, from the SV, shall be at or below -40 dBc over the

band specified in 3.3.1.1. In-band spurious transmissions are defined as transmissions within the band specified in

3.3.1.1 which are not expressly components of the L5 signal.
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3.3.1.5 Phase Quadrature. The two LS5 carrier components modulated by the two separate bit trains (I5-code plus

data and Q5-code with no data) shall be in phase quadrature (within £100 milliradians) with the Q5 signal carrier
lagging the IS signal by 90 degrees. Referring to the phase of the IS carrier when I5;(t) equals zero as the "zero
phase angle," the IS and Q5-code generator output shall control the respective signal phases in the following
manner: when I5;(t) equals one, a 180-degree phase reversal of the I5-carrier occurs; when Q5;(t) equals one, the Q5
carrier advances 90 degrees; when the Q5;(t) equals zero, the QS5 carrier shall be retarded 90 degrees (such that when
Q5i(t) changes state, a 180-degree phase reversal of the Q5 carrier 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-I1.

3.3.1.6 Signal Power Levels. The SV shall provide, at a minimum, worst-case IS and Q5 navigation signal strength
at end-of-life (EOL), in order to meet the levels specified in Table 3-III. The minimum received power is measured
at the output of a 3 dBi linearly polarized user receiving antenna (located near ground) at worst normal orientation,
when the SV is above a 5-degree elevation angle. The received signal levels are observed within the in-band
allocation defined in paragraph 3.3.1.1. Additional related data is provided as supporting material in paragraph

6.3.1.

The GPS III SV shall provide L5 signals with the following characteristic: the L5 off-axis relative power (referenced
to peak transmitted power) shall not decrease by more than 2 dB from the Edge-of-Earth (EOE) to nadir, and no
more than 18 dB from EOE to 26 degrees off nadir; the power drop off between EOE and +26 degrees shall be in a

monotonically decreasing fashion.

Table 3-II. Composite L5 Transmitted Signal Phase**

Nominal Composite L5 Code State
Signal Phase*
15 Q5
0° 0 0
-90° 1 0
+90° 0 1
180° 1 1
*  Relative to 0, 0 code state with positive angles leading and negative angles lagging.
**  Based on the composite of two L5 carrier components at the same power.
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Table 3-III. Received Minimum RF Signal Strength

Signal
SV Blocks
15 Q5
IIF -157.9 dBW -157.9 dBW
111 -157.0 dBW -157.0 dBW

3.3.1.6.1 Space Service Volume (SSV) Received Signal Power Levels. The SV shall provide, at a minimum, worst-

case I5 and Q5 navigation signal strength at end-of-life (EOL), in order to meet the SSV levels specified in Table 3-

IV. The minimum received power is measured at the output of a 0 dBi right-hand circularly polarized (i.e. 0 dB axial

ratio) user receiving antenna at normal orientation at the off-nadir angle of 26.0 degrees. The received signal levels

are observed within the in-band allocation defined in paragraph 3.3.1.1.

Table 3-IV. Space Service Volume (SSV) Received Minimum RF Signal Strength for
GPS III and Subsequent Satellites over the Bandwidth Specified in 3.3.1.1 — GEO Based
Antennas

SV Blocks

Signal

I5

Qs

IIT and Subsequent -182.0 dBW

-182.0 dBW
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3.3.1.7 Equipment Group Delay. Equipment group delay is defined as the delay between the signal radiated output

of a specific SV (measured at the antenna phase center) and the output of that SV's on-board frequency source; the
delay consists of a bias term and an uncertainty. The bias term on L1/L2 P(Y) is of no concern to users since it is
included in the clock correction parameters relayed in the NAV data, and is therefore accounted for by user
computations of system time (reference paragraphs 20.3.3.2.3, 20.3.3.3.2.3 and 20.3.3.3.2.4). The uncertainty
(variation) of these delays as well as the group delay differential between the signals of L1, L2, and L5 are defined

in the following.

3.3.1.7.1 Group Delay Uncertainty. The effective uncertainty of the group delays shall not exceed 3.0 nanoseconds
(95% probability).

3.3.1.7.2 Group Delay Differential. The group delay differential between the radiated L1 and LS5 signals (i.e. L1

P(Y) and L5 IS; and L1 P(Y) and L5 Q5) 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 30.0 nanoseconds. The
random plus non-random variations about the mean shall not exceed 3.0 nanoseconds (95% probability), when
including consideration of the temperature and antenna effects during a vehicle orbital revolution. L1 and L2 group
delay differential is described in 3.3.1.7.2 of IS-GPS-200. Corrections for the bias components of the group delay
differential are provided to the users in the NAV message using parameters designated as Tgp (reference paragraph

20.3.3.3.3.2 of IS-GPS-200) and Inter-Signal Correction (ISC) (reference paragraph 20.3.3.3.1.2).

3.3.1.7.3 Space Service Volume Group Delay Differential. The group delay differential between the radiated L5

signal, with respect to the Earth Coverage signal, for users of the Space Service Volume are provided in

http://www.igs.org/products/ssv

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

from the same on-board frequency standard. On the L5 channel, the chip transitions of the two modulating signals,
L5T and L5Q, shall be such that the average time difference between them, and between each and the transitions of
L1 P(Y), do not exceed 10 nanoseconds. The variable time difference shall not exceed 1 nanosecond (95%
probability), when including consideration of the temperature and antenna effect changes during a vehicle orbital
revolution. Corrections for the bias components of the group delay differential are provided to the users using

parameters designated as ISCs (reference paragraph 20.3.3.3.1.2).

3.3.1.9 Signal Polarization. The transmitted signal shall be right-hand circularly polarized (RHCP). For the angular
range of +13.8 degrees from nadir, LS5 ellipticity shall be no worse than 2.4 dB. Nominal values are listed in section

6.3.3.
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3.3.2 PRN Code Characteristics. The characteristics of the I5-codes and the Q5-codes are defined below in terms of

their structure and the basic method used for generating them. Figures 3-2 and 3-3 depict simplified block diagrams
of the scheme for generating the 10.23 Mbps I5;(t) and Q5;(t) patterns, and for modulo-2 summing the IS patterns
with the NAV bit train, Ds(t), which is rate 1/2 encoded and clocked at 100 sps. In addition, the 100 sps are
modulated with a 10-bit Neuman-Hofman code that is clocked at 1 kHz. The resultant composite bit trains are then
used to modulate the L5 in-phase carrier. The Q5-code is modulated with a 20-bit Neuman-Hofman code that is also

clocked at 1 kHz.

3.3.2.1 Code Structure. The I5,(t) pattern (I5-code) and the Q5;(t) pattern (Q5-code) are both generated by the
modulo-2 summation of two PRN codes, XA(t) and XBI;(nl;, t) or XBQi(nQ;, t), where nli and nQj; are initial states
of XBI; and XBQ; for satellite i. There are over 4000 unique L5 codes generated using different initial states of
which 128 are currently assigned and identified in Table 3-Ia and Table 3-Ib using the same basic code generator.

Section 6.3.4 provides a selected subset of additional L5-code sequences with assigned PRN numbers.
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Lyl T T T T L Reset to all 1s on next clock
iﬂ1‘2‘3‘4‘5‘6‘7‘ 8\ 9\10\11\12\13#
AL AL AL AL AT AL AL AL AL AL AL AL ol i
| All T's | ‘At
;;;;;;; XA Coder
XBI State for SV i L ji>— XIi(t)
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Yy bt b v b v v b by XQ
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Figure 3-2. Generation of Codes
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— 10.23 MHz —

Figure 3-3. Modulation of Signals

3.3.2.2 Code Generation. Each I5;(t) pattern (I5-code) and Q5;(t) pattern (Q5-code) are the modulo-2 sum of two
extended patterns clocked at 10.23 Mbps (XA and XBI; or XBQ;). XA is an 8190 length code, with an initial
condition of all 1s, that is short cycled 1-chip before its natural conclusion and restarted to run over a period of 1
millisecond (synchronized with the L1 frequency C/A-code) for a total of 10,230 chips. The XBI; and XBQ;, with
initial conditions indicated in Table 3-1, are 8191 length codes that are not short cycled. They are restarted at their
natural completion and run over a period of 1 millisecond (synchronized with the XA code) for a total of 10,230

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

XA: 1+ X0 +x0+x2 + x13, and

XBIiorXBQi:1+x+x3+x4+x6+x7+x8+x12+x13.

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 3-4 (XA code) and 3-5 (XB code). In the case of the
XB codes, the shift register can either be initialized with all 1s and advanced n; states as specified in Table 3-I, or

initialized with the state indicated in Table 3-1.

The state of each generator can be expressed as a code vector word which specifies the binary sequence constant of

each register as follows:
(a) the vector consists of the binary state of each stage of the register,

(b) the stage 13 value appears at the right followed by the values of the remaining states in order of descending stage

numbers, and
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(c) the shift direction is from lower to higher stage number with stage 13 providing the current output. This code
vector convention represents the present output and 12 future outputs in sequence. Using this convention, at each
XA epoch (state 8190), the XA shift register is initialized to the code vector 1111111111111, while at each XB
epoch (state 8191), the XB shift register is initialized to a code vector peculiar to the PRN number and phase. The
XB code vectors are as indicated in Table 3-1. Alternatively, the XB shift register is initialized to the code vector

1111111111111 and advanced n; states as indicated in Table 3-I.

The natural 8191 chips of the XA sequence is shortened to 8190 chips to cause precession of the second XA
sequence with respect to the natural 8191 chip XB sequence, as shown in Figure 3-6. Re-initialization of the XA
shift register produces a 10230-chip sequence by omitting the last 6151 chips of the second natural XA sequence, or
reinitializing to all 1s at the 1 ms epoch. The XB shift register is simply allowed to run its natural course until the
next 1 ms epoch when it is reinitialized at its initial state, BO, based upon PRN number and phase. This results in
the phase of the XB sequence leading by one chip during the second XA sequence in the 1-millisecond period.
Depending upon the initial state of the XB sequence, a third 8191-chip sequence may be started before the 10230-

chip sequence is completed. Two different scenarios that may result are shown in Figure 3-6.

In scenario a, the initial state of the XB sequence, B0, is less than State 6152. Thus, the second natural XB sequence
does not run to completion prior to the next 1 ms epoch. In scenario b, the initial state of the XB sequence, B0, is
greater than State 6151. Thus, the second natural XB sequence runs to completion and a third natural sequence

starts (except when BO is State 6152) prior to the next 1 ms epoch.
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Figure 3-5. XB Shift Register Generator Configuration
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Figure 3-6. Relative Phases between the XA and XB Sequences

3.3.2.3 Q5 Synchronization Sequence. In scenario b, the initial state of the XB sequence, B0, is greater than State

6151. Thus, the second natural XB sequence runs to completion and a third natural sequence starts (except when BO

is State 6152) prior to the next 1 ms epoch.

Each of the 1 ms Q5-code blocks is further encoded with a 20-bit Neuman-Hofman code. The 20 bits are modulo-2

added to the Q5 code chips at the PRN code epoch rate of 1 kHz. The code, nh20(t), starting coincident with the 20

ms data epoch on the I5 channel, is as follows:

lsl

Last

nh20(t)=00000100110101001110
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3.3.3 Navigation Data.

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

clocked at 100 symbols per second (sps). In addition, the 100 sps symbols are modulated with a 10-bit Neuman-
Hofman code that is clocked at 1 kHz (reference paragraph 3.3.3.1.2). The resultant symbol sequence is then

modulo-2 added with IS PRN code and used to modulate the L5 in-phase carrier.

3.3.3.1.1 Forward Error Correction The LS CNAYV bit train, Ds(t), will always be rate 1/2 convolution encoded with

a Forward Error Correction (FEC) code. Therefore, the symbol rate is 100 sps. The convolution coding will be
constraint length 7, with a convolution encoder logic arrangement as illustrated in Figure 3-7. The G1 symbol is
selected on the output as the first half of a 20-millisecond data bit period coincident with the first bit of the 20-bit Q5

Neuman-Hofman code.

Six-second navigation messages broadcast by the SV are synchronized with every fourth of the SV’s P(Y)-code X1
epochs. Although these epochs are not necessarily accessible to the L5 user, they are used within the SV to define
GPS time. However, message synchronization does provide the L5 user an access to the time of every 4™ P(Y)-code
X1 epoch. The navigation message is FEC encoded in a continuous process independent of message boundaries (i.e.
at the beginning of each new message, the encoder registers illustrated in Figure 3-7 contain the last six bits of the
previous message). Thus, herein, reference will continue to be made to these X1 epochs. See IS-GPS-200 for

details.

The FEC encoding convolves successive messages. It is necessary to define which transmitted symbol is
synchronized to SV time as follows. The beginning of the first symbol that contains any information about the first
bit of a message will be synchronized to every fourth X1 epoch (referenced to end/start of week). The users’
convolution decoders will introduce a fixed delay that depends on their respective algorithms (usually 5 constraint
lengths, or 35 bits), for which they must compensate to determine system time from the received signal. This
convolution decoding delay and the various relationships with the start of the data block transmission and SV timing

are illustrated in Figure 3-8 for the L5 signal.
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