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Civil Navigation(CNAV) Broadcast Status

SPACE AND MISSILE SYSTEMS CENTER

« CNAV Message Types 10, 11, 30, 33 currently transmitted on seven GPS |[IR-M
(L2C) & eight GPS IIF SVs (L2C & L5)
— MODNAV Tool integrated w/AEP providing CNAV message generation
— Daily CNAV uploads as of 31 Dec 14
» Signal Performance
— CNAV performing on par with Legacy during daily uploads
— Total RMS URE from 31 Mar -7 Apr 15
» Legacy: 0.517 m (URE for this week aided by additional LNAV uploads)
* Modernized: 0.584 m
— Best week: 22 Mar - 29 Mar 15
» Modernized: 0.397 m
« GPS IIF Launch & Constellation Upgrade
— SVN 68 & SVN 69 Ops Accepted to users for Legacy Signals
» CNAV message broadcast as of 23 Feb 15
— SVN 71 successful launch 25 Mar 15
— SVN 72 Launch scheduled for Jul 2015
» CNAV message broadcast for SVN 71 & SVN 72 expected Aug 2015

Pre-operational CNAV Broadcast Performance As Expected

2015 04 29 _GPS Civil Navigation Signal Status UNCLASSIFIED/APPROVED FOR PUBLIC RELEASE 3




[~
QO =
e~
O -
C o
o
® =
M
m Ky sinoy ‘ejeq jo 86y OAY
P~
= & R 8 B 8 8 R 2 o 1
=y . | el
0 “ ol B _ m [ |} £1 1| 0
rn i ™ | s [ oveosioz BS
g — [ ] . m L
QO - o3 - | — I 20205102 [RY
%) | 1 | - *_ m
al S o’ . - - Ln-m / 3
: - = : — _ solosioz (e
V .nu_ — i!lnf&ﬁhh.lt....llluhllrnuw Hol — # | (I~
> @ ool ] | zzzivioz [ES
A ) -lli!!ﬂﬂnlﬂllﬂuﬂﬂﬁm.._l. - - ﬁ ...w...
- .ﬁ SEERE. == 3 | sozivior e
w et L T E ] —mm gy -
N . o * besestr i Uhm 2 | rzieriee 2
AN g - | ———te g - e . ©
n 1 20 = I i.m I A . | - i ...l.lllll..l“ S - -
O =8¢ CTTIEEESE e M B
o T _ ettt ] || Lzovvioz (B3
N o I.I‘.l_.l.-l.!._!..—-l!i!“llﬂ.ld“._..lnﬁi n# Ny ! Q
e = |luu 2o gl — T ten e Y f [ | Evorvioz e
— H__ D € <) b denses wagz= Ilh.u.ﬂ“ s — iy}
g 5 Fizz e weone
— - » llulllﬂnu.ulﬂﬂla..l. -
m Q = ,_t,_h | EEEREREAERLRS e A L S S1-60-¥10Z m
Q oS hemeuETTEET g L. 3
i DR Y _ —— A R— —_— ©
i - SR tesusunnnuziy——r7ing [N iakaddenll
o = £ | | = =kl 8L-80v10Z B
3 = s 3 o800z
= B 8 0 emewmmmmmaniiiitieEe m o 1zovioz 1)
m o o ..!nt.uhnn......i -IiII“ _.__L m n...
> ! TSI, o 1> L0rL0vio2 ~
(m] C | N (N Y S I g S e P Ny e p———— L p
& > M L T S L cra0pi0z (W
N et 2]
m o3 ——n L LT e @ = s i)
< > e — 9z-50vL0z |
w M e o B o e e 3 it ...D...,.
i i s | TSR B 2V
S o ...I...thhhhn.hu..u.....hNuw W.Wnn > llhw 7 1 ”..
9 _ : : 1 8ZVOVI0Z |
o o o <) o <) o =) <) ©
S 7= w3 < o o - =) - Q
= &
@
: siajew ‘JYN SIS SWY

; -

UNCLASSIFIED/APPROVED FOR PUBLIC RELEASE

gation Signal Status

2015 04 29 _GPS Civil Navi



UNCLASSIFIED/APPROVED FOR PUBLIC RELEASE

CNAYV Performance

S SPACE AND MISSILE SYSTEMS CENTER

— LZC Performance starting with Daily Uploads: 1 Jan 15 to Present day
CNAV & LNAV Performance from Modernized SVs (IIRM & IIF)

3.0 LNAV_URE 16
2.8 - 1 { ! CNAV_URE |
— — CNAV-LNAV

2.6 T S S BT LNAV_AOD T 14

244+ 1+ 1 L 0] @] ]| eee= CHAV_AOD . |

2.2 r“ e '\l N W = A 7 ‘ p 12
0 20 b ) J ‘i “’.u"/"‘:--:: “.if *.,::?:}1;.‘ ,_Aa ”4)\-&' ‘.-:;ﬁ.;';‘\’,-f %_‘ we.m\fr-w 7 %
g 18 i | — 10

1.6 . -
: 1.4 g O
w ' .-
=3 [5)
K 12- . S — I S .
% 1.0 - ! | | . | | | ! | | 6 -,
& 0.8 . o
s 06 4 Z
& 0.4

0.2 2

0.0 | |

_0.2 | | | 0

20150101
20150108
20150115
2015-01-22
2015-01-29
2015-02-05
201502412
201502419
2015-02-26
20150305
201503412
2015-03-19
2015-03-26
20150402

LNAV slightly better than CNAV due to addition LNAV uploads
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CNAV Development

S SPACE AND MISSILE SYSTEMS CENTER

« Live-sky event summer of 2013
— Test & Verification of 8/15 defined CNAV Message Types
— Led to pre-operational use beginning 28 Apr 14

« Planned live-sky event fall of 2015
— Incorporate Midi Almanac (MT37)
+ GPS IIF SV require only MODNAV Tool software updates
 GPS l[IR-M SVs require MODNAV Tool & SV software updates as well as changes to ICDs
— Exercise functionality of GNSS off-set parameters (MT35)
* Integration efforts in progress with NGA and USNO for direct feed of GGTO, UTC and ISC
values into AEP

* Future development TBD
— Software development and test of differential corrections & text messaging require additional

knowledge on CONOPs and/or intended use
+ MT13 (Clock Differential)
« MT14 (Ephemeris Differential)
« MT15 (Text)
« MT34 (Clock & Differential)
+ MT36 (Clock & Text)

— Broadcast of reduced almanac (MT 12 & MT 31) is unlikely; pending further direction
2015 04 29 _GPS Civil Navigation Signal Status UNCLASSIFIED/APPROVED FOR PUBLIC RELEASE 6
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CNAV Development

E— e SPACE AND MISSILE SYSTEMS CENTER
Msg CNAV Message Title Function/Purpose
Type

0 Qefault Default message (transmitted when no msg data is available)

10 Ephemeris 1 SV position parameters for the transmitting SV

11 Ephemeris 2 SV position parameters for the transmitting SV

12 Reduced Almanac Reduced almanac data packets for 7 SVs

13 Clock Differential Correction SV Clock differential correction parameters

14 Ephemeris Differential Correction | SV Ephemeris differential correction parameters

15 Text Text, 29 eight-bit ASCII characters

30 Clock, IONO & Group Delay SV Clock Correction Parameters, lonospheric and Group Delay correction
parameters (Inter-Signal Correction parameters)

31 Clock & Reduced Almanac SV Clock Correction |5arameters, Reduced almanac data packets for 4 SVs

32 Clock & EOP SV Clock Correction Parameters, earth orientation parameters; ECEF-to-ECI
coordinate transformation

33 Clock & UTC SV Clock Correction Parameters, Coordinated Universal Time (UTC) Parameters

34 Clock & Differential Correction SV Clock Correction Parameters, SV clock and Ephemeris differential correction
parameters

35 Clock & GGTO SV Clock Correction I5arame1ers, GPS to GNSS Time Offset parameters.

36 Clock & Text SV Clock Correction Parameters, Text, 18 eight-bit ASCI| characters

37 Clock & Midi Almanac SV Clock Correction Parameters, Midi Almanac parameters

15 Defined Message Types

[] Tested & verified summer of 2013

[1 Development planned for fall test event 2015

(1 Conops/direction required for development & test
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CNAV Monitoring

S SPACE AND MISSILE SYSTEMS CENTER

Operational monitoring of civil modernized signals

— Joint Propulsion Lab (JPL) world-wide monitoring stations
 |nitial capability and procedures delivered to 2SOPS Dec 2014
» Capability upgrade scheduled for Feb 2016

« SMC/GP MODNAYV Database & Website
— SMC/GP & MITRE CONUS CNAV website data bits (L2C & L5) updated
every 15 min or less @ https://gps-modnavdb.mitre.org
— NGA global CNAYV data bits (L2C only) updated daily
— Expansion of NGA L5 Signal Monitoring by 3Q 2015
» L2C and L5 updated every 15 min or less
» Legacy signals remain the priority during CNAV pre-operational broadcast
— If URE or AOD limits are exceeded, the path forward will not affect the
broadcast of legacy signals

— Collaboration with GPE, GPL and FFRDC teams to include the GPE/MITRE
MODNAYV database & website will occur to determine the best course of action
If the URE or AOD limits are exceeded
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Questions

— SPACE AND MISSILE SYSTEMS CENTER
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