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Up-Front Remarks
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• This has been a long-term effort
– Much work done at US-EU Bi-Lat Working Group C

• Multiple Global Navigation Satellite Systems (MGNSS)
– GPS+Galileo together to support civil aviation operations

• Advanced Receiver Autonomous Integrity Monitoring (ARAIM)
– Integrity Support Message (ISM)

• Not much has changed technically since the last PICWG
– Same MT-38 as briefed on 12 Sep 18

• Galileo event in Jul 19 proved the need for 2-bit status flags
– MT-39/-40 are still here for the time being

• Progress being made elsewhere on ‘civil key management’
– May be able to take advantage of other people’s work
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Context
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• Previously briefed at the PICWG in 2018 & 2016
– Earlier draft versions of this ISM proposal

• Reviewed and refined within US-EU Working Group C
– Few substantial changes
– Operational concept harmonization
– Competing ISM concepts found lacking

• This is one of the final socialization steps
– Overview for PICWG questions & feedback

• From ‘big picture’ to ‘bit particulars’
– Expect final PIRNs for review at next year’s PICWG
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Outline
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• Integrity Support Message (ISM)

• GPS MT-38/39/40 Proposal
– MT-38 – ARAIM Parameters
– MT-39 – ISM Management 
– MT-40 – ISM Signature Key 

• MT-38/39/40 Details
– L2CM signal, IS-GPS-200
– L5I5 signal, IS-GPS-705
– L1CD signal, IS-GPS-800  

• Concluding Remarks
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ISM Principles
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• Constellations will mature 
• A priori statistics will change
• Receivers don’t read SPS PSs
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RAIM Reminders
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Baseline RAIM has been Supporting 
Horizontal Navigation Since 1993

GPS constellation
Single frequency
Possibly with SA

(ρ(k)-G(k)x)

• RAIM runs at same rate as PVT solution (e.g., 1 Hz typical) 
• RAIM is basically a statistical consistency test

– 4 measurements will always be consistent = no RAIM
– 5 measurements may be inconsistent = “Fault Detection” (FD)

• Each subset of 4 will always be consistent = no more info 
– 6 measurements may be inconsistent = FD

• 5 of the 6 subsets of 5 may be inconsistent = “Fault Exclusion” (FE)
– 7 measurements may be inconsistent = FD+FE = “FDE”

• 6 of the 7 subsets of 6 may be inconsistent = FE
• RAIM works provided ≤ 1 faulty measurement at a time

– 2 faulty measurements might – or might not – be detected
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RAIM Can Be Helped
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Baseline RAIM has been Supporting 
Horizontal Navigation Since 1993

GPS constellation
Single frequency
Possibly with SA

(ρ(k)-G(k)x)

• RAIM is inescapably a statistical consistency test
– If a priori statistics too tight

→ Too many false detections / false exclusions
→ Poor usability (users hate this)

– If a priori statistics too loose
→ Can only detect/exclude huge faults

→ Poor availability (users hate this)
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ISM is to Help RAIM
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Advanced RAIM to Support 
Lateral and Vertical Navigation

GPS constellation+
Dual frequency+
SA gone forever

(ρ(k)-G(k)x)

• ISM provides the proper a priori statistics
– Not too tight
– Not too loose
– Just right for current conditions

• Optimum RAIM performance!
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Outline
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• Integrity Support Message (ISM)

• GPS MT-38/39/40 Proposal
– MT-38 – ARAIM Parameters
– MT-39 – ISM Management 
– MT-40 – ISM Signature Key 

• MT-38/39/40 Details
– L2CM signal, IS-GPS-200
– L5I5 signal, IS-GPS-705
– L1CD signal, IS-GPS-800  

• Concluding Remarks
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GPS MT-38 “Big Picture”
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ARAIM Parameters
• US/EU aviation receivers*

– RTCA/FAA
– EUROCAE/EASA

• Foreign aviation receivers*
• Global all civil receivers*
• US military receivers*
• Foreign military receivers*
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MT-38
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Content

* Only if CNAV capable

** Service Provider
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GPS MT-38 “Simple First Case”
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GPS CNAV
2 Sets of ARAIM Parameters

• Set of parameters for GPS
• Set of parameters for Galileo

GPS-Only ARAIM Receiver
• Listen to MT-38 for GPS

GPS-Galileo ARAIM Receiver
• Listen to MT-38 for GPS
• Listen to MT-38 for Galileo

FAA

CNAV
MT-38 for GPS
MT-38 for Galileo

ISM 
Packages

CNAV
MT-38 for GPS
MT-38 for Galileo
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ISM 
Content

Other 
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** Service Provider

Future Capability –
Not discussed now
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International Politics However…
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• National Space Policy of the U.S.A (POTUS, 28 Jun 10)
– The United States shall:

• The MT-38/-39/-40 design can accommodate GPS only, 
GPS and Galileo, GPS and GNSSx and SBASy etc.

• The EU may NOT be ready for so much cooperation
– GPS might not broadcast an ISM for Galileo (yet)

• Just broadcasting ISM for GPS still very worthwhile
– International civil aviation almost exclusively based on GPS

“Engage with foreign GNSS providers to encourage compatibility
and interoperability, promote transparency in civil service provision,
and enable market access for U.S. industry”
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GPS MT-38 “Very Simple First Case”
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GPS MT-38 “Enterprise Perspective”
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JSPOC MCS

GPS

Space

NGA MS (12)
USAF (6)

Control

GPS GA

CNAV
MT-38 for GPS
MT-38 for Galileo

ISM 
Packages

CNAV
MT-38 for GPS
MT-38 for Galileo

INPUT
• Package of data for MT-38 for GPS
• Package of data for MT-38 for Galileo

OUTPUT
• CNAV Broadcast MT-38 for GPS
• CNAV Broadcast MT-38 for Galileo

Notes
• New input packages ≈ monthly
• Same MT-38s from all satellites
• MT-38 transitions can take a day
• MT-38 repeat ≈ 144 sec [TBR]

INPUT

OUTPUT Basically 1/1,000
th of Modernized

“Civil Text Message” Capability
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GPS MT-38 “Source Perspective”
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FAA

ISM SP**

** Service Provider

JSPOC

• FAA will be “source” of the ISM data packages
– Direct service provider of ISM data for GPS

• Pay heed to DoD’s SPS PS commitments
• Possible refinement using the WAAS network
• Possible refinement using outside contractor

– Responsible for the ISM data for GPS

– Indirect provider of ISM data for Galileo
• Make arrangement with European authorities
• Suitable European “service provider” (e.g., GSA)

– Pay heed to EU’s OS SDD commitments
– Possible refinement using the EGNOS network
– Possible refinement using outside contractor
– Responsible for the ISM data for Galileo
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GPS MT-38 “User Perspective”
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User

GPS

Space

Galileo

GPS CNAV
2 Sets of ARAIM Parameters

• Set of parameters for GPS
• Set of parameters for Galileo

GPS-Only ARAIM Receiver
• Listen to MT-38 for GPS

GPS-Galileo ARAIM Receiver
• Listen to MT-38 for GPS
• Listen to MT-38 for Galileo

CNAV
MT-38 for GPS
MT-38 for Galileo

• User receiver processes GNSS
– GPS-only or GPS+Galileo

• User receiver processes MT-38s
– GPS-only or GPS+Galileo

• User receiver performs FD/FDE
– Better than standard RAIM

• User navigates safely
– Life is good

Future Capability –
Not discussed now
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GPS MT-39/40 Special Features
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2 Sets of ARAIM Parameters

• Set of parameters for GPS
• Set of parameters for Galileo

GPS-Only ARAIM Receiver
• Listen to MT-38 for GPS

GPS-Galileo ARAIM Receiver
• Listen to MT-38 for GPS
• Listen to MT-38 for Galileo

FAA

CNAV
2x MT-39/40 for GPS
2x MT-39/40 for Galileo

ISM 
Packages

CNAV
2x MT-39/40 for GPS
2x MT-39/40 for Galileo

ISM SP
ISM 

Content

• Digital Signatures*
– Not technically required
– Addresses other concerns

• FAA to digitally sign MT-38s
– MT-38 for GPS
– MT-38 for Galileo

• EU to digitally sign MT-38s
– MT-38 for GPS
– MT-38 for Galileo

• MT-39 is digital signature

• MT-40 is public key
* See FIPS PUBs 180-4 & 186-4
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End State:
MT-38/39/40 Quid Pro Quo
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Galileo Infrastructure

User

GPS

Space

Galileo

GPS CNAV
2 Sets of ARAIM Parameters

• Set of parameters for GPS
• Set of parameters for Galileo

GPS-Only ARAIM Receiver
• Listen to MT-38 for GPS

GPS-Galileo ARAIM Receiver
• Listen to MT-38 for GPS
• Listen to MT-38 for Galileo

FAA
GPS ISM Data
GPS ISM Signature
Galileo ISM Signature
Public Key

OS Data Message
US GPS ISM Data
US GPS ISM Signature
US Galileo ISM Signature
US Public Key

• Expectations from Galileo
– Broadcast US GPS ISM data
– Broadcast US GPS ISM signature
– Broadcast US Galileo ISM signature
– Broadcast US public key
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Outline
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• Integrity Support Message (ISM)

• GPS MT-38/39/40 Proposal
– MT-38 – ARAIM Parameters
– MT-39 – ISM Management 
– MT-40 – ISM Signature Key 

• MT-38/39/40 Details
– L2CM signal, IS-GPS-200
– L5I5 signal, IS-GPS-705
– L1CD signal, IS-GPS-800  

• Concluding Remarks
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GPS MT-38 Details – 1
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GPS MT-38 Details – I
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GPS MT-38 Details – I
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GPS MT-38 Details – II
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GPS MT-38 Details – III
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GPS MT-38 Details – IV
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GPS MT-38 Details – V

The competing 1-bit flag proposal was found to be
inadequate to handle the Galileo event in July 2019
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GPS MT-39 Details
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GPS MT-40 Details
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Outline
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• Integrity Support Message (ISM)

• GPS MT-38/39/40 Proposal
– MT-38 – ARAIM Parameters
– MT-39 – ISM Management 
– MT-40 – ISM Signature Key 

• MT-38/39/40 Details
– L2CM signal, IS-GPS-200
– L5I5 signal, IS-GPS-705
– L1CD signal, IS-GPS-800  

• Concluding Remarks
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Way Forward
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• Develop Necessary PPCNs
– “Preliminary Proposed Change Notice”

• Basically a draft PCN
• Complete details of MT39 and MT40

• One more round of PPCN review with stakeholders
– GP internal 
– FAA
– DoD stakeholders
– US-EU Working Group C (including Galileo)

• Teeing-up for RFC and PCNs at future PICWG
– A ‘live sky demo’ would be desirable before PCN finalization
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