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DOCUMENTING IRIDIUM’S “LEGACY”AND “CERTUS” SERVICES FOR ICAO HANDBOOK INCLUSION
(Presented by Damon C. Ladson on behalf of Iridium Communications, Inc.
Author: Michael Hooper, Iridium Director Aviation LOB – Chair RTCA SC-222 AMS(R)S)
	SUMMARY

	This document proposes the inclusion of system characteristics for I*'s AMS(R)S ‘legacy’ service and the more advanced 'Certus' service in the ICAO Frequency Spectrum Handbook. Both services operate in the frequency band 1616 - 1626.5 MHz and contribute to the safety and regularity of international air traffic along civil air routes.


1. INTRODUCTION

1.1 Iridium’s AMS(R)S offerings include the well-established “'’legacy‘ service and the newer “Certus” service, both of which are integral to global aviation communication infrastructure. This document provides system characteristics of those documents to include in the updated ICAO Frequency Spectrum Handbook.
2. DISCUSSION

2.1 Iridum’s ‘legacy’ AMS(R)S provides fundamental safety and operational communication services, while 'Certus' offers enhanced capabilities with increased bandwidth and improved data rates. Certus is not yet operational for AMS(R)S as FAA Certus Evaluation is planned to start in 2024.
2.2 Documenting both sets of system characteristics in the Handbook will support comprehensive frequency management and uphold ICAO's mandate for safety and efficiency in international civil aviation.
2.3 Details of the 'legacy' and 'Certus' services are provided in Annex A and Annex B, respectively, outlining their operational profiles, technical parameters, and usage in contributing to the safety and regularity of international air traffic along civil air routes.
3. ACTION BY THE MEETING

3.1 The meeting is invited to:

a) review the 'legacy' and 'Certus' AMS(R)S system characteristics as detailed in Annex A and Annex B.
b) endorse the inclusion of both I*'s AMS(R)S services in the Handbook, ensuring their roles in global aviation communications are accurately reflected and harmonized; and

c) support the update of the Handbook to include the latest satellite communication technologies that enhance the safety and regularity of flights. 
— END —
Annex A – Generic System Parameter Template

Iridium ‘legacy’ (1616-1626.5MHz)
QUICK REFERENCE

	System name
	Iridium “legacy” narrowband

	Description
	Iridium “legacy” offers AMS(R)S using our Short Burst Data for FANS messages and circuit switch voice for ATS voice to aircraft operating in oceanic, remote and polar operations. 

	Technologies used
	L-Band FDMA/TDMA combined

	International Spectrum Allocation
	1616MHz to 1626.5MHz

	ICAO regulations on usage
	"Annex 10 to the Convention on International Civil Aviation, Aeronautical Communications, Volume III Communication Systems, (Part I — Digital Data Communication Systems, Chapter 4)," International Civil Aviation Organization (ICAO), Montréal, Second Edition 2007



	
	


System Summary

The Iridium “Legacy” system has been in service since June 2000, initially for non‑safety users. “Legacy” Iridium began offering AMS(R)S in 2010. Iridium “Legacy” AMS(R)S operates over low earth orbit satellites and provides both circuit-switched services (for voice) and packet-switched services (for data) with a data rate of up to 2.4 kbit/s transmit and receive. Iridium “Legacy” service is shared with other concurrent users of the system, ensuring best use of the available spectrum but priority management for AMS(R)S is ensured by network design.

The Iridium network consists of 66 satellites in a LEO network organized in 6 orbital planes each containing 11 satellites at an orbital inclination of 86.4 degrees. There are a total of 14 spare satellites with each plane containing at least 1 satellite that can be moved into an operational mode when needed. The satellites are in polar orbit traveling in the south to north direction on one side of the globe and then north to south on the other side. The satellites’ orbital speed is roughly 7.5 km/s (27,000 km/h), and they circle the Earth approximately once every 100 minutes.

Iridium “Legacy” uses L-Band for service delivery, Ka-Band for crosslinks and feeder links for telemetry control and data transport across the network. Satellite L-Band antenna patterns are formed by the Main Mission Antenna (MMA) on each satellite. The MMA forms 48 spot beams on the Earth’s surface, covering roughly 2000km diameter.  This architecture provides worldwide coverage, including the polar regions. 

Iridium owns and operates the satellite ground infrastructure and delivers traffic to the CNPs (such as, for example, Aeronautical Radio Inc. (ARINC) and Société Internationale de Télécommuncation Aéronautiques (SITA)). The CNPs provide key elements of the end-to-end aircraft communications addressing and reporting system (ACARS) and voice service and deliver traffic to air navigation services providers (ANSPs) and airlines. A key service that the CNPs offer is a secure two-stage dialling as well as single-stage VoIP capability for access to prioritize ground-to-air voice communication.
Equipage and usage

Airspace users operating the equipment:  See Appendix A for AMS(R)S aircraft listing. No listing provided for non-safety as these are not traced in our system to that level.
Usage:  Oceanic, remote and polar operations for AMS(R)S.  For non-safety, we have domestic operations globally in all continents and regions of the world.
Additional operational notes:

· Additional notes on equipage or usage that may clarify system for non-aviation readers.

Historical information

Iridium offerings to aviation began in early 2000’s for non-safety applications for voice and data services. In 2010, Iridium received FAA approval for offering FANS data services as well as ATS Safety Voice services. Iridium is the only global provicer of L-band services. Iridium network with doppper shift capabilities can easily communication with aircraft traveling up to Mach 17 (which has never happened!).
Radio Altimeter Reference model for interference studies

System parameters

	Parameter
	Value (FMCW)
	Value (Pulsed)
	Source (if available)

	Max transmit power (peak W)
	EIRP min 4dBW
EIRP max 9dBW
	
	RTCA DO-262 MOPS Appendix D Table D-7/ EUROCAE DO-243 MOPS Appendix D Table D-7

	Receiver sensitivity or noise floor
	For Iridium, we have testing for 2% BER which then translates to meet the required data integrity of better than 10^-6.  The 2% BER level is -106dBm at point A which is at the antenna connection.
	
	RTCA DO-262 MOPS Appendix D Table D-7/ EUROCAE DO-243 MOPS Appendix D Table D-7

	Noise figure (dB)
	Measured for all as 4.5dB

	Iridium internal documentation.

	Protection criteria for Desensitization I/N (dB)*
	Older transceivers 95XX/96XX have none but latest generation transceivers 95XXN and 96XXN have 6dB
	Iridium internal documentation.

	Feeder cable losses (dB)
	96XX(N) is 3dB max.  95XX(N) is 7dB max
	Iridium partner documentation.


Transmitter emissions mask

	Parameter
	Value
	Source (if available)

	Protection requirements for HSN and other RF emission limits documented in DO-262/ED-243 MOPS
	
	Section D2.2.3.1.2.1.5 in DO-262/ED-243 MOPS Appendix D


Receiver selectivity mask

	Interference frequency
(MHz)
	RF filter attenuation
(dB)

	Blocking performance - per ETSI 301 441

	See ETSI


Antenna pattern

	Parameter
	Value
	Source (if available)

	Derived antenna pattern
	All antenna are passive omni antennas
	Iridium requirement for certification.

	3 dB beamwidth (Deg)
	
	

	Polarization
	RHCP
	

	Maximum gain (dBi)
	Max 3dB (as per omni theroretical max) - typical 1dB to 2dB varies over azimuth

	

	Antenna FDR (dB)
	All gain is in the Iridium frequency band

	


Technical References:

ICAO Annex 10 and other ICAO Documents
· "Annex 10 to the Convention on International Civil Aviation, Aeronautical Communications, Volume III Communication Systems, (Part I — Digital Data Communication Systems, Chapter 4)," International Civil Aviation Organization (ICAO), Montréal, Second Edition 2007

· Manual on the Aeronautical Mobile Satellite (Route) Service (Doc 9925), International Civil Aviation Organization (ICAO), Montréal 1st Edition, 2010

· “Performance-based Communication and Surveillance (PBCS) Manual (Doc 9869)”, International Civil Aviation Organization (ICAO), Montréal. Second Edition 2017

· “Global Operational Datalink (GOLD) Manual (Doc 10037)”, International Civil Aviation Organization (ICAO), Montréal. First Edition 2017

· “Satellite Voice Operations Manual (SVGM) (Doc 10038)”, International Civil Aviation Organization (ICAO), Montréal.First Edition 24 July 2012___________________

RTCA:
· "Minimum Aviation System Performance Standard (MASPS) for AMS(R)S Data and Voice Communications Supporting Required Communications Performance (RCP) and Required Surveillance Performance (RSP) in Procedural Airspace”, RTCA, Inc., DO-343D, 21 June 2021.

· "Minimum Operational Performance Standards (MOPS) for Avionics Supporting Next Generation Satellite Systems (NGSS)," RTCA, Inc., Washington, DC, DO-262F (June  2021).

EUROCAE:

· "Minimum Aviation System Performance Standard (MASPS) for AMS(R)S Data and Voice Communications Supporting Required Communications Performance (RCP) and Required Surveillance Performance (RSP) in Procedural Airspace”, EUROCAE ED-242C June 2021.

· "Minimum Operational Performance Standards (MOPS) for Avionics Supporting Next Generation Satellite Systems (NGSS)," EUROCAE ED-243B June 2021.

ARINC characteristic:
· No ARINC characteristic for “legacy” Iridium.  
ITU Res./Rec.: 

· ITU-R M.1184-3: “Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service (MSS) and other services”  
· ITU-R M.1188-1: “Impact of propagation on the design of non-GSO mobile-satellite systems not employing satellite diversity which provide service to handheld equipment”
· ITU-R M.1854-1: “Use of mobile-satellite service in disaster response and relief”
Other relevant material or developments:
Appendix A   Aircraft Fitment

The following is based on the last FAA STC index  for AMS(R)S operations only and should be considered as initial aircraft list vs complete. This does not cover other aircraft certified through EUROCAE eTSO process nor does in include non-safety aircraft, UAS/UAV, rotocraft, or high-altitude balloon and other aircraft.
	Manufacturer
	Airframe
	Model

	Airbus
	A319
	111

	Airbus
	A319
	112

	Airbus
	A319
	113

	Airbus
	A319
	114

	Airbus
	A319
	115

	Airbus
	A319
	131

	Airbus
	A319
	132

	Airbus
	A319
	133

	Airbus
	A320
	111

	Airbus
	A320
	211

	Airbus
	A320
	212

	Airbus
	A320
	214

	Airbus
	A320
	231

	Airbus
	A320
	232

	Airbus
	A320
	233

	Airbus
	A321
	111

	Airbus
	A321
	112

	Airbus
	A321
	131

	Airbus
	A321
	211

	Airbus
	A321
	212

	Airbus
	A321
	213

	Airbus
	A321
	231

	Airbus
	A321
	232

	Airbus
	A330
	201

	Airbus
	A330
	202

	Airbus
	A330
	203

	Airbus
	A330
	223

	Airbus
	A330
	223F

	Airbus
	A330
	243

	Airbus
	A330
	243F

	Airbus
	A330
	301

	Airbus
	A330
	303

	Airbus
	A330
	321

	Airbus
	A330
	322

	Airbus
	A330
	323

	Airbus
	A330
	341

	Airbus
	A330
	342

	Airbus
	A330
	343

	Boeing
	727
	200

	Boeing
	727
	200F

	Boeing
	727
	700

	Boeing
	737
	200

	Boeing
	737
	300

	Boeing
	737
	400

	Boeing
	737
	500

	Boeing
	737
	600

	Boeing
	737
	700

	Boeing
	737
	700C

	Boeing
	737
	800

	Boeing
	737
	900

	Boeing
	737
	900ER

	Boeing
	747
	100

	Boeing
	747
	100B

	Boeing
	747
	100B SUD

	Boeing
	747
	200B

	Boeing
	747
	200C

	Boeing
	747
	200F

	Boeing
	747
	300

	Boeing
	747
	400

	Boeing
	747
	400D

	Boeing
	747
	400F

	Boeing
	757
	200

	Boeing
	757
	200CB

	Boeing
	757
	200PF

	Boeing
	757
	300

	Boeing
	767
	200

	Boeing
	767
	300

	Boeing
	767
	300F

	Boeing
	777
	200

	Boeing
	777
	200LR

	Boeing
	777
	300

	Boeing
	777
	300ER

	McDonnel Douglas
	DC-10
	10

	McDonnel Douglas
	DC-10
	10F

	McDonnel Douglas
	DC-10
	15

	McDonnel Douglas
	DC-10
	30

	McDonnel Douglas
	DC-10
	40

	McDonnel Douglas
	DC-10
	40F

	McDonnel Douglas
	DC-10
	10F

	McDonnel Douglas
	DC-10
	30F

	McDonnel Douglas
	MD
	11

	McDonnel Douglas
	MD
	11F

	Bombardier
	BD
	700 

	 Bombardier
	CL
	 600

	 Bombardier
	CL
	 604

	 Bombardier
	CL
	 650

	Gulfsteam
	G
	1159

	 Gulfsteam
	G
	1159A

	 Gulfsteam
	G
	1159B

	 Gulfsteam
	G
	IV

	 Gulfsteam
	GIV
	X

	 Gulfsteam
	G
	V

	 Gulfsteam
	GV
	SP

	Falcon
	900
	 


Annex B – Generic System Parameter Template

Iridium Certus (1618-1626.5MHz)
QUICK REFERENCE

	System name
	Iridium Certus 

	Description
	Iridium ‘Certus’ offers IP based AMS(R)S messages over VPN/PKI and ATS voice to aircraft operating in oceanic, remote and polar operations

	Technologies used
	L-Band TDMA/FDMA

	International Spectrum Allocation
	1618MHz – 1626.5MHz

	ICAO regulations on usage
	"Annex 10 to the Convention on International Civil Aviation, Aeronautical Communications, Volume III Communication Systems, (Part I — Digital Data Communication Systems, Chapter 4)," International Civil Aviation Organization (ICAO), Montréal, Second Edition 2007



	
	


System Summary

The Iridium ‘Certus’ system has introduced new waveforms into the satellite network while still supporting Iridium ‘legacy’ wavefrom for service continuity.  Iridium ‘Certus’ launched to maritime, land mobile and IOT services in 2019 but AMS(R)S is planned for FAA Evaluation to start Q4 2024. Regulatory work for Certus in RTCA/EUOCAE/ARINC has been completed and work is ongoing currently in ICAO for new SARPS update. The Certus services are all IP based and the new transcweiver designs enable simultaneous voice and data service from a single transceiver using a single antenna. By comparison, Iridium “legacy” requires multiple transceivers and antenna to enable voice and data services where Certus is a single system and antenna. Iridium Certus service is shared with other concurrent users of the system, ensuring best use of the available spectrum but priority management for AMS(R)S is ensured by network design.

The Iridium network consists of 66 satellites in a LEO network organized in 6 orbital planes each containing 11 satellites at an orbital inclination of 86.4 degrees. There are a total of 14 spare satellites with each plane containing at least 1 satellite that can be moved into an operational mode when needed. The satellites are in polar orbit traveling in the south to north direction on one side of the globe and then north to south on the other side. The satellites’ orbital speed is roughly 7.5 km/s (27,000 km/h), and they circle the Earth approximately once every 100 minutes.

Iridium Certus uses L-Band for service delivery, Ka-Band for crosslinks and feeder links for telemetry control and data transport across the network. Satellite L-Band antenna patterns are formed by the Main Mission Antenna (MMA) on each satellite. The MMA forms 48 spot beams on the Earth’s surface, covering roughly 2000km diameter.  This architecture provides worldwide coverage, including the polar regions. 

Iridium owns and operates the satellite ground infrastructure and delivers traffic to the CNPs (such as, for example, Aeronautical Radio Inc. (ARINC) and Société Internationale de Télécommuncation Aéronautiques (SITA)). The CNPs provide key elements of the end-to-end aircraft communications addressing and reporting system (ACARS) and voice service and deliver traffic to air navigation services providers (ANSPs) and airlines. A key service that the CNPs offer is a secure two-stage dialling as well as single-stage VoIP capability for access to prioritize ground-to-air voice communication
Equipage and usage

Airspace users operating the equipment:  At this time, there are plans for Boeing 737, Boeing 767 and Boeing 777X aircraft STC for 2024. There are aircraft operating with Certus for non-safety such as Bombardier, Pilatus, various C2 link and rotorcraft at this time. 
Usage:  Iridium is global coverage but AMS(R)S is only offered in oceanic, remote and polar operations. 
Additional operational notes:

· Iridium Certus cannot be installed on an aircraft that has GLONASS antenna installed given close proximity of frequency prevents co-location due to interference potential.
Historical information

None
Radio Altimeter Reference model for interference studies

System parameters

	Parameter
	Value (FMCW)
	Value (Pulsed)
	Source (if available)

	Max transmit power (peak W)
	B1 QPSK  10.5dBW
C1 QPSK  9.5dBW

C2 QPSK  8.5dBW

C8 QPSK  14.5dBW

2C8 QPSK  17.5dBW

C8 16APSK  19.5dBW

2C8 16APSK 22.5dBW
	
	RTCA DO-262 MOPS Appendix F Table F-11/ EUROCAE DO-243 MOPS Appendix F Table F-11

	Receiver sensitivity or noise floor
	Varies by waveform and receive elevation. See Appendix B for table
	
	RTCA DO-262 MOPS Appendix F Section 2.2.3.1.3.2.1.1 Receiver Sensitivity/ EUROCAE DO-243 MOPS Appendix F Section 2.2.3.1.3.2.1.1 Receiver Sensitivity

	Noise figure (dB)
	SFX 9770 Modem 5.5dB

BCX9810 Transceiver 12dB
	The 9770 has built in PA/LNA and used passive omni antenna where the BCX9810 requires a partner to build their own PA/LNA design to interface.

	Protection criteria for Desensitization I/N (dB)*
	9770SFX has 6dB bandpass filter at upper edge of Iridium band.  BCX LNA is partner built so will vary
	Iridium requirements

	Feeder cable losses (dB)
	SFX9770 Modem – 2dB (total)
BCX9810 – by partner PA/LNA design
	Iridium requirements


Transmitter emissions mask

	Parameter
	Value
	Source (if available)

	Protection requirements for HSN and other RF emission limits documented in DO-262/ED-243 MOPS
	
	RTCA DO-262 MOPS Appendix F Section F.2.2.3.1.3.1.4/ EUROCAE DO-243 MOPS Appendix F Section F.2.2.3.1.3.1.4


Receiver selectivity mask

	Interference frequency
(MHz)
	RF filter attenuation
(dB)

	Blocking performance - per ETSI 301 441

	See ETSI


Antenna pattern

	Parameter
	Value
	Source (if available)

	Derived antenna pattern
	The antennas can be omni LGA or MGA/HGA electronically beam formed directional antenna. 
	Iridium requirements

	3 dB beamwidth (Deg)
	
	

	Polarization
	RHCP
	Iridium requirements

	Maximum gain (dBi)
	SFX9770 antenna passive omni with 3dB max
BCX9810 are all based on partner designed active antenna based on DO-262 requirements
	Iridium requirements and also meeting DO-262/ED-243 requirements. 

	Antenna FDR (dB)
	
	Not defined in Iridium but BCX9810 can be partner developed. All gain is in the Iridium band only.


Technical References:

ICAO Annex 10 and other ICAO
· "Annex 10 to the Convention on International Civil Aviation, Aeronautical Communications, Volume III Communication Systems, (Part I — Digital Data Communication Systems, Chapter 4)," International Civil Aviation Organization (ICAO), Montréal, Second Edition 2007

· Manual on the Aeronautical Mobile Satellite (Route) Service (Doc 9925), International Civil Aviation Organization (ICAO), Montréal 1st Edition, 2010

· “Performance-based Communication and Surveillance (PBCS) Manual (Doc 9869)”, International Civil Aviation Organization (ICAO), Montréal. Second Edition 2017

· “Global Operational Datalink (GOLD) Manual (Doc 10037)”, International Civil Aviation Organization (ICAO), Montréal. First Edition 2017

· “Satellite Voice Operations Manual (SVGM) (Doc 10038)”, International Civil Aviation Organization (ICAO), Montréal.First Edition 24 July 2012___________________

RTCA:
· "Minimum Aviation System Performance Standard (MASPS) for AMS(R)S Data and Voice Communications Supporting Required Communications Performance (RCP) and Required Surveillance Performance (RSP) in Procedural Airspace”, RTCA, Inc., DO-343D, 21 June 2021.

· "Minimum Operational Performance Standards (MOPS) for Avionics Supporting Next Generation Satellite Systems (NGSS)," RTCA, Inc., Washington, DC, DO-262F (June  2021).

EUROCAE:

· "Minimum Aviation System Performance Standard (MASPS) for AMS(R)S Data and Voice Communications Supporting Required Communications Performance (RCP) and Required Surveillance Performance (RSP) in Procedural Airspace”, EUROCAE ED-242C June 2021.

· "Minimum Operational Performance Standards (MOPS) for Avionics Supporting Next Generation Satellite Systems (NGSS)," EUROCAE ED-243B June 2021.

ARINC characteristic:
· ARINC 771
ITU Res./Rec.: 
· ITU-R M.1184-3: “Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service (MSS) and other services”  
· ITU-R M.1188-1: “Impact of propagation on the design of non-GSO mobile-satellite systems not employing satellite diversity which provide service to handheld equipment”
· ITU-R M.1854-1: “Use of mobile-satellite service in disaster response and relief”
Other relevant material or developments:

Appendix B Receiver sensitivity or noise floor

The following is an excerpt from the RTCA DO-262/ED-243 MOPS Appendix F covering the requirements testing.  Iridium ‘Certus’ has been defined as minumum Power Flux Density of a receive signal required based on the required G/T elevation and Bit Error Rate as required for AMS(R)S operations. 

F.2.2.3.1.3.2.1.1 Data Sensitivity

The AES shall meet the minimum un-coded BER for the B1 waveform and coded BER for C1, C2 and all C8 waveforms as defined in Table F‑24 when tested at the receive signal power flux densities defined in Table F‑25 with a frequency accuracy of ± 600 Hz after SV synchronization. 

Note: 

1. The specified G/T shall meet the requirements as stated in Section F.2.2.3.1.2.1.1 (maintain variation by no more than ± 1.0 dB under environmental extremes). This is reflected in the Es/No row of Table F‑24 where the Es/No shall not degrade by more than 1.0 dB under environmental extremes.

2. The relationship between the coded and uncoded BER has been verified by Iridium measurement and reviewed by RTCA SC-222/EUROCAE WG-82. Consequently, the associated test for this requirement only covers the uncoded BER.

The relationship between the coded and uncoded BER has been verified by Iridium measurement and reviewed by RTCA SC-222/EUROCAE WG-82. Consequently, the associated test for this requirement only covers the uncoded BER

The following Table F‑25 shows the receiver signal power flux densities for all waveforms over the coverage area. Note that for measuring data sensitivity over the coverage area, the receive signal power flux density for each waveform in the following table may be adjusted according to the system G/T profiles specified in Section F.2.2.3.1.2.1.1. For example, when the system G/T for H-Class antenna varies from -18.0 dB/K at the sweet spot (20-40 elevation) to -19.4 dB/K at the elevation angle of 10, the satellite vehicle (SV) will increase EIRP by 1.4 dB to maintain a constant link margin using a high-speed power control loop so that the terminal still maintains the receiver performance at the coded BER for 1x10-7.

Table F‑24: System Parameters for MOPS Data Sensitivity Measurement

	Channel Indicator
	B1
	C1
	C2
	C8
	C8

	Modulation
	DEQPSK
	QPSK
	QPSK
	QPSK
	16APSK

	Symbol Rate (ksps)
	25
	30
	60
	240
	240

	Turbo Code Rate
	N/A
	4/5
	2/3
	2/3
	2/3

	Nominal System G/T (dB/K)

[L-Class / H-Class]
	-31/-31
	-31/-18
	-31/-18
	-31/-18
	-31/-18

	Required Es/No (dB)
	9.3
	9.5
	6.1
	6.0
	12.6

	Required Un-Coded BER
	< 2.0E-02
	< 1.49E-02
	< 3.58E-02
	< 5.34E-02
	< 5.95E-02

	Required Coded BER
	N/A
	< 1.0E-07
	< 1.0E-07
	< 1.0E-07
	< 1.0E-07

	
	
	
	
	
	


Table F‑25: Minimum Data Sensitivity Receive Signal Power Flux Density Over the Coverage Area

	System Characteristics
	AES8 & AES9 

(L Class / M Class)
	System Characteristics
	AES10 & AES11 

(H Class)

	
	L Class & M Class
	M Class
	
	

	Waveform
	B1
	C1 4/5
	C2 2/3
	1xC8
QPSK 2/3
	2xC8
QPSK 2/3
	Waveform
	B1
	C1 4/5
	C2 2/3
	1xC8
16APSK 2/3
	2xC8
16APSK 2/3

	Symbol Rate (ksps)
	25
	30
	60
	240
	480
	Symbol Rate (ksps)
	25
	30
	60
	240
	480

	Linearly Interpolated Receive PFD (dBW/m2)
8.2°-12° Elevation
	-117.6
to
-118.6
	-116.6
to
-117.6
	-117.0
to
-118.0
	-111.1
to
-112.1
	-108.1
to
-109.1
	Receive PFD (dBW/m2)
8.2°-10° Elevation
	-117.2
	-129.2
	-129.6
	-117.1
	-114.1

	Receive PFD (dBW/m2)
12°-50° Elevation
	-118.6
	-117.6
	-118.0
	-112.1
	-109.1
	Linearly Interpolated Receive PFD (dBW/m2)
10°-20° Elevation
	-117.2

to

-118.6
	-129.2

To

-130.6
	-129.6

To

-131.0
	-117.1

To

-118.5
	-114.1

To

-115.5

	Linearly Interpolated Receive PFD (dBW/m2)
50°-80° Elevation
	-118.6
to
-115.6
	-117.6
to
-114.6
	-118.0
to
-115.0
	-112.1
to
-109.1
	-109.1
to
-106.1
	Receive PFD (dBW/m2)
20°-40° Elevation
	-118.6
	-130.6
	-131.0
	-118.5
	-115.5

	Receive PFD (dBW/m2)
80°-90° Elevation
	-115.6
	-114.6
	-115.0
	-109.1
	-106.1
	Linearly Interpolated Receive PFD (dBW/m2)
40°-50° Elevation
	-118.6

To

-117.2
	-130.6

To

-129.2
	-131.0

To

-129.6
	-118.5

To

-117.1
	-115.5

To

-114.1

	
	
	
	
	
	
	Receive PFD (dBW/m2)
50°-90° Elevation
	-117.2
	-129.2
	-129.6
	-117.1
	-114.1
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