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	Agenda Item 3:
	Development of ICAO position for WRC-11


UK Progress with Respect to the Development of Spectrum Requirements for Un-manned Aerial Systems
(Presented by John Mettrop)

	SUMMARY

	This paper presents information on the progress made within the UK on defining the spectrum requirement for Unmanned Aerial Systems

	ACTION

	The meeting is invited to note the information paper and consider whether it is appropriate to use a similar methodology in defining their UAS spectrum requirement.


1. INTRODUCTION

1.1 WRC-07 agreed on a future Conference Agenda Item for WRC-11 to investigate the requirements for and additional spectrum allocations to meet the expected demands of Un-manned Aerial Systems (UAS).  This agenda item was given to ITU Working Party 5B to progress.  In their first meeting of this study cycle Working Party 5B identified a work schedule that would have to be met in order for the work on identifying additional spectrum requirements to be complete in time for WRC-11.  This work schedule calls for the identification of the amount of spectrum required to have been identified by the second meeting of Working Party 5B in October 2008.  
1.2 The scope of the agenda item enables appropriate spectrum to be identified and allocated, where necessary, to support both the command and control as well as the sense and avoid functionality of an UAS. This paper reports on the progress made within the UK on defining a methodology for the identification of UAS spectrum needs. 

2. discussion

2.1 In the UK we are attempting to define the spectrum requirement for UAS from the perspective of the information required, message size, update rate and density.  Knowing these parameters for each type of UAS a queuing model can then be used to simulate the traffic and estimate the amount of spectrum required.

2.2 The types of message and message length are based on ARINC standards and defined for the various phases of flight appropriate to that type of UAS in both normal and failure mode
 of flight (e.g for a transatlantic flight these would be airport surface, airport/TMA, en-route and oceanic/polar).  These messages are then prioritised into one of four levels according the time period within which a message must get through and the update rate defined.  An example of the type of this is attached.  

2.3 Having defined the message types, message length, update rate and time period for a message to get through a queuing model is then used to calculate the amount of spectrum required to satisfy the throughput requirements.  This then defines the spectral requirement for each UAS in both normal and failure mode for each different type of UAS.  Dependent on the number of different types of UAS for which figures have been defined it may be necessary to then group similar UAS and average their bandwidth requirements.
2.4 Using the density figure for each type of UAS, the type of spectrum it will require, and making some assumptions about the coverage area of either a group station or satellite spot beam as well as the reuse rate the total spectrum requirement can then be estimated. 

2.5 Currently the attached spreadsheet has been sent out to those within the UK who are interested in UAS for them to complete for the type of UAS they plan on producing.  These figures are due to be completed by the 13th June so that a combined list can be prepared for the CEPT PT C meeting in late June which hopefully will also have a first approximation of the overall spectrum requirement.  Work will then continue between June and September to further refine the model.
2.6 One decision that has been made is that for aircraft in the cruise plot extracted rather than raw video will be sent, if necessary, from the aircraft to the ground controller.  This decision was taken based on the practicality of flying a UAS via a video sent via a satellite link as well as the overall bandwidth requirement.  Raw video might however be necessary in a localised area such as an airport for either landing the aircraft when the landing aid fails or for taxing and avoiding obstacles. 

3. Action by the meeting
3.1 The meeting is asked to note the information provided and use it as required, any contribution to the process would be welcome

Attachment
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								Max Data Rate														Normal Data Rate

						Permitted		Uplink		Downlink		Uplink + Downlink								Permitted		Uplink		Downlink		Uplink + Downlink

						Latency		Average (bps)		Average (bps)		Average  (bps)								Latency		Average (bps)		Average (bps)		Average  (bps)

		Surface		Priority 1		0.13		2689		17762		20451				Surface		Priority 1		0.13		2406.1		17411.2		19817.3

				Priority 2		0.52		211		249		460.2						Priority 2		0.52		21		249		270.2

				Priority 3		5.2		205		1		205.8						Priority 3		5.2		10		1		11

				Priority 4		20.8		30		30		60						Priority 4		20.8		30		30		60

						Total Data		3135		18042		21177								Total Data		2467		17691		20159

		Airport/TMA		Priority 1		0.13		2689		17804		20493				Airport/TMA		Priority 1		0.13		2411		5268		7679

				Priority 2		0.52		211		1433		1644.2						Priority 2		0.52		21		1433		1454.2

				Priority 3		5.2		205		1		205.8						Priority 3		5.2		10		1		11

				Priority 4		20.8		30		30		60						Priority 4		20.8		30		30		60

						Total Data		3135		19268		22403								Total Data		2472		6732		9204

		En-Route		Priority 1		0.13		2521		5137		7658				En-Route		Priority 1		0.13		2409		5100		7509

				Priority 2		0.52		211		1433		1644.2						Priority 2		0.52		10		1433		1443

				Priority 3		5.2		205		1		205.8						Priority 3		5.2		10		1		11

				Priority 4		20.8		30		30		60						Priority 4		20.8		30		30		60

						Total Data		2967		6601		9568								Total Data		2459		6564		9023

		ORP		Priority 1		0.13		2521		5137		7658				ORP		Priority 1		0.13		2409		5100		7509

				Priority 2		0.52		211		1433		1644.2						Priority 2		0.52		10		1433		1443

				Priority 3		5.2		205		1		205.8						Priority 3		5.2		10		1		11

				Priority 4		20.8		30		30		60						Priority 4		20.8		30		30		60

						Total Data		2967		6601		9568								Total Data		2459		6564		9023





Priority 1 Max

		Priority 1 - All information to be received within 130 ms

		Uplink		Surface																Airport-TMA																En-Route																Oceanic-Remote-Polar

				Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)

		Description		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Stick input - attitude												8																8														8																8								Regardless of level of autonomy, facility must exist to control vehicle's attitude

		Stick input - roll												8																8														8																8								Regardless of level of autonomy, facility must exist to control vehicle's roll

		Rudder input - yaw												8																8														8																8								Regardless of level of autonomy, facility must exist to control yaw

		Throttle Engine 1 (incl. reverse)												8																8														8																8								Regardless of level of autonomy, facility must exist to control engine 1 throttle setting

		Throttle Engine 2 (incl. reverse)												8																8														8																8								Regardless of level of autonomy, facility must exist to control engine 2 throttle setting

		Throttle Engine 3 (incl. reverse)												8																8														8																8								Regardless of level of autonomy, facility must exist to control engine 3 throttle setting

		Throttle Engine 4 (incl. reverse)												8																8														8																8								Regardless of level of autonomy, facility must exist to control engine 4 throttle setting

		Prop Pitch								4																4																4																4

		Voice/Data for ATC																48																48																48																48		Assumes 2.4 kbps voice and need for continuous duty cycle

		Brakes												1																1																1																1						Auto-braking system

		Total bits per message		0		0		0		4		0		57		0		48		0		0		0		4		0		57		0		48		0		0		0		4		56		1		0		48		0		0		0		4		56		1		0		48

		Average rata rate		0		0		0		4		0		285		0		2400		0		0		0		4		0		285		0		2400		0		0		0		4		112		5		0		2400		0		0		0		4		112		5		0		2400

		Total priority 1 uplink data sent per second		2689		bps														2689		bps														2521		bps														2521		bps

		Downlink		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Feedback data from flight controls - attitude												8																8														8																8								Control surface feedback data

		Feedback data from flight controls - roll												8																8														8																8								Control surface feedback data

		Feedback data from flight controls - yaw												8																8														8																8								Control surface feedback data

		Radar Altimeter																								12																12																12										4096 discrete values (0 - 4095 ft) in 1 ft increments

		Attitude Indicator 1												16																16														16																16								65536 discrete values (i.e. 0 to 65,535 ft in 1 ft increments)

		Attitude Indicator 2												16																16														16																16

		Airspeed Indicator										8																8																8																8

		Altimeter 1										12																12																12																12								Assumes 25 ft resolution and height range of -2,375 to +100,000 feet

		Altimeter 2										12																12																12																12								Assumes 25 ft resolution and height range of -2,375 to +100,000 feet

		Compass - Hdg (M)										10																10																10																10								True Hdg would be derived from this data

		Direction Indicator										10																10																10																10								3-dimensional position - GPS/FMS derived

		Nav system derived position								48																48																48																48										CFIT alert

		EGWPS/TAWS Alert																								1																		1																1

		Stall Warner																												1																1																1						Assumes a set of 11 resolution advisory messages + standby message

		Collision Avoidance Alert																										12																12																12								Reports failure of main or back-up electrical systems

		Electrical System Failure												2																2																2																2						Reports failure of main or back-up pneumatic systems

		Pneumatic System Failure												2																2																2																2						Reports failure of main or back-up hydraulic systems

		Hydraulic System Failure												2																2																2																2						Assumes 2.4 kbps voice channel (com/nav audio) at continuous duty cycle

		Voice/Data for ATC																48																48																48																48		Additional channel for ATIS data (as per ANO requirement)

		Voice/Data for terminal met status info																48																48																48																48

		Wide angle video coverage (+/- 60 degs)																250																250																																		High definition, wide angle forward looking video for ground manoeuvring.

		Total bits per message		0		0		0		48		52		62		0		346		0		0		0		61		64		63		0		346		0		0		0		60		121		7		0		96		0		0		0		60		121		7		0		96

		Average rata rate		0		0		0		48		104		310		0		17300		0		0		0		61		128		315		0		17300		0		0		0		60		242		35		0		4800		0		0		0		60		242		35		0		4800

		Total Priority 1 downlink data sent per second		17762		bps														17804		bps														5137		bps														5137		bps





Priority 1 Normal

		Priority 1 - All information to be received within 130 ms

		Uplink		Surface																Airport-TMA																En-Route																Oceanic-Remote-Polar

				Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)

		Description		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Stick input - attitude		8																8																																																Regardless of level of autonomy, facility must exist to control vehicle's attitude

		Stick input - roll		8																8																																																Regardless of level of autonomy, facility must exist to control vehicle's roll

		Rudder input - yaw		8																8																																																Regardless of level of autonomy, facility must exist to control yaw

		Throttle Engine 1 (incl. reverse)		8																8																																																Regardless of level of autonomy, facility must exist to control engine 1 throttle setting

		Throttle Engine 2 (incl. reverse)		8																8																																																Regardless of level of autonomy, facility must exist to control engine 2 throttle setting

		Throttle Engine 3 (incl. reverse)		8																8																																																Regardless of level of autonomy, facility must exist to control engine 3 throttle setting

		Throttle Engine 4 (incl. reverse)		8																8																																																Regardless of level of autonomy, facility must exist to control engine 4 throttle setting

		Prop Pitch		4																4																						4																4

		Voice/Data for ATC																48																48																48																48		Assumes 2.4 kbps voice and need for continuous duty cycle

		Brakes		1																										1																1																1						Auto-braking system

		Total bits per message		61		0		0		0		0		0		0		48		60		0		0		0		0		1		0		48		0		0		0		4		0		1		0		48		0		0		0		4		0		1		0		48

		Average rata rate		6.1		0		0		0		0		0		0		2400		6		0		0		0		0		5		0		2400		0		0		0		4		0		5		0		2400		0		0		0		4		0		5		0		2400

		Total priority 1 uplink data sent per second		2406.1		bps														2411		bps														2409		bps														2409		bps

		Downlink		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Feedback data from flight controls - attitude		8																										8														8																8								Control surface feedback data

		Feedback data from flight controls - roll		8																										8														8																8								Control surface feedback data

		Feedback data from flight controls - yaw		8																										8														8																8								Control surface feedback data

		Radar Altimeter																								12																12																12										4096 discrete values (0 - 4095 ft) in 1 ft increments

		Attitude Indicator 1																												16														16																16								65536 discrete values (i.e. 0 to 65,535 ft in 1 ft increments)

		Attitude Indicator 2																												16														16																16

		Airspeed Indicator										8																8																8																8

		Altimeter 1										12																12																12																12								Assumes 25 ft resolution and height range of -2,375 to +100,000 feet

		Altimeter 2										12																12																12																12								Assumes 25 ft resolution and height range of -2,375 to +100,000 feet

		Compass - Hdg (M)										10																10																10																10								True Hdg would be derived from this data

		Direction Indicator										10																10																10																10								3-dimensional position - GPS/FMS derived

		Nav system derived position		48																						48																48																48										CFIT alert

		EGWPS/TAWS Alert

		Stall Warner																																																																		Assumes a set of 11 resolution advisory messages + standby message

		Collision Avoidance Alert																										12																12																12								Reports failure of main or back-up electrical systems

		Electrical System Failure																																																																		Reports failure of main or back-up pneumatic systems

		Pneumatic System Failure																																																																		Reports failure of main or back-up hydraulic systems

		Hydraulic System Failure																																																																		Assumes 2.4 kbps voice channel (com/nav audio) at continuous duty cycle

		Voice/Data for ATC																48																48																48																48		Additional channel for ATIS data (as per ANO requirement)

		Voice/Data for terminal met status info																48																48																48																48

		Wide angle video coverage (+/- 60 degs)																250																																																		High definition, wide angle forward looking video for ground manoeuvring.

		Total bits per message		72		0		0		0		52		0		0		346		0		0		0		60		64		56		0		96		0		0		0		60		120		0		0		96		0		0		0		60		120		0		0		96

		Average rata rate		7.2		0		0		0		104		0		0		17300		0		0		0		60		128		280		0		4800		0		0		0		60		240		0		0		4800		0		0		0		60		240		0		0		4800

		Total Priority 1 downlink data sent per second		17411.2		bps														5268		bps														5100		bps														5100		bps





Priority 2 Max

		Priority 2 - All information to be received within 520 ms

		Uplink		Surface																Airport-TMA																En-Route																Oceanic-Remote-Polar

				Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)

		Description		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Elevator trim control		8																8																8																8																Regardless of autonomy level, facility must exist to control pitch trim

		Aileron trim control		8																8																8																8																Regardless of autonomy level, facility must exist to control roll trim

		Altimeter 1 QNH/QFE setting		8																8																8																8																~127 discrete values between 930 and 1050 mBar

		Altimeter 2 QNH/QFE setting		8																8																8																8																~127 discrete values between 930 and 1050 mBar

		Com/Nav frequency selection		16																16																16																16																Radio selection = 4 bits, channel selection = 12 bits (up to 4096 channels per radio)

		Transponder input		64																64																64																64																Flight ID = (8x6 bits), Mode A = 12 bits, IFF/SSR Mode Selection = 4 bits

		Other flight systems (commands/data)										100																100																100																100								Uplink data for other onboard systems: nav lights, undercarriage, fuel management, electrical power management etc.

		Total bits per message		112		0		0		0		100		0		0		0		112		0		0		0		100		0		0		0		112		0		0		0		100		0		0		0		112		0		0		0		100		0		0		0

		Average rata rate		11.2		0		0		0		200		0		0		0		11.2		0		0		0		200		0		0		0		11.2		0		0		0		200		0		0		0		11.2		0		0		0		200		0		0		0

		Total priority 2 uplink data sent per second		211.2		bps														211.2		bps														211.2		bps														211.2		bps

		Downlink		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Electrical system health data										8																8																8																8								Battery voltage, current load etc

		Pneumatic system health data										8																8																8																8								Compressor/suction output level etc

		Hydraulic system health data										8																8																8																8								Hydraulic system pressure etc

		Flight system monitoring										100																100																100																100								Engine temperature data, monitoring systems health status etc

		Undercarriage status (feedback)						2																2																2																2

		Traffic separation information																				5920																5920																5920														Track data on proximate traffic (detected by on-board S&A systems) - 20 update tracks every 5 seconds  (ASTERIX 21 basic track data = 37 bytes per track)

		Total bits per message		0		0		2		0		124		0		0		0		0		5920		2		0		124		0		0		0		0		5920		2		0		124		0		0		0		0		5920		2		0		124		0		0		0

		Average rata rate		0		0		1		0		248		0		0		0		0		1184		1		0		248		0		0		0		0		1184		1		0		248		0		0		0		0		1184		1		0		248		0		0		0

		Total Priority 2 downlink data sent per second		249		bps														1433		bps														1433		bps														1433		bps





Priority 2 Normal

		Priority 2 - All information to be received within 520 ms

		Uplink		Surface																Airport-TMA																En-Route																Oceanic-Remote-Polar

				Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)

		Description		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Elevator trim control		8																8																																																Regardless of autonomy level, facility must exist to control pitch trim

		Aileron trim control		8																8																																																Regardless of autonomy level, facility must exist to control roll trim

		Altimeter 1 QNH/QFE setting		8																8																																																~127 discrete values between 930 and 1050 mBar

		Altimeter 2 QNH/QFE setting		8																8																																																~127 discrete values between 930 and 1050 mBar

		Com/Nav frequency selection		16																16																																																Radio selection = 4 bits, channel selection = 12 bits (up to 4096 channels per radio)

		Transponder input		64																64																																																Flight ID = (8x6 bits), Mode A = 12 bits, IFF/SSR Mode Selection = 4 bits

		Other flight systems (commands/data)		100																100																100																100																Uplink data for other onboard systems: nav lights, undercarriage, fuel management, electrical power management etc.

		Total bits per message		212		0		0		0		0		0		0		0		212		0		0		0		0		0		0		0		100		0		0		0		0		0		0		0		100		0		0		0		0		0		0		0

		Average rata rate		21.2		0		0		0		0		0		0		0		21.2		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0

		Total priority 2 uplink data sent per second		21.2		bps														21.2		bps														10		bps														10		bps

		Downlink		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Electrical system health data										8																8																8																8								Battery voltage, current load etc

		Pneumatic system health data										8																8																8																8								Compressor/suction output level etc

		Hydraulic system health data										8																8																8																8								Hydraulic system pressure etc

		Flight system monitoring										100																100																100																100								Engine temperature data, monitoring systems health status etc

		Undercarriage status (feedback)						2																2																2																2

		Traffic separation information																				5920																5920																5920														Track data on proximate traffic (detected by on-board S&A systems) - 20 update tracks every 5 seconds  (ASTERIX 21 basic track data = 37 bytes per track)

		Total bits per message		0		0		2		0		124		0		0		0		0		5920		2		0		124		0		0		0		0		5920		2		0		124		0		0		0		0		5920		2		0		124		0		0		0

		Average rata rate		0		0		1		0		248		0		0		0		0		1184		1		0		248		0		0		0		0		1184		1		0		248		0		0		0		0		1184		1		0		248		0		0		0

		Total Priority 2 downlink data sent per second		249		bps														1433		bps														1433		bps														1433		bps





Priority 3 Max

		Priority 3 - All information to be received within 5.2 s

		Uplink		Surface																Airport-TMA																En-Route																Oceanic-Remote-Polar

				Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)

		Description		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		FMS data upload				1024																1024																1024																1024														Create, amend or update route/waypont data (proprietary message format)

		Total bits per message		0		1024		0		0		0		0		0		0		0		1024		0		0		0		0		0		0		0		1024		0		0		0		0		0		0		0		1024		0		0		0		0		0		0

		Average rata rate		0		204.8		0		0		0		0		0		0		0		204.8		0		0		0		0		0		0		0		204.8		0		0		0		0		0		0		0		204.8		0		0		0		0		0		0

		Total priority 3 uplink data sent per second		204.8		bps														204.8		bps														204.8		bps														204.8		bps

		Downlink		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Outside air temperature		10																10																10																10																Covers range -60 to +68 deg celcius, in 0.1 degree resolution (7+3 bits)

		Total bits per message		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0

		Average rata rate		1		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0

		Total Priority 3 downlink data sent per second		1		bps														1		bps														1		bps														1		bps





Priority 3 Normal

		Priority 3 - All information to be received within 5.2 s

		Uplink		Surface																Airport-TMA																En-Route																Oceanic-Remote-Polar

				Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)

		Description		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		FMS data upload		100																100																100																100																Create, amend or update route/waypont data (proprietary message format)

		Total bits per message		100		0		0		0		0		0		0		0		100		0		0		0		0		0		0		0		100		0		0		0		0		0		0		0		100		0		0		0		0		0		0		0

		Average rata rate		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0

		Total priority 3 uplink data sent per second		10		bps														10		bps														10		bps														10		bps

		Downlink		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Outside air temperature		10																10																10																10																Covers range -60 to +68 deg celcius, in 0.1 degree resolution (7+3 bits)

		Total bits per message		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0		10		0		0		0		0		0		0		0

		Average rata rate		1		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0

		Total Priority 3 downlink data sent per second		1		bps														1		bps														1		bps														1		bps





Priority Max 4

		Priority 4 - All information to be received within 20.8 s

		Uplink		Surface																Airport-TMA																En-Route																Oceanic-Remote-Polar

				Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)

		Description		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Other non-critical data		300																300																300																300																Any other data required to update on-board systems

		Total bits per message		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0

		Average rata rate		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0

		Total priority 4 uplink data sent per second		30		bps														30		bps														30		bps														30		bps

		Downlink		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Other non-critical data		300																300																300																300																Any other data required from on-board systems

		Total bits per message		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0

		Average rata rate		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0

		Total Priority 4 downlink data sent per second		30		bps														30		bps														30		bps														30		bps





Priority 4 Normal

		Priority 4 - All information to be received within 20.8 s

		Uplink		Surface																Airport-TMA																En-Route																Oceanic-Remote-Polar

				Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)																Update Rate (Hz)

		Description		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Other non-critical data		300																300																300																300																Any other data required to update on-board systems

		Total bits per message		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0

		Average rata rate		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0

		Total priority 4 uplink data sent per second		30		bps														30		bps														30		bps														30		bps

		Downlink		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		0.1		0.2		0.5		1		2		5		10		50		Reasoning/justification

		Other non-critical data		300																300																300																300																Any other data required from on-board systems

		Total bits per message		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0		300		0		0		0		0		0		0		0

		Average rata rate		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0		30		0		0		0		0		0		0		0

		Total Priority 4 downlink data sent per second		30		bps														30		bps														30		bps														30		bps






