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	SUMMARY

	This paper provides information on the UK’s plan to deliver its preferred option for improving electronic conspicuity national through the implementation of ADS-B ‘in/out’ and requests information on any testing or simulation work that has been undertaken in other States to support the implementation of ADS-B.  


1. INTRODUCTION

1.1 In August 2017 the Civil Aviation Authority (CAA) confirmed that Automatic Dependant Surveillance – Broadcast (ADS-B) ‘in/out using 1090 MHz is its preferred national method for improving electronic conspicuity for general aviation with a resultant improvement in situational awareness for both pilots and air traffic control. It is believed that in turn this will help reduce infringements into controlled airspace and improve access to the UK’s busy airspace. This being part of a longer term goal for UK airspace to be a total known environment.
1.2 1090 MHz is used by a number of safety critical systems including the airborne collision avoidance system and secondary surveillance radar, both transponder based system where the paired frequency is 1030 MHz. Traditionally, management of 1030/1090 MHz has been achieved through controlling the number density of interrogations on 1030 MHz with little or no consideration given to 1090 MHz since it is the reply frequency and hence if you have controlled the interrogations then by definition you have controlled the number of replies. 
2. DISCUSSION

2.1 The introduction of ADS-B has changed the dynamic since it only uses 1090 MHz with aircraft broadcasting information at semi-regular intervals without any knowledge of the loading on the frequency at that point. As a result the traditional assumption that by managing 1030 MHz you are also managing 1090 MHz no longer holds true.

2.2 I nievely asked whether anyone had checked whether 1090 MHz would be able to support the sort of step change in the number of messages transmitted on 1090 MHz that the European mandate will engender let alone adding general aviation aircraft etc.  I was expecting to be told of course and heres a copy of the studies but was actually met with blank faces and comments about well the environment is managed so why would you need to study it.

2.3 I therefore carrier out a simple internal scoping study to try and understand, in crude terms, whether there is an issue, there isn’t an issue or further work is required. Unsurprisingly the answer was that there were signs of overloading for the snap shot in time that I chose to model and that further work was needed.
2.4 The CAA therefore plan to carry out some modelling work to assess the situation to determine whether 1090 MHz can support the likely increase in volume of traffic, ignoring drones at this point, or additional provisions might be required such as using a second frequency. 
2.5 In order to undertake the simulation work a number of parameters, compatibility criteria and working assumptions need to be identified and agreed (see attachment 1). The CAA is therefore seeking information on any work that members or their organisation may have done in this area that might help inform its own decision making process. 
2.6 Once we have gathered all of the currently available information (Anticipated October 2018) it is the intention of the CAA to review that information, identify those areas where sufficient information is available to make an informed decision and what needs to be further studied including possible testing. Once we have sufficient information of a suitable quality available then we intend modelling 24 hours of traffic for southern England before drawing a conclusion on the ability of 1090 MHz to support the additional ADS-B traffic.

2.7 It is the intention of the CAA to keep this and other relevant fora informed of our progress and the conclusions we draw from the work.
3. ACTION BY THE MEETING

3.1 The meeting is invited to:

a) Note the information provided;

b) Help support the work by providing any information that might help identify the information required in the attached document . 
— END —

ATTACHMENT
Automatic Dependant Surveillance – Broadcast
Simulations to Assess the Capacity of 1090 MHz

Data Requirements/Assumptions

1.0
Introduction
In August 2017 the Civil Aviation Authority (CAA) confirmed that Automatic Dependant Surveillance – Broadcast (ADS-B) was its preferred national method for improving electronic conspicuity for general aviation with a resultant improvement in situational awareness for both pilots and air traffic control. It is believed that in turn this will help reduce infringements into controlled airspace and improve access to the UK’s busy airspace.

ADS-B is a surveillance technology in which an aircraft determines its position and periodically broadcasts that position, velocity & status. The information can be used by Air traffic control to augment/replace secondary surveillance radar (SSR) or by other aircraft to improve situational awareness. ADS-B is standardised for operation on 1090 MHz however the frequency is also used to support IFF, SSR, Airborne collision avoidance system (ACAS) and multi-lateration (MLAT) systems. 

Implementation of the CAA preferred method for improving electronic conspicuity will increase the level of ADS-B equipage and traffic levels.  To assess the impact the increase in general aviation ADS-B equipage/traffic will have on the performance of the systems operating on 1090 MHz the CAA intend to study, through modelling, a set of scenarios for a given volume of airspace.

2.0
Aim
This document seeks to identify the information required to model the various scenarios, sources and details of information already available and by deduction where information is either incomplete or missing for which further study or practical testing may be required.

3.0
Description of the Modelling
It is intended to model the performance of ACAS, ADS-B, MLAT and SSR systems over a 24 hour period within a predefined volume. Noting that this will have to take account of aircraft that are outside of the volume but within interference range and SSR interrogators that are within line of sight of those aircraft. 

The baseline scenario (scenario 1) will be the current environment for the busiest day of the busiest month of the year. The following five additional scenarios will also be modelled to assess the impact of ADS-B being fitted to all general aviation aircraft:

Scenario 2:
Scenario 1 augmented with additional general aviation traffic fitted with a variant of ADS-B where the power is limited to 20-40 Watts and the squitter rate to 2.2 Hz

Scenarios 3:
Scenario 1 but with traffic levels uplifted to be representative of those likely to be present in 2025 

Scenarios 4:
Scenario 2 but with traffic levels uplifted to be representative of those likely to be present in 2025

Scenarios 5:
Scenario 1 but with traffic levels uplifted to be representative of those likely to be present in 2035

Scenarios 6:
Scenario 2 but with traffic levels uplifted to be representative of those likely to be present in 2035

4.0
Performance Measures

ACAS

· Density of aircraft 

· Probability of detecting a threat

· Probability of resolving a threat
ADS-B

· Airborne

· Probability of detecting a target

· Range limit

· Ground

· Probability of detecting a target

· Probability of tracking a target

· Range limit

MLAT
· Probability of detecting a target

· Probability of tracking a target

IFF & SSR Mode S

· Airborne

· Probability of an interrogation being received

· Probability of a reply being generated 
· Ground

· Probability of a reply being received

5.0
Information Required

The following information will be required to carry out the modelling noting that: 

· When filling out the tables the source can be:

· An entity supplying the information

· A specific reference to a definitive source (e.g. SARPs value)
· User defined 

· Assumption (a reference to any previous use of that assumption should be provided)

· Where an assessment of the information quality is required (e.g. reliability, completeness etc) then this should be determined against a 1-5 sliding scale where 1 is poor and 5 is excellent

5.1
Scenario Related

5.1.1
Scenario 1 (Baseline - Current Situation)
Date of the busiest day in the busiest month for 2017 in the UK

	Option
	Date
	Source
	Reliability

	1
	(e.g.09/09/2017)
	(e.g. Eurocontrol MUAC)
	(e.g. 4)

	
	
	
	


Flight data for the busiest day in the busiest month

	Option
	Source
	Reliability
	Completeness

	1
	(e.g. NATS radar data)
	(e.g. 5)
	(e.g. 5)

	
	
	
	


Location of IFF heads to be modelled (User defined)
e.g.
· Fairford

· Northolt

Location of SSR heads to be modelled (User defined)
e.g.
· Gatwick

· Southampton

· Pease Pottage

· Boscombe Down

· Heathrow
Location of SSR heads with 562 NM of the ground stations (SSR, ADS-B & MLAT) to be modelled (e.g twice radio horizon which allows for an SSR head interrogating an aircraft that is on the edge of coverage of a ground station to be assessed)

	Option
	Source
	Reliability
	Completeness

	1
	(e.g. Eurocontrol)
	(e.g. 4)
	(e.g. 4)

	
	
	
	


Location of ADS-B ground stations to be modelled (User defined)
e.g.

· Redhill aerodrome

· Fairoaks

· Gatwick

· NERC

Location of the MLAT stations to be modelled (User defined)
e.g.

· Biggin hill

· Gatwick

· Heathrow

· Boscombe Down
5.1.2
Scenario 2 (Scenario 1 enhanced with GA traffic)
Number of additional ADS-B equipped GA aircraft by type 

	Option
	1
	2
	

	Source
	(e.g. Assumption)
	
	

	Aircraft Type
	Single Engine Fixed-Wing Light aircraft
	(e.g. 80)
	
	

	
	Multi-Engine Fixed Wing Light Aircraft
	(e.g. 26)
	
	

	
	Single Engine Rotary Wing Light Aircraft
	(e.g. 36)
	
	

	
	Gliders
	(e.g. 50)
	
	

	
	Motor Paragliders
	(e.g. 10)
	
	

	
	Paragliders and hand gliders
	(e.g. 60)
	
	


5.1.3
Scenarios 3 &4 (scenarios 1 & 2 2025 uplift)

How to uplift the flight data from scenario 1 to reflect expect traffic in 2025 including implementation of equipage requirements
	Option
	Method
	Source
	Confidence

	1
	(e.g. uplift 2017 figures by 20%)
	(e.g. STATFOR prediction)
	(e.g. 4)

	2
	(e.g. All commercial aircraft fitted with ADS-B)
	(e.g. SPI-IR)
	(e.g. 4)


How to uplift the number of additional ADS-B fitted GA aircraft from scenario 2

	Option
	Method
	Source
	Confidence

	1
	(e.g. uplift 2017 figures by 20%)
	(e.g. STATFOR prediction)
	(e.g. 3)

	
	
	
	


Location of ground stations to be modelled (user defined)
For comparative reasons as per scenarios 1 &2 

Location of SSR heads with 562 NM of the ground stations (SSR, ADS-B & MLAT) to be modelled
	Option
	Source
	Reliability
	Completeness

	1
	(e.g. Eurocontrol)
	(e.g. 4)
	(e.g. 4)

	
	
	
	


5.1.4
Scenarios 5 &6 (scenarios 1 & 2 2035 uplift)

How to uplift the flight data from scenario 1 to reflect expect traffic in 2035 including implementation of equipage requirements
	Option
	Method
	Source
	Confidence

	1
	(e.g. uplift 2025 figures by 14%)
	(e.g. STATFOR prediction)
	(e.g. 4)

	2
	(e.g. All commercial aircraft fitted with ADS-B)
	(e.g. SPI-IR)
	(e.g. 4)


How to uplift the number of additional ADS-B GA aircraft from scenario 2

	Option
	Method
	Source
	Confidence

	1
	(e.g. uplift 2025 figures by 14%)
	(e.g. STATFOR prediction)
	(e.g. 3)

	
	
	
	


Location of ground stations to be modelled (user defined)
For comparative reasons as per scenarios 1 &2 

Location of SSR heads with 562 NM of the ground stations (SSR, ADS-B & MLAT) to be modelled
	Option
	Source
	Reliability
	Completeness

	1
	(e.g. Eurocontrol)
	(e.g. 4)
	(e.g. 4)

	
	
	
	


5.2
Equipment Technical Characteristics

5.2.1
ACAS

Transmitter power (1030 & 1090 MHz)

	Option
	Value
	Source
	Confidence

	1
	(e.g. max 24 dBW)
	(e.g. ICAO Annex 10, Volume IV, Para 4.2.3.1)
	(e.g. 5)

	
	
	
	


Receiver sensitivity (1030 & 1090 MHz)

	Option
	Value
	Source
	Confidence

	1
	(e.g. -74 dBm)
	(e.g. ICAO Annex 10, Volume IV, Para 4.3.2.2.2.2.2)
	(e.g. 4)

	
	
	
	


Required performance

	Option
	Value
	Source
	Confidence

	1
	(e.g. 0.90 probability that the track is established 30s before closest approach)
	(e.g. ICAO Annex 10, Volume IV, Para 4.3.2.1.1)
	(e.g. 5)

	
	
	
	


Maximum aircraft density

	Option
	Value
	Source
	Confidence

	1
	(e.g. max 0.3 aircraft/NM2(500kts), 0.06 aircraft/NM2 (1200 kts) 30 ACAS aircraft within 30 NM )
	(e.g. ICAO Annex 10, Volume IV, Table 4-1)
	(e.g. 4)

	
	
	
	


5.2.2
ADS-B

Airborne transmitter power 

	Option
	Value
	Source
	Confidence

	1
	(e.g. A0 18.5-27 dBW, A1 & A2 21-27 dBW, A3 23-27 dBW, B0 18.5-27 dBW, B1 21-27 dBW, B2 8.5-27 dBW)
	(e.g. ICAO Annex 10, Volume IV, Table 5-1 & 5.2)
	(e.g. 5)

	2
	(e.g. General aviation light weight transponder 13-16 dBW
	(e.g. Proposed assumption)
	(e.g. 3)


Aircraft squitter rate

	Option
	Value
	Source
	Confidence

	1
	(e.g. 6.2 Hz)
	
	

	
	(e.g. 2.2 Hz)
	
	


Airborne receiver sensitivity 

	Option
	Value
	Source
	Confidence

	1
	(e.g. Minimum trigger level A0 -72dBm, A1 & A2 -79 dBm, A3 -84 dBm)
	(e.g. ICAO Annex 10, Volume IV, Table 5-3)
	(e.g. 5)

	
	
	
	


Ground receiver sensitivity

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Required performance

	Option
	Value
	Source
	Confidence

	1
	(e.g. 3NM separation 97% probability of detection within 4/5 seconds recommended/mandatory and for  5NM separation 97% probability of detection within 6/8 seconds recommended/mandatory )
	(e.g. Eurocontrol “Specification for ATM Surveillance System Perfromance)
	(e.g. 5)

	
	
	
	


5.2.3
IFF
Modes to be considered
	Option
	Mode
	Source
	Confidence

	1
	(e.g. Mode 5)
	(e.g. assumption)
	(e.g. 3)

	
	
	
	


Airborne transmitter power (1090 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Airborne receiver sensitivity (1030 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground transmitter power (1030 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground receiver sensitivity (1090 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground antenna rotation rate

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground antenna gain

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Required performance

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


5.2.4
MLAT

Airborne transmitter power (1090 MHz)
	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Airborne receiver sensitivity (1030 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground transmitter power (1030 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground receiver sensitivity (1090 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Required performance

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


5.2.5
SSR

Airborne transmitter power (1090 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Airborne receiver sensitivity (1030 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground transmitter power (1030 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground receiver sensitivity (1090 MHz)

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground antenna rotation rate

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Ground antenna gain

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


Required performance

	Option
	Value
	Source
	Confidence

	1
	
	
	

	
	
	
	


5.3
Propagation model

	Option
	Model
	Source
	Applicability

	1
	(e.g. Free space)
	(e.g. ITU-R P.525)
	(e.g. 4)

	2
	(e.g. Aeronautical IF.77)
	(e.g. ITU-R P.528)
	(e.g. 5)


5.4
Protection criteria 

ACAS vs

	Option
	ACAS
	ADS-B
	MLAT
	SSR
	IFF
	Source
	Confidence in Accuracy

	1
	(e.g. Any overlap above minimum threshold level)
	
	(e.g. Eurocontrol)
	(e.g. 2)

	2
	(e.g. test signal to interference measurements for given % overlap)
	
	(e.g. FAA)
	(e.g. 3)


ADS-B

	Option
	ACAS
	ADS-B
	MLAT
	SSR
	IFF
	Source
	Confidence in Accuracy

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	


IFF
	Option
	ACAS
	ADS-B
	MLAT
	SSR
	IFF
	Source
	Confidence in Accuracy

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	


MLAT

	Option
	ACAS
	ADS-B
	MLAT
	SSR
	IFF
	Source
	Confidence in Accuracy

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	


SSR

	Option
	ACAS
	ADS-B
	MLAT
	SSR
	IFF
	Source
	Confidence in Accuracy

	1
	
	
	
	
	
	
	

	2
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