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VDL MODE 4 IMPLEMENTATION MANUAL

CHAPTER 4

CHANNEL MANAGEMENT

This Appendix contains only Appendix A to Chapter 4 of the implementation manual. Various minor editorial changes are indicated

A
ADS-B Requirements: Air-to-air

Requirements outlined in table A-1 are an extract of the RTCA ADS-B MASPs dated February 19, 1998. Note that RTCA has not defined all requirements and there is a TBD in note 11.
Table A-1. ADS-B Report Accuracy, Update Period, and Acquisition Range Requirements
	
	Aid to Visual Acquisition
	Conflict Avoidance and Collision Avoidance


	Separation Assurance and Sequencing
	Flight Path Deconfliction Planning
	Simul-taneous Approach
	Airport Surface
(note 5)

	State Vector Acquisition Range
	10 nmi
	20 nmi
	40 nmi
	90 nmi (note 3)

(120 nmi desired)
	10 nmi
	5 nmi

	Mode-status Acquisition Range (note 8)
	10 nmi
	20 nmi
	40 nmi
	90 nmi (note 3) (120 nmi desired)
	10 nmi
	5 nmi

	On Condition Acquisition Range (note 8)
	n/a
	n/a
	n/a
	90 nmi (note 3) (120 nmi desired)
	10 nmi 
	TBD

	Nominal Update Period (95th percentile)

(note 6)

(note 7)
	<= 3 s

(3 nmi) 

<= 5 s 

(10 nmi)
	<= 3 s
(3 nmi) 

(1 s desired, 

note 2)

<= 7 s

(20 nmi)
	<= 7 s
(20 nmi)

<= 12 s

(40 nmi)
	<= 12 s


	<= 1.5 s 

(1000 ft runway separation)

<= 3 s 

(1 s desired)

(2500 ft runway separation)
	<= 1.5 s

	99th Percentile State Vector Report Received Update Period  (Coast Interval) (Note 7, 8)
	<= 6s

(3 nmi)

<= 10 s

(10 nmi)
	<= 6 s

(3 nmi)

<= 14 s

(20 nmi)
	<= 14 s

(20 nmi)

<= 24 s

(40 nmi)
	<= 24 s
	<= 3s (1000 ft runway separation)

(1s desired, note 2)

<= 7s

(2500 ft runway separation)
	<= 3 s



	Permitted Total State Vector Errors Required To Support Application

(1 sigma, 1D)
	hp = 200 m

hv = n/a

vp = 32 ft

vv = 1 fps
	hp = 20 / 

50 m

   (note 1)

hv = 0.6/ 0.75 m/s
 (note 1)

vp = 32 ft

vv = 1 fps
	hp = = 20 / 50 m

(note 1)

hv = 0.3/ 0.75 m/s

(note 1)

vp = 32 ft

vv = 1 fps
	hp = 200 m

hv = 5 m/s

vp = 32 ft

vv = 1 fps
	hp = 20 m

hv = 0.3 m/s

vp = 32 ft

vv = 1 fps
	hp = 2.5 m (note 9)

hv = 0.3 m/s
vp = n/a

vv = n/a

	State Vector Errors Budgeted for ADS-B 

(1 sigma, 1D) (Note 10)
	hp = 20 m

hv = 0.25 m/s

vp = 30 ft

vv = 1 fps

(Note 11)
	hp = 2.5 m (note 9)

hv = 0.25 m/s

vp = n/a

vv = n/a


Definitions:

hp:  standard deviation of horizontal position error.

hv:  standard deviation  of horizontal velocity error.

vp:  standard deviation of vertical position error.

vv:  standard deviation of vertical velocity error.

Notes:

1)  The lower number represents the desired accuracy for best operational performance and maximum advantage of ADS-B.  The higher number,  representative of GPS standard positioning service, represents an acceptable level of ADS‑B performance, when combined with barometric altimetery.

2) The analysis in Appendix J indicates that a 3-second report received update period for the full state vector will yield improvements in both safety and alert rate relative to TCAS II, which does not measure velocity. Further improvement in these measures can be achieved by providing a one-second report received update rate  Further definition of ADS-B based separation and conflict avoidance system(s) may result in refinements to the values in the Table.

3)  The 90 nmi range requirement applies in the forward direction.  The required range aft is 30 nmi (40 nmi desired).  The required range 90 degrees to port and starboard is 45 nmi (60 nmi desired) (see Appendix H).

4) n/a = not applicable; TBD = To be defined

5) Requirements apply to both aircraft and vehicles.

6) Supporting analyses for update period and update probability are provided in Appendices J and L.

7) Acceptable combinations of report update period (T) and update probability (P) are given by the formula (1-P)TC/T <= 0.01 where TC is the 99th percentile report update period given in the table.  For example, for conflict avoidance, TC = 6 sec.; a report update period of T=3 would require P=0.9 or greater.  As a second example, for conflict avoidance, if P=0.5, then T must be 0.9 seconds or less.

8)  The delay for MS or OC report updates after a MS or OC state change should be no more than the coast interval associated with the state vector report (with 95% confidence). 

9)  The position accuracy requirement for aircraft on the airport surface is stated with respect to the certified navigation center of the aircraft.

10)  This row represents the allowable contribution to total state vector error from 

ADS-B. 

11)  The horizontal velocity error requirements to aircraft speeds of up to 600 knots.  Accuracies required for velocities above 600 knots are TBD.

12)  Specific system parameter requirements in Table 3.3-3 can be waived provided that the system designer shows that the application design goals stated in Appendix J or equivalent system level performance can be achieved.

13)  Update periods for the SV have been emphasized in determining link related performance requirements in this table.  Lower rates of MS and OC are under development.  These reports should be made available to support the operational capabilities using considerations equivalent to the SV.  The requirement should be optimized to ensure that the refresh/update of reports is appropriate for the equipment classes and the operations being supported.  Refer to the analysis presented in Appendix L for further details.

B
FAILURE MODES

B.1
Introduction

The following failure modes associated with the scenario discussed in the body of Chapter 4 have been identified:

· loss of an aircraft transmitter in the terminal area;

· loss of an aircraft receiver in the terminal area;

· loss of all aircraft receivers in the terminal area;

· the aircraft fails to act on instructions from a ground station;

· the ground station fails to instruct the aircraft;

· failure of the ground station;

· failure of GNSS receiver on one aircraft

· widespread failure of GNSS in a region.

These failure modes are briefly addressed below. Work is ongoing to analyse these and other failure modes in detail. As in the scenario, it is assumed that a ground station is present and manages the traffic on the GSC and LSC channels.

B.2
Aircraft loses the transmitter in the terminal area

If a user loses a transmitter and has no onboard spare, that user can still “hear” its peers but cannot transmit, cannot degrade the channel, and is effectively non-participating from the standpoint of ADS-B.  Airspace procedures must exist to accommodate this user as well as other users with no equipage.  

(1)
The aircrew is alerted about the condition. If available, switch to back-up or redundant transmitter.


(2)
If a ground station is present, then the station will be able to detect that transmissions from the aircraft have ceased and provide an alert to ATS. Implementation of a CDTI alert might also be considered to make other aircrews aware of the lost target.


(3) Use pre-defined VHF voice emergency procedures.

B.3
Loss of one aircraft receiver in the terminal area

If a user loses a receiver, it will not respond to autotuning commands issued on the associated frequency and this will be a syndrome detectable on the ground.  The user may still transmit on this frequency (i.e., if it fails to detect the receiver failure) and can potentially share slots in an undisciplined way.  But the low duty cycle on any given frequency implies overall subnetwork impact is small.  If undisciplined sharing occurs in a slot, the likelihood is that nearby users will still achieve reliable receive performance.  The ground infrastructure may also rely on diversity ground sites (and possibly directional antennas) in order to achieve more reliable reception of messages transmitted in shared slots.
  

B.3.1
Two receivers remain operational in airspace where three are required

(1)
If available, switch to back-up or redundant receiver possibly used for other services.


(2)
When instructed to activate operations on an LSC, then use channel assigned for GSC2, i.e. transmit on GSC1 and LSC1. 


(3)
The ground station will be able to detect that transmissions from the aircraft have ceased on GSC2 and provide an alert to ATS. Implementation of a CDTI alert might also be considered to make other aircrews aware of the condition. However, uninterrupted ADS-B reports on GSC1 would still be received by other aircraft. 


(4)
If required, use pre-defined ATC procedures.

This failure mode will have only marginal impact on operations provided that dual equipment is available.
B.3.2
A single receiver remains operational

(1)
If available, switch to back-up or redundant receivers used for other services.


(2)
If possible, switch the remaining receiver to GSC1.


(3)
The ground station will be able to detect that transmissions from the aircraft have ceased on individual channels and send an alert to ATS. Implementation of a CDTI alert might also be considered to make other aircrews aware of the condition.


(4)
If available, activate TIS-B uplink for the failing aircraft.


(5)
If required, use pre-defined ATS procedures.

This failure mode will have only marginal impact on operations provided that dual equipment is available.

B.3.3
Loss of all receivers in the terminal area

(1)
Stop transmitting on all channels.


(2)
The ground station will be able to detect that transmissions from the aircraft have ceased and send an alert to ATS. Implementation of a CDTI alert might also be considered to make other aircrews aware of the condition.


(3)
If available, activate TIS-B uplink for the failing aircraft.


(4)
Use pre-defined VHF voice emergency procedures.


B.3.4
Aircraft fails to act on switching instruction from the ground station or ground station fails to instruct aircraft

(1)
The ground station monitors actions taken in response to its instruction and, if necessary, repeats the instruction.


(2) (a) For an inbound aircraft, the failed action means that reporting/reception on the LSCs would not be activated while reporting/reception on the GSCs would be maintained. The aircraft would still be visible to other aircraft and ATS, but the update rate would be lower. The inbound aircraft would receive ADS-B reports from other aircraft  in the air and on the ground on the GSCs but again, the update rate would be lower.


(b) For an outbound aircraft, the failed action means that reporting on one or both LSC channels would not be de-activated. However, time-out would occur after maximum 15 minutes, and the aircraft would then revert to default reporting on both GSCs. 


(3) Use pre-defined ATS and airport procedures as required.

B.3.5
Failure of the ground station

(1)
The aircraft detects that no ground station is present since its position reports time out, including DoS.


(2)
ATS is informed about the failure of the ground station from the monitoring system.


(3)
Aircrews are informed that only AFAS services are available.


(2) Use pre-defined ATS and airport procedures as required.

B.3.6
GNSS failure modes

In the event of loss of GNSS receive capability by a single aircraft, that aircraft can maintain secondary time by monitoring the transmissions of other stations.  If the affected aircraft was using GPS also as the source of navigation, it could potentially perform secondary navigation based on the transmissions of local ground stations
, revert to other onboard means of navigation, or declare itself to be lost.
  If the airborne station declares itself to be lost, the ground can potentially determine its position by triangulation (e.g., to support surveillance with a degraded level of accuracy).  The triangulated position could be communicated to other mobile stations via TIS-B, if available.  The ground may also autotune the mobile to a lower reporting rate consistent with its surveillance requirements (i.e., since high reporting rate is useless if the ADS-B reports contain no information).  As with any ADS-B scheme, appropriate airspace procedures would have to be in place to allow safe management of traffic given the navigation failure of the mobile.

In the event of a widespread GPS failure (e.g., jamming), aircraft can maintain secondary time by monitoring the transmissions of local ground stations.  Secondary navigation would also be feasible, as would alternative means of navigation.  For airborne stations that declare themselves to be lost, the ground can potentially determine position by triangulation and report these data via TIS-B.  The ground may also autotune the “lost” mobiles to a lower reporting rate consistent with its surveillance requirements.  Appropriate airspace procedures would have to be in place to allow safe management of traffic given the widespread loss of GPS.


































� If the mobile detects that the receiver has failed, then it will halt operations on the frequency which it cannot monitor.


� Secondary navigation is not a required capability in SARPs, but is an option that may be supported by service providers.  The required timing accuracy for ground uplink transmissions, to support secondary navigation, would be accommodated by the primary timing state when the certified flag is set expected to be supported by these stations.


� The VDL Mode 4 radio may be lost even if alternative means of navigation exist, e.g. if the alternative means of navigation are not connected to the VDL Mode 4 radio.





