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Summary





Different Data Links are currently being implemented like AMSS, Mode S, NEAN and Mode S MSP. In addition Applications have been developed which also provide communication services but at a higher layer. 





In order to be able to assess the properties of these Data Link media, DFS has initiated a comparative Data Link study. The objective of this study is to derive approximate values of key parameters like call establishment latency, Data transition latency, reliability and integrity of these Data Links. 





To obtain these results a testsetup is currently prepared and also the individual tests are specified. This report summarises the intended activities and the status of the planning.
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1.	Introduction


Several air-ground Data Links are currently becoming available for ATC and other purposes. These Data Links have different properties which make them differently suited for expected applications. In order to identify the key properties of the individual Data Links a comparative investigation of the Data Link media is currently prepared by Deutsche Flugsicherung GmbH (DFS).


2.	Investigated Data Link Environment


The investigated overall Data Link environment is shown in figure 1


� 


Figure 1: Overall Data Link Environment


Figure 1 shows the overall Data Link environment in which the investigations are intended to take place. It should be noted that ground subnetworks are excluded since their properties are in general known. The properties are analysed at two different communication levels which are, (1) the Data Link/Network level as between interfaces "a" and "b" and (2) the application level as indicated by interfaces "c" and "d". 


3.	Investigated Data Links


DFS is currently working on a detailed planning document which will provide the basis  to investigate the following Data Links:


1.	AMSS Data 3 service


2.	Mode S Subnetwork


3.	VHF based North European ADS-B Network (NEAN) (communication facilities only)


4.	Mode S Specific Protocol MSP communication facilities


5.	ATN CPDLC Application via AMSS and Mode S


It is clearly visible that the first four entries in the list represent general purpose Data Links while the last entry in the list includes the communication stacks up to the application layer. This is intended to investigate the potential difference between the performance of the Data Links themselves and the communication at application level. Although the ATN represents one future solution, it might be that Data Links are used for dedicated purposes outside the framework of ATN. Application level behaviour of new applications can furthermore be deduced from the properties of the Data Links.


4.	Investigated Parameters


The investigations of the Data Links address the following parameters:


1.	Availability


This parameter indicates at which probability the services of the Data Link are available.


2.  Call Establishment Latency


This parameter indicates how long it takes until a data communication service becomes available after a user wishes to send data to a destination. It hence has an impact on how call establishment is used; whether it can be performed just prior to the communication  request or needs to be performed longer before (e.g. when an aircraft reaches a particular area).


3.	Data Transmission Delay 


This parameter indicates how long it takes to transmit data from one location to another.


4.	Data Integrity 


This parameter indicates how likely it is that data is received uncorrupted.


5.	Available User Datarates 


This parameter indicates which datarate can be expected to be available for the transfer of data to/from one user.


From these parameters a test approach was derived which consists of the performance of three different experiments.


5.	Approach


To perform the investigations it is planned to carry out the following three experiments for each of the Data Links and in both directions:


1.	Call Establishment


2.	Bitrate Determination


3.	Data Exchange


These three experiments are sufficient to obtain the parameters listed in � REF param \* MERGEFORMAT �4.� They are further highlighted below.


In a further step, basic experiments on application level will be performed by using the CPDLC HMI, which was provided in the scope of the flight trials over multiple ATN subnetworks (FITAMS).





5.1	Call Establishment


The call establishment experiments are only applicable to those Data Links which are connection oriented. This is the case for AMSS Data 3 and the Mode S Subnetwork. For a user it is of great importance to know how long it takes to establish a call since data can only be exchanged after call establishment. Therefore it is necessary to obtain the statistics of this process.


During the call establishment experiment about 500 Call Requests are sent to open a connection. After each successful call establishment the connection is cleared again in order to avoid an increasing number of connections being open. The duration between call request and call acceptance is measured for each attempt. By this the statistics of the call establishment is analysed.


5.2	Bitrate Determination


A user of the Data Link must know which datarate is available for anticipated services in total. This will be investigated by sending data at the highest possible rate. The Data Link then limits the datarate to that which is actually supported. Since it can be expected that the datarate is a function of the size of the information records, different sizes between 3 Byte and 1020 Byte will be used during the experiments. (It should be noted that data records longer than those supported by the Data Links will be split into smaller packets as adequate)


5.3	Data Exchange


A user of the Data Link will, of course, be highly interested how long it takes until data is delivered to the destination. This will be analysed by an experiment during which data is sent from one place to the other. To obtain the statistic properties several hundred messages will be exchanged. Timestamping on both sides allows to determine the data transition latency afterwards. Again it is expected that the data transition latency is a function of the data size. Different sizes will therefore be used as in the bitrate determination experiment. Together with the measurement of the data transmission delay it is possible to derive the availability of the Data Link and also the integrity of the data transferred. In contrast to the bitrate measurements the datarate of the sender will be artificially reduced to 80 % of the determined available bitrate, so that no saturation occurs.


6.	Testtools


To investigate the different communication media it is planned to develop dedicated testtools which are capable of generating call requests and data records. It also needs to record the sending and receiving times. The testtools will record all event times in logfiles so that a later evaluation of the results can be performed.


For the experiments two testtools are required one at each side of the Data Link.


Automatic testing is only possible at Data Link level. In contrast to that manual testing with a limited number of experiments is required on application level since no programmatic interfaces exist in the experimental facilities.


7.	Timeframes


The following timeframes are anticipated:


November 1998:	Experiments on application level


March 1999:	Availability of dedicated testtools


March 1999 - April 1999:	Data Link trials


May/June 1999 :	Evaluation and Report 


8.	Conclusion


The planned experiments will provide important properties of the different Data Links and will allow to assess their adequacy for different applications.
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