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EXECUTIVE SUMMARY

Aviation has secured a new Agenda item for WRC 2007 to consider new allocations for AM(R)S between 108 MHz and 6 GHz.

In the first instance Aviation is expected to utilise spectrum currently allocated for Aviation purposes, if this is not feasible Aviation may go beyond this and look for additional spectrum currently utilised by another third party.

This Paper looks exclusively at the work done to develop ‘THE MODEL’ for converting Baseband data throughput requirements generated from an Operational  Scenario into RF Spectrum requirement for the Next Generation Communication System (NGCS)

In conclusion, a clear and robust model is emerging. There is still much work still to be done refining the finer aspects of this model and aligning it to the work of ITU. 

It should also be emphasised that the outcomes provided by the model is highly dependent on Operational Scenarios and system selection. The current status in development of both of these aspects is considered less mature.

Conclusion

ICAO ACP WG F is invited to:-

1) note the proposed methodology,

2) support activities required to complete the Model 

BACKGROUND

At the last meeting of ICAO ACP WG F (aug 2003), Eurocontrol and DNA (France) presented provisional methodology and spectrum calculations for potential new AMRS systems. Both used slightly different parameters and assumptions that came out with a different result.  Both models are ‘correct’ in their way. 

1.
INTRODUCTION

1.1 
The quandary of Interdependencies

When embarking on the process of defining the spectrum requirement for a new NGCS for Aviation, it can be considered that there are three elements.

· the baseband user requirements to be conveyed on that system in a service area or volume.

· the technology or at least a high level architecture, used for providing that radio service (be it for example TDMA, CDMA-FDD, RLAN, extensions of VDL3, extension of the existing analogue DSB AM voice channels, satellite system augmentations or hybrids of some or all of the above.) 

· the spectrum requirement for a system 

1.2 
Approach to analysis

In the interest of progressing the calculation of spectrum and to get agreement from different domain of expertise, it is necessary to decouple these dependencies as much as possible. In its most simplified form:-

1. Some initial requirements can be presumed. 

2. These are fed into a spectrum model assuming an initial technology

3. A spectrum requirement in terms of MHz of RF bandwidth comes out the end of the process by making the necessary assumptions 
4. And reiterate…
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After initial calculations have been performed it will be necessary to feed these results into design teams defining the technology/ technologies (ACP WG C for example) and the operational scenarios so initial assumptions can be refined, sensitivities identified and the calculation accuracy improved. 

2. The Practical work undertaken so far.

2.1
1st Iteration by Eurocontrol
In the first iteration to obtain spectrum requirements Eurocontrol developed a basic model based on CDMA theory. The model is shown below together with the theoretical CDMA boundary condition equations, the initial calculation was refined and authenticated by DFS/LS Telcom ,under a EUROCONTROL mandate. Results of this were presented into WG F in August 2003.
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2.2
1st Iteration by DNA

Separately, DGAC performed a similar study based on minimalistic user requirements and from an upper airspace down deployment strategy, technology was very broad and included TDMA and CDMA assessments of terrestrial and satellite based options.

2.3
Comparison of the two models.

A comparison of the two very separate models is shown in appendix B. It is important to note that contrary to first inspection the models complement each other. One is conservative and embracing all future possibilities, the other is a minimalistic approach which shows a possible first step to alleviating the bigger problem and does not cater for potential new applications. Deployment strategies also take opposite approaches. The DFS/LS telecom study concentrating on the most congested area sizing for capacity in busiest sector/cell as is traditionally done for mobile network sizing, whilst the DGAC study deploys from the upper airspace down (assuming this in turn alleviates congestion on the existing core European VHF communication band hotspots allowing replanning). Results from the DFS/LS Telcom model shows than spectrum requirement are very dependent on the spectrum granularity of CDMA technology (between 18 and 45 MHz).

2.4
Conclusions at the end of the 1st Iteration and next steps

The first result show order of magnitude only. The process is more important at this stage than the results obtained.

A list of comments, critiques and observation of the sensitivities of the models has been collected from the numerous specialist groups within the Aviation Communication and Spectrum Management domains including comments from the last WG F meeting, These are listed in detail in appendix A. This has been fed back into the team within Eurocontrol refining the model for its second iteration.

It is envisaged to build from this a more robust model  with the following characteristics 

· Recognised in ITU (i.e. based on ITU Recommendations)

· Independent of technologies (in reality, able to cope with different type of technologies)

· Able to cope with all radio bands between 108 MHz and 6 GHz

· Able to cope with different operational scenarios

In particular, the areas for improving the model is discussed in detail in appendix A and B. They are:

1. Corrective measure (to improve validity of model)

2. Further sensitivity analysis

3. Measures to improve clarity, presentation and definition of the model

4. Comments external to the model development to be fed into Operational Scenario

5. Comments external to model development to be fed to Technology selection activity. 
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APPENDIX A - List of comments collected after the first iterations of the model.

The following comments have been collected from Aviation. These have been catogorised into the following sub headings.

1. Corrective measure (to improve validity of model)

· 20 kb/s for voice has been superseded by 4 kb/s standard

· Confirm DGAC model is limited by self interference

· Incorporate practical experience vs theoretical. Collect experience from mobile operators between theoretical calculated bandwidths and bandwidth actually required for practical realisation of objectives.

· confusing concept that TMA area can carry 108 simultaneous movements, re-clarify  using subscriber density under the ITU mobile standard

· Issue with near-far paradigm with CDMA

· Current CDMA model uses oversimplified multirate models, alignment with ITU model is needed at the next stage of developing the model

· PIAC of cell above TMA not considered in initial study

· does not include taxiway or ground communication (see requirements from UK)

· validity of homogeneous distribution of aircraft

· Consider looking at the deployment of new system from the least congested areas in (as proposed in DGAC paper)

· Consider that a hybrid style solution (using two systems) may be appropriate. This would be in keeping with IMT proposals of terrestrial and satellite components for a new system, decoupling the capacity and coverage aspects and would provide a resilient strategy with options.

2. Further sensitivity analysis

· Look in more detail at the sensitivities to candidate technologies

· Problem with granularity of the CDMA system

· no data explosion scenarios have been included (sensitivities should be carried out on absolute best and worse case scenarios)

· look at option of utilising systems derived from the current ICAO standards in VHF bands for providing a basis for NGCS

3. Measures to improve clarity and definition of the model

· Build a model that is in a form understood and accepted by the ITU. (To this end ITU R recommendation M1390 ) would provide  a suitable skeleton.  

· The PIAC for busiest sector doesn’t necessarily reflect the peak subscriber density area, this needs to be considered more, Present information in both the PIAC format and the ITU methodology format (mobile communication terminology)

· Define a matrix of inputs to the model and a matrix of outputs. (see appendix B&D)

4. Comments external to the model development to be fed into Operational Scenario

· operational scenario needs further development and manipulation into a form in keeping with ITU M 1390

· requirements need further qualification

5. Comments external to model development to be fed to Technology selection activity

· compare spectral efficiency of CDMA / TDMA  and other technologies for the Aviation scenario.

 APPENDIX B – Comparison of models used so far.

	Eurocontrol/ DFS/ LS Telcom  - March 03
	DGAC -  July 03

	Macondo study used
	Macondo study used

	PIAC method used with busiest TMA area
	Looks at upper airspace area in. Ie non congested first to free spectrum for congestion

	Statfor forecasting used to project traffic growth to 2029 for busiest sector
	Forecasting used on average peak capacity for core Europe

	Conservative Data, Voice, video, Security estimations
	Minimalistic data, existing ATC services

	Assume deployment of commercial aviation first followed by GA at end
	

	Supports new applications and provisions for high intensive data requirements
	Supports existing applications only for voice and data, no high bit data no video

	Between 108 MHz and 6 GHz
	962 MHz and to 6 GHz

	CDMA with different granularity
	TDMA and CDMA


LIMITATIONS OF MODELS

	Capacity calculated with C/I as it is the case in state of the art model. Interference shall be extended to the other radio service sharing the same band
	Clarify the type of interference which is used on the capacity calculation. and clarify frequency re use factor is included in calculation.



	No blocking is limited to voice service. Further consideration about the model  to cope with quality of service (no blocking situation for all critical applications). 
	Quality of service is not considered.


Results

	Initial requirements
For existing voice and data requirements interpolated:

Using IS95= 7.5 MHz 

Or WCDMA=10 MHz
	Less than 3 MHz

	Future requirements 

High bit rate and video
Using IS95= 11 MHz

Or WCDMA=35 MHz
	Not taken

	The calculation includes the requirement for applications in the existing VHF band and in the newest band. That is necessary for transition issue
	Calculation is for applications to be developed on the new band. The overall requirement is therefore 19 + 3 = 22 MHz


Appendix C – Model output template

Ultimately this will be an RF bandwidth MHz requirement figure, which can be broken down as follows;-

	
	Day one requirement  for 2010 (absolute bear bones minimum requirement of new system) in MHz of RF Bandwidth
	Requirement 2015 MHz of RF Bandwidth
	Requirement 2020 MHz of RF Bandwidth
	Requirement 2025 MHz of RF Bandwidth
	Envisaged requirement as system becomes mature (probably around 2030) in MHz of RF Bandwidth

	Macro level (Core Europe)
	
	
	
	
	

	Technology A
	
	
	
	
	

	Technology B
	
	
	
	
	

	---
	
	
	
	
	

	Technology N
	
	
	
	
	

	Micro level (busiest sector or airport)
	
	
	
	
	

	Technology A
	
	
	
	
	

	Technology B
	
	
	
	
	

	---
	
	
	
	
	

	Technology N
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