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	Summary

The ITU-R established a work plan to study feasibility and practicability of prioritization and real-time pre-emptive access between different networks of MSS in the bands 1545 -1555 MHz and 1646.5 -1656.5 MHz, based on the Res.222 (WRC-2000).

It would be useful to find ammount of the AMS(R)S spectrum requirements and their characteristics including maximum and average values to identify scenarios where real-time pre-emption would be applied.
This document provides methods of calulation of required spectrum for the AMS(R)S communications as useful information for the study, and for estimating future spectrum requirements for AMS(R)S.


1.  Introduction 


Work plan to study feasibility and practicability of prioritization and real-time pre-emptive access between different networks of MSS in the bands 1545 -1555 MHz and 1646.5 -1656.5 MHz, based on the Res.222 (WRC-2000) was established at the eleventh meeting of ITU-R WP8D.  It would be useful to find amount of AMS(R)S spectrum requirements and their characteristics including maximum and average values to identify scenarios where real-time pre-emption would be applied.


This document provides methods of calulation of required spectrum for the AMS(R)S communications as useful information for the study, and for estimating future spectrum requirements for AMS(R)S. 

2.  Type of AMS(R)S communications and FIR organization


There are two kinds of AMS(R)S communications, data and voice.  It is necessary to handle them separately because their natures are different.  


Data communication is mainly used for routine communications such as air traffic control and aeronautical operational control.  There are two different natures of channel requirements, such as indispensable channels to be assigned to each beam for communication control, channels to be assigned to each airspace for air traffic control and flight information service, and other AOC communication channels proportional to number of operating aircraft.


As for the voice communication, it is mainly used for transmission of non-routine information that data communication will have some difficulties with.  Accordingly it is necessary to reserve at least one channel per designated operational coverage area (Sector) in the flight information region (FIR) for the need of unexpected communication such as in the case of sudden meteorological deterioration, situations causing a risk to the aircraft and revision of flight plan.  For the AOC communications, their traffic will be proportional to the number of operating aircraft as usual, except in non-routine situation.

3.  Methods of calculating required frequency bandwidth for AMS(R)S 


As characteristics of frequency demands for the AMS(R)S are deferent from that of general MSS, new methods of calculating required frequency bandwidth need to be developed.  A concept of the methods and steps of calculation are summarized as follows.  

3.1  Estimation of Peak Instantaneous Aircraft Count (PIAC)

  a)  Conditions of Estimation

        It is necessary to provide appropriate conditions prior to estimate required frequency bandwidth for AMS(R)S including the followings.

     -
Applicable airspace:  North Pacific, South East Asia, etc.

     -
Season or time slot:  Both in the busiest hour and off peak hour, etc. 

     -
Category of aircraft operation:  Scheduled, Non-scheduled, etc. 

     -
Type of signals:  Data or Voice

     -
Types of avionics

 b)  Target year's PIAC


It is considered that communication traffic is nearly proportional to the number of operating aircraft. Therefore, Peak Instantaneous Aircraft Count (PIAC) for the year of interest (Target year's PIAC) in the specified airspace shall be estimated as a base of calculating required frequency bandwidth. 

  STEP 1

Generally, the number of operating aircraft widely varies and needs to be investigated in hourly, daily and seasonally basis.  Peak value in the most busy hour in the year shall be obtained, or estimated by taking into account of growth rate for the year.  The reference PIAC for the scheduled flight in some specific (reference) year may be obtained by investigating airlines timetable database of the year, such as OAG (Official Airlines Guide).  An example of daily PIAC variation in Asia and the Pacific area is shown in figure 2. 

  STEP 2

The basic PIAC for scheduled flights of target year, which is n-years later from the reference year, may be obtained by reference PIAC applying growth factor obtained by statistical data or yearly growth rate based on the economical growth.

  STEP 3

The PIAC of non-scheduled flights may be estimated by applying the ratio of scheduled and non-scheduled flights. (3a)


The PIAC of the general aviation (GA) may be estimated by applying the ratio of scheduled and GA flights based on the statistical data of GA flight hours. (3b)


Target year's PIAC is then obtained by summing up the above PIAC's, for scheduled flight, for non-scheduled flight and for general aviation. (3c)

  c)  PIAC using satellite communications

  STEP 4

The PIAC using satellite communications in the specified airspace may be obtained as the product of target year's PIAC and the ratio of aircraft using satellite communication.

3.2  Estimation of communication traffic (number of channel) 

  a)  AMS(R)S Normalized (Standard) Channel


Communication traffic can be expressed by the number of normalized communication channels selected from the type of modulation as described in the ICAO SARPs.


In the mean time, 600 bit/s channel may be used as normalized channel for the data transmission based on the number of information bit with error control bits and other necessary overheads, and 21,000 bit/s channel may be used for the voice transmission.

 b)  Estimation of number of normalized (Standard) AMS(R)S channels


The number of normalized AMS(R)S channels may be estimated based on the PIAC using satellite communications in the year of interest. 


It is necessary to consider AMS(R)S channels in two types independently, inevitable channels which depends on beams and sectors relating to communication control and ATC, and other channels for normal communication traffics. 

  STEP 5

As for inevitable channels, 2 data channels are normally reserved for the communication control to each beam (5a), 1 to 2 voice channels including spare channels for ATC voice communications are reserved to each designated operational air space (sector) (5b).  These channels need to be provided for safety and operational requirements regardless the number of operating aircraft.


Required number of channels for other communications may be estimated by considering such as total amount of data, frequency of communication and allowable delay time for data communications (5c), and number of calls, holding time, call loss for voice communications (5d).

3.3   Calculation of Required Frequency Bandwidth 

  STEP 6

Necessary frequency bandwidth can be calculated by considering characteristics of the satellite network, such as service area and frequency reuse factor and etc., and by using number and bandwidth of the normalized channel obtained above.

Required Frequency Bandwidth (BW) = (Bs x Nb,s x Fb)





              s,b


Where;



B:  Required Bandwidth Per Channel   



N:  Required Number of Channel  



F:  Reuse factor



b:  Beam 



s:  Type of signal

4.  Conclusion 


For the study of feasibility and practicability of prioritization and real-time pre-emptive access between different networks of MSS, it would be useful to develop methods of estimating required spectrum for the AMS(R)S communications and nature of their demands.


Members are asked to consider appropriate methodologies of estimating required spectrum for AMS(R)S.
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Figure 1   Flow of Calcultion of AMS(R)S Spectrum Requirement
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Notes:
JPN:   
Japan


NAS:  North Asia 




NOP:
Noth Pacific 

SEA:  South East Asia




EAS:   
East Asia


SAS:  South Asia 




NOC:  
Northern Pacific 

SOC:  Southern Pacific 
 






Sum:    Summation
Figure 2      Example of PIAC( Asia and Pacific Zone )
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