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1
Introduction 

A work plan to study feasibility and practicability of prioritization and real‑time pre‑emptive access between different networks of MSS in the bands 1 545‑1 555 MHz and 1 646.5‑1 656.5 MHz, based on Resolution 222 (WRC‑2000) was established at the eleventh meeting of WP 8D.

This document provides characteristics of AMS(R)S communications and considerations on the methods of calculation of AMS(R)S frequency requirements as useful information to study conditions and practicability of sharing the frequency bands for the AMS(R)S communications with non‑safety MSS networks providing real‑time pre‑emption capabilities.

2
Characteristics of AMS(R)S communications

2.1
AMSS communications 

According to ICAO definitions (Annex 10, Vol. III, Chapter 3), AMSS communications consist of the following communications:

a)
ATSC (air traffic service communication):


Communication related to air traffic services including air traffic control, aeronautical and meteorological information, position reporting and service related to safety and regularity of flight.

b)
AOC (aeronautical operational control):


Communication required for the exercise of authority over the initiation, continuation, diversion or termination of flight for safety, regularity and efficiency reasons.

c)
AAC (aeronautical administrative communication)

d)
APC (aeronautical passenger communication)

As a safety service, AMS(R)S communications include ATSC and AOC above.

2.2
Type of AMS(R)S signals

There are two kinds of signal transmission in the 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, to be assigned to each airspace for air traffic control and flight information service, and other AOC communication channels proportional to the number of operating aircraft.

As for voice communication, it is mainly used for transmission of non‑regular information that data communication would 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 AOC communications, their traffic will be proportional to the number of operating aircraft as usual, except in irregular situations.

Figure 1 shows the concept of the flight information region (FIR) and designated operating coverage area (sector). These sector divisions may be appropriately revised according to the quantity of air traffic. 

2.3
Required performance of AMS(R)S communications 

a)
Transmission quality and reliability (availability) 

The most important issue for aeronautical safety telecommunications is that communication channels shall be surely established when required to transmit safety information to and from aircraft.

It is observed that characteristics of general telecommunication channels other than AMS(R)S, such as public telephone or entertainment broadband data transmission, are primarily concerned about transmission quality such as frequency response and distortion.

On the other hand, AMS(R)S channels require significantly high reliability, such as availability and continuity of communication channel, and quick response to channel connection.

For the reliable communication for ATSC related services, AMS(R)S requires, for both data and voice communications, higher channel availability compared to that for general communication channels and higher response of channel access such as within a few seconds' delay even in the most busy hour. 

b)
Service area and beams 

From an operational and economical point of view, it is generally desired that normal traffic in a wide area will be handled by the global beam, and high traffic in congested airspace will be handled by spot beams.

c)
Requirement of feeder link 

All requirements described above shall be applied to overall transmission path together with feeder link and service link. Generally, higher quality performance is required for feeder link to avoid the degradation of overall transmission quality. [In addition, it is necessary to guarantee the same priority as service link in the frequency assignment.] 

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

In order to study feasibility and practicability of prioritization and real‑time pre‑emptive access for AMS(R)S, it is necessary to fully understand requirements of the quality and reliability for the aeronautical safety communications. And, to find acceptable amount of frequency range to be shared with MSS by pre‑emption, required frequency bandwidth for both services shall be calculated and compared. 

As characteristics of frequency demands for the AMS(R)S are different from those 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 estimating required frequency bandwidth for AMS(R)S, including the following:

(
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.

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. 

Generally, the number of operating aircraft widely varies and needs to be investigated on an hourly, daily and seasonal basis. Peak value in the most busy hour in the year shall be obtained, or estimated by taking into account the 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. 

The basic PIAC for scheduled flights of the target year, which is N years later than 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.

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

The target year's PIAC is then obtained by summing up the above PIACs, for scheduled flights, for non‑scheduled flights and for general aviation.

c)
PIAC using satellite communications

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 channels) 

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 meantime, 600 bit/s channel may be used as the normalized channel for 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.

According to Recommendation ITU‑R M.1037, 1 × 10(5 bit error rate for data communications and 1 × 10(3 bit error rate for voice communications are required for more than 99.9% of the time whereas performance objectives of 99% of the time is considered sufficient for general MSS.

However, since higher reliability is required for aeronautical safety communications for the future, more stringent objectives are considered in some AMS(R)S networks under development, such as more than 99.99% of the time. Shorter connection delay time for safety communications within the satellite link shall also be provided, such as in the order of a few second even in the busy hour.

Characteristics of AMS(R)S communication is considerably different from other general communications. Required spectrum for AMS(R)S is necessary to calculate not only based on the amount of communication traffic but also based on required number of channels in each airspace (beam) for ATC communication and type of signal. 

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 depend on beams and sectors relating to communication control and ATC, and other channels for normal communication traffic. 

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

In the calculation of communication channels for other general communication, required frequency bandwidth is estimated by considering such as total amount of data, frequency of communication and allowable delay time for data communications, and number of calls, holding time, call loss for voice communications.

3.3
Calculation of required frequency bandwidth 

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



Required Frequency Bandwidth (BW) = 
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where,


B: 
required bandwidth per channel  


N: 
required number of channel 


F: 
reuse factor


b: 
beam 


s: 
type of signal

4
Applicability and conditions for pre‑emption 

In order to guarantee high reliability and availability for safety communications of wide variation of PIAC, it is necessary to reserve considerably wide frequency bandwidth for AMS(R)S even in inactive periods. However, it seems to be possible to open some part of frequency range to non‑safety communications under specific conditions.

All MSS operators wishing to operate non‑safety communications in any part of a frequency range used for AMS(R)S shall protect safety communications and would need to provide appropriate measures, such as a pre‑emption facility, so as to ensure frequency assignment for AMS(R)S. 

These conditions shall be extensively studied to satisfy all requirement for the AMS(R)S, including the following considerations;

1)
Modifications of standards for the aeronautical communications (ICAO SARPs) and its implementation will need long time such as order of ten years.

2)
Channel allocation shall be well aligned among networks concerned. 

3)
Some channels for AMS(R)S need to be reserved regardless of the amount of their traffic.

4)
Immediate (very short time, such as five seconds) channel release of non‑safety communication to safety communications is needed.

5
Conclusion 


For the study of feasibility and practicability of prioritization and real‑time pre‑emptive access between different networks of MSS, it is necessary to consider stringent requirements for the AMS(R)S communications and nature of their frequency demands as discussed above.

It is proposed that this information should be considered as basic material for developing new ITU‑R recommendations.
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Figure 1

Concept of FIR and sector
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Figure 2

Example of PIAC (Asia and Pacific Zone )
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