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	SUMMARY

	This Working Paper discusses the CPM Report on WRC-12 Agenda Item 1.7 developed by the CPM11-2 in February 2011 and asks WG-F to consider Method B for its improvement especially for following issues.

(1) Role and membership of the consultation meeting to justify and determine the medium term AMS(R)S spectrum requirements,

(2) Development of methodology to determine AMS(R)S spectrum requirements,

(3) Procedures to achieve priority access for the AMS(R)S spectrum,

(4) Procedures to ensure compatibility of AMS(R)S assignments with MSS assignments in other coordination groups.

	ACTION

	WG-F members are asked to consider this working paper and to provide appropriate guidelines to develop contributions to the next WP 4C meeting to improve Method B in the CPM Report on WRC-12 Agenda Item 1.7. 


1.
Introduction

CPM11-2 held in February 2011 approved the CPM Report including for WRC-12 Agenda Item 1.7 with four Methods to ensure long-term spectrum availability and access to spectrum necessary to meet requirements for the aeronautical mobile-satellite (R) service (AMS(R)S) in the 1.5/1.6 GHz bands.

Among proposed methods, Method B, which was proposed by administrations having interest in the AMS(R)S communications and supported by ICAO, is considered to be the most appropriate and practicable method to satisfy the agenda item. 

This Working Paper discusses on the methods to satisfy WRC-12 Agenda Item 1.7 and asks WG-F to consider any improvements of Method B

2. Summary of the CPM Report

2.1 Methods provided in the CPM Report

There are four proposed methods to satisfy the agenda item. These are: 


Method A – No change to RR Articles 5 and 9.

Method B – No change to RR Articles 5 and 9, modification to Resolution 222 (Rev.WRC-07) to implement additional procedures supporting the provision of RR No. 5.357A with two distinct types of meetings (consultation and coordination).


Method C – Use of a part of the existing AMS(R)S allocation in the band 5 091‑5 150 MHz, for satisfying the long-term requirements of AMS(R)S only for communications with priority categories 1 to 6 in RR Article 44.


Method D – No change to RR Articles 5 and 9, modification to Resolution 222 (Rev.WRC-07) identifying the coordination process used to ensure long-term spectrum availability and access for the AMS(R)S, with coordination meetings only.

Methods A, B and D are based on the various assessments of AMS(R)S spectrum requirements submitted to ITU-R have all concluded that they are foreseen to be less than the available 2 × 10 MHz up to the year 2025. 
Method A was proposed by some administrations who hold the view that the existing Radio Regulation provisions (RR No. 5.357A, RR Article 9 and Resolution 222 (Rev.WRC‑07)) provide the required priority for current and future AMS(R)S requirements. However, another group of administrations were of the view that Method A does not solve the current difficulties under the current ORM frequency coordination process and that there is evidence that the current regulatory procedures are not sufficient to ensure the correct implementation of RR No. 5.357A, in particular with respect to the validation of the AMS(R)S spectrum requirements the procedures to give priority to AMS(R)S networks,  the coordination between various Regions and the transparency of the coordination process.

To solve the problems under current procedures, Method B proposes modifications to Resolution 222 (Rev.WRC-07). Administrations proposing this method believe that the necessary priority for AMS(R)S under RR No. 5.357A is not a matter for negotiation in frequency coordination meetings.  Method B addresses concerns of some administrations to ensure that the priority for validated AMS(R)S in the coordination process has transparency, in particular for future new operators of AMS(R)S, that there is visibility and knowledge of how the specific procedures in ORM (or other frequency coordination meetings) address the requirement that priority shall be given to accommodate the AMS(R)S spectrum requirements as stated in RR No. 5.357A. Method B proponents believe that this method will be consistent with RR Article 9 and will appropriately satisfy the agenda item such that AMS(R)S spectrum requirements to be prioritized can be objectively determined, that determined spectrum requirements can be ensured and that compatibility among coordination groups can be achieved.

However, in addition to disagreeing on the above analysis of the situation, Method B was objected to by some other administrations, including the notifying administration of AMS(R)S networks, because they consider that the proposed solutions are impractical, and add additional burden on administrations, operators and organizations. These administrations are of the view that this adds complexity and cost to the coordination process while bringing little or no added value. Further, Method B requires a new (additional) consultation meeting as a prerequisite to RR Article 9 satellite frequency coordinations to determine short- and medium-term mandatory AMS(R)S spectrum requirements. Additionally, these administrations are of the view that it implicitly expands the scope and nature of RR Article 9 satellite coordination, and would be inconsistent with RR Article 9 since the consultation meeting would involve non-notifying administrations and ICAO without an interest or clearly defined role in the MSS frequency coordination process in the bands 1 525-1 559 MHz (space-to-Earth) and 1 626.5‑1 660.5 MHz (Earth-to-space). In this regard, in the view of these administrations expanding the scope of coordination matters beyond notifying administrations may set a precedent for other satellite bands which administrations and their satellite operators may later find undesirable. Moreover, the mandatory consultation meetings may not have access to specific MSS system and network data and technical characteristics, and may delay actual satellite coordinations. 

Method D proposes to amend Resolution 222 (Rev.WRC‑07) to explicitly include the description of the coordination process that should be used, highlighting the regulatory provisions in place describing administrations’ rights and obligations when seeking priority access to AMS(R)S spectrum as well as the process to be followed when validated AMS(R)S spectrum needs of a system are not fulfilled. In this regard, Method D calls for ITU-R to develop one or more ITU-R Recommendation(s) on a methodology to efficiently calculate near-term spectrum requirements for AMS(R)S communications. Because a portion of this Method is relying on existing procedures, some administrations considered that it does not address all the problems raised, and shares some of what they perceive to be the drawbacks of Method A.  Especially, without efficient procedures to ensure priority access for the AMS(R)S spectrum, additional coordination meetings would be repeated leading to give significant impact to other MSS networks due to delay of the coordination.

2.2 Objections to the Method B

Objections to the Method B are mainly for the problems on the consultation meeting such that;

- holding additional yearly consultation meetings give unacceptable burden to administrations and operators concerned,

- new meeting with same membership of the coordination meeting will not solve the problem,

- participation of the non-notifying administration and ICAO in the process of the frequency coordination would expand and violate the scope of R.R. 9 provisions.

In addition to the above objections, Method B was also objected that additional coordination process would bring little or no added value and add complexity and cost to the existing process.

3. Discussions

3.1 Possible procedures to ensure spectrum access for the AMS(R)S communications
To satisfy requirements of the AMS(R)S communications and to ensure priority access to its spectrum, the following steps are to be included in the process of the frequency coordination.

(1) Determination of AMS(R)S spectrum requirements

Determination of AMS(R)S spectrum requirements to be prioritized under R.R. 5.357A shall be carried out by using agreed methodology of calculation and justification.
Medium term worldwide AMS(R)S spectrum plan may be developed by such as independent consultation meeting supported by ICAO experts.

(2) Spectrum assignments to AMS(R)S communications

To achieve priority of the AMS(R)S spectrum assignments, spectrum requirements of each AMS(R)S network as identified in (1) need to be fully accommodated prior to assigning the spectrum for other MSS networks in the frequency coordination process.  It should be noted that other MSS networks may share with AMS(R)S assignment under non-interference basis.
(3) Confirmation of the compatibility with the other coordination groups

The coordination meeting shall ensure that the AMS(R)S assignments in (2) are compatible with other MSS assignments made by frequency coordination meetings for other geographical area(s).  To ensure its compatibility, AMS(R)S spectrum assignments shall be informed or published to all other Administrations and operators concerned, and other Administrations and operators are requested to avoid interference to the AMS(R)S networks.
3.2 Consideration of the Consultation Meeting

It should be noted that the main purpose of the consultation meeting is to determine and validate medium and short term AMS(R)S spectrum requirements to be prioritized, and ICAO is invited as an expert of the aviation safety communications especially for the knowledge of aviation communication traffics.

The consultation meeting should be independent from MSS frequency coordination meeting to avoid intentional disagreement of AMS(R)RS spectrum requirements by other operators aiming to refuse its priority access.  The membership of the consultation meeting could be different from normal coordination meeting.

The number of the meeting may be reduced by, not yearly but, developing medium term spectrum plan by such as 3 to 5 years period to reduce the number of additional burdens.

The followings are some idea for the consultation meeting.

(1) Period of such meeting may be expanded up to five years since variation of the aeronautical traffics would be stable,

(2) Membership of the meeting may be limited within operators and administration concerning to the AMS(R)S networks and aviation experts and to ensure its transparency, process and results of the meeting are to be published as appropriately,

(3) The meeting should be independent and not be a part of the frequency coordination process under R.R. 9, but spectrum requirements determined by the meeting using the ITU-R Recommendation shall be respected under the provision of the Resolution.

Noting the above considerations, possible options for the status and organization of the consultation meeting would be as follows;

Option 1 Special Administration meeting


Member: Notifying Administrations of AMS(R)S network


Observer: Interested Administrations, MSS operators and ICAO experts


Period of the meeting: One to five years

Option 2 Special Joint ITU/ICAO meeting

Member: Notifying Administrations of AMS(R)S network and ICAO experts


Observer: Interested Administrations and MSS operators


Period of the meeting: Five years
Option 3 Ad-hoc group in the WG-F meeting

Member: Notifying Administrations of AMS(R)S network and ICAO experts

Observer: Interested Administrations and MSS operators


Period of the meeting: Yearly
3.3 Methodology to calculate and justify AMS(R)S spectrum requirements.

3.3.1 Past activities on estimating spectrum requirements

a) ITU-R Rec. M.1391

ITU-R Rec. M.1391 indicated a methodology for the calculation of the spectrum requirements of the IMT-2000 satellite component.

It is based on yearly total communication traffic volume of point-to-point IMT-2000 satellite traffic in two main categories: multimedia and non-multimedia traffic. 

Although concept of this method may be noted, it should not be appropriate to apply for the estimation of AMS(R)S spectrum requirements since natures of the services are significantly different.

b) PDNR M.[AMSRS SPECTRUM]

PDNR M.[AMSRS SPECTRUM] (Annex 12 to Doc. 4C/245) was developed for mainly estimating long term forecast of AMS(R)S spectrum requirements but some idea in this document especially A2-2.3.2 "PIAC procedure" and Part 3 of Annex 2 "Calculation of the spectrum requirements per satellite system". Some of their procedures may be applicable to estimate medium/short term spectrum requirements and their justification.

c) CPM Text

According to the CPM Report for WRC-12 Agenda Item 1.7, it is requested by Method B and D to develop agreed methodology to determine calculate and justify spectrum requirements of AMS(R)S communications to be prioritized under R.R. 5.357A.

3.3.2 Proposed Methodology

Based on the above discussions, an example of method to calculate and justify AMS(R)S spectrum requirements is proposed based on the WP 4C study, ITU-R PDNR ITU-R M.[AMS(R)S SPECTRUM]. 

It introduces ideas to apply realistic cases taking into account of obtaining number of AES in specific airspace to be logged-on to specific satellite networks, and communication requirements, signal characteristics, satellite beam configuration and etc.

It is possible to justify requested spectrum by operators by examining traffic requirements and satellite/system characteristics with this methodology.

Input information to be used for the estimation is listed as follows;

Number of AES in specified airspace

Average volume of traffics to be handled by each AES

Transmission parameter for each type of signal

Beam configuration

An example is shown in Annex 1 to Attachment 1.
3.4 Other considerations

Another objection is that additional coordination process would bring little or no added value and add complexity and cost to the existing process.

However, without additional procedures, it is difficult or impossible to ensure required spectrum for AMS(R)S, and it tend to be inefficient by making claims of disagreements and by repeating endless meetings among Administrations, operators and possibly with BR.

Therefore, new procedure would be more efficient and effective to ensure required spectrum for the AMS(R)S communications.

4. Possible contribution to the next WP 4C meeting

Based on the above discussions, it is proposed to consider draft ITU-R Recommendation as shown in Attachment 1 as a contribution to the next WP 4C meeting.

5. Proposal

WG-F members are asked to consider this working paper and to provide appropriate guidelines to develop contributions to the next WP 4C meeting to improve Method B in the CPM Report on WRC-12 Agenda Item 1.7.
Attachment 1

Possible proposal to the ITU-R WP 4C meeting

Proposed Preliminary Draft New

 RECOMMENDATION  ITU-R  M. [AMS(R)S PRIORITIZATION]*
Method to ensure spectrum requirements for AMS(R)S communications in the bands 1 545 to 1 555 MHz and 1 646.5 to 1 656.5 MHz

(2012)

The ITU Radiocommunication Assembly (Geneva, 2012),

considering

a)
that, in accordance with Article 43 of the Radio Regulations (RR), the aeronautical mobile-satellite (R) service (AMS(R)S) is reserved for communications relating to safety and regularity of flight in accordance with category 1 to 6 of the R.R. article 44;

b)
that there is concern over the availability of adequate spectrum for mobile-satellite services, e.g., AMS(R)S use in certain service areas served by different satellite networks;

c)
that there is concern regarding the availability of adequate power and spectrum for AMS(R)S messages on individual satellites designed to provide mobile-satellite services;

d)
that coordination of mobile-satellite networks is complex, e.g., because radiation patterns for some mobile station antennas do not provide much discrimination towards other mobile-satellite networks;

e)
that AMS(R)S requires special measures to ensure freedom from harmful interference to provide protection for safety and distress communications (see RR No. 4.10);

f)
that priority access and immediate availability of spectrum for distress, emergency and safety communications of the AMS(R)S communications is of vital importance for the safety of life,

g)
that coordination between satellite networks is required on a bilateral basis in accordance with the Radio Regulations, and, in the bands 1 525-1 559 MHz (space-to-Earth) and 1 626.5-1 660.5 MHz (Earth-to-space), coordination is partially assisted by regional multilateral meetings;

h)
that, in these bands, geostationary mobile-satellite system operators currently use a capacity-planning approach at multilateral coordination meetings, with the guidance and support of their administrations, to periodically coordinate access to the spectrum needed to accommodate their requirements, including AMS(R)S spectrum requirements; 
recognizing

a)
that WRC-97 allocated the bands 1 525-1 559 MHz (space-to-Earth) and 1 626.5-1 660.5 MHz (Earth-to-space) to the mobile-satellite service (MSS) to facilitate the assignment of spectrum to multiple MSS networks in a flexible and efficient manner;

b)
that WRC-97 adopted No. 5.357A giving priority to accommodating spectrum requirements for and protecting from unacceptable interference the AMS(R)S providing transmission of messages with priority categories 1 to 6 in Article 44 in the bands 1 545-1 555 MHz and 1 646.5-1 656.5 MHz,
recommends

1 that the procedures shown in Annex 1 shall be used during the detailed coordination of mobile satellite networks and for frequency assignments in bands 1.5/1.6 GHz bands to ensure spectrum access for the AMS(R)S communications:
2 that methodology to calculate and justify AMS(R)S spectrum requirements shown in Annex 2 shall be used to determine its spectrum requirements to be used in the procedure of recommends 1.

Annex 1
- Example -
Procedure to ensure long-term spectrum availability and access to spectrum

necessary to meet requirements for the AMS(R)S communications in the 1.5/1.6 GHz bands

To satisfy requirements of the AMS(R)S communications and to ensure priority access to its spectrum, the following steps are to be included in the process of the frequency coordination.
(1) Determination of AMS(R)S spectrum requirements

Determination of AMS(R)S spectrum requirements to be prioritized under R.R. 5.357A shall be carried out by using agreed methodology of calculation and justification.
Medium term worldwide AMS(R)S spectrum plan may be developed by such as independent consultation meeting supported by ICAO experts.
(2) Spectrum assignments to AMS(R)S communications

To achieve priority of the AMS(R)S spectrum assignments, spectrum requirements of each AMS(R)S network as identified in (1) need to be fully accommodated prior to assigning the spectrum for other MSS networks in the frequency coordination process.  It should be noted that other MSS networks may share with AMS(R)S assignment under non-interference basis.
(3) Confirmation of the compatibility with the other coordination groups

The coordination meeting shall ensure that the AMS(R)S assignments in (2) are compatible with other MSS assignments made by frequency coordination meetings for other geographical area(s).  To ensure its compatibility, AMS(R)S spectrum assignments shall be informed or published to all other Administrations and operators concerned, and other Administrations and operators are requested to avoid interference to the AMS(R)S networks.
Annex 2
- Example –
Method of Calculation and Justification of medium-short term spectrum requirements for the AMS(R)S communications in the 1.5/1.6 GHz bands 

1. General
Spectrum requirements for AMS(R)S communications to be prioritized under R.R. 5.357A shall be determined so that aviation communications needs are appropriately converted into spectrum requirements per satellite network for AMS(R)S communications. It shall be taking into account of requirements of safety communications and operational conditions of the satellite network based on the traffic forecast for the ATS and AOC communications in the airspaces concerned
Calculation and justification of the spectrum requirements of the AMS(R)S communications can be carried out by the following procedures as shown in the flow chart of Figure 1.

Calculations are based on the input information of total data/voice traffics of the AMS(R)S communications with averaged data/voice traffics and number of AES to be logged on the satellite network and its airspace under consideration.

Required spectrum then obtained with broken down traffics corresponding to each beam area and type of carrier for data or voice signal, and then accumulating them.
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Figure 1  Example of Calculation of AMS(R)S Spectrum Requirements
2.
Number of Log-on AES in the busiest hour of the year at specified airspace

This is a basic parameter required for the estimation of the spectrum requirement for the AMS(R)S communications in the specified airspace (such as specified service area or beam cluster zone) and the specified period (i.e. busiest hour in the year).

The number of Log-on AES in the busiest hour of the year at specified airspace (ACa) may be obtained by various procedures, generally for the current time frame. It can be derived by using actual statistics and for future time frame derived by detailed investigation and forecasting.

a) Estimation by using the number of registered AES

The number of the AES can also be estimated by using the number of registered AES as follows.


ACa = Rs x ro x ra　･･･････････････････････ (1)

where,



Rs: Number of registered AES to the satellite network



ro: Ratio of operating (flying) aircraft of the registered AES



ra: Ratio of the AES operating within specified airspace

(Note)
In the case of the MTSAT, 

Registered number of the AES：Rm = 500 (forecast at the end of 2011)

Ratio of operating (flying) aircraft: ro = 50%


Ratio of the AES operating aircraft within MTSAT airspace: ra = 80%

Then,

ACa = Rm x ro x ra = 500 x 0.5 x 0.8 = 200
b) Analysis with airlines timetable

The number of the aircraft operating under the flight schedule can be obtained by analyzing airlines timetable.

It is generally carried out by counting number of flight passing through the airspace under consideration in every one hour of the day.

Considerations should be made to obtain only for the period of satellite communications such as by excluding takeoff and landing phase and area of VHF communications.  Considerations shall also be needed on the ratio of satellite equipped aircraft (AES) and ratio of non-scheduled flight and general aviation to all scheduled flight

2.2　 Maximum number of log-on AES to specific satellite beam

Maximum number of log-on AES per beam (ACb) can be obtained by taking into account of beam configuration of the satellite network as follows. 


ACb = rb x ACa/Ns 　･･･････････････････････ (2)

where, 


rb: AES ratio in the specified beam area in the airspace (%)

Ns: Number of satellite if differnt satellite is covering same beam area simultaneously
In the case of spot beam

rb = bc/Nb

where, 


bc: Spot beam concentration factor (%)


Nb: Number of spot beam in the airspace

3.　Calculation of Information volume for each type of signal and carrier

Information volume for each type of carrier in the beam can be obtained by dividing total information volume by ratio of AES supporting such type of carrier in the beam area.

3.1　Data carrier

Peak data rate to be handled in each type of carrier can be calculated by the following process.

Total data traffics per beam (Tb (Mbit)) can be obtained as

Tb = Da x ACb,

and peak data rate per beam (Rd (kbit/s)) is calculated as 

Rd = (hs x Tb)/3600 

where,



Da: Averaged unit data traffics to be handled by an AES(kbit/Hour)

hs: Peak factor from bit/hour to bit/s 
Averaged unit information volume for the data signal to be handled by a satellite system (Da) can be obtained by aggregating the amount of data traffic over a given period of time tp (e.g. 1 hour) and at the peak period in the busiest day of the year. 

This value may be obtained by actual communication statistics, or estimated by communication requirements such as from the COCR.
It can be divided for each type of carrier as, 

Pd = rd x Rd　･･･････････････････････ (3)

where, 





rd: AES carrier type ratio 

(Note) In the case of the Inmarsat Aero classic system including MTSAT for return link, R/T600 and R/T10500 carriers are used for data carrier depending on the usage and type of the AES.
3.2　Voice Carrier

The voice traffics will be divided for each beam by corresponding number of AES to be handled.

Then they are distributed to each type of carrier concerned.

Total voice traffics per beam (Vb (Erlang)) can be obtained as

Vb = Va x ACb,

and peak voice traffics per beam (Rv (Erlang)) is calculated as 

Rv = rp x Vb 

where,



Va: Averaged unit voice traffics to be handled by an AES(Erlang/Hour)

rp: Hour to peak conversion factor

Averaged unit information volume for voice signal to be handled by a satellite system (Va) can be obtained by aggregating the amount of voice traffic over a given period of time tp (e.g. 1 hour) and at the peak period in the busiest day of the year. 

This value may be obtained by actual communication statistics, or estimated by communication requirements such as from the COCR.
It can be divided for each type of carrier as, 

Pvi = rvi x Rv　･･･････････････････････ (4)

where,


rvi: AES carrier type ratio

(Note) In the case of the Inmarsat Aero classic system including MTSAT for return link, C21K and C8.4K carriers are used for voice carrier depending on the type of the AES.  
4. 　Calculate required bandwidth for each beam and type of carrier

4.1　Data signal

a) The required number of specified carriers (Nd) can be calculated by the following formula:


Ndi = Roundup(Pdi/Cdi) 　･･･････････････････････ (5)

where,



Pdi: Peak data rate to be handled (kbit/s) 
Cdi: Effective transmission rate, i.e. transmission capacity of the normalized data carriers in kbit/s taking into account of allowable data delay
b) Required bandwidth is obtained by multiplying normalized carrier separation for the respective types of carrier (Dd) and the required number of carriers by accumulating all type of carriers as follows:


BWdi = Ndi x Ddi (kHz) 　･･･････････････････････ (6)

where, 



Ddi: Carrier separation between data carriers in kHz
Then, total spectrum requirement for data carriers in a beam (SRd) can be obtained as,


SRd = Sum(Bwdi) + Srxi


Where,

SRxi:.Additional spectrum requirement for the network control and etc.
4.2　Voice signal

In the case of the voice signal considered separately (e.g. voice not packetized), required number of voice channel (Nvj) to satisfy acceptable call loss (Lc, %) can be estimated based on the following formula:


Nv = E(Pvj, Lc) 　･･･････････････････････ (7)

where,


E(Pvj, Lc) : Function of satisfying following Erlangs C equation,
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Pvj: Peak voice traffic volume (Erlang/Hr) 

(Note) For the MTSAT operation, minimum 2 voice carriers are required.

Then, the required bandwidth for voice signal per beam (SRv(b)) is obtained by accumulating all type of carriers as,


BWvj = (Nvj + Nrj) x Dvj 　･･･････････････････････ (8)

where,


Dvj: Carrier separation of the normalized voice carrier in kHz.




Nrj: Number of reserved voice channel for emergency use


Then, total spectrum requirement for voice carriers in a beam (SRv) can be obtained as,


SRv = Sum(Bwvj)

5. Spectrum Requirements for the Network

5.1　Calculation of total spectrum requirements per beam

Total spectrum requirements per beam (SRb) can be obtained as:

SRb = SRd + SRv　･･････････････････ (9)

where,
SRd: Required spectrum for data signal per beam

SRv: Required spectrum for voice signal per beam

5.2 Calculation of total spectrum requirement per airspace

Total spectrum requirements per airspace (SRa) can be obtained based on total spectrum requirements per by summing spectrum requirements per beam throughout all airspaces (all beams or service areas) and applying factors of reuse and inefficiency due to carrier arrangements as follows.

. 


SR = Ns x Nb x SRb /(be x ru) 　･･･････････････････････ (10)

where,

Ns: Number of satellite

Nb: Number of the beam in the airspace


ru: Reuse factor (>1)
be: Inefficiency due to carrier arrangements (<1)
5.3 Calculation of total spectrum requirement per satellite Network
Total spectrum requirements per satellite network (TSR) can be obtained by adding total spectrum for each airspace as follows.


TSR = (SRa)
= SRa(G) + SRa(S) ･･･････････････････････ (11)

where,

SRa(G): Total spectrum requirements per airspace for Global Beam
SRa(S): Total spectrum requirements per airspace for Spot Beam

References:
(1) ITU-R Rec. M 1391-1
(2) PDNR ITU-R M. [AMSRS SPECTRUM]
____________________
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*	The Director, Radiocommunication Bureau, should bring this Recommendation to the attention of the International Civil Aviation Organization (ICAO).
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