

ACP WG-F/28 WP16

	[image: image1.png]



	
International Civil Aviation Organization

WORKING PAPER
	


 Aeronautical Communications Panel (ACP)

28th Meeting of Working Group F (WG-F)

Lima, Peru, 11 – 22 March 2013


Agenda Item 6 
Development of material for ITU-R meetings
Second Interim Report of the Correspondence Group

Dealing with AMS(R)S Spectrum Issues
 (Presented by SUZUKI, Yoshio, Coordinator CG-AMS(R)S)
	SUMMARY

	This document provides the second interim report of the correspondence group dealing with AMS(R)S spectrum issues to be submitted to the 28th WG-F meeting. 
The Correspondence Group considered its objectives and terms of reference, and maintained them. The work plan of the group was updated based on the discussions in the WG-F/27 meeting.

The group provided a paper describing discussions on the WP 4C working document, especially on method to estimate AES count and volume of traffic, and provided preliminary draft elements of proposed modifications on the working document to be used by respective Administrations and ICAO in preparation of contributions to the 3rd WP 4C meeting.
 

	ACTION

	WG-F members are asked to consider and agree this interim report for active participation in the work of WP 4C to improve method of calculation of spectrum requirements for the AMS(R)S communications responding to Resolution 422 (WRC-12).  Further, WG-F is encouraged to open discussions on the role of ICAO in the process of frequency coordination how to satisfy “invite ICAO” in the Resolution 222 (Rev. WRC-12) without giving undue burden.


1. Background

The 27th meeting of the Working Group F considered the WP32, interim report of the WG-F correspondence group dealing with AMS(R)S, and IP7, working document towards ITU-R Recommendation for a methodology to calculate AMS(R)S spectrum requirements.  The meeting agreed that the WG-F AMS(R)S correspondence group should continue and should focus on those items found in Appendix G of the WG-F/27 report (Annex 1).

Concerning the discussion on a possible database for supporting information for the evaluation of AMS(R)S spectrum requirements, it was understood that the ICAO would not be in a position to host such a system and therefore alternative arrangements need to be considered.

This document provides the second interim report of the correspondence group to be submitted to the 28th WG-F meeting.

2. Discussions

2.1 According to the agreement and guidance of the WG-F/27 meeting, the correspondence group considered its objectives and terms of reference, and maintained them. The work plan of the group was updated based on the items to be discussed by WG-F for the future WP 4C meetings as shown in APPENDIX G of the WG-F/27 Report.

2.2 The coordinator provided a paper describing preliminary discussions on the WP 4C working document, especially on method to estimate AES count and volume of traffic (Sections 2 and 3 of the Attachment of Annex 14 to Doc.4C/91) as shown in Annex 2 of the Attachment, and distributed them to the members for their consideration.

2.3 As there was no significant objection from the member, the coordinator then provided preliminary draft elements of proposed modifications on the working document to be used by respective Administrations and ICAO in preparation of contributions  to the 3rd WP 4C meeting as shown in Annex 3 of the Attachment.
3. Conclusion and proposal

The Second Interim Report of the Correspondence Group dealing with AMS(R)S spectrum Issues is provided for the 28th meeting of the Working Group F as shown in the Attachment.
WG-F members are asked to consider and agree this interim report for active participation in the work of WP 4C to improve method of calculation of spectrum requirements for the AMS(R)S communications responding to Resolution 422 (WRC-12).  
Further, WG-F is encouraged to open discussions on the role of ICAO in the process of frequency coordination how to satisfy “invite ICAO” in the Resolution 222 (Rev. WRC-12) without giving undue burden.

Attachment
The Second Interim Report of the Correspondence Group

Dealing with AMS(R)S Spectrum Issues

1. Introduction

The 27th meeting of the Working Group F considered the WP32 and IP7.  It was stated during the presentation that WP32 provided an interim report of the WG-F correspondence group dealing with AMS(R)S while IP7 provided the general principles of how to develop criteria for calculating AMS(R)S spectrum requirements and it’s methodology as an ITU-R Recommendation, if/as appropriate.  Following the introduction the meeting agreed that the WG-F AMS(R)S correspondence group should continue and should focus on those items found in Appendix G of the WG-F/27 report (Annex 1).

Concerning the discussion on a possible database for supporting information for the evaluation of AMS(R)S spectrum requirements such as a database of global and regional aviation traffic requirements, the Secretariat stated that they would not be in a position to host such a system and therefore alternative arrangements need to be considered.

This document provides a draft second interim report of the correspondence group to be submitted to the 28th WG-F meeting.

2. Objectives of the Correspondence Group and its Terms of Reference

Objectives of the Correspondence Group is “to consider the role of ICAO responding to invite ICAO by Res.222(Rev. WRC-12) including method of the evaluation by ICAO of the AMS(R)S traffic requirements and to consider improvement of methodology for determining AMS(R)S spectrum requirements especially on the traffic requirements responding to Res.422(WRC-12)”. 

Terms of Reference for the group are described below.

(1)　To exchange information on the AMS(R)S spectrum issues in following subjects.

a) 
Responding to "invites ICAO" section of Res. 422(WRC-12)

Methods of providing and evaluating AMS(R)S traffic requirements and conditions to ensure required quality of service for the AMS(R)S communications in developing ITU-R Recommendation of methodology to calculate AMS(R)S spectrum requirements

(Note) It is useful to have an additional recommendation on validation of AMS(R)S spectrum requirements calculated under Recommendation noting Item 3 of Annex to Res. 222 (Rev. WRC-12), since it helps define clearly what is meant by "validation".

b) 
Responding to "invites ICAO" section of Res. 222(Rev. WRC-12)

Method of the evaluation by ICAO of the AMS(R)S traffic requirements received from individual administrations, on the basis of the known global and regional aviation traffic requirements, including the time-scale of regional and global communication requirements. 
(2)　To report the results of the discussion in the correspondence group to the Working Group and to suggest appropriate actions to be taken by ICAO and aviation community.

3. The work plan for the Correspondence Group

The work plan for the Correspondence Group is revised as follows.

3.1 For the WP 4C meetings to be held in April and September 2013

Based on the results of WP 4C meetings;

(1) Consider output documents provided by WP 4C meetings especially on the methods of calculation of AES count and volume of traffic requirements to ensure required quality of service for the AMS(R)S communications

(2) Improve those methods as more applicable and practicable procedure as draft new Recommendation.

(3) Consider method of validation for the calculated spectrum requirements

(4) Provide materials to be used for respective Administrations and ICAO developing contributions to the next WP 4C meeting.

(5) Report above results to the WG-F meetings

3.2 For the future WP 4C meetings to be held in 2014

Based on the results of WP 4C meetings;

(1) Improve method of calculation for the AMS(R)S spectrum requirements as draft new Recommendation, if required.

(2) Consider procedures to evaluate/validate AMS(R)S traffic requirements received from administrations

(3) Consider possibility of obtaining appropriate supporting information for the evaluation of AMS(R)S spectrum requirements such as a database of global and regional aviation traffic requirements

(4) Confirm role and position of ICAO relating to AMS(R)S spectrum prioritization and protection

(5) Provide materials to be used for respective Administrations and ICAO in preparation of contributions to the WP 4C meetings
(6) Report above results to the WG-F meetings

4. Discussions

4.1 Results of the 2nd WP 4C meeting

The 2nd WP 4C meeting was held in 12 - 18 September 2012, and updated the working document by considering four input documents, Doc. 4C/87(CAN,USA), 81(J), 86(ESA), 87(Inmarsat) . Issues contained in Annex 1 of the first interim report (WG-F/27 WP-32) were discussed and generally agreed by WP 4C as shown in Annex 2 of the first interim report as well as summary of the discussion.

4.2 Preparation for the 3rd WP 4C meeting to be held in April 2013

According to the agreement of the WG-F/27 meeting, the coordinator updated the work plan of the group and provided a paper describing preliminary discussions on the WP 4C working document, especially on method to estimate AES count and volume of traffic (Sections 2 and 3 of the Attachment of Annex 14 to Doc.4C/91) as shown in Annex 2, and distributed them to the members for their consideration.

As there was no comment from the member, the coordinator then provided preliminary draft elements of proposed modifications on the working document to be used for respective Administrations and ICAO in preparation of contributions to the 3rd WP 4C meeting as shown in Annex 3.
5. Conclusion and proposal

The Second Interim Report of the Correspondence Group dealing with AMS(R)S spectrum Issues is provided for the 28th WG-F meeting.

WG-F members are asked to consider and agree this interim report for active participation in the work of WP 4C to improve method of calculation of spectrum requirements for the AMS(R)S communications responding to Resolution 422 (WRC-12).

Further, WG-F is encouraged to open discussions on the role of ICAO in the process of frequency coordination how to satisfy “invite ICAO” in the Resolution 222 (Rev. WRC-12) without giving undue burden.

Annexes

1. Preliminary draft items to be discussed by WG-F for the future WP 4C meetings (APPENDIX G of the WG-F/27 Report)
2. Discussions on WP 4C Working Document (Attachment of Annex 14 to Doc.4C/91)
3. Preliminary draft elements of proposed modifications on the Method of calculation of spectrum requirements for the AMS(R)S communications in the 1.5/1.6 GHz bands
Annex 1
Preliminary draft items to be discussed by WG-F

for the future WP 4C meetings
1. Actions to prepare for the future WP 4C meeting

1.1 Consideration of output documents provided by WP 4C meetings on the methods of calculation of AES count and volume of traffic requirements to ensure required quality of service for the AMS(R)S communications

1.2 Improvement of those methods as more applicable and practicable procedure as draft new Recommendation.

1.3 Method of validation for the calculated spectrum requirements

1.5 Preparation of materials to be used for respective Administrations and ICAO developing contributions to the next WP 4C meeting.

2. Action to be taken by ICAO on evaluating AMS(R)S traffic requirements received from individual administrations under “invite ICAO” in Res. 222

2.1 Consider procedures to evaluate/validate AMS(R)S traffic requirements received from administrations 

2.2 Consider possibility of obtaining appropriate supporting information for the evaluation of AMS(R)S spectrum requirements such as a database of global and regional aviation traffic requirements

2.3 Confirm role and position of ICAO relating to AMS(R)S spectrum prioritization and protection

Annex 2
Discussions on WP 4C Working Document

（Attachment of Annex 14 to Doc.4C/91）
1.　Introduction
Three approaches to estimate AES count are proposed for methods of calculating AMS(R)S spectrum requirements, theoretical approach from CAN/USA which implies to use computer software, simplified approach from Japan based on the number of registered AES and historical approach from UK based on operational data.

Although there are some advantages and disadvantages for each approach, it is necessary to confirm them and provide common single method as far as possible.  .

It is useful to coordinate their concept by close exchange of information among CAN/USA, Inmarsat and Japan especially following subjects.

In addition to the AES count, different methods to estimate volume of traffics are proposed, and need to be harmonized.
2. General Discussion
(1) Methods to obtain AES count and unit traffic volume based on operational data proposed by Inmarsat as Approach 3 seems to be practicable and Approach 2 of simplified analysis proposed by Japan is simple and practicable.
(2) As for the Approach 1 proposed by CAN/USA to obtain AES count by theoretical approach seems to be useful and similar to the method to obtain AES count by using airlines timetable formerly proposed by MTSAT but to use traffic density as proposed by the COCR. However, such database may not exist as far as in the COCR and process are difficult to understand to apply.

In addition, a method to obtain traffic volume by using queuing model seems to also be difficult to understand and apply.

Furthermore, this method implies the use of specific software and therefore it seems to be difficult for other party to apply it unless such software is opened to general public.

It is necessary to ask CAN/USA to explain their method in detail and to simplify it so as to incorporate them into the common proposal if possible.

3. Approaches to estimate AES count

a) Common issue

It is necessary to confirm common understanding on the necessity of appropriate overlapping of AES count among different AMS(R)S networks or different beams (e.g. global beam and spot beams) in same airspace to keep its availability.

In addition, requirements to ensure quality of transmission and availability need to be clarified.

Method of determining AES count and traffic volume should generally be based on the historical data, but it is possible to use other options for new or under developing systems.

b)　Approach 1 (CAN/USA）

The Approach 1 seems to be based on computer software and therefore it seems to be difficult to use by the third party unless such software is opened to general public. Otherwise, simplified procedures should be provides.

As it is based on the concept of the COCR, it is necessary to confirm that necessary databases to be used for the calculation are easily available or developed.

In the meantime before providing simple and understandable text for this section, all text in this section should be deleted and to be “TBD” with a note “This section needs to be reviewed and provided in simplified text”.
c)　Approach 2 (J）

It is necessary to explain the necessity of this approach and to consider harmonization with other approaches.

To improve this section, it is proposed to include the necessity of this approach in the first paragraph, and Notes to clarify “ro”, “ra” and “bc” are added to make better understanding for this approach.
In addition, equation (6a) is applied for both global and spot beams adding a text “in the calculation of ACb, discrimination between Global beam and Spot beams are unnecessary”, and equation (6b) is only applicable to the case of beam clusters.
d)　Approach 3 (Inmarsat）

It would be strictly necessary to extract useful data for AMS(R)S communications from measured data which include all MSS communications.

It is also noted that measured traffic data should not be duplicated with overheads and other additional data considered in the calculation of Cd below.

It is noted that AES count shall be applied to both data and voice communications, and determinations of unit communication volume for data and voice traffics are dealt with sections 3.1.2 and 3.3.2, relevant modifications are proposed.
4. Calculation of Communication Volume
Although theoretical approach to obtain unit traffic volume by queuing model proposed by CAN/USA is complicated, it may be useful to consider whether it can be applied for supplement to historical data.

In the meantime before providing simple and understandable text for this section, all text in this section should be deleted and to be “TBD” with a note “This section needs to be reviewed and provided in simplified text”.2.3　Conversion from Communication Volume to required Bandwidth
Annex 3

Preliminary Draft elements of proposed modifications on the
Method of calculation of spectrum requirements for the AMS(R)S communications in the 1.5/1.6 GHz bands
{Editorial Note: Review all notations used in this document to ensure consistency and ease of understanding by all readers.}

1
General

.........
2
Estimation of AES count to be handled with the satellite system under consideration
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 be handled by spot beams. The advantage of the global beam is that it covers areas that would otherwise not be covered by the spot beams. In a typical deployment scenario a cluster of spot beams may be activated to serve aircraft along the high traffic air routes with the outlying aircraft served by the global beam. Although it is possible for the global beam to provide many of the same services as the spot beams the global beam is likely to be used for broadcast messages, signaling, and logging aircraft on to the network. At some point additional spot beams may be activated to provide services where it is more spectrally or power efficient. In any case it is important to know how many AESs are being served during the peak period by either spot beams or global beams. 

{Editorial Note: Some satellite systems utilize advanced multi-spot beam configurations The multi-spot beam systems would be treated in a similar manner as systems that utilize a global beam and a few spot beams but with different technical and servicing characteristics taken into consideration.}
The number of AESs (AES Count) within a  specified beam to be handled within the satellite system under consideration should be determined.  The AES Count is defined as the peak number of actually operating AESs within the specified area of the satellite network and logged on to that satellite network under consideration in the busiest hour of the year, where the busiest hour is the busiest hour of that particular area/beam.  Note that the AES count should include only those AES which are expected to make use of the satellite network.
The AES Count, is a fundamental parameter required for the estimation of the spectrum requirement for the AMS(R)S communications.  Three approaches to determine this number are described in this section:

1)
In the first approach, it is assumed that the total number of AESs within the AMS(R)S system within the critical time period is known or may be estimated.  However, the distribution of the AESs within different beams and airspaces may not be known and under this approach the number of AESs within a given beam and airspace is estimated based on assumptions of aircraft count densities and beam areas.

2)
In the second approach it is assumed that the total number of logged-on AESs within the AMS(R)S system within the critical time period is known or may be estimated.  However, the distribution of the AESs among the different beams may not be known and under this approach  the number of AES within a given beam is estimated based on known information on the distribution of aircraft within the AMS(R)S system’s service area.

3)
In the third approach, it is assumed that historical data for the total number of logged-on AESs within each beam of the AMS(R)S system within the critical time period is available, and estimates of future requirements may be made based on this historical data, with a suitable adjustment to account for increasing or decreasing demand in the future.

{Editorial Note: The above descriptions will need to be reviewed when the description of the approaches are finalised.}

It should be noted that Approach 1 is generally intended for use by newly planned AMS(R)S systems, while Approach 3 is applicable to established systems and should provide the most accurate estimate of AMS(R)S spectrum requirements. Approach 2 utilizes some historic data along with a number of assumed parameters and factors to determine AMS(R)S spectrum requirements. Its applicability to new or established systems is unclear at the time being. 

An AMS(R)S system may consist of several GSO satellites, which may have overlapping beams in some areas.  The spectrum requirements are determined separately for each beam within each satellite, and in areas of overlap there is a risk that AESs are double-counted, i.e. assigned to two satellites at the same time.  Hence, when determining the AES count in areas of overlapping coverage, it is necessary to ensure that the number of AESs is suitably apportioned between the satellites. {Editorial Note: The text in this section as written pertains to the ENR and ORP airspaces and will be expanded as necessary to include other airspaces in which AMS(R)S RR Article 44 priority 1‑6 communications are required.}
{Editorial Note: In a given satellite beam there can be more than one GES providing AMS(R)S services for some satellite networks. Since service availability can vary between GESs it is necessary to estimate the maximum number of simultaneous logged on AES to a specific GES. Further study is needed to incorporate this variability into the methodology.}
There are at least four types of aircraft that may need to be considered in this section, commercial passenger, commercial cargo, general aviation, and government. Characteristics/statistics and traffic associated with these types can vary and so individual calculations of AES Count in the area of interest may be performed for each type of aircraft and used to calculate traffic data which are then summed for each aircraft type as appropriate before computing the spectrum requirements. In the event that such information is not well known, it is assumed that different aircraft types contribution to total traffic is by the same % of the total each aircraft type population to total aircraft population.
{Editorial Note: The following discussion needs to be rewritten to better address possible areas in which AMS(R)S may be utilized to provide priority 1-6 coverage.]
In the case of aeronautical communications traffic varies during different phases of an aircraft’s flight the AES counts within each beam are divided into groups reflecting the phase of flight and associated communications they are likely to encounter.
Normally VHF air/ground/air links are used to provide aeronautical communications services where available but, beyond line of sight (BLOS), HF or satellite communications must be employed. There are two phases of flight in which this is likely to occur, the “en-route” or ENR phase and the “oceanic remote polar” or ORP phase. The ENR phase will include portions of flight that are within line of sight (LOS) to VHF base stations and portions of flight BLOS that must depend on HF or satellite communications. The ORP phase is by definition BLOS to VHF transmissions.
LOS distance to the horizon (Lh) from an aircraft (AC) may be calculated as:


Lh = 1.064 x (FL)1/2
(1)
where

Lh: 
distance to horizon in nautical miles (NM);

FL:
Flight level or AC altitude in feet.
The ENR and ORP airspaces are defined in COCRv2 and summarized in Table A2. ENR is defined to reside in a vertical range between 24,500 and 60,000 feet. As a worst case it is assumed that all AC are flying at the lower end of the range resulting in a LOS distance of 167 NM, the maximum in which they would be able to receive VHF transmissions.  We note that the flights which are likely to employ HF or satellite communications are those that are headed to or from land, i.e. oceanic. It is likely the VHF base stations would be located as close to the coastline as possible to facilitate oceanic coverage. It also is likely that departing or arriving flights would not necessarily fly in a direction perpendicular to the land. Assuming flights paths are on average at 45 degrees with respect to a tangent to the coastline, aircraft would be BLOS when more than 118 NM offshore. If the coverage area of the global beam is reduced to exclude the area defined by land with a 118 NM extension, then the remaining area can be assumed to contain the relevant ENR and ORP combined airspace (EOa). Each ORP air space is fairly large with respect to each ENR air space for a given flight. For the purpose of calculating an aggregate ORP airspace (Oa) it is assumed that one ORP would exist between each group of continents with transoceanic crossings that lie within a global beam. Subtracting the aggregate ORP air space i.e., from the combined ENR + ORP air space, determined earlier, will give an estimate of the total aggregate ENR air space (Ea).
2.1
Approach 1 – AES counts estimated from aircraft count densities and beam service areas













{Editorial Note: The text in the remainder of this section needs to be reviewed and simplified.}
2.2
Approach 2 – Calculation of the AES count per beam, based on a statistical distribution approach

The AES count per specific service area (ACa) is best determined through historical traffic statistics from the relevant satellite system, with adjustments made for projected short-term growth. However, if such information is not sufficiently available, ACa can be obtained based on total number of registered AES to the satellite network concerned and statistical and operational data for similar systems.

{Editorial Note: Need to review this paragraph when the methodology is stable.}
2.2.1
Estimation by using the number of registered aircraft equipped within a given service area
The AES count within specified service area can be estimated by using the total number of registered AES to the satellite network under consideration as follows:



ACa = Rs × ro × ra
(5)
where


Rs: 
number of registered AES capable to use the satellite network under consideration;


ro: 
ratio of the maximum number of AES operating at any instant in the visible area of the satellite network to the total number AESs registered to the system;


ra: 
ratio of the AES operating within the specified service area to the number of AES operating in the visible area of the satellite network concerned.
Note: 
(1) “ro” and “ra” can be obtaind by analyzing operational data for similar networks.
(2)  Generally, as spot bem areas or beam cluster areas are contained in the global beam area, double counting among “ro” for these areas shall be avoided.
2.2.2
Estimation of the number of AESs to specific satellite beam 
 
Maximum number of AES per beam (ACb), referred to as the AES count, can be obtained by taking into account of beam configuration of the satellite network as follows:







In the case of normal global and spot beams;


ACb = ACa
(6a)
In the case of  beam cluster;


ACb =  bc × ACa/Nb
(6b)
where





Nb: 
number of beam element in the beam cluster;


bc: 
peak to average distribution factor of AES count for beam element in the beam cluster.


Note:  In practice, traffic distribution is not uniform across the various spot beams, some spot beams could serve a high percentage of total traffic carried by a network.  Therefore a correction factor as “bc” can be applied derived fron Poison’s distribution or other appropriate rule.
2.3
Approach 3 – Where historical data of the logged-on AESs per beam is available

The AES count per beam (ACb) is best determined through historical statistics from the relevant satellite system, with adjustments made for projected short term changes in the number of operating aircraft.
The traffic data for both circuit switched voice traffic and the packet data traffic is processed on an hourly basis based on the raw call data records. It is possible to gather the following information on an hourly basis for each calendar day of any given month.

–
Satellite network/associated GES

–
Beam: Global/spot within  the satellite

–
Calendar day

–
Hour (0-23 hours)
–
AES ID communicated with Satellite network/associated GES
–
Time to start and end of the communication
Following information should also be obtained to estimate volume of traffic to be used for Chapter 3.
–
Traffic unit (kbits for packet data traffic (forward and return directions) and min for circuit switched voice traffic)

–
Volume of traffic (kbits or mins).

Based on the above information it is possible to identify three busy hours within a given year for each category of voice and packet data traffic in each beam of every satellite network.  Having identified the three busy hours, the AES count is determined for each of those busy hours and the average value of the AES count for those three busy hours is used in the further analysis.  These steps are undertaken separately for the voice and data traffic so that two values for the AES count are determined – one applicable to voice traffic and the other applicable to the data traffic.  An underlying assumption here is that there is not a significant difference in volume of traffic associated with each of the three busy hours.



AES count (ACb) = (X1+X2+X3)/3  
(6c)

where X1, X2 and X3 are the maximum number of AESs in each of the three busy hours associated with either the voice and data traffics.
Note: Average value of traffic volume to be used for Sections3.1.2 and 3.3.2 can also be obtained by similar manner as follows.

Average volume of voice traffic in the busy hour Yave = (Y1+Y2+Y3)/3   
(6d)

where Y1, Y2 and Y3 are the values of voice traffic volume in each of the three busy hours.


Average volume of data traffic in the busy hour Zave = (Z1+Z2+Z3)/3   
(6e)

where Z1, Z2 and Z3 are the values of data traffic volume in each of the three busy hours.


Volume of voice traffic carried by one AES in the busy hour Va =  Yave /ACb mins
(6f)


Volume of data traffic carried by one AES in the busy hour Da =  Zave /ACb kbits.
(6g)

Based on the above procedure it is possible to arrive at the AES count in a given beam for each type of voice and data service and the associated traffic carried by each AES.

3
Calculation of information volume for each type of traffic

The calculation of information volume may be conducted separately for each of a number of different traffic types.  In the sub-sections below, a method to determine the information volume for each of the following traffic types is considered: addressed data (including packetized voice), broadcast data, addressed circuit-switched voice, party-line circuit-switched voice and broadcast voice.

{Editorial Note: Terminology related to the types of carrier needs to be checked and aligned throughout the document.}

Information volume for each type of traffic in the beam should be obtained by considering only the portion of AES counts  supporting a particular traffic type.

For AMS(R)S systems which have historical call data available, the traffic volume per AES may be determined from call/data records.  In other cases, the traffic volume per AES may need to be estimated from the planned AMS(R)S communications (for example as defined in the COCR) and from that data, an estimation may be made of the aggregate information volume required within a particular beam for a particular carrier type.

{Editorial Note: While all five traffic types are employed in aeronautical communications, a refined list of ATS and AOC messages provided by the AMS(R)S system under study and corresponding to ITU priority 1-6 is needed to decide if all traffic types need to be considered.  This is particularly applicable to the theoretical approach, based on use of the COCR or similar information.}
{Editorial Note: Different approaches were suggested in the Chairman’s Report to determine the capacity requirement; in addition other approaches could also be taken. For example, for the established networks a methodology based on historical traffic records should provide most accurate results. If this information is available it will greatly simplify the methodology.  Also where historical information is available the average traffic per aircraft within each satellite beam can be estimated from records.  This allows any geographic variability in the average traffic per aircraft to be readily estimated.  However, relevant historic or statistical information may not be readily available in all cases. As an alternative, the queuing method provided below is proposed. The method employs a bottom up approach to determine the traffic that would be generated by AES within a beam.  The method is based on the COCRv2 (see reference 1) which is the result of a joint EUROCONTROL and the Federal Aviation Administration (FAA) study sponsored by ICAO approved by the Aeronautical Communication Panel.}

3.1
Data carrier (to cover both data and packetized voice requirements)

3.1.1
Information volume determined from estimated AMS(R)S communications requirements – Queuing model

{Editorial Note: This section (section 3.1.1) need to be reviewed and simplified if possible.}
3.1.2
Information volume determined from historical records

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

Total data traffics per GES in a given beam (Tb g (kbit)) can be obtained as:

1)
In case of unit traffics provided in kbit/hour:



Tbg = Da × ACbg
(36a)

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



Pd = (hs × Tbg/3 600
(36b)

where


Da: 
averaged unit data traffics to be handled by an AES(kbit/hour) (see equation (6g) in section 2.3);


hs: 
conversion factor from bit/hour to bit/s {Comment: who provides this factor?}.

{Editorial Note: It is assumed that what is meant by “hs” is a peak to average ratio. How is this determined? It may be possible to use the queuing models described in section 3.1.1 to determine the peak data rate from which ‘hs” could be determined and used with measured data “Da” to determined “Pd”.}

Peak data rate per beam can be divided for each type of carrier as:



Pdi = rdi × Pd
(37a)

where


rdi: 
data carrier type (i) ratio.

In this case, rdi would be ratio of data traffic volume associated with each carrier type(i) relative to total data traffic volume (Tb). 

2)
For voice packetized:

{Editorial Note: Presently packetized voice is not supported nor provided for AMS(R)S systems, 

This section to be reviewed at future meeting.}



Tvg = Pdrv × ACg × rv
(37c)

where


Pdrv: 
peak data rate per beam (kbit/s) for voice traffic; {Comment:  How is the value of Pdrv computed? }

rv: 
AES ratio in the specified beam area using voice. {Comment:  How is the value of rv determined? }
It is to be noted that Pdrv depends on the vocoder specified by aviation to be used for VoIP as already currently specified in ICAO ATN/IPS technical manual.

NOTE – In the current manual of ICAO, some AMS(R)S systems use R/T600 and R/T10500 carriers, dependent on type of AES, for return link data communications. It has to be noted that evolution of the SARPs is under discussion to include most demanding performances in Oceanic airspace and to cover continental airspaces. The manual will be updated accordingly if a new version of the SARPs is approved by ICAO.

3.2
Broadcast data carrier

3.2.1
Information volume determined from estimated AMS(R)S communications requirements

{Editorial Note: This section (3.2.1) need to be reviewed and simplified if possible.}
3.2.2
Information volume determined from historical records

{Editorial Note: Content of this section to be developed.}

3.3
Circuit-mode and party-line voice carrier (not covered by packetized voice)

3.3.1
Information volume determined from estimated AMS(R)S communications requirements – use of the queuing model

{Editorial Note: This section (3.3.1) needs to be reviewed and simplified if possible.}
3.3.2
Information volume determined from historical records

[Only AOC communication services utilize addressed voice. The voice load associated with AOC is stated in the COCR to be negligible.]
{Comment:  As mentioned above, the preceding sentence is not consistent with the sentence highlighted in section 3.3.1.  It is required to further investigate applicability of addressed voice to ATS and AOC voice communications and their impact on system loading.}

Both party-line and addressed voice are calculated in the same manner, but should be treated as a separate requirements since call traffic characteristics would be different for each. [Regardless of the traffic load computed, it is assumed that a minimum of one voice line is needed per beam to meet the addressed voice needs and one voice line per control sector per beam is needed to meet the party-line voice needs.]

{Comment: The preceding sentence should be reviewed.}

The voice traffic is gradually going to be converted to packetized voice and such traffic would be supported by the data carriers. The voice traffic 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 traffic per GES in a given beam (Vb g (Erlang)) can be obtained as:



Vbg = (Va × ACg )/60
(41)

where Va is the averaged voice traffic in minutes obtained from equation (6f) in section 2.3.

{Editorial Note – The applicability of converting to a reference period of 1 minute by dividing by 60 should be reviewed.}

For the established satellite networks, based on the past traffic data records, the value of Va can vary in each satellite ocean region as well as in each beam within the given satellite ocean region. This information can be derived from the past traffic records.

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.

Total voice traffic (Vbg) can be divided for each type of carrier as:




Vbg j = rvj × Vbg
(42)

where


rvj: 
ratio of  traffic volume for voice carrier type (j) to total traffic volume.

In this case, rvj would be some percentage of the AES models supporting addressable or party-line voice that also support a carrier type. 
NOTE – Currently, some AMS(R)S systems use C21K and C8.4K carriers , dependent on type of AES, for service link voice communications.

3.4
Circuit-mode broadcast voice carrier

3.4.1
Information volume determined from estimated AMS(R)S communications requirements – use of a queuing model

{Editorial Note: This section (3.4.1) need to be reviewed and should include a practicable method as appropriate.}
3.4.2
Information volume determined from historical records

{Editorial Note: Content of this section to be developed.}

_______________________________
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