- - 2 - -
- 3 -

	[image: image1.jpg]



	
International Civil Aviation Organization

DRAFT WORKING PAPER
	ACP-WGF19/WP11
10 September 2008



AERONAUTICAL COMMUNICATIONS PANEL (ACP)
NINETEENTH MEETING OF WORKING GROUP F

Montreal, Canada 15-19 September 2008
Agenda Item [5]  [Development of material for ITU-R meetings]
Studies Requested by Res. 222 (Rev. WRC-07) for WRC-11 Agenda Item 1.7

（Methodology for the Calculation of AMS(R)S Spectrum Requirements）
(Presented by K. INOGUCHI, Japan)

(Prepared by Y. SUZUKI)
	SUMMARY

	This Working Paper presents ITU-R activities relating to the Resolution 222 (Rev.WRC-07) for WRC-11 Agenda Item 1.7 and introduces a draft input document on the methodology to estimate required spectrum for the AMS(R)S  preparing by Japan to the second WP 4C meeting as an information for the development of possible draft ICAO contribution to the WP 4C.

	ACTION

	WG-F members are encouraged to consider this working paper and provide common methodology to estimate spectrum requirements for the AMS(R)S responding to the request by Res. 222.relating to WRC-11 Agenda Item 1.7.


1.  Introduction

WRC-07 adopted WRC-11 Agenda Item 1.7 to consider methods to ensure long-term and stable spectrum availability for AMS(R)S inviting ITU-R under Resolution 222 (Rev. WRC-07) to study on this subject with ICAO and other organizations concerned.

ITU-R WP 4C, responsible group for this Agenda Item, adopted a work plan for this study at the first meeting in April, and decided to study methodology and conditions to calculate existing and future AMS(R)S spectrum requirements at the second meeting to be held in September - October this year.

This Working Paper presents ITU-R activities relating to the Resolution 222 (Rev.WRC-07) for WRC-11 Agenda Item 1.7 and introduces a draft input document on the methodology to estimate required spectrum for the AMS(R)S  preparing by Japan to the second WP 4C meeting as an information for the development of possible draft ICAO contribution to the WP 4C.
2.  Background

The WRC-07 adopted Agenda item 1.7 of the WRC-11 to ensure long-term spectrum availability and access to spectrum necessary to meet requirements for the AMS(R)S, and modified the Resolution 222 to invite ITU-R to study technical, operational and regulatory studies for this purpose. 
Responding to the request by the Resolution 222, WP 4C, responsible group to WRC-11 Agenda Item 1.7, decided (i) to study the existing and future spectrum requirements of the AMS(R)S service, (ii) to assess whether the long-term requirements of the AMS(R)S can be met within the existing allocations in the 1.5/1.6 GHz bands, (iii) to complete studies to determine the feasibility and practicality of technical or regulatory means in order to ensure adequate access to spectrum to accommodate the AMS(R)S requirements, and (iv) if the assessment identified (i) and (ii) above indicates that these requirements cannot be met, to study existing MSS allocations or possible new allocations only for satisfying the requirements of the AMS(R)S.
The first WP 4C meeting provided the work plan for the 2008-2011 study period to establish a globally accepted methodology to determine existing and future spectrum requirements for the AMS(R)S, and to identify all required parameters at its second meeting.
Details of the Work Plan are indicated in the Annex 13 to the WP 4C Chairman's Report of the first meeting (Doc. 4C/66) .  It shows that, relating to invites (i) of the Resolution 222 (Rev. WRC-07), it is requested to establish a globally accepted methodology to determine existing and future spectrum requirements for AMS(R)S and to identify all required parameters at the 2nd meeting of WP 4C in October 2008
3.  Discussions

As the WRC -11 Agenda Item for this subject is adopted and results of the estimation of the AMS(R)S spectrum requirements are considered to be one of the basic information for the study in WP 4C, it is required to make methodology and its conditions clear and agree them by the WP as common understandings for the determination of current and future spectrum requirements.

MTSAT operator has been calculating the required spectrum for AMS(R)S each year for the purpose of Regions 1 & 3 1.6/1.5 GHz GSO-MSS frequency coordination based on the concept of the methodology for the calculation as provided to the WG-F/7 meeting held in 2001(WP62).

This method was based on the estimated value of peak instantaneous aircraft count (PIAC) from the world airlines time table, and is to obtain required spectrum for the AMS(R)S communications taking into account of estimated values of communication traffic and referring to similar ITU-R Recommendations such as M.1391. .

The methodology for the calculation to be used in the study of WP 4C for WRC-11 should be globally accepted and use for longer term estimation of spectrum requirements of the AMS(R)S, but basic concept should be same as used for the case of the MTSAT above.

Attachment 1 provides a draft Japan's contribution to ITU-R WP 4C for the consideration by the WG-F participants for the developing an ICAO contribution to the WP 4C meeting.
4.  Proposal

WG-F members are encouraged to consider this working paper especially Attachment and provide common methodology to estimate spectrum requirements for the AMS(R)S responding to the request by Res. 222.relating to WRC-11 Agenda Item 1.7.

Attachment 1  Methodology to Estimate Required Spectrum for the AMS(R)S (WRC-11 Agenda Item 1.7)

Attachment
Methodology to Estimate Required Spectrum for the AMS(R)S

(WRC-11 Agenda Item 1.7)

1. Introduction

This document presents some considerations on the methodology to estimate existing and future AMS(R)S spectrum requirements and conditions necessary for the calculation, responding to the work plan for the WRC-11 Agenda Item 1.7 provided at the first WP 4C meeting.

2. Background

The WRC-07 adopted Agenda item 1.7 of the WRC-11 to ensure long-term spectrum availability and access to spectrum necessary to meet requirements for the AMS(R)S, and modified the Resolution 222 to invite ITU-R to study technical, operational and regulatory studies for this purpose.

The first WP 4C meeting provided the work plan to establish a globally accepted methodology to determine existing and future spectrum requirements for the AMS(R)S, and to identify all required parameters at its second meeting.

3. Discussions

Although WP 8D considered various contributions relating to spectrum requirements for the AMSS including the AMS(R)S before the WRC-2000, results of their studies were not effectively applied to other related studies since specific ITU-R Recommendation of methodology to estimate required spectrum were not developed. Therefore, results of the estimation were widely spread due to different conditions for the estimation.

Responding to the request by the Resolution 222, WP 4C decided (i) to study the existing and future spectrum requirements of the AMS(R)S service, (ii) to assess whether the long-term requirements of the AMS(R)S can be met within the existing allocations in the 1.5/1.6 GHz bands, (iii) to complete studies to determine the feasibility and practicality of technical or regulatory means in order to ensure adequate access to spectrum to accommodate the AMS(R)S requirements, and (iv) if the assessment identified (i) and (ii) above indicates that these requirements cannot be met, to study existing MSS allocations or possible new allocations only for satisfying the requirements of the AMS(R)S.

Before the estimation of spectrum requirements of the AMS(R)S, appropriate methodology with procedures and conditions should be developed and be agreed.  It will be useful for the development of appropriate methodology to refer results of previous studies relating to spectrum requirements made at the WP 8D and to refer similar ITU-R Recommendations such as M.1391. 

3.1 Process of the estimation

Determination of spectrum requirements is assumed under the following process.

(1) Confirm the object of estimation and its condition

(2) Estimation of spectrum requirements


Part 1: Estimation of peak Information volume for the AMS(R)S communications


Part 2: Calculation of spectrum requirements 

(3) Determination of the spectrum requirements

3.2 The object of estimation and its condition

Prior to the estimation, it is necessary to confirm basic conditions such as, the intended year, satellite networks and airspace to be considered.  In addition, type of communication and type of signal are also identified.

Conditions to be defined are shown in the section 1 of the Annex 1.

3.3 Estimation of required spectrum

Methodology to estimate required spectrum for the AMS(R)S communications can be divided into two parts.  The first part (Part 1) consists of the estimation of communication volume which depends on air traffic volume and type of aeronautical communication.  The second part (Part 2) consists of the calculation of the required number of carriers and then required bandwidth that depends on the satellite communication system.

The Part 1 is the calculation of peak information volume for the AMS(R)S communications per unit of time based on the estimated Peak Instantaneous Aircraft Count (PIAC) for satellite communication in the specific airspace and the averaged peak communication traffic volume per aircraft.
The PIAC is a basic number to estimate a required spectrum for the AMS(R)S communications and it can be obtained by various methods in case by case such as derived by using actual statistics of air transportation or derived by detailed air traffic forecast.

The Part 2 is to obtain the required spectrum based on the peak information volume obtained in the Part 1. It is obtained by calculating required number of nominal carriers and then calculating the required bandwidth of each type of signal taking into account of frequency reuse efficiency among all airspace (all beam or service areas).

Details of the estimation are shown in Annex 2

3.4 Input parameters to be provided for the estimation

Input parameters to be provided for the estimation as discussed in the previous section should correspond to conditions defined in the section 3.2 such as intended year, airspace, type of communication and type of carrier.

These parameters to be provided for the estimation are shown in the section 2 of the Annex 1.

3.5 Determination of spectrum requirements

As the values obtained by the process shown in the section 3.3 are the required spectrum only for a specific satellite network to the specific airspace, therefore, if it is to determine required spectrum for the purpose to compare with allocated spectrum, it would be necessary to consider all required spectrum for all networks and all airspace.

4. Proposal

Based on the above discussions, WP 4C is asked to consider Annex 2 for the study of developing the methodology to estimate the AMS(R)S spectrum requirements and Annex 1 for the study of the input information to be used for the calculation according to the work plan provided at the first meeting of the WP 4C.

Annexes

1. Conditions to be defined and parameters to be provided for the estimation of the AMS(R)S spectrum requirements

2. Methodology to Calculate the Required Spectrum for the AMS(R)S Communications
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Annex 1

Conditions to be defined and parameters to be provided for the estimation of the AMS(R)S spectrum requirements
Following items should be well defined and provided for the estimation of AMS(R)S spectrum requirements.

1. Conditions to be considered

1.1 Object year

a) Existing or short-term requirements (e.g.  2010 - 2015)

b) Future or long-term requirements (e.g. 2025 and 2035)

1.2 Airspace

a) Specified geographic area (e.g. ECAC, Northern Pacific, etc.)

b) Flight Information Regions

c) Service area or beam area (e.g. Global, Spot, beam cluster)

1.3 Type of communications


(e.g. ATS, AOC, AAC, APC)

1.4 Type of signal


(e.g. Data, Voice)

2. Input parameters to be provided

Following parameters corresponding to conditions defined in section 1, should be provided. 

2.1 For the estimation of peak information volume

a) Peak traffic volume for the busiest hour of the busiest day in the year

b) Averaged traffic volume per aircraft per hour for specified type of signal in kbit/h or data or Erlang/h for voice

2.2 For the calculation of required bandwidth

a) Acceptable delay time (s)

b) Normalized carrier bandwidth (kHz)

2.3 For the calculation of total required bandwidth

a) Reuse factor (multiplier) among beam areas

b) Frequency usage efficiency (%) within the satellite network

Annex 2

Methodology to Calculate Required Spectrum for the AMS(R)S Communications
1. Introduction

The aeronautical mobile satellite (Route) service (AMS(R)S) is an essential element of ICAO CNS/ATM to provide safety and regularity of flight in the civil air transportation and requires high grade of availability.

Therefore, it is necessary to provide required spectrum for the AMS(R)S, and methodologies to calculate required spectrum for this service should be developed and agreed among parties concerned.

Such methodologies should be objective and standardized to be widely used in the field of spectrum management for the MSS bands.

2. Methodology

2.1 General
Methodology to estimate required spectrum for the AMS(R)S communications may be divided into two parts, the first part is mainly depends on the aeronautical communication system and independent on the satellite technology and the second part depend on satellite communications technology.  It is shown in Figure 1.

Detailed procedures with steps for the estimations are described as follows.

2.2  Part 1: Procedures to estimate Peak Information Volume for the AMS(R)S communications
Procedures to estimate Peak Information Volume (Ij) for the AMS(R)S communications in specific airspace (j) and in the year to be considered are as following steps.
(Step 1-1) Estimate Peak Instantaneous Aircraft Count (PIAC) for the satellite communication (Aj)

This is a basic number to estimate required spectrum for the AMS(R)S communications in specified airspace (such as specified service area or beam cluster zone) and specified period (i. e. year). 

This value may be obtained by various methods in case by case basis such as derived by using actual statistics of air transportation or derived by detailed air traffic forecast.
(Step 1-2) Calculate Total Information Volume 

Total Information Volume (Ij) for specific type of signal in specified airspace to be handled by Satellite is obtained by following formula.


Ijs = Aj x tk (kbit/hour for data or Erlang for voice)

    where, 


tk is averaged traffic volume for the AMS(R)S Communication per aircraft, per hour for specific type of signal (k) in kbit/hour for data or Erlang/hour for voice.  This value may be obtained by actual communication statistics or estimated by communication requirements such as COCR v2.

2.3  Part 2: Procedures to obtain required spectrum for specific type of signal of the AMS(R)S
Procedures to obtain required spectrum for specific type of signal (k) of the AMS(R)S by using Total Information Volume (Ij) are described as following steps.

(Step 2-1) Calculate Required Number of Nominal Carriers

Required Number of Nominal Carriers (Njk) can be calculated by following formula.

   For data communication;


Njk = Ij/ck (number)

   where,


ck is capacity per carrier (kbit/s) and depends on communication system such as bearer rate, type of modulation and allowable data delay.

   For voice communication,


 
Njk = E(Ij, lk) (number)

   where, 


E(Ij, lk) is number of required channels obtained by Erlang's equation with peak information traffics and required call loss (lk) determined by system requirements.

(Step 2-2) Calculate Raw Required Bandwidth (B)
Required bandwidth is obtained by multiplying channel bandwidth for respective type of carrier and required number of channel as follows.  


Bjk = Njk x bk (kHz)

  where,


bk is normalized carrier bandwidth for the signal.
(Step 2-3) Calculate Total Required Bandwidth (BW)
Total required bandwidth for a satellite network is obtained by summing required bandwidth for all data and voice signals in all airspaces (all beams or service areas) taking into account of reuse factor and band efficiency as follows.


BW = (Bjk/uj･ej) (kHz)

  i, k
where, 


uj is reuse factor (multiplier) among beams corresponding airspace or service area.
ej is band efficiency (multiplier) within the satellite network 
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