- 39 -

4C/660 (Annex 6)-E


	Radiocommunication Study Groups
	[image: image1.png]




	
	

	
	

	Source:
Document 4C/TEMP/263
Subject:
WRC-12 Agenda item 1.7, Question 83-6/4
	Annex 6 to 

Document 4C/660-E

	
	26 September 2011

	
	English only

	Annex 6 to Working Party 4C Chairman’s Report

	working document towards a preliminary draft new report ITU‑r m.[ams(r)s.methodology]

	General principles, guidelines and example methodology(ies) to calculate spectrum requirements to satisfy AMS(R)S access within the bands 1 545‑1 555 MHz (space-to-Earth) and
1 646.5-1 656.5 MHz (Earth-to-space)*


1
Introduction

Having an agreed methodology to calculate the spectrum needs of AMS(R)S communications within priority categories 1 to 6 of RR Article 44 of each AMS(R)S satellite network would assist MSS/AMS(R)S frequency coordination discussions by providing better estimates of the spectrum requirements of AMS(R)S systems, reducing overestimation of stated requirements and working towards more efficient use of scarce spectrum resources. Such a methodology may be contained in an ITU‑R Recommendation.
The present ITU‑R Report is intended to be the basis for development of such an ITU‑R Recommendation. It is further emphasized that use of appropriate input parameters and assumptions in application of such methodologies is of utmost importance. This document presents some principles and guidelines to help establish the essential elements for development and use of such methodologies. The methodologies proposed in this report are only presented as examples.

2
General principles and guidelines for development of the methodologies

The following presents principles and guidelines to help establish the essential elements for development and use of methodologies to calculate AMS(R)S spectrum needs on an ongoing basis for purposes of bilateral and multilateral MSS coordination meetings conducted pursuant to Article 9 of the Radio Regulations:

a)
The methodologies should first and foremost provide accurate results avoiding overestimation or underestimation of spectrum needs. To support this goal the most accurate input data available should be employed. The calculation methodology should reflect as closely as possible the algorithms actually employed by the satellite system under study.

b)
The methodologies should provide a simple, efficient and quick means for determining spectrum requirements. In order to realize this goal, ambiguity should be minimized with pre-agreement on assumptions, estimates and other raw data employed in the study where possible. 

c)
The methodologies should support the present environment but take into consideration changes to the environment during the target period, including changes in: services, traffic, equipage, and technology. 

d)
The methodologies account for the equipage of the aircraft and only consider the services and transmission capabilities that may be afforded by the communication equipment deployed on the aircraft under study.

e)
The methodologies should avoid double counting of the bandwidth for serving the communication traffic in areas with overlapping satellite networks coverage.

f)
The information provided for each AMS(R)S network, to be used as input parameters to the methodologies, should, to the extent possible, be independently verifiable. 

g)
Submitted input data should be associated with clear and adequate definition and/or description, as appropriate, without the need for any interpretation and should be delineated by service and operational volume as required to ensure proper allocation to AMS(R)S priority services 1 through 6 and to satellite beams.

h)
The number of alternative methodologies that may be employed to calculate the spectrum requirements should be minimized.

i)
The methodologies should take into account only the communication traffic requirements of safety communications of the traffic forecast, i.e. the air traffic service (ATS) and aviation operational control (AOC) communications as they apply to priority communications 1 to 6 per ITU Article 44.
j)
The methodologies should account for only that portion of the AMS(R)S client’s airspace in which satellite communications would be employed such as by excluding airspace corresponding to areas in which VHF communications are employed.
[Editor’s Note: Further clarifications to be provided on various phases of flight and their relationship to VHF and Satcom communications.]
k)
AMS(R)S spectrum needs for an airspace of interest should be broken down in a format consistent with the system configuration of AMS(R)S satellite network(s) operating within that airspace. For example:
–
Spectrum needs of an AMS(R)S satellite network with multiple spot beams should be broken down to the level of spectrum needs of each spot beam. 

–
Proper measures should be taken into consideration where an AMS(R)S satellite system is capable of dynamically configuring its network resources.

l)
Other principles and/or guidelines, if any.

3
Example inputs and assumptions

[Editor’s Note: These example input parameters are to be further reviewed in future WP 4C meetings to establish their relevance to proposed methodologies.]

3.1
Inputs

Out of need, inputs may be based on known facts, measurements, historic or similarity inference, simulations, forecasts, and estimates. However, each input should be based on the most valid source available at the time of the coordination process. The list provided below gives examples of inputs that may be required to implement the methodologies to be developed.

It should be noted that all of the information contained in this section may not be needed as an input. 

a)
Detailed AMS(R)S satellite network characteristics. establishing the network element capabilities and limitations (e.g. satellite,, gateway facilities), and determining the ability to share resources, and provide certain services. As an example the following information may be needed:

–
beam configurations (location and latitude/longitude boundaries), antenna discrimination;

–
spot beam spectrum reuse factor;

–
transponder BW and C/N0 available for each beam;

–
typical efficiency per beam (function of available power and bandwidth and carrier load) TBD;
–
retransmissions as a percentage of throughput due to fading, interference and/or collisions for both addressed and broadcast data transmissions.
b)
Detailed information concerning the air traffic characteristics (airliner, cargo, and general aviation) such as latitude/longitude boundaries of the air space and any crossing of these boundaries; flight routes and schedule, additional unscheduled flights that would typically be added by airliners; aircraft equipage, number of aircraft equipped with AES terminals and model of AES terminal registered with the satellite operator, to the extent available. 
c)
AMS(R)S terminal characteristics: This should be provided by the AMS(R)S satellite operator for all carrier types supported by its satellite system. Characteristics should include information such as:

–
bit rate as a function of C/N0;

–
service types supported: data, i.e. voice, broadcast, addressed, party-line;

–
reference information bit rate: pilot signals, channel feedback information;

–
signalling bits employed: data link signalling, acknowledgements, other;

–
error correction bits employed: coding, parity;

–
guard time bits; for TDMA carriers;

–
preamble bits;

–
range of message size, frame size, packet size, segment size, and window size;

–
other protocol information, e.g. header bits and , queuing algorithms used.

This information might also be provided more generically, e.g. on a message basis with typical and maximum information and overhead bits provided.

d)
Voice traffic characteristics: For example, the average Erlang load by aircraft is needed and might be provided via measured data or from statistical references. Table 6-24 of the “Communications Operating Concept and Requirements for the Future Radio System”, Version 2 (COCRv2) report provides the ATS related party-line voice transmission characteristics based on a survey of studies. 

e)
Detailed information on AMS(R)S Data traffic characteristics: To support queuing model analyses, traffic characteristics for each priority service and any network management services are needed. These characteristics may include: service instance rate, message quantity and message sizes. However what is needed for the queuing model is the message arrival rate, and the message size.

f)
QoS performance requirements: Performance thresholds required include: transit delay (latency), integrity (bit error rate), availability of provision, and call establishment delay. Thresholds should be provided for each service class and airspace domain associated with priority communications, levels 1 to 6 specified in ITU‑R Article 44 plus any network management service required. Reference [2] provides a cross-classification between ITU priority levels and COCR defined ATS and AOC communications
. This cross-classification is summarized in Table 1 of Appendix A. The COCR provides QoS threshold in compliance with RCTA defined parameters as well as safety and operational review results conducted as part of the COCR study. However the QoS requirements were based on air to air and air/ground/air communications so the QoS thresholds may need to be adjusted to account for the operational limits of satellite communication links.

–
number of aircraft equipped with an AES in specified airspace;
–
average volume of traffics to be handled by each AES for each type of aircraft (airliner, cargo, general aviation);

–
growth rate of different types of AMS(R)S terminal types known in ICAO;

–
ratio of non-scheduled flights to scheduled flights using AMS(R)S equipped aircrafts and their growth or decline ratio with respect to previous records;

–
expected terrestrial network (i.e. AM(R)S) growth in airspace of interest, especially those that do not have complete coverage by terrestrial network For some concept proposed (in particular in Europe) this input parameter is redundant with the first example above); 

–
assumed growth of communication traffic in specific spot beams of a given network.

3.2
Assumptions

There are a number of assumptions that come into play in the development of the spectrum requirements. In some cases, they help to simplify or speed up the process and in others they arise out of practical necessity. 

Attachment 2 provides an analysis illustrating the relationship of different computed spectrum requirements of an AMS(R)S satellite network to the associated assumptions used in the calculations. The following is a running list of assumptions made concerning the proposed methodology.

–
Only services which are planned to be operated on a particular satellite system are considered. These areas include the En-Route, and the oceanic, remote and polar. It is likely that air-to-air communication (such as navigation information exchange among aircrafts using ADS-B are not supported by satellite), and services which are used in terrestrial domains (airport and terminal manoeuvring domain) are not a load on satellite systems at present and therefore would not be included in the any near term spectrum requirements computation.

–
References to addressed data or voice as used in this document refer to communications in which information is exchanged between two users and should be assumed as two-way unless otherwise noted.

–
Network Management Services: While transparent to end user operations, the satellite system is assumed to be part of a network for addressed communications. The network requires connection and routing communication. This network management traffic is anticipated to flow over the satellite when ATS and AOC services are being provided and therefore load attributable to this traffic is included in the same manner as other services in the calculation of the spectrum requirements. 

–
[Assumptions were made concerning minimum requirements for voice channels and based on a limited understanding of how voice might be deployed within the AMS(R)S environment these include: one addressed voice channel provided at a minimum per beam, one party-line voice channel be provided at a minimum per control sector in the beam and one broadcast voice channel be provided per domain in the beam.]

–
Analysis of flights could generally be carried out by counting number of flight passing through the airspace under consideration in a given time interval.

–
The number of the aircraft operating can also be obtained by analysing airlines timetable.

–
Considerations shall also be needed on the ratio of satellite equipped aircraft (AES).

–
In some cases considerations should be made to calculate the number of flights only for the period of satellite communication system is used.

–
The broadcast data information volume can be determined in a manner similar to addressed data. However media access is likely to be random and therefore the effect of uncontrolled collisions will need to be taken into account. 

4
Example methodologies

Example methodologies to calculate AMS(R)S spectrum requirements are described below. 

The methodologies take into account the number of aircraft equipped with an AES in the specific airspace of interest and potentially using one or more satellite network to a specific satellite network, communication requirements, and various technical characteristics such as satellite beam configuration.

Attachment 1 presents three example methodologies to calculate spectrum requirements for AMS(R)S communications. Attachment 2 presents an example analysis, illustrating the relationship of the computed spectrum needs of an AMS(R)S satellite network to the associated assumptions used in the calculations. 

[5
Summary

Considerations and examples of methodologies to determine spectrum requirements to satisfy AMS(R)S access within the bands 1 545-1 555 MHz (space-to-Earth) and 1 646.5-1 656.5 MHz (Earth-to-space) are provided and it is expected that appropriate Recommendation(s) are to be developed during the next ITU‑R study period based on this ITU‑R Report.

There are a number of procedural observations, questions, and suggestions related to the methodologies proposed within. In some instances while the proposed methodologies may include suggestions for addressing certain issues, their scope may reach beyond the intent of this document affecting regulations, recommended practices or deployment plans. As such, these issues are provided here in the form of observations and/or questions simply to provide focus for future discussions. 

Synergies are of particular importance when dealing with the complex challenges faced when developing AMS(R)S spectrum requirements. Any implementation techniques that can be identified to simplify, reduce cost and hasten the execution of the proposed methodologies will be of great value and sharing of these is to be encouraged going forward. In this light the suggestions below are included. They are not intended to be prescriptive in any way but rather considered as an aid that may be included in the development of a final recommendation.

5.1
Observations

a)
It has been noted that AES could be registered on more than one AMS(R)S satellite network and that the AES terminals are modified to use a coordinate look-up table to automatically decide on which network to log-on to. AES registrations could then lead to redundant spectrum allocations. Logged-on data collected is preferable therefore in determining the number of AES to be used in information volume calculations. The feasibility of gathering this data needs to be determined and if it is not available, adjustments to counts must somehow be made. This is an area that needs further investigation.

b)
It was noted within the COCR that there was insufficient information to characterize AOC voice communications but the load is considered insignificant. It is not known how significant this traffic or as well ATS party-line and broadcast traffic may be with respect to AMS(R)S. It is proposed that traffic data should be collected for all AOC and for ATS broadcast/party-line voice traffic.

c)
It is proposed in the methodology that a number of reserve channels are to be included in the spectrum requirements. It is also suggested that one addressed voice channel be provided at a minimum per beam, one party-line voice channel at a minimum be provided per control sector in the beam and one broadcast voice channel be provided per domain in the beam. The use of reserve voice channels may provide an alternative way of addressing minimum requirements but at this time as noted above the voice requirements with respect to AMS(R)S are not understood. A joint review of minimum requirements for each type of voice channel including reserve channels is needed.

d)
Some of the services as noted in the COCR can be carried as point-point or as broadcast services. Therefore, it is necessary to obtain a more thorough and informed review of the service requirements with respect to AMS(R)S and the advantages and disadvantages associated with the delivery mode chosen.

e)
It is not understood at present whether broadcast data via AMS(R)S is significant in either the forward or reverse direction and needs further investigation.

f)
A beam efficiency factor “be” is proposed for application in the methodology. However, it is a dynamic factor dependent on instantaneous satellite traffic loads and it is not understood that at this time how this factor might be determined and will need further investigation.

5.2
Questions

a)
Grouping services by class of service (COS) is necessary from an efficient and practical standpoint when determining information loads. However in reference [2] the allocation of ATS and AOC services to ITU priority levels (1-6) results in a highly uneven distribution. The COCR allocates all ATS services to higher priority than AOC while reference [2] allocates both services to the same priority levels in some cases. The question then posed is: How should each ATS and AOC service be categorized with respect to COS priorities while taking into account the ITU priority classifications?

b)
How should AMS(R)S priority requirements be treated where AMS(R)S is proposed simply as a diversity backup to terrestrial capabilities?

c)
The COCR provides QoS requirements by class of service. However, the QoS requirements were based on air to air and air/ground/air communications so the QoS thresholds may need to be adjusted to account for the operational limits of satellite communication links. How best are QoS requirements determined to ensure appropriate safety and account for satellite communication limitations, principally latency?

5.3
Suggestions

Throughout this document the point of view is taken that spectrum requirements are being developed for a host satellite system and other systems are only considered to the extent that they overlap coverage of the host. In fact all systems with coverage in the client air space are hosts and it is suggested that rather than treating each system separately the process should be undertaken jointly or at least in a parallel manner sharing common data so as not to duplicate efforts later.]
Editorial Note: Administrations are invited to provide information regarding the items identified below:

•
Availability of measured communications traffic(sources/methods)

•
Availability of statistical communications traffic(sources/methods)

•
Aircraft count determination (sources/methods)

•
List of AMS®S terminal types and technical characteristics

•
Determination of flight communication services applicable to AMSRS 

•
Characteristics of communications (COCR?)

•
Account for priority and pre-emption (queuing model)

Attachments:
2

Attachment 1

Method of calculation of 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 RR No. 5.357A shall be calculated so that aviation communication needs are appropriately converted into spectrum requirements per satellite network for AMS(R)S communications. 

Calculation 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 Fig. 1.

Calculations are based on the input information of total data/voice traffics of the AMS(R)S communications for all AES logged on the satellite network in the airspace under consideration.

Required spectrum is then obtained by breaking down traffics corresponding to each beam area and type of carrier for data or voice signal, and then adding them up.

The following example methodology is a compilation of ideas and approaches presented in Documents 4C/628, 4C/633 and 4C/653. For further details on explanation of approaches presented here, refer to these documents.

[Editor’s Note: Figure 1 does not present the changes introduced in the example methodology discussed in the following sections.]

Figure 1

Example of calculation of AMS(R)S spectrum requirements
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2
Number of log-on AES in the busiest hour of the year in a specified coverage area

[Editor’s Note: Possible use of shorter periods than “hour” in the Methodology, and to apply it to entire document. Need clarification on the term “log-on” and the relation between “simultaneous logged-on AES” and spectrum needs.]

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

The number of simultaneous logged-on AES in the busiest period such as in an 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.

Period of the year in a specified coverage area (ACa) may be obtained by various procedures, including actual statistics and detailed investigation and forecasting.

a)
Estimation by using the number of registered aircraft equipped with an AES

The number of the AES can be estimated by using the number of registered aircraft equipped with an AES as follows.



ACa = Rs × ro [× ra]
(1)

[Editor's Note: The type of airspace would be defined by the statistical information load available. The process of calculating the number of active AES within a given satellite beam would involve having the total number of AES globally, using available information on distribution of AES over different airspaces (this term needs to be better defined/understood), and then calculating the number of AES within the beam of interest through some mechanism. It should be noted that active AES could be at different stage of their flight, thus requiring different communication needs. It is pointed out that while total number of Registered AES is available, but the actual number of logged-on and active AES has to become available through some mechanism.] 

[Editor's Note: For future revisions consider Sections 2.1 and 2.2 together, attempting to provide a mechanism to calculate the number of active AES within a given beam of satellite of interest.]

where:


Rs: 
number of registered aircraft equipped with an AES and capable to use the satellite network under consideration


ro: 
per cent of aircraft, equipped with a registered AES, operating a flight [in the beam coverage area within a specific airspace area] where the satellite system is used.


[ra: 
ratio of the per cent of operating AES operating within specified airspace.]
2.2
Maximum number of simultaneous logged-on AES to specific satellite beam

[Editor's Note: For future revisions to Section 2.2 refer to the discussions captured in Section 2.1]

Maximum number of simultaneous logged -on AES per beam (ACb) is best determined through traffic statistics from the relevant satellite system, with adjustments made for projected short term growth. However, if such information is not available, for example for new systems, ACb can be obtained by taking into account of beam configuration of the satellite network as follows. 



ACb = rb × ACa/Ns
(2a)


ACb = bc × ACa/(Ns × Nb)
(2b)


ACb = rb × ACa/#S
(2c)

where:


rb: 
AES ratio in the specified beam area in the airspace (%). This ration has to take into account that some aircraft can be logged-on to two satellites during a short duration (handover) 

#S: 
number of satellite if different satellite is covering same beam area simultaneously


bc: 
spot beam peak to average distribution factor (%) [Editor’s Note: See Appendix C for some examples to clarify this parameter.]

Nb: 
number of spot beam in the coverage area.

In the case of spot beam:



rb = bc/#B
(2d)
where:


bc: 
spot beam concentration factor (%) [Editor’s Note: to provide some examples to better clarify this parameter, possibly it could be replaced with peak-to-average ratio.]

#B: 
number of beams in the airspace

[Editor's Note: It is unclear what is meant by the beam concentration factor “bc”. If this refers to traffic concentration then wouldn’t it be on a beam basis?]

3
Calculation of information volume for each type of carrier

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

As determined in 2 above, only the AES counts of a particular model supporting a service type would be included in the information volume computed for a service type. There are five service types to be considered: addressed (point to point) data, broadcast data, addressed voice, party-line voice and broadcast voice.

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

[Editor's Note: Different approaches are suggested here:

•
calculate required data traffic by multiplying the number of AES in a beam with average data volume transmitted by typical AES terminals

•
calculate the peak data volume within a beam for the busiest time of the year

•
using queuing models to compute the peak data traffic load generated for a given period of interest

Further discussion on availability of the required parameters to make such calculations is necessary.]

Peak data rate for the addressed and broadcast data carriers 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:
1)
In case of unit traffics provided in kbit/hour:



Tb = Da × ACb
(2e)
and peak data rate per beam (Rd (kbit/s)) is calculated as:



Rd = (hs × Tb)/3 600
(2f)
where:


Da: 
averaged unit data traffics to be handled by an AES(kbit/hour)


hs: 
conversion factor from bit/hour to bit/s [Comment: who provides this factor?]
[Editorial Comment: 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 model as described below to determine the peak data rate from which ‘hs” could be determined and used with measured data “Da” to determined “Rd”.]
Averaged unit information volume for the data communications 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 II. [Editor’s Note: reference for COCR II document.]

[Editorial Comment: COCR data is provided on an air-space domain basis, so the AES counts determined in section 2.2 would need to be subdivided within the beam where say both ENR and ORP domains were both covered. Also the COCR data assumes message sizes based on air/ground transmission protocols and may not be applicable considering the satellite transmission protocols employed. Delays associated broadcast transmission over a satellite link are not dealt with in the COCR and need to be considered.]

It can be divided for each type of carrier as:



Pd = rd × Rd
(3a)



Pdi = rdi × Rd
(3b)

where:


rd: 
AES carrier type ratio 


rdi: 
AES carrier type ratio 


rdi: 
AES data carrier type (i) ratio 

In this case rdi would be some percentage of the AES models supporting addressable data that also support a carrier type. If ACbi is computed as proposed above, this factor would not be used, see queuing model discussion below also.

2)
In case of unit traffics provided in kbit/s:



Tb = Pdr × ACb
(3c)
where:


Pdr: 
peak data rate per beam (kbit/s)

3)
For voice packetized:



Tbv = Pdrv × ACb × rv
(3d)
where:


Pdrv: 
peak data rate per beam (kbit/s) for voice traffic


rv: 
AES ratio in the specified beam area using voice.

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.

[Editor’s Note: See Appendix C for a table of approved AERO carrier types used for AMS(R)S data and voice communications and their characteristics.]

3.3
Addressed and party-line voice carrier if needed (not covered by voice over data)

Only AOC communication services utilize addressed voice. The voice load associated with AOC is stated in the COCR to be negligible. 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. 

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 beam (Vb (Erlang)) can be obtained as:



Vb = Va × ACb
(3e)
[Editor's Note: The Erlang formula’s do take into consideration the peak traffic load and it is not appropriate to use an additional factor to convert Erlang value to Peak value. Thus, the parameter “rp” should not be required in the formula given below. However, approaches may be adopted using peak traffic volume independent of Erlang formulas.]
and peak voice traffics per beam (Rv (Erlang)) is calculated as:



Rv = rp × Vb
(3f)
where:


Va: 
averaged unit voice traffics to be handled by an AES (Erlang/hour)


rp: 
hour to peak conversion factor.

Erlangs represents the # voice circuits occupied during the busy hour. It is computed from the average holding time (H) per transmission multiplied by the average # transmissions per hour (#tx). It is a dimensionless term representing some multiple (fraction) of an hour. If H is in seconds then Va could be defined as Hsec × #tx/hr/3 600sec/hr. The peak conversion factor is not used since the number of circuits required (Nv) can be determined using the Erlang C delay lost call formula given a grade of service and average busy hour load. 

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.

[Editorial Comment: Note, the COCR only provides party-line statistics.]

It can be divided for each type of carrier as:



Pvj = rvj × Rv
(4)



Vbj = rvj × Vb
(4a)

where:


rvj: 
AES voice carrier type (j) ratio.

In this case, rvj would be some percentage of the AES models supporting addressable or party-line voice that also support a carrier type. If ACbi is determined as proposed in section 2.2, then rvi is not needed and Vbi is computed directly as:



Vbi = Va × ACbi = (H × #tx/3600) × ACbi
(4b)
NOTE ‑ Currently, some AMS(R)S systems use C21K and C8.4K carriers , dependent on type of AES, for return link voice communications. 

3.4
Broadcast voice carrier

Ground to air broadcast voice is used to support dissemination of Flight Information Service (FIS) information, i.e. repeating voice messages such as: (Airport Terminal Information Systems), VOLMET (Meteorological information transmitted to aircraft in flight), AWOS (Aviation Weather Observing Systems), etc. One forward direction broadcast voice channel per domain is assumed to provide sufficient capacity to handle the FIS message load until additional traffic characteristics can be obtained. The broadcast voice beam channel requirements is computed by adding one broadcast voice circuit for each domain that overlaps the satellite beam with the total circuit requirement referred to as (Nb). 

[Editor's Note: A review of all broadcast voice messages and their applicability to AMS(R)S is needed. Traffic characteristics including: the number of messages sent by operational volume, and message lengths, i.e. holding time is needed. It is unclear as to the need for air to ground broadcast voice so it is not included at present.]
4
Calculate required bandwidth for each beam and type of carrier

4.1
Data communications

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 the channel overhead. One approach to calculate Cdi is given below.
The effective carrier transmission rate (Cdi) that is available to deliver the service data is determined as follows:



Cdi = (RTi − Rh − Rf − Rs − Re − Ki(Rg + Rp)) × (1 − Rr)
(5a)
where:


Ki = 
the number of ACbi supporting data and the carrier type being analysed


Rh = 
protocol header bit rate: addressing, COS, msg length, time to live, etc.


Rf = 
reference info bit rate: pilots, channel state information, etc.


Rs = 
signalling bit rate: data link signalling, acknowledgements, other


Re = 
error correction bit rate: coding, parity


Rg = 
guard time bit rate: for TDMA carriers


Rp = 
preamble bit rate


Rr = 
retransmissions as a % of throughput due to fading, interference, collisions.

Rh, Rf, Rs, Re, Rg, and Rp are defined by the carrier type employed. Rr would need to be determined from statistics gathered for a particular beam.

b)
The required bandwidth (SRd) can be calculated by the two following formulas:


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 × 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
(6a)

where:


SRxi:
additional spectrum requirement for the network control and etc.

If all carriers (Nd) are of the same bandwidth then:
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–
If several carriers bandwidth coexist, noting Ndi the number of the carrier with bandwidth BWdi then:
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where:


Nd: 
number of carriers


GBd: 
carrier separation between edges of data carriers in kHz 


BWd: 
bandwidth required for one specific carrier in kHz


SRx: 
additional spectrum requirement for the network control and etc.

[Editor's Note: The following steps are suggested in one approach to take into consideration satellite power requirement to ensure having sufficient power to transmit all carriers needed to carry the generated data traffic.]

All of the specified carrier counts Ndi are then allocated to one or more transponders as was determined in step “a” and the resulting spectrum allocation per transponder (TSd), is determined by summing the carrier bandwidths and any required frequency guardbands. Finally transponder spectrum allocations are summed to determine the total spectrum requirement for data carriers in a beam (SRd) as follows:



SRd = i = (1 to n) TSdi (kHz)
(7d)

where:


TSdi: 
specific transponder spectrum allocation required in kHz.

Note, in this discussion forward and reverse link requirements are calculated separately, i.e. SRd(fwd) and SRd(rev). Broadcast data is computed in a like manner and is referred to as SRb.

[Editorial Comment: It is not understood at present whether broadcast data via AMS(R)S is significant in either the forward or reverse direction and needs further investigation] 

4.2
Voice communications

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)
(7e)

where:


E(Pvj, Lc): 
Function of satisfying following Erlangs C equation:
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(7f)

Pvj: 
peak voice traffic volume (Erlang/hr). 

[Editor's Note: Accounting for the Call Delay parameter in the Erlang C formula.]



Nv = E(Vbj, Lc, Cd)
(7g)


E(Vbj, Lc, Cd): 
function of satisfying following Erlangs C equation,
The required grade of service (Lc) is simply (1-the provisioning availability (Ap))


Lc = (1-Ap) > ((VbNv/Nv!) × (Nv/(Nv-Vb))/(i=(0 to (Nv-1)) (Vbi/i!) + (Vbn/Nv!) × (Nv/(Nv-Vb))
(7a)

Vb: Avg voice traffic volume (Erlang) The Erlang C formula gives the probability that a call will be delayed with an average delay on calls that are delayed calculated as:



D = H/(Nv-Vb)
(7b)

This delay should then be compared to the call establishment delay requirement (Ce). A call is only considered a lost call where: 



D > Ce 
(7c) 

Both Lc and Ce would need to be exceeded to be considered in non-compliance. Nv is thus chosen such that the conditions of either equation (7a) or equation (7c) are satisfied. 

[Editorial Comment: Erlang C assumes delayed calls are held in queue and this may not be applicable to the case of either addressable or party-line voice as provided via satellite. In this case the Erlang B lost call formula would be proposed and call establishment delay would not be considered in the determination of Nv.] 

[Editor's Note: Further investigation of what QoS values should be used for potential call-delay calculations.]

Then, the required bandwidth for voice signal per beam (SRv) is obtained in iterative steps. First all the voice channels are accumulated by carrier type and then accumulated for all type of carriers as:



BWvj = (Nvj + Nrj) × Dvj 
(9)



#Cvj = ((Nbj + Nvj + Nrj)/Vcj) 
(8)

[Editor's Note: The following steps are suggested in one approach to take into consideration satellite power requirement to ensure having sufficient power to transmit all carriers needed to carry the generated voice traffic.]

where:


Dvj: 
carrier separation of the normalized voice carrier in kHz


#Cvj: 
number of voice channels that must be supported by a carrier type


Nbj: 
number of broadcast voice channels required by carrier type


Nvj: 
includes both addressable voice Na and party-line Np voice channel requirements by carrier type


Nrj: 
number of additional voice channel reserved for emergency use. [Editor’s Note: Further clarification to be provided regarding this usage. Emergency requirements are defined as part of Priority levels 1 and 2.]



Vcj: 
is the number of voice channels supported by a specific carrier type

Next the C/N0 needed to achieve the required bit error rate is determined for each carrier and all required carrier C/N0 values are summed. The result is compared to the transponder C/N0 allocation to ensure it is not exceeded. If it is, the number of carriers must be reduced so as not to exceed the transponder C/N0 allocation. Note, carrier types can be mixed on the same transponder to achieve optimum utilization. Once the maximum number of carriers, that can be supported by the transponder allocated C/N0 and bandwidth, is determined, the transponder spectrum usage resulting from all carriers and any required frequency guardbands is determined as TSv. 

Finally the total spectrum requirement for voice carriers in a beam (SRv) is determined as:



SRv =  i = (1 to n) TSvi
(8a)
where:



TSvj: specific transponder spectrum allocation required in kHz.

[Editorial Comment: It is possible that the availability of some number of reserve channels might negate the need for a minimum of one party-line circuit per control sector.]

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



SRv = Sum(Bwvj) 
(8b)
In general the spectrum requirements in the forward and reverse directions are equivalent. However it is assumed that the broadcast voice is only in the forward direction so SRv(fwd) is calculated as above while SRv(Rev) would exclude the term Nbj in the above calculations.

5
Spectrum requirements for the network

5.1
Calculation of total spectrum requirements per beam

Total spectrum requirements per beam can be obtained as:

[Editor's Note: Two proposed approaches, one suggesting an overall calculation for both forward and return links and another to treat them separately.]



SRb = SRd + SRv
(10)



SRf = SRd(fwd) +SRb(fwd) + SRv(fwd)
(9b)



SRr = SRd(rev) +SRb(rev) + SRv(rev)
(9a)

where:


SRd: 
required spectrum for data signal per beam


SRv: 
required spectrum for voice signal per beam


SRf: 
required forward spectrum per beam


SRr: 
required reverse spectrum per beam.

[Editor's Note: It is noted that the main objective of the methodology should be to calculate spectrum requirements for each spot and global beam of a satellite network. The need for Sections 5.2, 5.3, and 5.4 to be reviewed at the next meeting.]

5.2
Calculation of total spectrum requirement for all spot beams of one satellite

Total spectrum requirements for all spot beam of one satellite (SR) can be obtained by multiplying the total spectrum requirements per beam by the number of beams in the coverage area and applying a reuse frequency factor as follows:



SR = Nb × SRb/ru 
(11)

where:


Nb: 
number of the beam in the coverage area


ru: 
reuse factor (> 1).

Total spectrum requirements per client airspace (SRa) can be obtained based on total spectrum requirements by summing spectrum requirements of each specific beam calculated throughout all airspaces overlapped and applying factors of reuse and inefficiency due to carrier arrangements as follows.



SRfa = i = (1 to n) SRfi/(be × ru)
(10a)



SRra = i = (1 to n) SRri/(be × ru)(10a) 
(10b)
where:


SRfi: 
forward spectrum requirements for a specific beam


SRri: 
reverse spectrum requirements for a specific beam


SRfa: 
total client airspace forward spectrum requirements


SRra: 
total client airspace reverse spectrum requirements


n: 
total number of beams (#B) in the satellite system that overlap the client’s airspace


ru: 
spectrum reuse factor (> 1) enabled by spot beam delivery


be: 
efficiency as a function of transponder bandwidth and power available and carrier load.

[Editor's Note “ru” is fairly straight forward based on an optimized design, “be” however, is a dynamic factor dependent on instantaneous satellite traffic load that can result in different bandwidth and power being available per transponder to support the number and bandwidth of the carriers representing the transponder load. For lightly loaded transponders there is plenty of bandwidth available and the C/N0 is high so bit rates may go up but spectrum efficiency may not if carrier arrangements result in wasted (unused) transponder bandwidth. It is not understood at this time how this factor might be determined.]

5.3
Calculation of total spectrum requirement for a satellite network with one satellite

Total spectrum requirements per satellite network (TSR) can be obtained by adding total spectrum for each airspace as follows:



TSR = Σ(SRa) 
(12a)


TSR =  i = (1 to n)(SRa(G)i + SRa(S)i) 
(12b)


= SRa(G) + SRa(S)
(12c)
where:


SRa(G): 
total spectrum requirements for a coverage area based on global beam


SRa(G)i: 
total spectrum requirements for a specific client airspace for global beam


SRa(S): 
total spectrum requirements for a coverage area based on spot beam


SRa(S)i: 
total spectrum requirements for a specific client airspace for spot beams


n: 
the total number of client airspaces covered by the satellite system


TSR: 
TSR is computed for both forward and reverse paths.

The total spectrum requirements for a coverage area based on global beam (SRa(G)) can be calculated as follows:
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where:


Nd: 
number of carriers


Ddi: 
carrier separation between data carriers in kHz


SRx:. 
additional spectrum requirement for the network control and etc.


Pdi: 
peak data rate to be handled (kbit/s) for a specific carrier based on the number of registered aircraft equipped with an AES and capable to use the satellite network operating a flight in the global coverage area


Cdi: 
effective transmission rate for a specific carrier, i.e. transmission capacity of the normalized data carriers in kbit/s taking into account of allowable data delay.

5.4
Calculation of total spectrum requirement for a satellite network with more than one satellite

The total spectrum requirement can be expressed as follows:

–
If no frequency reuse among the spot beams: the sum of the individual spectrum needs per beam: 
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where:


Si: = 
total spectrum requirement for a specific beam

–
If frequency reuse among some spot beams: the sum of the maximum spectrum needs over the set of colours of the frequency reuse pattern; one or more spot beams belong to each colour of the pattern: 
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Since a different frequency reuse pattern could apply on the uplink and downlink depending on the protocols (access scheme), a different calculation could apply for the uplink and the downlink.
appendix a to Attachment 1

Appendix A provides reference information tables. This information yet to be finalized and would be updated in due time.

Table 1A 

ITU‑COCR service cross-classification

	ITU priority level
	COCR

	
	ATS
	AOC

	1
	Distress calls, distress message and distress traffic
	Data Link Alert
	 

	
	
	Urgent Contact
	 

	2
	Communications preceded by the urgency signal
	 
	 

	3
	Communications related to radio direction-finding
	 
	 

	4
	Flight safety messages
	ATC Clearance
	Notice to Airmen (NOTAM)

	
	
	Departure Clearance
	Flight Plan Data (FLTPLAN)

	
	
	Downstream Clearance
	Load Sheet Request/Transfer (LOADSHT)

	
	
	ATC Microphone Check
	Update Electronic Library (UPLIB)

	
	
	Data Link Taxi Clearance
	

	
	
	Common Trajectory Coordination
	

	
	
	Data Link Automatic Runway Visual Range
	

	
	
	Data Link Automatic Terminal Information Service
	

	
	
	Data Link Operational Terminal Information Service
	

	
	
	Data Link Operational En Route Information Service
	

	
	
	Dynamic Route Availability
	

	
	
	Air Traffic Control Surveillance
	

	
	
	Flight Plan Consistency
	

	
	
	Flight Plan Intent
	

	
	
	System Access Parameters
	

	
	
	Traffic Information Service
	

	
	
	In-Trail Procedures
	

	
	
	Merging and Spacing
	

	
	
	Crossing and Passing
	

	
	
	Paired Approach
	

	
	
	Air-to-Air Self Separation
	

	
	
	Air Traffic Control Surveillance
	

	
	
	Data Link Surface Information and Guidance
	

	
	
	Wake Service
	

	
	
	Data Link Significant Meteorological Information
	

	
	
	Pilot Preferences Downlinks
	

	
	
	Data Link Logon
	

	
	
	ATC Communication Management
	

	
	
	Auto Execute
	

	5
	Meteorological messages
	 
	Textual Weather Reports (WXTEXT)

	
	
	
	Real-time Weather Reports for Met Offices (WXRT)

	
	
	 
	Graphical Weather Information (WXGRAPH)

	6
	Flight regularity messages
	Data Link Flight Update
	Flight Status (FLTSTAT)

	
	
	Arrival Manager Information Delivery
	Maintenance Problem Resolution (MAINTPR)

	
	
	 
	Real-Time Maintenance Information (MAINTRT)

	
	
	 
	AOC Data Link Logon (AOCDLL)

	
	
	 
	Position Report (POSRPI)

	
	
	 
	Out-Off-On-In (OOOI)

	
	
	 
	Cabin Log Book Transfer (CABINLOG)

	
	
	 
	Technical Log Book Update (TECHLOG)

	
	
	 
	Fuel Status (FUEL)

	
	
	 
	Gate and Connecting Flight Status (GATES)

	
	
	 
	Engine Performance Reports (ENGINE)

	
	
	 
	Flight Log Transfer (SWLOAD)

	7
	Messages related to the application of the United Nations Charter
	 
	 

	8
	Government messages for which priority has been expressly requested
	 
	 

	9
	Service communications related to the working of the telecommunication service or to communications previously exchanged
	 
	 

	
	
	
	

	10
	Other aeronautical communications
	 
	Free Text (FREETEXT) 

	
	
	
	Software Loading (SWLOAD)


Appendix B to Attachment 1 (TBD)
Appendix B provides input summary table

Appendix C to Attachment 1
Appendix C provides the worksheets associated with calculations.

The following example output information is related to the approach presented in Document 4C/633 only and is not applicable to the approaches presented in Documents 4C/628 and 4C/653. In future the example output format and its content would be aligned with the Methodology to be agreed to.

[Example output form of calculation and its conditions

The example output form of calculation and its conditions provided in Table 1 illustrates the relationship of the computed spectrum requirements of an AMS(R)S satellite network to the input parameters and associated assumptions used in the calculations. 

Table 1

	Item　
	Code
	Unit
	Airspace 1
	Airspace-2
	Formula/Note

	AC
	　
	　
	　
	　
	　
	　
	　

	　
	Peak Log-on AES to the Network
	ACn
	AC
	250
	Estimate　(1)

	　
	AES ratio for Spot Beam
	ra
	%
	10
	Estimate

	　
	Peak Log-on AES to the Airspace
	ACa
	AC
	225 
	25 
	ACn*ra

	Traffics
	　
	　
	　
	　
	　

	　
	Average Unit Data Traffics
	Da
	Kbit/AC・h
	50
	Past Record (2)

	　
	Total Data Traffics
	Dt
	Mbit/h
	11.25 
	1.25 
	ACa*Da

	　
	Average Unit Voice Traffics
	Va
	Erl
	0.01
	Past Record (3)

	　
	Total Voice Traffics
	Vt
	Erl
	2.25 
	0.25 
	ACa*Va

	Beam
	　
	　
	　
	　
	　

	　
	Number of Satellite
	Ns
	n
	2
	Spec (4)

	　
	Number of Beams per Satellite
	Nb
	n
	1
	6
	Spec (5)

	　
	Spot Beam Concentration Factor
	bc
	n
	-
	2.4 
	Estimate or Nb^0.5 (6)

	　
	Peak Log-on AES to Beam
	ACb
	AC
	112.5
	5.2
	ACa*bc/(Ns*Nb)

	Data
	　
	　
	　
	　
	　

	　
	Total Data Traffics per Beam
	Tb
	Mbit/h
	5.625
	0.26
	Da*ACb

	　
	hour to Second Conversion Factor
	rp
	n
	1.2
	Estimate

	　
	Peak Data Rate per Beam
	Rd
	kbit/s
	1.88 
	0.09 
	Tb*hs/3600

	　
	　
	　
	　
	　
	　
	　

	　
	Type of Data Carrier
	　
	　
	R/T600
	R/T10500
	　

	　
	Bearer Rate
	Tr
	bit/s
	600
	10500
	Spec

	　
	Effective Transmission Rate
	Cd
	bit/s
	43.2
	851 
	Estimate (7)

	　
	AES Carrier Type distribution ratio
	rd
	n
	0.2
	0.8
	Past Record

	　
	Beam
	　
	　
	Global
	Spot
	Global
	Spot
	　

	　
	Peak Data Rate per Type of Carrier
	Pd
	ｋbit/s
	0.38 
	0.02 
	1.50 
	0.07 
	Rd*rd

	　
	Number Of Data channels
	Nd
	ch
	9
	2
	2
	2
	Pd/Cd or 2

	　
	Carrier Separation
	Dd
	kHz
	5
	10
	Spec (8)

	　
	Bandwidth for Data Channel
	BWd
	kHz
	45
	10
	20
	20
	Nd*Dd

	Additional Spectrum for System Control
	SRx
	kHz
	50
	0
	-
	-
	Spec (9)

	Voice
	　
	　
	　
	　
	　
	　
	　

	　
	Beam
	　
	　
	Global
	Spot
	　

	　
	Total Voice Traffics per Beam
	Vb
	Erl
	1.125
	0.052
	ACb*Va

	　
	hour to Peak Conversion Factor
	rp
	n
	1.5
	Estimate

	　
	Peak Voice Traffics per Beam
	Rv
	Erl
	1.52 
	0.07 
	Vb*rp

	　
	Call loss
	Lc
	n
	0.01
	Spec (10)

	　
	　
	　
	　
	　
	　
	　

	　
	Type of Voice Carrier
	　
	　
	C21K
	C8.4K
	　

	　
	AES Carrier Type distribution ratio
	rv
	n
	0.9
	0.1
	Estimate

	　
	Beam
	　
	　
	Global
	Spot
	Global
	Spot
	　

	　
	Peak Voice Traffics per Type of Carrier
	Pv
	Erl
	1.52 
	0.07 
	0.17 
	0.01 
	Rv*rv

	　
	Reserved channel per beam
	Nr
	ch
	1
	0
	1
	0
	Emergency use

	　
	Number of Required Voice channels
	Nv
	ch
	6
	2
	3
	1
	Erlang Table (Pv, Lc)

	　
	Carrier Separation
	Dv
	kHz
	17.5
	7.5
	Spec(8)

	　
	Bandwidth for Voice Channel
	BWv
	kHz
	122.5
	35
	30
	7.5
	（Nv+Nr)*Dv

	　
	Required Rough Spectrum
	SRr
	KHz
	535
	870
	(SRd+SRv)*Nb*Ns

	　
	Reuse Factor
	ru
	n
	-
	1
	Spec

	　
	Band Efficiency
	be
	n
	0.9
	Estimate (11)

	　
	Required Total Bandwidth
	SR
	KHz
	594
	966
	SRr/(be*ru)


NOTE − Some expressions and examples are provided for clarifications.

1)
ra: Ratio of the AES operating within specified airspace 

It is assumed that 10% of AES served by the cluster of 6 spot beams and the remaining 90% served by the global beam airspace.

2)
Da: Averaged unit data traffics to be handled by an AES(kbit/hour)

Data traffic of 50 kbits per hour for every AES is assumed.

3)
Va: Averaged unit voice traffics to be handled by an AES(Erlang/hour)

0.01 Erlang of voice traffic per AES is assumed.

4)
Ns: Number of satellite if different satellite is covering same beam area simultaneously

It is assumed that traffic is split equally between two AMS(R)S satellite serving same airspace.

5)
Nb: Number of spot beam in the airspace

It is assumed that AMS(R)S satellite is configured with one global beam and 6 spot beams.

6)
bc: Spot beam peak-to-average ratio (%)

As distribution of AES among spot beams will not be equal, it can be assumed that peak to average ratio is (Nb)0.5. In the case of 6 spot beams, bc = 60.5 = 2.4.

7)
Cdi: Effective transmission rate (kbit/s)


Transmission capacity of the normalized data carriers can be estimated as follows:

Cd = Tr × oh × er


where:


Tr:
Bearer rate


oh: 
Coding efficiency including over head of digital signal, estimated as 60%


er: 
Signal processing and channelling efficiency, assumed as 30%.

8)
Ddi: Carrier separation between data carriers in kHz 

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

Inmarsat Classic Aero carrier types used for AMS(R)S data and voice communications and their characteristics are shown below:

	Signal
	Carrier type
	Bearer rate
(kbit/s)
	Carrier separation
(kHz)

	Data
	R/T 600
	600
	5

	
	R/T 10500
	10 500
	10

	Voice
	C 21
	21 000
	17.5

	
	C 8.4
	8 400
	7.5


9)
SRxi: Additional spectrum requirement for network control, etc.

Additional 100 kHz spectrum is assumed for control channels.

10)
Lc: acceptable call loss (Lc, %)

Call blocking rate requirement of 1 call per 100 calls (1%) is assumed.

11)
be: Inefficiency due to carrier arrangements (< 1)

90% bandwidth efficiency for the AMS(R)S network is assumed.]
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Appendix E to Attachment 1
Appendix E provides a glossary of terms with abbreviations and definitions. This list to be further reviewed and attempt to minimize number of terms and assumptions, etc.
Glossary

[Addressable Traffic: With respect to data traffic refers to the fact that each data packet comprising some message transmitted contains an address targeting one or more users. With respect to circuit voice traffic refers to a circuit established between two users. VOIP is handled similar to data. Radio bears may carry information specific only to a user, i.e. a dedicated circuit or may provide multiple circuits to multiple users through employment of FDMA, TDMA or CDMA access schemes in which case addressing is defined by the frequency, time slot, or code assigned to each user.

Airspace: A reference to the volume encompassing all the AMS(R)S client’s air routes under study including all airspace domains.

Airspace Domains: The airspace is divided into volumes corresponding to different phases of an aircraft’s flight only some of these may be applicable to satellite communications at present but may change with the introduction of Phase 2 Air Traffic Management concept. The COCR v2 divides airspace into six domains:

–
Terminal Manoeuvring Area (TMA) – Consists of airspace surrounding an airport, typically starting at ~ 500 feet up to ~ FL 245. TMA typical radius out to ~ 50 nautical miles from the centre of an airport. COCR assumes the airspace used in departure and arrival phases of a flight are identical except for the direction of the flight.

–
En Route (ENR) – Consists of the airspace that surrounds the TMA domain starting at ~FL 245 to FL 600. It is the continental or domestic airspace used by Air Traffic Control (ATC) for the cruise portion of the flight. It also includes areas to the lower limits of controlled airspace (e.g. 1 500 feet) where an airport or TMA does not exist. At the ATSU (Air Traffic Service Unit) level, the COCR assumes this domain to have a horizontal limit extending 300 NM by 500 NM.

–
Oceanic, Remote Polar (ORP) – This domain is the same as ENR, expect that it is associated with geographical areas generally outside the domestic airspace. The COCR assumes this domain to have a horizontal limit extending 1000NM too 2000NM.

–
Autonomous Operations Area (AOA) – A defined block of airspace which is associated with autonomous operations where aircraft self-separate (i.e. Air Traffic Control is not used). The defined block may change vertical or horizontal limits or usage times based on among other factors, traffic densities. The COCR assumes this domain to have horizontal limits of 400 NM by 800 NM

Air Route: The flight path taken by an air craft from point A to point B. The PIAC counts may be based on several routes through some defined airspace. Apart from the APT domain when considering flight durations the least number of sectors should be considered, i.e. the most direct path across each domain should be assumed. 
Air Traffic Control Sector: An airspace area of defined horizontal and vertical dimensions for which a Controller or group of Controllers (e.g., executive and planning Controller) has air traffic control responsibility. Control sectors can be very small with only a sliver of airspace laterally or very large. Sector boundaries are specified on aeronautical charts. The number of control positions and size of each sector is based upon the complexity of the airspace/airports/traffic as well as geographic issues such as a large body of water like the Gulf of Mexico to mountainous terrain. Sectors use distinct radio frequencies for communication with aircraft. Each sector also has secure landline communications with adjacent sectors, approach controls, areas, ARTCCs, flight service centres, and military aviation control facilities. These landline communications are shared among all sectors who need them and are available on a first-come, first-serve basis. Aircraft passing from one sector to another shall be handed off and requested to change frequencies to contact the next sector controller. 

Air Traffic Management (ATM): The aggregation of the airborne functions and ground-based functions (air traffic services, airspace management and air traffic flow management) required to ensure the safe and efficient movement of aircraft during all phases of operations through the provision of facilities and seamless services in collaboration with all parties”. The ATM environment consists of ground Human Machine Interfaces (HMIs), voice switches, Flight Data Processing Systems (FDPSs) – (the Automation System), ground communication systems, routers, networks, radio ground stations, airborne radios, and communication end systems (e.g., airborne Communication Management Units [CMUs] and ground data communication application processors). 

Air Traffic Service Unit (ATSU): A unit established for the purpose of receiving reports concerning air traffic services and flight plans submitted before departure (ICAO). Such a reporting office may be established as a separate unit or combined with an existing unit. It is a generic term meaning air traffic control unit, flight information centre, or air traffic service reporting office. 

Availability inherent (Ai) Probability that the equipment comprising the system is operational and conforms to specifications, excluding planned outages and logistics delays.

Availability of use (AU) Availability of use is the probability that the communication system between the two parties is in service when it is needed (DO-264). The time a system is not available while repairs are underway (logistics delay, MTTR, etc.) reduces availability of use.

Availability of provision (AP) Availability of provision is the probability that communication with all aircraft in the area is in service (DO-264).

Busy hour: This refers to the hour of the day in which the number of transmissions or traffic load is greatest on average where the average can be based on yearly, highest month or sometime 10 highest traffic days of the year.

Call Establishment Delay: The total time taken between the PTT action by the User and the time for the squelch to operate in the receiver (of the party being called). (EUROCAE WG67-1)

Client: As used in this document refers to user of the AMS(R)S service provided by the satellite operator under study in a general sense (see user also). The load for which the spectrum requirements are to calculated are defined by the client’s air traffic within a defined operational volume that overlaps the host satellite system. 

Communication Operating Concepts and Requirements (COCR): The COCR is an output report resulting from a joint study effort undertaken by EUROCONTROL and the Federal Aviation Administration (FAA). It is intended to be used to determine candidate data communication technologies –existing or future – that can meet the requirements of air traffic services and operating concepts expected to be implemented in the future. The COCR is independent of any specific aircraft and ground radiocommunication technology. The physical implementation of the radio components of a communication system are collectively referred to as the Future Radio System (FRS).
Continuity: This is the probability that a system will continue to perform its required function without unscheduled interruption, assuming that the system is available when the procedure is initiated.

Domain-Based Volume: These volumes assume each domain is separate and independent from the others. In other words, while the TMA and ENR domains may overlap from a transmission range standpoint, the analysis assumes the transmissions from an aircraft in the TMA but near the boundary of ENR do not interfere with transmissions in the ENR domain.

Erlang: A unit of traffic intensity. It is a dimensionless quantity expressing voice activity in units of time that would be seen in during some time interval, typically an hour. It is used to determine the number of circuits needed to satisfy circuit voice demand, e.g. one Erlang represents one circuit occupied for one hour.

Expiration Time: The expiration time is the maximum time between updates beyond which a service interruption is declared. It has been set as twice the update interval shown in COCRv2 Table 5-3.

Fixed Range Volume: These volumes do not consider domain boundaries and are based sole on transmission range. The COCR only considers fixed range volumes that span the APT, TMA, and ENR domains.

Host: As used in this document refers to the AMS(R)S satellite operator under study, i.e. for which the spectrum requirements are being computed.

Information Load: This is the load in kbps or Erlangs associated with a particular service type it defines the capacity that is required from the facilities servicing the capacity, e.g. radio bearers within a satellite beam. 

Latency: For SURV, one-way latency is the time taken from the reception of the navigational signal (e.g., GNSS) by an aircraft antenna to the output of positional information at a Controller position or on an aircraft CDTI. It includes the reception of the raw navigational signal, processing of it to determine position, transmission of the position information, reception, and processing by the surveillance processing system on the ground or in another aircraft. For TIS-B, it is the time taken from the input to the surveillance source to the display on an aircraft CDTI. For WAKE, it is the time taken from sensor(s) output to delivery to the WAKE information processing system.

Operational volume (OV): Defined as an operational area in which services are provided. Operational volumes are defined within each of the airspace domains. The COCR defines two types of operational volumes: Service Volume and Transmission Volume

PIAC Peak instantaneous aircraft count, the highest number of aircraft in a selected volume during the selected window of time, typically, the busy hour.

Push to Talk (PTT) The physical action taken by the ‘User’ in operating his/her transmitter key. The general term ‘User’ refers to a pilot or Controller. The term ‘key’ is used to denote any type of device including buttons, levers, foot switches, computer mouse and

Radio Bearer Information Load: A beam’s information load is distributed by the type and quantities of radio bearers presented by air craft counts, and their equipage. It defines the capacity required by each type of radio bearer type and thus the quantity of that particular radio bearer type. 

Reliability See Availability (inherent)

Sector: See Air Traffic Control Sector

Service Instance (SI): A set of one or more messages and/or transactions associated with completing an objective. For example, a Flight Crew request followed by a Controller clearance followed by a Flight Crew acknowledgement would constitute a single service instance that contains three messages and two transactions.

Service Volume (SV): A volume of airspace that aligns with ATC sector/position control boundaries. For all domains except the APT, it is a volume of airspace in which all aircraft are controlled by a single Controller position. For the APT, the service volume encompasses all APT airspace sectors/positions in the domain. Although the volume boundaries align with controlled airspace, the COCR evaluates all types of communication in this area including flight information services, controller-pilot communication, and aircraft-provided state/intent data. Service volumes provide the operational context for addressed services.

Technical Delay (also Transit Delay), one-way: Time required by the system to deliver a message, beginning with user action to send the message, and ending upon notification of recipient of message receipt. Typically accounts for half of a transaction.

Technical Delay (also Transit Delay), two-way: Time required by the system to deliver a message, beginning with user action to send the message, and ending upon notification by initiating user of reply receipt, excluding any user response time. Typically, that part of TT(95) allocated to system. 

Transaction: A two-way operational communication process (e.g., Controller and pilot, pilot and pilot, or Controller and Controller. It contains the outgoing request message, the Controller or pilot response time and the incoming response message. Communication exchanges that have multiple responses, i.e. the STANDBY, followed by the operational response, are treated as two transactions. (DO-264)

Transaction Time (TT) The transaction time is the time needed by a pilot and a Controller to exchange a pair of messages. This time represents the sum of the delivery time of incoming and outgoing messages and the Controller or pilot response time. (DO-264, Annex C.3.1.5.1)

Transmitter Activation Delay. The total time taken between the PTT action by the User and the time that the transmitter has attained its designed operating power (EUROCAE WG67-1) 

Transmission Volume (TV): A volume of airspace that is based on range or distance. Transmission volumes are most applicable for broadcast services, because broadcasted services reach all users within the range of the broadcast. In the COCR, ranges are based on operational need and not the capabilities of a particular technology. The COCR defines two types of transmission volumes: Domain Based and Fixed Range Based.

95% Transaction Time (TT95): The time before which 95% of the transactions are completed. (DO-264)

Update Interval: This is the time interval within which there is a percentile probability of receiving at least one report update.

Voice Latency: The one-way user-to-user voice delay between analogue system interfaces (HMIs) after the audio path has already been established.

User: A specific reference to person who employs the services provided by the system. Typically a member of the aircraft cockpit crew, a member of the air traffic management team or flight operations personnel.]

ATTACHMENT 2

The analysis provided in this section illustrates the relationship of different computed spectrum requirements of an AMS(R)S satellite network to the associated assumptions used in the calculations.

Document 4C/245 Annex 12 Part 3 presents a methodology applied to five different types of satellite systems to derive the total estimated spectrum requirements for AMS(R)S messages within priority categories 1 to 6 over Asia Pacific region airspace. This Methodology is an earlier version of the Methodology presented in Attachment 1 above. System1 model has been utilized in this study.

The methodology and assumptions presented in Document 4C/245 Annex 12 have been reproduced in Table 1 for ease of reference and is identified as Case A.

The proposed method computes the spectrum requirement for target year 2015 for aeronautical traffic over Asia pacific airspace. According to that document, the actual Peak Instantaneous Aircraft Count (PIAC) for reference year 2008 was 3 400 aircraft according to Official Airlines Guide (OAG) for the Asia Pacific region. Furthermore, the Unit voice and Unit data traffic characteristics given in Document 4C/245 Annex 12 apparently represent expected traffic volume associated with AMS(R)S category 1 to 6 messages of RR Article 44 in the longer term. The following assumptions have been used in the analysis presented in Document 4C/245 Annex 12 in relation to its System1 analysis for target year 2015; however, the first six assumptions are not discussed here and a predetermined number of registered terminals on System-1 for year 2009 is used:

1)
Assuming 50% of aircraft (i.e. 1700 aircraft) served by the global beam and the remaining 50% served by the cluster of 7 spot beams of System-1

2)
PIAC annual growth rate of 5% starting from reference year 2008

3)
Assuming 50% increase in PIAC to account for aircraft involving non-scheduled flights

4)
20% of all airplanes (scheduled and non-scheduled flights) are equipped with AMS(R)S terminals

5)
Traffic is split equally between two AMS(R)S service providers serving the Asia Pacific airspace

6)
Each AMS(R)S system’s spectrum requirement estimate would be based on serving 70% of total AMS(R)S traffic

7)
The AMS(R)S satellite configured with one global beam and 7 spot beams

8)
To serve the traffic assigned to the 7 spot beams, the proposed analysis assumes an over-allocation of traffic volume to each beam to the tune of 165% more overall traffic volume than actual (i.e. estimating spectrum for 265% of network’s traffic volume)

9)
Assuming data traffic of 50 kbits per aircraft*hour for every flying aircraft

10)
Assuming 0.01 Erlang of voice traffic per flying aircraft

11)
Assuming 100% of AMS(R)S communications by AMS(R)S equipped aircraft in Asia Pacific region airspace is served by satellite (i.e. no use of terrestrial VHF or HF infrastructure by aircraft equipped with satellite terminal)

12)
Document 4C/245 Annex 12 had assumed call blocking rate requirement of 1 call per 1 000 calls for voice channel pools. This has been an error and the correct required call blocking rate is 1 call per 100 calls.

13)
Assuming 3 to 4 additional data channels per beam over and above the number of data channels required for the given data traffic volume

14)
Assuming 80% bandwidth efficiency for the AMS(R)S network

It should be noted that many of the assumptions presented above are yet to be validated as to their applicability to the actual aeronautical operational environment.

Analysis of Case B

Case B presents results of an analysis where the proposed methodology and assumptions of Document 4C/245 Annex 12 have been used, without modifying them, in combination with the predetermined number of user aircraft population of 187 terminals in 2009.

As shown in Table 2, the forecast total required spectrum for the AMS(R)S satellite System-1 for 2009 would be 853 kHz. It should be noted that this analysis assumes that System-1 is handling 187 AMS(R)S equipped aircraft simultaneously and none of them uses terrestrial communication facilities at any time.

Analysis of Cases C1 to C3

In order to assess the sensitivity of the spectrum forecasting to the proposed assumptions of Document 4C/245 Annex 12, the analysis is repeated and certain assumptions have been modified as explained below for Cases C1 to C3.

Case C1:
Table 3 presents analysis and assumptions related to this case. In Case C1 assumption 8 has been modified, eliminating possibility of overestimation of traffic assignment spot beams within a cluster of spot beams.

In the case of a 7-spot beam cluster, the assigned traffic volume would be 165% higher than the total traffic (i.e. increase of network’s traffic volume by a factor of 2.65). To eliminate these potential spectrum inefficiency in the proposed analysis of Document 4C/245 Annex 12, the analysis in Case C1 distributes peak traffic volume uniformly between the spot beams. Non-uniform distribution of traffic between spot beams generally results in reduction of the total required spectrum for the anticipated low traffic volume of AMS(R)S systems. The number of spot beams has been reduced from 7 to 6 in this analysis.

The forecast total required spectrum for the AMS(R)S satellite System-1 for 2009 would be reduced to 778 kHz.

Case C2:
Table 4 presents analysis and assumptions related to this case. It assumes 50% of aeronautical traffic is served by terrestrial infrastructure and 50% is served by satellite systems.

According to assumption No. 4, only 20% of all aircraft used for scheduled and non-scheduled flight are equipped with AMS(R)S terminals. It is evident that majority of aircraft rely on use of terrestrial HF and VHF communication infrastructure to communicate with the ATC operators. 

Assuming that all aircraft equipped with AMS(R)S terminals communicate ONLY via satellite and do not use terrestrial service infrastructure is not supported in an operational environment. Case C2 analysis assumes that 50% of these aircraft use satellite services, while the remainder use terrestrial networks. It would be helpful to have information on the typical proportion of AM(R)S versus AMS(R)S communications in today’s aeronautical environment for Asia Pacific airspace.

The forecast total required spectrum for the AMS(R)S satellite System-1 for 2009 would be reduced to 556 kHz.

Case C3:
Table 5 presents analysis and assumptions related to this case. The satellite System-1 consists of one global beam and 6 spot beams. Considering the configuration of these six spot beams, it appears quite practical to have a 4-colour frequency reuse pattern For Case C3, the forecast total required spectrum for the AMS(R)S satellite System-1 for 2009 should be in order of 419 kHz.

Summary of analysis

The total forecast required spectrum for the studied cases discussed above are summarized in Table 6. This analysis illustrates clearly the sensitivity of the computed results of a given methodology to the associated assumptions and input parameters used in the calculations.

Table 6

Summary of forecast required spectrum for Cases B and C1 to C3

	Case number
	Forecast total required spectrum 
(kHz)
	Target year

	Case B
	853
	2009

	Case C1
	778
	2009

	Case C2
	556
	2009

	Case C3
	419
	2009


Table 1

Case A – Presentation of Document 4C/245 Annex 12 analysis without modifying any of its stated assumptions

[image: image8.emf]Satellite Type Global Beam Beam Cluster

Yr Reference Year Spec 2008 2008

Yt Target Year Spec 2015 2015

ACr Reference Year PIAC Estimate (OAG)  (*1) 1700 1700

g Growth rate Estimate             (*2) 5% 5%

ACt Basic PIAC in Target Year ACr*(1+g)^(Yt-Yr) 2392 2392

rx Non-Scheduled To General Aviation factor Estimate 1.5 1.5

rs Ratio of aircraft equipped with Satcom terminals Estimate 20% 20%

ACs AMS(R)S PIAC ACt*rx*rs 718 718

Nn Number of network Estimate 2 2

Nnp % of AMS(R)S traffic carried by network 1/Nn^0.5 71% 71%

ACn AMS(R)S PIAC per network Acs*Nnp         (*3) 507 507

Nb Number of Beams Design 1 7

Nc Beam Cluster size (reuse pattern) Design 1 7

rc Beam Concentration Nb^0.5 1.00 2.65

rcp % of total cluster traffic in one beam rc/Nb 100% 38%

ACb AMS(R)S PIAC per Beam ACn*rcp 507 192

Tdo

Unit Data Traffic (kbit/AC.Hr)

Est. Data in 2008 (*4)

50 50

Total Data Rate (Mbit/Hr) ACn*Tdo/1000 25.4 25.4

Tdo Unit Data Traffic (kbit/AC.Hr) Est. Data in 2008 (*4) 50 50

Rtts % of total traffic carried via Satellite Estimate 100% 100%

Td Data traffic per Beam (Mbit/Hr) ACb*Tdo*Rtts 25.4 9.6

Cd Effective Transmission (kbit/s) Spec. 0.144 0.144

Nd No. of Required Channels Td*10^6/Cd*3600 49.0 19.0

Dd Carrier spacing (kHz) Spec 5.0 5.0

SRa Additional Spectrum (kHz) Spec 20.0 15.0

SRd Sub-total Required spectrum (kHz) Nd*Dd+SRa 265.0 110.0

Tvo Unit Voice traffic (Erl/Hr) Est. Voice in 2008 (*4) 0.01 0.01

Total Voice Traffic (Erl/Hr) ACn*Tvo 5.1 1.9

Tvo

Unit Voice traffic (Erl/Hr) Est. Voice in 2008 (*4) 0.01 0.01

Rtts % of total traffic carried via Satellite Estimate 100% 100%

Tv

Voice Traffic per beam (Erl/Hr) ACb*Tvo*Rtts 5.1 1.9

Lc

Allowable call loss Estimate 0.001 0.001

Nv

Number of required voice channels Erlang formula 14 8

Dv

Carrier spacing (kHz) Spec 17.5 17.5

SRv

Sub-total Required spectrum (kHz) Nv*Dv 245.0 140.0

SR

Spectrum required per network (kHz) (SRd+SRv)*Nc   (*5) 510.0 1750.0

u

Bandwidth efficiency Estimate 80% 80%

TSR

Total spectrum required (kHz) SR/u 638 2188

Total spectrum required for MSS system with 1 global beam and 7 spot beams (kHz) 2825


Table 2

Case B – Estimates spectrum requirements for 187 user aircraft terminals of System-1 in 2009 
without modifying any of the stated assumptions in Document 4C/245 Annex 12 

[image: image9.emf]Satellite Type

Global Beam Beam Cluster

Yr

Reference Year

Spec 2008 2008

Yt

Target Year

Spec 2009 2009

ACr

Reference Year PIAC

Estimate (OAG)  (*1) - -

g

Growth rate

Estimate             (*2) - -

ACt

Basic PIAC in Target Year

ACr*(1+g)^(Yt-Yr) - -

rx

Non-Scheduled To General Aviation factor

Estimate - -

rs

Ratio of aircraft equipped with Satcom terminals

Estimate - -

ACs

AMS(R)S PIAC

ACt*rx*rs - -

Nn Number of network Estimate - -

Nnp % of AMS(R)S traffic carried by network 1/Nn^0.5 - -

ACn

AMS(R)S PIAC per network

Acs*Nnp         (*3) 94 94

Nb

Number of Beams

Design 1 6

Nc

Beam Cluster size (reuse pattern)

Design 1 6

rc

Beam Concentration

Nb^0.5 1.00 2.45

rcp % of total cluster traffic in one beam rc/Nb 100% 41%

ACb

AMS(R)S PIAC per Beam

ACn*rcp 94 38

Tdo

Unit Data Traffic (kbit/AC.Hr)

Est. Data in 2008 (*4) 50 50

Total Data Rate (Mbit/Hr)

ACn*Tdo/1000 4.7 4.7

Tdo

Unit Data Traffic (kbit/AC.Hr)

Est. Data in 2008 (*4) 50 50

Rtts % of total traffic carried via Satellite Estimate 100% 100%

Td

Data traffic per Beam (Mbit/Hr)

ACb*Tdo*Rtts 4.7 1.9

Cd

Effective Transmission (kbit/s)

Spec. 0.144 0.144

Nd

No. of Required Channels

Td*10^6/Cd*3600 10.0 4.0

Dd

Carrier spacing (kHz)

Spec 5.0 5.0

SRa

Additional Spectrum (kHz)

Spec 20.0 15.0

SRd

Sub-total Required spectrum (kHz)

Nd*Dd+SRa 70.0 35.0

Tvo

Unit Voice traffic (Erl/Hr)

Est. Voice in 2008 (*4) 0.01 0.01

Total Voice Traffic (Erl/Hr)

ACn*Tvo 0.9 0.4

Tvo Unit Voice traffic (Erl/Hr)

Est. Voice in 2008 (*4) 0.01 0.01

Rtts % of total traffic carried via Satellite Estimate 100% 100%

Tv Voice Traffic per beam (Erl/Hr)

ACb*Tvo*Rtts 0.9 0.4

Lc Allowable call loss

Estimate 0.010 0.010

Nv Number of required voice channels

Erlang formula 5 3

Dv Carrier spacing (kHz)

Spec 17.5 17.5

SRv Sub-total Required spectrum (kHz)

Nv*Dv 87.5 52.5

SR Spectrum required per network (kHz)

(SRd+SRv)*Nc   (*5) 157.5 525.0

u Bandwidth efficiency

Estimate 80% 80%

TSR Total spectrum required (kHz)

SR/u 197 656

Total spectrum required for System-1 with 1 global beam and 6 spot beams (kHz)

853


Table 3

Case C1 – Modifying one assumption which would result in overestimation of the 
overall traffic to be served by a given satellite network

[image: image10.emf]Satellite Type

Global Beam Beam Cluster

Yr

Reference Year

Spec 2008 2008

Yt

Target Year

Spec 2009 2009

ACr

Reference Year PIAC

Estimate (OAG)  (*1) - -

g

Growth rate

Estimate             (*2) - -

ACt

Basic PIAC in Target Year

ACr*(1+g)^(Yt-Yr) - -

rx

Non-Scheduled To General Aviation factor

Estimate - -

rs

Ratio of aircraft equipped with Satcom terminals

Estimate - -

ACs

AMS(R)S PIAC

ACt*rx*rs - -

Nn Number of network Estimate - -

Nnp % of AMS(R)S traffic carried by network 1/Nn^0.5 - -

ACn

AMS(R)S PIAC per network

Acs*Nnp         (*3) 94 94

Nb

Number of Beams

Design 1 6

Nc

Beam Cluster size (reuse pattern)

Design 1 6

rc

Beam Concentration

Nb^0.5 1.00 1.00

rcp % of total cluster traffic in one beam rc/Nb 100% 17%

ACb

AMS(R)S PIAC per Beam

ACn*rcp 94 16

Tdo

Unit Data Traffic (kbit/AC.Hr)

Est. Data in 2008 (*4) 50 50

Total Data Rate (Mbit/Hr)

ACn*Tdo/1000 4.7 4.7

Tdo

Unit Data Traffic (kbit/AC.Hr)

Est. Data in 2008 (*4) 50 50

Rtts % of total traffic carried via Satellite Estimate 100% 100%

Td

Data traffic per Beam (Mbit/Hr)

ACb*Tdo*Rtts 4.7 0.8

Cd

Effective Transmission (kbit/s)

Spec. 0.144 0.144

Nd

No. of Required Channels

Td*10^6/Cd*3600 10.0 2.0

Dd

Carrier spacing (kHz)

Spec 5.0 5.0

SRa

Additional Spectrum (kHz)

Spec 20.0 15.0

SRd

Sub-total Required spectrum (kHz)

Nd*Dd+SRa 70.0 25.0

Tvo

Unit Voice traffic (Erl/Hr)

Est. Voice in 2008 (*4) 0.01 0.01

Total Voice Traffic (Erl/Hr)

ACn*Tvo 0.9 0.2

Tvo Unit Voice traffic (Erl/Hr)

Est. Voice in 2008 (*4) 0.01 0.01

Rtts % of total traffic carried via Satellite Estimate 100% 100%

Tv Voice Traffic per beam (Erl/Hr)

ACb*Tvo*Rtts 0.9 0.2

Lc Allowable call loss

Estimate 0.010 0.010

Nv Number of required voice channels

Erlang formula 5 3

Dv Carrier spacing (kHz)

Spec 17.5 17.5

SRv Sub-total Required spectrum (kHz)

Nv*Dv 87.5 52.5

SR Spectrum required per network (kHz)

(SRd+SRv)*Nc   (*5) 157.5 465.0

u Bandwidth efficiency

Estimate 80% 80%

TSR Total spectrum required (kHz)

SR/u 197 581

Total spectrum required for System-1 with 1 global beam and 6 spot beams (kHz)

778


Table 4

Case C2 – (i.e. Case C1 plus assuming 50% of traffic is served by terrestrial infrastructure 
and 50% is served by satellite network)

[image: image11.emf]Satellite Type

Global Beam Beam Cluster

Yr

Reference Year

Spec 2008 2008

Yt

Target Year

Spec 2009 2009

ACr

Reference Year PIAC

Estimate (OAG)  (*1) - -

g

Growth rate

Estimate             (*2) - -

ACt

Basic PIAC in Target Year

ACr*(1+g)^(Yt-Yr) - -

rx

Non-Scheduled To General Aviation factor

Estimate - -

rs

Ratio of aircraft equipped with Satcom terminals

Estimate - -

ACs

AMS(R)S PIAC

ACt*rx*rs - -

Nn Number of network Estimate - -

Nnp % of AMS(R)S traffic carried by network 1/Nn^0.5 - -

ACn

AMS(R)S PIAC per network

Acs*Nnp         (*3) 94 94

Nb

Number of Beams

Design 1 6

Nc

Beam Cluster size (reuse pattern)

Design 1 6

rc

Beam Concentration

Nb^0.5 1.00 1.00

rcp % of total cluster traffic in one beam rc/Nb 100% 17%

ACb

AMS(R)S PIAC per Beam

ACn*rcp 94 16

Tdo

Unit Data Traffic (kbit/AC.Hr)

Est. Data in 2008 (*4) 50 50

Total Data Rate (Mbit/Hr)

ACn*Tdo/1000 4.7 4.7

Tdo

Unit Data Traffic (kbit/AC.Hr)

Est. Data in 2008 (*4) 50 50

Rtts % of total traffic carried via Satellite Estimate 50% 50%

Td

Data traffic per Beam (Mbit/Hr)

ACb*Tdo*Rtts 2.3 0.4

Cd

Effective Transmission (kbit/s)

Spec. 0.144 0.144

Nd

No. of Required Channels

Td*10^6/Cd*3600 5.0 1.0

Dd

Carrier spacing (kHz)

Spec 5.0 5.0

SRa

Additional Spectrum (kHz)

Spec 20.0 15.0

SRd

Sub-total Required spectrum (kHz)

Nd*Dd+SRa 45.0 20.0

Tvo

Unit Voice traffic (Erl/Hr)

Est. Voice in 2008 (*4) 0.01 0.01

Total Voice Traffic (Erl/Hr)

ACn*Tvo 0.9 0.2

Tvo Unit Voice traffic (Erl/Hr)

Est. Voice in 2008 (*4) 0.01 0.01

Rtts % of total traffic carried via Satellite Estimate 50% 50%

Tv Voice Traffic per beam (Erl/Hr)

ACb*Tvo*Rtts 0.5 0.1

Lc Allowable call loss

Estimate 0.010 0.010

Nv Number of required voice channels

Erlang formula 4 2

Dv Carrier spacing (kHz)

Spec 17.5 17.5

SRv Sub-total Required spectrum (kHz)

Nv*Dv 70.0 35.0

SR Spectrum required per network (kHz)

(SRd+SRv)*Nc   (*5) 115.0 330.0

u Bandwidth efficiency

Estimate 80% 80%

TSR Total spectrum required (kHz)

SR/u 144 413

Total spectrum required for System-1 with 1 global beam and 6 spot beams (kHz)

556


Table 5

Case C3 – (i.e. Case C2 plus modifying the AMS(R)S satellite spot beam frequency reuse 
configuration based on 4-colour pattern)

[image: image12.emf]Satellite Type

Global Beam Beam Cluster

Yr

Reference Year

Spec 2008 2008

Yt

Target Year

Spec 2009 2009

ACr

Reference Year PIAC

Estimate (OAG)  (*1) - -

g

Growth rate

Estimate             (*2) - -

ACt

Basic PIAC in Target Year

ACr*(1+g)^(Yt-Yr) - -

rx

Non-Scheduled To General Aviation factor

Estimate - -

rs

Ratio of aircraft equipped with Satcom terminals

Estimate - -

ACs

AMS(R)S PIAC

ACt*rx*rs - -

Nn Number of network Estimate - -

Nnp % of AMS(R)S traffic carried by network 1/Nn^0.5 - -

ACn

AMS(R)S PIAC per network

Acs*Nnp         (*3) 94 94

Nb

Number of Beams

Design 1 6

Nc

Beam Cluster size (reuse pattern)

Design 1 4

rc

Beam Concentration

Nb^0.5 1.00 1.00

rcp % of total cluster traffic in one beam rc/Nb 100% 17%

ACb

AMS(R)S PIAC per Beam

ACn*rcp 94 16

Tdo

Unit Data Traffic (kbit/AC.Hr)

Est. Data in 2008 (*4) 50 50

Total Data Rate (Mbit/Hr)

ACn*Tdo/1000 4.7 4.7

Tdo

Unit Data Traffic (kbit/AC.Hr)

Est. Data in 2008 (*4) 50 50

Rtts % of total traffic carried via Satellite Estimate 50% 50%

Td

Data traffic per Beam (Mbit/Hr)

ACb*Tdo*Rtts 2.3 0.4

Cd

Effective Transmission (kbit/s)

Spec. 0.144 0.144

Nd

No. of Required Channels

Td*10^6/Cd*3600 5.0 1.0

Dd

Carrier spacing (kHz)

Spec 5.0 5.0

SRa

Additional Spectrum (kHz)

Spec 20.0 15.0

SRd

Sub-total Required spectrum (kHz)

Nd*Dd+SRa 45.0 20.0

Tvo

Unit Voice traffic (Erl/Hr)

Est. Voice in 2008 (*4) 0.01 0.01

Total Voice Traffic (Erl/Hr)

ACn*Tvo 0.9 0.2

Tvo Unit Voice traffic (Erl/Hr)

Est. Voice in 2008 (*4) 0.01 0.01

Rtts % of total traffic carried via Satellite Estimate 50% 50%

Tv Voice Traffic per beam (Erl/Hr)

ACb*Tvo*Rtts 0.5 0.1

Lc Allowable call loss

Estimate 0.010 0.010

Nv Number of required voice channels

Erlang formula 4 2

Dv Carrier spacing (kHz)

Spec 17.5 17.5

SRv Sub-total Required spectrum (kHz)

Nv*Dv 70.0 35.0

SR Spectrum required per network (kHz)

(SRd+SRv)*Nc   (*5) 115.0 220.0

u Bandwidth efficiency

Estimate 80% 80%

TSR Total spectrum required (kHz)

SR/u 144 275

Total spectrum required for System-1 with 1 global beam and 6 spot beams (kHz)

419


Log-on AES in specified network


ACn (Number)








Log-on AES in specified airspace


ACa (number)








Log-on AES in specified beam/zone


ACb (number)





Averaged Information Volume


Da/Va (kbit/h or Erlang/h)





Peak Information Volume


Pd/v (kbit/s or Erlang)








Capacity per carrier: Cd (bit/s)


Call Loss: Lc (%)





Required Number of Carriers


Nd/v (number)





Normalized carrier separation


Dd/v (kHz)





Total Spectrum Requirements for specified beam/zone SRb (kHz)








Reuse Factor: ru (multiplier)


Band efficiency: be (multiplier)





Required Spectrum per airspace


SR (kHz)





Total Required Spectrum


TSR (kHz)








*	Any actions on Annex 16 to Document 4C/522 (Working document towards a preliminary draft new Report ITU�R M.[AMS(R)S SPECTRUM ESTIMATE] – AMS(R)S communication requirements forecasts and estimated future spectrum requirements) are held in abeyance pending further developments on this document. 


� 	The COCR provides statistical communications traffic data for the various aircraft communications that typically take place throughout different phases of a flight. However, not all of these communications pertain to AMS(R)S communications, for instance some of these communications could be supported via terrestrial AM(R)S communications. For the COCR data to be accurately employed in the methodology three factors must be properly accounted for: 1) Only traffic associated with AMS(R)S should be used. 2) Of the above traffic, only that which can be supported by the satellite system under study should be used. 3) Message lengths should be adjusted to account for the difference in the transmission protocols employed by the satellite versus the air to ground links exemplified in the COCR.
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