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	SUMMARY

	This working Paper presents Inmarsat’s review of the paper entitled “Methodology for the Calculation of AMS(R)S Spectrum Requirements”, produced by the ITU-R WP 4C relating to WRC-11 Agenda Item 1.7 towards a preliminary draft new Recommendation ITU-R M.[AMS(R)S spectrum] 



1. Introduction

ITU-R WP 4C under Resolution 222 (Rev. WRC-07) has developed a working document towards a new Recommendation ITU-R M.[AMS(R)S spectrum] “Methodology for the estimation of the aeronautical mobile-satellite (R) service spectrum requirements” (Annex 8 to Working Party 4C Chairman’s Report : Document 4C/146-E). This paper presents Inmarsat’s review of the methodology. 
2. Background

A methodology to forecast Aeronautical Mobile Satellite (Route) Service (AMS(R)S) spectrum is under development in the ITU-R working party 4C with support from ICAO Working Group F in response to WRC Resolution 222 (Rev.WRC-07). The Resolution invites ITU-R to study the existing and future spectrum requirements of the AMS(R)S for review in World Radio Conference in 2011 (WRC-11) under agenda item 1.7. 

The methodology estimates the aggregate Maximum Information Rate (MIR) from airborne aircrafts at the busiest time of a year in a given region and translates the MIR to spectrum, taking into consideration the satellite system characteristics. The scheme is generic in that it can accommodate any given space segment characteristics of a single satellite GEO system. Notably, the emphasis is on a regional system. 

Two MIR estimation methods are suggested: a simulation approach based on aggregation of information transfer rate of all the airborne aircrafts at the busiest time, and a scheme wherein MIR is obtained as a product of peak instantaneous airborne aircraft count and the average of a single aircraft’s information transfer rate. It is claimed that for practical purposes both the MIR estimation methods arrive at the same results. 

Two approaches to MIR-spectrum translation are proposed. In one scheme the derivation is based on the space segment characteristics that include channel coding, modulation scheme, transmit filter characteristics, guard bands and reuse characteristics of the satellite spot beams. In the other approach information capacity per radio bearer in conjunction with the frequency reuse pattern of the space segment is used for the purpose. 

3. Discussions

Methodology 

The methodology is generally applicable for the chosen task, nevertheless the technique is likely to benefit through the following enhancements: 

1. Extension of the technique to a global GEO system (Refer Annex 1);The methodology deals ‘only on a single satellite system basis covering a given region of the world’ (Refer Annex 1). It is an important point to identify the extent to which the resulting spectrum requirements will vary from one area of the world compared to another.  For example X MHz might be required over Europe and Y MHz over Africa. Operational issues will have to be considered – for example: (i) An efficient satellite selection strategy applicable to regions where an aircraft can select the service from more than one satellite; (ii) Efficient spectrum management technique taking into consideration intra-system interference. One suggested approach is that the methodology only highlight such operational issues and propose that they be addressed by operators themselves.
2. Considerations to validate the methodology (General): It is essential that suitable validation strategies be developed to ensure that the results are representative. For example prevailing spectrum usage can be compared against that derived through this methodology. 
3. Definition of critical parameters (Refer A2.1): It is desirable to define terms ‘region’ and ‘busiest hour’ to avoid ambiguity in interpretation. 
4. A reference space segment (Refer A2.1): Maximum Information Throughput (MIT) depends on the airspace region and the area under consideration. Hence the space segment features - particularly spot beam characteristics and spacecraft location - are crucial in determining the spectrum. The important point for Inmarsat is that the method is able to take account of Inmarsat-4 type characteristics, e.g. small spot beams, four-colour re-use, dynamic channel assignment, etc.  It is believed that I4-like spacecrafts located appropriately will be representative.
5. Consideration of non-coincidental nature of the busiest hour when summing MIT of two beams and the reusability between spot beams (Refer A2.3.1 eq 4 and 5): Due to the dynamics of aircraft flight pattern it is possible that the busiest hours of two beams are not concurrent. If S1 and S2 are two non overlapping beams where reuse is not possible and their busiest times are different then their MIT would be given as the maximum of equation (4) over 24 hours of the busiest day for an arrangement where unused spectrum from one beam can be dynamically allocated to the other (e.g. by the use of a time of day dependent frequency plan).  
6. Definition of ‘inside-outside’ when estimating traffic of unit area (Refer A2.3.1): When estimating the traffic of a spot beam by summation of unit area, it is likely that parts of unit area lie outside the spot beam periphery. For consistency it is desirable to define a criterion for including-excluding unit areas. For example: Reject an area if it is less than 0.5 of the unit area. 
7. Substantiation of the claim that the MIR estimates by both the methods are identical for practical purpose (Refer A2.3.2): It is mentioned that MIT derived by the simulation and the PIAC method are almost equal. It is not obvious as to why peak and average MIT values should result in almost equal value. The rationale and assumptions would be a useful inclusion.
8. Application of prioritisation (Article 44) and traffic engineering principles (Refer A2.3.2): The spectrum estimation process takes as input the maximum information throughput (MIT) of the busiest day in the region of interest (e.g a spot beam) derived by simulation method (refer section A2.3.1) or PIAC method (refer section 2.3.2) and satellite characteristics to calculate the bandwidth per satellite system (refer fig A5). In doing so the methodology does not include the advantage offered by way of averaging achievable by accepting tolerable delay offered by queuing (in packet mode) or increased call attempts (in circuit mode). This will necessitate introduction of a suitable queuing model to the process to even out the peaks. This advantage is implied in the PIAC method where average information rate at the busiest hour is taken as the input. Article 44 specifies the order of priority for communications in AMSS. The MIT estimate aggregates the messages without prioritisation; in this respect the queuing model can be further refined by utilising the message priority.
9. Considerations to weigh PIAC on the basis of COCR specified airspace domain (Airport, Terminal Manoeuvring Area, En Route, Ocean Remote Polar) and the corresponding satellite communications probability (Refer A 2.3.2); Total information Volume (TIV) derived though this approach would take into account the expected partitioning of safety traffic between VHF and satellite in the various airspace domains.  Whilst satellite is likely to carry a high proportion of ATM messages in ORP and ENR domains, further work is required with respect to the utilisation of COCR messages in the TMA domain.  It is likely that in the APT domain the use of satellite will be negligible. 
10. Applicability of the technique equally to the forward direction (A 3.2): This statement should be introduced at the start of the document. Furthermore, the difference in the treatment deserves a mention. This should highlight the additional traffic in the forward direction due to broadcasts and the differences in transmission characteristics (e.g. modulation, coding, multiple access) of the two directions arising due to differences in earth station and spacecraft characteristics. 
11. Figure A5: It is not clear whether the dotted line connect step 3 to step 2 or step 1.
12. Incorporation of means to account for adaptable modulation and coding schemes (Refer A3.3; eq 23 and eq 27): Inmarsat’s BGAN system uses an adaptable modulation and coding scheme to match the throughput to real-time channel characteristics as well as message characteristics. Due to the wide variability in transmission characteristics due to this feature a statistical approach is essential. The text may be modified to capture this issue with the caveat that in such cases operators may choose to adapt the parameters according to their system characteristics.  

13. Satellite systems employing different data rates (Refer A 3.5): The following scenarios apply when estimating MIT: (i) Service/message dependent data rate from a given AES class; (ii) AES class dependent data rate (e.g. Low, Intermediate and High gain antenna AESs in Inmarsat). The transmission characteristics differ and so also possibly the frequency reuse pattern - hence it becomes necessary to estimate MIT and spectrum separately for each case.  The equation (unnumbered) given in the text indicates that the MIT of an AES is proportional to the ratio rj rather than its specific data rate capability. A revision to the section is desirable.
14. Applicability of PIAC methodology approach (Refer Annex 4): It would appear that the technique can also be applied to the MIT developed from the simulation approach. Hence Annex-4 should state that the approach applies to both of the MIT estimation methods.
Inputs
15. Some of the services proposed in the COCR as point-point can be more efficiently carried as broadcast services; Therefore, it is necessary to obtain a more thorough and informed review of the transmission requirements of the COCR services;

16. A reasonably accurate estimate of communication traffic via satellite in each aerospace domain is necessary;

17. Reasonable “state-of-the-art” space segment characteristics must be chosen to ensure the maximum efficiency.
18. An estimate of the AES mix in the aircraft population along with corresponding data throughput should be available.
19. To obtain a global estimate of spectrum, air traffic of each region of the world should be considered. 

20. Non-scheduled flights which utilise safety satellite communications must be factored.
4. Recommendations
1. The methodology requires refinements as identified in the previous section. 
2. Input data hold the key to the accuracy of results; hence a careful assessment of the inputs and the underlying assumptions are essential. 
3. Prior to its introduction the methodology must be validated. Further changes may be identified during the validation phase.































