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ICAO STUDY INTO THE SPECTRAL

REQUIREMENTS FOR MLS

1.0
Introduction 

Resolution 114 (WRC-95) invited ICAO to further review, within the same time-frame (WRC-01), detailed spectrum requirements and planning for international standard aeronautical radionavigation systems in the above-mentioned band (5 091 – 5 150 MHz).  

Currently within the band 5 091 – 5 150 MHz the only internationally standardized aeronautical radionavigation system is the Microwave Landing System (MLS), whose Standards cover the band 5 030 – 5 150 MHz. 

2.0
Spectral Requirement For MLS

This paper is based on the situation within Europe, where the density of airports operating Category II or III landing aids is the highest in the world.

2.1
Number of Requirements

To assess the MLS requirements to be considered within the study, a State letter was sent by the ICAO European Regional Office to all States under their jurisdiction.  The replies from the State letter process were combined and used as the basis for subsequent planning.

Subsequent to the State letter process predictions with respect to the category of approach procedures for which augmented Global Navigation Satellite Systems (GNSS) can be used has been modified.  Originally it was presumed that augmented GNSS could provide a landing aid capable of supporting category I & II approach procedures and possibly category III.  As knowledge of the limitations of GNSS and it’s augmentation have improved so the expectations as to the category of approach procedure that can be supported have been downgraded.  As a result the requirements obtained via the State letter process were supplemented by any current Instrument Landing System (ILS) category II or III that were not submitted as MLS requirements (This amounted to approximately 5% of all requirements considered)

2.2
Planning Constraints

The relevant technical groups within ICAO were asked to confirm the operational constraints, services volumes and the planning rules to be used. The following information are the results:-

2.2.1
Operational Constraints

When planning MLS, “Triple Pairing” (see below) of MLS, ILS and DME must be taken into account in accordance with the relevant material contained within ICAO Annex 10, Volume 1.

2.2.2 Service Volume

The service volume for an MLS station shall have a range of 23 nautical miles and a maximum height of 20,000 feet.

2.2.3
Planning Rules

The minimum co-channel separation distance between two MLS stations conforming to the service volume defined above shall be 203 nautical miles.  The minimum 1st & 2nd adjacent channel shall be 32 nautical miles for stations of similar power increasing by 2 nautical miles per dB of difference in power.

2.2.4
Triple Pairing

Approach procedures for ILS rely either on an outer marker or more usually a DME to position the aircraft onto the Glide Path and hence the need for the potential to pair a DME with an ILS.  Operationally hard-wiring this pairing enabled a single frequency to be dialed and the other to be automatically tuned in.  This has the side effect of reducing mistuning errors and hence an improvement to safety.  With the introduction of MLS there was also the requirement for pairing with DME for a similar reason, hence the most efficient spectral means was to hard-wire the tuning within the receivers for ILS/DME MLS together which became known as Triple pairing.

The Standards and Recommended Practices published by ICAO define the triple pairing combinations between ILS, DME & MLS.  These standards however only define triple pairs up to a maximum MLS frequency 5 090.7 MHz.  However the Minimum Operational Performance Specifications defined by RTCA & Eurocae both give MLS triple pairing frequencies up to a Maximum frequency of 5 150 MHz.  Implementation of triple pairing above 5 090.7 MHz however cannot take place before 2015 and relies on the use of 25 kHz ILS channelised equipment.

2.3
Planning Scenarios Considered

The following planning scenarios were used to aid in the assessment of the spectral requirements for MLS.

2.3.1 Optimum Planning of MLS Ignoring Triple Pairing 

In order to assess the potential capacity of the bands 5 030 – 5 091 and 5 091 – 5 150 MHz for MLS the requirements identified were planned assuming the service volume and planning rules given in 2.2.2 & 2.2.3 in isolation from any required pairing considerations.  

2.3.2 Planning of MLS Taking Account of Triple Pairing

To assess the feasibility of implementing MLS given the restraint of Triple pairing, two exercises have been performed as follows

2.3.2.1 Exercise 1

For each requirement defined in section 2.1, where there is an existing ILS and/or DME an MLS station was entered into the planning database on the appropriate paired channel.  All of the MLS stations were then checked for mutual compatibility. The remaining requirements were then planned into the band 5 030 – 5 091 MHz where possible and 5 091 – 5 150 MHz otherwise.

2.3.2.2 Exercise 2

All of the existing ILS, DME & MLS stations were removed from the planning database and then re-planned along with the new MLS requirements giving preference to the band 5 030 – 5 091 MHz.

2.4.
RESULTS

2.4.1
Optimum Planning of MLS Ignoring Triple Pairing

Given no constraints other than the planning requirements then the European MLS requirements can be planned into 110 channels.  As there are 200 channels available in the band 5 030 – 5 091 MHz there is no need for the band 5 091 – 5 150 MHz where MLS to be planned on an optimal basis ignoring Triple Pairing

2.4.2
Planning of MLS Taking Account of Triple Pairing

2.4.2.1
Exercise 1

Maintaining the current ILS and DME frequency plan and introducing any associated MLS on the appropriate triple pairing channel introduces some 500 conflicts with respect to the MLS planning rules.  The additional requirements where there was no existing associated DME or ILS could be planned into the bands spare capacity with no problems.  

2.4.2.2 Exercise 2

Given the ability to plan the ILS, DME & MLS bands afresh, without having to consider the presence of existing assignments resulted in the need for 195 Channels of MLS.  As previously stated there are 200 channels available in the band 5 030 – 5 091 MHz there would be no need for the band 5 091 – 5 150 MHz.

Note no work has to date been carried out to assess the feasibility of a transition plan from the current situation to the result of Exercise 2 above however as nearly all of the frequencies had to be changed any transition plan would be complex if feasible at all.

It should be pointed out that the MLS States plans for answering the operational requirements are dictated by future traffic increases which are hardly predictable at 100%.

The need for MLS varies largely from one part of Europe to another. Where the precision approach infrastructure density is very high (such as in UK, BE, NL, FR…) any new MLS in this area would require its own new channel, thus the main component for the need of additional channels in the upper band will come from these areas. The predictability of the plans in those areas has a major impact on the realism of the results of the studies, and therefore must be analyzed carefully.

2.5. CONCLUSIONS ON THE SPECTRAL REQUIREMENTS FOR MLS

· MLS given no constraints on it’s planning by hard wired “triple pairing” could be accommodated within the Band 5 030 – 5 091 MHz with additional capacity for expansion.

· That given a clean sheet then MLS could be accommodated in the band 5 030 – 5 091 MHz even given the constraints of “triple pairing”.

· The practicality of transitioning from the current situation to a solution planned from a clean sheet is questionable on the basis cost, complexity and timescales.

· Until 2015 all MLS “triple pairing” with DME and ILS would have to be on channels below 5 091 MHz and even after then any implementation would have to be with an associated change in the ILS and DME.

· That additional work is required to assess the feasibility of a transition plan from the current situation to a future solution planned from a clean sheet is required.

· Most of the MLS requirements could be accommodated in lower band but the highly demanding precision approach areasof Europe may create the need for the use of the upper band for a minority of MLS. 

3. FUTURE SYSTEMS

Aviation is currently considering a number of additional systems whose intended operation would be in the band 5 091 – 5 150 MHz.  Whilst these systems may not necessarily fall strictly under the definition of Radionavigation as given in the ITU Radio Regulations they are intended to provide a navigation service.  Aviation may therefore be looking in the future to raise an agenda item to add regulatory provisions to permit these services to operate in the band 5 091 – 5 150 MHz. 

4.0 CONCLUSIONS

· MLS is unlikely to require the additional spectral capacity afforded by the band 5 091 – 5 150 MHz for the vast majority of MLS requirements

· In highly demanding precision approach the upper band may be required for a minority of MLS, using one new frequency each.

· There are however other proposed systems within aviation intended for the provision of a radionavigation service which would operate in the band 5 091 – 5 150 MHz.
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