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EXECUTIVE  SUMMARY

This paper reviews the future spectrum requirements for short range air/ground communications, at the time when the 118-137 MHz band using 8.33 kHz spacing becomes exhausted.  Reference is made to new technology and new frequency bands where appropriate. Possible options are conversion of some portions of ARNS allocations to AM(R)S and allocation of new spectrum such as in bands used for AM(OR)S and TFTS services. There is a need to demonstrate spectrum efficiency, and possibly economic benefit, as well as identifying compatibility solutions when the spectrum is share with another service. 

1        BACKGROUND
1.1 VHF replaced MF and HF as the frequency band for all short range communications - airport and high density en route over populated regions -  in the early 1950s.    A band 14 MHz wide supporting 70 channels at a spacing of 200 kHz was allocated in the ITU Table of Allocations.  ICAO developed frequency planning material and incorporated this as Guidance Material in Annex 10.

1.2 Expansions in air traffic in the following 50 years forced aviation to successively increase spectrum available by 5 MHz, and by channel splitting.

1.3 The frequency bands involved were :

1947     
118  to  132  MHz

14 MHz

1954

118  to  136  MHz

18 MHz

1979

118  to  137  MHz


19  MHz

1.4 The channels available were :

1947  70 channels  @ 200 kHz spacing

1954  90 channels  @ 200 kHz spacing

1965 180 channels @ 100 kHz spacing 

1966 360 channels @ 100 kHz spacing

1972

720 channels @   50 kHz spacing

1979

760 channels @   25 kHz spacing

1996 2280 channels @ 8.33 kHz spacing 

To be noted is the fact that the dates quoted refer to ICAO agreement, and are not implementation dates.  The latter were often much later due to aircraft retrofit time scales.

1.5
The growth pattern of available channels over the years can be seen to be as approximately exponential.   It may be assumed that this broadly reflects also the demand pattern.   Whether this will continue to be the growth pattern is a complex issue, which is difficult to evaluate.   
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Fig  1 :   Growth pattern of available Channels in VHF band

1.6    At various points in the past, attention has been directed to measures for improving the channel and frequency utilization of the band.  The factors studied included different modulations (e.g. SSB, FM, etc), reduced protection ratio, priority assignment access systems, etc.  None of these measures have been pursued and the system remains essentially as AM DSB Voice Simplex.

2 PRESENT  SITUATION and FUTURE EXPECTATIONS

2.1 The present implementation of the 8.33 kHz channels in Europe is concentrated in the upper airspace of 7 countries. Latest information show that 100 ACC upper frequencies in 8.33 channel spacing distributed over 90  x 8.33 kHz channels are actually implemented. For the moment the spectrum capacity of the band 118-137 MHz is underused as expansion of 8.33 kHz services is constrained by planning, technical, operational and economic factors.

2.2 Experience with the previous 50/25 kHz transition indicates a long process with upper airspace followed by lower airspace and major airports requiring more than 8 years for effective exploitation. Secondary airports take longer, and general aviation with military, take much longer with some elements never completing the conversion.   In general the process is controlled not by demand but by conversion success rate.

2.3 It is estimated that the 8.33 introduction and the various expansions foreseen (agreed horizontal expansion to 21 additional States for October 2002, vertical expansion below FL245 under discussion at moment) make the band 118-137 MHz has capacity possibly up to the years around 2010.
3 FACTORS  AFFECTING  UTILIZATION

3.1 Operational  Scenario  :  The operational concept ( e.g.  R-NAV, RVSM, free space) significantly affects assignment demand.     Sector splitting to deal with airspace congestion aggravates frequency scarcity.
3.2 ATC use of Frequencies :  Utilization of channels by voice for ATC can not exceed 40/45 per cent of time because of other essential controller tasks.   This is wasteful compared with the 100 per cent utilization possible with data.
3.3 Protection Planning Criteria  :   Reduction of protection increases utilization, but has generally been rejected in the past.
3.4 Channel Spacing  :  There is no further scope for this improvement measure - 8.33 kHz seems to be  the practical limit, unless to implement single side band modulation.
3.5 Unused Assignments  :  These should no longer be permitted.  Use or lose should be the rule.                                                                                 
 3.6 
New  Technology  : See below

4 IMPLICATIONS OF RADICAL CHANGE

4,1
SARPS  changes  :  SARPS for new technology even with today more rapid processing could not be achieved under 4 years.   A transition period - which includes the operational transition -  would be an incremental process and cause a further 3 - 5 years delay to completion, even in controlled airspace.
4.2 Aircraft Retrofit  Time Scales (after international agreement) :  International agreement implies both global SARPS and Regional implementation agreements.  This is very difficult to estimate.   Large passenger transports might achieve a sufficient retrofit to say implement upper airspace in 3 years.  Extension to lower airspace and airports another 3 -5 years.  Smaller aircraft much longer - some small aircraft never      
4.3
Investment Implications :   The aviation investment, air and ground  in VHF equipment, is considerable.   For example a modern jet transport has generally 3 separate VHF Tx/Rx with separate antenna.  On the ground a large airport may have 20 to 30 frequencies implemented with main and standby installations, a typical en route centre even more.   Resistance to different frequency bands or new technology is to be expected.

5 THE ROLE OF NEW TECHNOLOGY / SYSTEMS

5.1 New Modulations  : Digital modulation can make more efficient use of frequencies. Expectations are that VHF Data Links (VDL) would be introduced in 2001 and most of the commercial fleet retrofitted by 2010-2015.  EUROCONTROL is actually considering new technology i.e. CDMA, in bands above 1 GHz, which will provide wider band and therefore higher traffic capacity.   

5.2 Use of Third Party Service Providers  : Aviation needs safety (ATC) and  airline communications.  Service providers  will probably get an increasing role in the overall air/ground communications network.  Some, maybe many, airlines already have a vision which sees this convergence of the overall air/ground communications requirement (which applies in satcom at the moment) as a reality.  Therefore when a retrofit for ATC purpose is  considered,  airlines may favour a more global approach using service providers (such as a global network with protection and priority for  safety messages).

6 SPECTRUM  OPTIONS

This section looks at the spectrum options, which exist to increase channel capacity.

6.1 Additional Comms Spectrum ( Important Factors).

· There is no aeronautical spectrum - only spectrum used by aviation for the present time.   Justification for retention is a continuing process - the modern rule is "use effectively or lose".  Six aero bands have been either annexed or had sharing imposed in recent times.
· Sharing AM(R)S with a non-aviation service presents difficult protection considerations, which limit the possibilities to small proportions, particularly as the area of need is likely to be the same.
· ITU will always consider a proposal from aviation for additional spectrum provided the case is rationally presented and it is backed by at least a good number of major administrations.  Safety of life is still a very important justification in ITU.  
· All existing aeronautical allocations (except satcom) were granted 40 years ago and air traffic has expanded 10 times in the same period.   Hence a common perception in some parts of ITU is that aviation has underutilized frequencies  - and may still be doing so.  Full and unquestionable justification is essential to overcome this belief -irrespective of whether it is true or false.
· Efficient and effective use of spectrum has become a prime rationale in ITU even though as yet there are no agreed definitions or methodology to assess it - only subjective judgments and a set of good practices.  New proposals will need to demonstrate this effective use to the satisfaction of other competing services.
· Aviation has difficulty in proving efficient use compared to other users due to the large interference areas (and hence large separations) and the long planning and implementation times leading to extended use of older technology.  This requires understanding in administrations.
· In the future, it is likely that spectrum cost and economic aspects will become determinants in the ITU decision making process.   Capital rich enterprises have a strong advantage here.
· Some opinion - principally in the satellite industry - sees low orbit Satcom  as capable of providing en route short range services.  Investment in existing infrastructure,  integrity requirements, and higher cost, must place this option as an outsider
· Aeronautical allocations being global and exclusive have recently been a target for other services.  The corollary is that a new global allocation for AM(R)S will be difficult to find and access.
· All options will require a proposal to an ITU Conference for an allocation agreement.
· The acquisition of new spectrum from a non-aviation band requires the occupying services to move out.  Very few services are in a contracting mode.  Expected gains will be small.
6.2 Conversion of Existing Aero Bands

· Bands close to the existing 108-137 MHz band can use the same technology than the current VHF communications systems and are the ideal option.

· The ARNS band at 112-117.975 MHz is an option.  VOR use is expected to reduce during the period 2005-2010. GBAS and GRAS will now be added. Aviation has to quantify their spectrum requirement.    Band partitioning or band sharing between ARNS and AM®S managed by aviation may be possible, but will need studies and ITU agreement to add AM(R)S. 

· The requirement in the ARNS band at 108-112 MHz for ILS localisers and at 330 MHz for ILS Glide Path is expected to be maintained at least for the next 15 years. Usage by AM®S is hence not viable.

· The ILS Marker band use at 75 MHz might be an option. However the 400 kHz will only provide 48 channels at 8.33 kHz - not sufficient to give worthwhile benefit for the expense of an extra tuning range.

· The DME/SSR band at 960-1215 MHz will continue as an intensively used band, and with GNSS using a large part also,  there is no scope for an  important Comm use in the foreseeable future.

· The 5 GHz ARNS band has been reduced in recent times from 5000-5250 MHz to an effective 5030-5150 MHz, with the 5090-5150 MHz portion likely to go to FSS primary at WRC-2003,  unless a case is made for retention based on an strongly justified aviation requirement.     To seek and obtain an allocation for AM(R)S would require (a) a demonstration of need in the shorter term and (b) the case that 118-137 MHz can not support air/ground comms in the same time scale.  Sharing with FSS - which is likely to remain as an allocation - would need to be demonstrated.  The FSS allocation is Earth-Space for NGSO satellites, which makes such sharing very difficult.  The 5150-5250 MHz is heavily utilized for many services, particularly in Europe, and does not present a possibility.  The 5000-5030 MHz part may be used for Gallileo , and if so there is also no possibility.

· The bands 1670-1675 MHz and 1800-1805 MHz are reserved world-wide for the TFTS services used for non-safety communication passengers. The use by aviation of the bands has not met and will likely not meet the expectation. The Mobile, Meteo (only for the lower band) and fixe services on an equal and primary status currently share the bands. The satellite operators who have not obtained additional frequencies at the previous WRC are now considering how to obtain these bands.  Retain the 10 MHz and use it for safety communications is obviously of interest for aviation. Strong justification are necessary in due time. Hard battle with existing users and pretenders is foresee.

6.3 An AM(R)S Allocation from Non-aviation bands (below 108 MHz)
· Bands close to the existing VHF band are ideal options.  A global exclusive allocation is the only viable option to assure an interference free environment.

·  The band below 108 MHz, down to 78 MHz is heavily used for FM, and in some countries TV, broadcasting.   European plans do not envisage any reduction in this use until post 2020.
· The bands below 78 MHz down to around 47 MHz are used extensively throughout Europe for defence and PMR
.  Remaining broadcasting TV services under the Stockholm agreement are exiting to make way for further mobile use.  As with the previous band there is no scope for AM(R)S entry in these bands.
6.4 An AM(R)S allocation from Non-aviation Bands (above 137 MHz)

· 137-138 MHz is used for MetSat and unlikely to become available.  138-144 MHz has mixed use but AM(OR)S is a major European user.  This band is close to present civil band and already has aviation use.

· The band 144-156 MHz is heavily used in Europe for PMR and is a requirement, which is unlikely to diminish.  Maritime Mobile short range ship to shore is a firm user from 156.5- 165 MHz with a possible growing requirement.     169-174 MHz is also heavily in use for PMR in Europe and offers little scope.

· 174-225 MHz is Broadcasting with projected T-DAB use under the Wiesbaden agreement.

· 225 MHz upwards (except for narrow slots such as ILS Glide Path) to 380 MHz is firmly for national defence and NATO requirements.  No immediate possibility is apparent in this spectrum

7 CONCLUDING  REMARKS

7.1 This brief review has attempted to identify spectrum for expansion for short range air/ground communications in the AM(R)S.  The points appearing are :-

· The 8.33 introduction and foreseen expansion would provide spectrum capacity for the band 118-137 MHz up to the years around 2010. After that period, additional spectrum capacity is needed.
· A proposal to ITU for additional allocations is possible but will have to satisfy efficiency, and possibly economic criteria,  be well presented and supported, and identify spectrum with spare capacity  ;

· Conversion to AM(R)S of  portion of bands already used by aviation offer the best chance of success in ITU ;

· New technology systems have a long time scale for introduction.  more than 8 years is likely.  Investment aspects for new ground and air retrofit is very important;

· Very little scope for new AM(R)S allocations exists in bands around 118-137 MHz. 

·  Below 108 MHz all spectrum is committed in future European planning.

· Up to 275 MHz the AM(OR)S band at  138-144 MHz  offers the  only (slight) possibility.

· Obtaining the band at 5 GHz is feasible at the condition to provide sound justification in due time

· Obtaining the band at 1.6/1.8 GHz with primary status, currently used by TFTS, would be difficult, but merit consideration

8 RECOMMENDATION

Mention in the ICAO policy on radio frequencies and on the position for WRC-03 that:

· Some regions have detected shortage of frequency resources for their short range aeronautical safety-of-life communications by 2010,

· Additional frequencies are needed. The candidates are discussed above. 

� At the 1979 Conference this 1 MHz addition was only agreed after prolonged debate, a vote, and 2 discussions in full Plenary session.   Some of the services existing in a small number of countries at that time still remain, with their administrations   continuing to insist on their right to use the band for their non aviation services


� PMR = Private Mobile Radio.  An extensive and long standing user with an increasing demand from industry, community services, etc.


� For example, see ERO Report No. 25
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