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Abstract - This paper informs about the existing and near future work in the CEPT, i.e. 48 European National regulatory authorities, responsible for spectrum management in Europe on Broadband Direct Air-to-Ground Communications (BDA2GC). 
A BDA2GC system constitutes what is effectively a backhaul application to support various types of telecommunications services on board aircraft, such as internet access and mobile multimedia services. It aims to provide access to broadband communication services during continental flights on a Europe-wide basis. Currently, there is no spectrum designated for BDA2GC in Europe. To allow European citizens and airlines to profit from the social and economic benefits of the implementation of such a radio application (intended to provide broadband connectivity between the aircraft and a terrestrial based network), a harmonised spectrum designation within CEPT would be necessary. In order for the system to be commercially viable, it would need to have the potential to provide a solution across Europe.
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Mobile customers expect to be connected anywhere, anytime, with all kind of mobile devices which includes the provision of broadband services on-board aircraft. European airlines have a great interest to offer internet services to their flight passengers in their continental fleets as soon as possible.

The connection link between the aircraft and the terrestrial global broadband network can be established either via satellites or by means of Direct-Air-to-Ground Communications (DA2GC). Satellite and DA2GC can be seen as alternative technical solutions which are in competition. On the other hand, both solutions could also be seen complementary to each other. 

A BDA2GC system constitutes an application for various types of telecommunications services, such as internet access and mobile multimedia services. It aims to provide access to broadband communication services during continental flights on a Europe-wide basis. The request for spectrum is related to the direct-air-to-ground radio solution. The connection with the flight passengers’ user terminals on-board aircraft is realised already by available fixed or Wi-Fi-based on-board connectivity network and/or via GSM, UMTS or LTE on-board aircraft.

The implementation and operation of more than one pan-European BDA2GC system in the same frequency band (either in the unpaired 2 GHz bands or in the 5.8 GHz band) was considered unlikely by the CEPT. Therefore intra-service sharing studies (e.g. for two BDA2GC systems in the unpaired 2 GHz bands) were not carried out. Co-channel operation of different BDA2GC systems would not be possible in the same geographical area.

Various frequency bands below 6 GHz were identified which could be suitable for fulfilling the spectrum requirements for the BDA2GC systems when the activities within CEPT started. Some frequency bands were selected for detailed investigations and for conducting compatibility and sharing studies. Some bands were considered less suitable after initial studies or considerations. A short term solution for BDA2GC (by end of 2017) could not be realised in a frequency band above 6 GHz. However, higher frequency bands could be considered in the future for next generation BDA2GC systems. Especially by taking into account the pan-European character of BDA2GC, which results in a significant requirement for harmonisation, it was concluded that (an) ECC Decision(s) would be more appropriate than (an) ECC Recommendation(s). Three system proponents considered a European wide (meaning EU as well as CEPT) harmonisation measure to be important for a European wide implementation of BDA2GC.

Network investment and deployment costs as well as aircraft equipment costs are high for BDA2GC, especially when considering the first roll-out of BDA2GC. The implementation of such a system is only reasonable if a gap-free and continental-wide coverage is achieved, thus a CEPT wide harmonised radio spectrum designation and harmonised licensing conditions would be essential. In addition, a European harmonised authorisation framework is considered necessary to provide the regulatory certainty that network operators and airlines require to invest in a BDA2GC. Given the need for substantial financial investment, together with the requirement to protect other spectrum users, it is reasonable to envisage individual authorisation for the ground stations in Europe and that the aircraft stations are exempted from individual licensing. Free circulation and use is required for Aircraft Stations which are under the control of the BDA2GC network and this could be achieved under the umbrella of an ECC Decision. In addition it is important that the chosen forms of regulation and licensing do not impose unreasonable restrictions on competition.

The deployment of a European wide BDA2GC network on a harmonised basis is urgent and a decision regarding spectrum and licensing conditions needs to be made quickly for a start of operation by end of 2017. Otherwise European airlines could only implement satellite solutions which may be more expensive.

I. Introduction
This paper informs about the existing and near future work in the CEPT
, i.e. 48 European National regulatory authorities responsible for spectrum management in Europe on the following, in particular:

1. BDA2GC in the frequency range 1900-1920 MHz;
2. BDA2GC in the frequency range 5855-5875 MHz;
3. Adjacent band compatibility studies for aeronautical CGC (complementary ground component) systems operating in the bands 1980-2010 MHz and 2170-2200 MHz- Draft ECC Report 233 [7]; related ECC Decision ECC/DEC/(06)09 [8] designating the bands 1 980 – 2 010 MHz and 2 170–2 200 MHz for the Mobile Satellite Service (MSS) and CGC;
4. Published ECC Decision (05)11 [9] on the free circulation and use of Aircraft Earth Stations (AES) in the frequency bands 14.0-14.5 GHz (Earth-to-space), 10.7-11.7 GHz (space-to-Earth) and 12.5-12.75 GHz (space-to-Earth) – as a main current solution in the market.
II. Existing Work within the CEPT
A. Starting point 

The ECC's early attention and work was triggered by three ETSI System Reference Documents: 

1. ETSI TR 103 054 V1.1.1 (2010-07) [11], System Reference Document on Broadband Direct-Air-to-Ground Communications operating in part of the frequency range from 790 MHz to 5150 MHz; 

2. ETSI TR 101 599 V1.1.3 (2012-09) [12], System Reference Document on Broadband Direct-Air-to-Ground Communications System employing beamforming antennas, operating in the 2.4 GHz and 5.8 GHz bands; 

3. ETSI TR 103 108 V1.1.1 (2013-07) [13], System Reference Document on Broadband Direct-Air-to-CEPT Ground Communications System operating in the 5.855 GHz to 5.875 GHz band using 3G technology.
The ETSI MoU with CEPT ECC [20] allows ETSI to make spectrum utilisation proposals in the format of an ETSI System Reference Document, for CEPT to conduct the necessary frequency management and spectrum compatibility studies.
B. Spectrum compatibility studies
This work has already led to several published ECC Reports:

1. ECC Report 209 [3]: Studies related to BDA2GC in the bands 1900-1920 MHz / 2010-2025 MHz and in the adjacent bands;
2. ECC Report 210 [4]:  Studies related to BDA2GC in the bands 5855-5875 MHz, 2400-2483.5 MHz and 3400-3600 MHz;
3. ECC Report 214 [5]: Broadband Direct-Air-to-Ground Communications (DA2GC) – Regulatory concept;
4. ECC Report 220 [6]: Compatibility/sharing studies related to PMSE (programme making and special events, e.g. video links, cordless cameras in this context), DECT and SRD (Short Range Devices) with DA2GC in the 2 GHz unpaired bands and MFCN in the adjacent 2 GHz paired band.
C. Draft Regulatory Framework

In relation to the mandate from the European Commission (EC) to CEPT on the 2GHz Unpaired Bands, CEPT has published the response to this mandate in CEPT Report 52: studies on the harmonised technical conditions for the 1900-1920 MHz and 2010-2025 MHz frequency bands (“Unpaired terrestrial 2 GHz bands”) in the European Union (EU) [19], where CEPT decided to limit considerations to DA2GC systems operating in TDD mode (Time Division Duplex), i.e. the range 2010-2025 MHz is not going to be used for DA2GC, and therefore focuses on the 1900-1920 MHz band as illustrated in Figure 1.

Two new ECC Decisions are currently in the public consultation process:

1. The draft new ECC Decision for broadband Direct Air to Ground Communications in the frequency band 1900-1920 MHz [1];

2. The draft new ECC Decision for broadband Direct Air to Ground Communications in the frequency band 5855-5875 MHz [2].
 In the 5855-5875 MHz band, the spectrum access method is also TDD (Time Division Duplex). In each frequency band, there is only room for one DA2GC system.  No intra-DA2GC system compatibility studies were performed. 
In total, the two ECC Decisions, expected to be published in July 2015, provide a regulatory framework for three options in 1900-1920 MHz and two options in 5855-5875 MHz, all based on TDD and define:
1. the harmonised use of the respective frequency band for BDA2GC systems;

2. free circulation of BDA2GC systems airborne equipment;

3. establishment of a common framework for authorising a BDA2GC system in the respective frequency band; 

4. designation the respective frequency band on a non-exclusive basis;

5. Application of the technical and operational requirements for the harmonised frequency arrangements;

6. co-existence between DA2GC Ground Stations and other fixed terrestrial stations and FSS earth stations (only 5.8 GHz) by taking into account the guidelines for coordination;

7. that DA2GC Ground stations shall be operated under the control of a network and shall be individually licensed;

8. that administrations shall exempt from individual licensing and shall allow free circulation and use of DA2GC Aircraft stations under the control of a network;

9. that CEPT administrations shall notify the coordinates of the DA2GC Ground stations to the Office;

10. that the frequency arrangements for BDA2GC shall be subject to review by the end of 2017.  

Some of the current BDA2GC (broadband direct air to ground connection) TDD proponents are flexible with regard to these two frequency options. A typical DA2GC ground station uses multiple sector antennas with fixed azimuth and elevation patterns. A fixed elevation up-tilt is introduced to maximise reception at normal cruising altitudes of a commercial aircraft. The aircraft station antenna is based on an existing commercial aircraft antenna, which has been enhanced to support operation in the allocated frequency band, and so facilitates retrofit while not creating any additional drag for the aircraft. 

Alternatively, a beamforming system can be implemented which uses advanced phased array and signal processing technology on the aircraft and at the ground station, to produce shaped and steerable beams.  This enables dynamic beam pointing at both ends of the link such that the ground station and the aircraft mutually track each other. The use of beamforming helps to reduce co-channel interference and improves both the DA2GC link performance and its frequency sharing capabilities. Power control is used in both directions, to maintain the required receive power level at the GS and AS receivers.

The outcome of the evaluation of other frequency bands below 6 GHz, which were considered as less suitable than the unpaired 2 GHz bands or the band 5855-5875 MHz, is also provided in ECC Report 214 [5].
D. Mandates from the European Commission

There are two mandates from the EC to CEPT covering the two foreseen frequency ranges for DA2GC: 

1. To undertake studies on the harmonised technical conditions for the 1900-1920 MHz and 2010-2025 MHz frequency bands (“Unpaired terrestrial 2 GHz bands”) in the EU [14]; 

2. To study and identify harmonised compatibility and sharing conditions for Wireless Access Systems including Radio Local Area Networks in the bands 5350-5470 MHz and 5725-5925 MHz ('Wireless Access Systems/RLAN extension bands') [15].
[image: image1.png]DECT IMT

‘Applications under general authorisation (DECT / SRD)
Not proposed to be introduced in 2 Commission implementing decision

1500MHz 1910 MHz 1920MHz





Figure 1 – 1900-1920 MHz for DA2GC
E. Current licensing situation 

Currently, all or parts of the frequency band 1900-1920 MHz is licensed to mobile operators for the provision of electronic communications services in 34 CEPT countries, whereby the licences are mainly limited to UMTS/IMT-2000 TDD technology. The mobile licences (UMTS TDD) in force on the unpaired 2 GHz bands are not in use in Europe, noting also that the lack of interest of mobile operators for spectrum in the unpaired terrestrial 2 GHz band has been demonstrated during the auctions in some CEPT countries in 2011. The duration of those licences vary from country to country, from 2014 - 2029 (or even unlimited duration like in the United Kingdom). In addition it has to be mentioned that some licences have already been surrendered in a number of countries.

Some of the licences were awarded through spectrum auction processes and, as a result, considerable auction prices were achieved. In some countries, a licence repeal process might be possible in case of continued non-implementation, whereas in other countries this will not be possible due to specific conditions and obligations which are part of the licence (e.g. in some countries, coverage obligations are considered as fulfilled when providing services via other spectrum where the same licensee has also a licence and for which the network is implemented). Other options for making the spectrum available for new usage need to be considered (e.g. liberalisation, transfer, interim licence conditions for new licensee until the end of the existing licence duration(s)). Liberalisation frameworks would permit incumbent licensees in many of these countries to enable alternative service deployment, but the frameworks in some countries would or may maintain restrictions with regard to technology or use. A number of CEPT administrations may not be in a position to withdraw the existing licences and may seek agreements between the existing licence holder and possible new service operator(s). 

Based on the situation described above, it is believed that CEPT administrations may further consider the selection and authorisation process for a DA2GC provider in 1900-1920 MHz and also for the 5855-5875 MHz range. This action may be supported by the EC. For each single frequency band, stakeholder need to clearly come forward requesting an European harmonised solution, otherwise, it may be difficult to get final EU implementation acts in place for DA2GC.
The need for technology and service neutrality is recognised by administrations for the current licenses in the 2 GHz Unpaired bands as well as the future use of the same bands.  Some licences still carry the “weight of the past”, for example by assigning bands solely to UMTS-TDD. Existing licenses could be ‘re-used’ for BDA2GC TDD whereas the feasibility of such an approach which could impose negotiations between the NRA, the incumbent license holder and the dedicated DA2GC operator. In this regard, the BDA2GC TDD option seems the more flexible approach with regard to existing licenses. It is also important to note that parts of the 1900-1920 MHz band are not currently licensed in a number of CEPT countries.
Licensing constraints, similar to the ones described above, do not exist for the frequency band 5855-5875 MHz. The key issues considered in relation to this band were those related to coexistence with other radio applications in or adjacent to the band 5855-5875 MHz.
F. Roll-out

The roll-out of a European wide BDA2GC system will most likely occur step by step. The timeframe will depend on the availability of the regulatory framework, then on the selection process and on commercial/financial decisions. Cross-border coordination amongst European countries is considered not to be an issue because the unpaired 2 GHz bands are not in use, although licences are issued in many CEPT Member States. Coordination with services in adjacent bands - either within a country or between neighbouring countries - is expected to be based on the results of compatibility studies.

The European wide designation and timely implementation may also imply a harmonised selection and authorisation of a BDA2GC system across Europe. For a successful launch of a BDA2GC system, coordination of regulatory action across Europe would be highly advantageous. Differences in national selection procedures could create fragmentation of the internal market due to the divergent implementation of selection criteria, including the weighting of the criteria, or different timescales of the selection procedures. This would result in a patchwork of successful applicants selected in contradiction to the pan-European nature of DA2GC.
ECC Report 214 also came to the conclusion that a short term solution for BDA2GC (by end of 2017) could not be realised in a frequency band above 6 GHz (see FCC process in the USA for a new proposed rulemaking in 14-14.5 GHz [23]).
G. Related standardisation activities

Relevant standardisation activities for the creation of harmonised European standards for all BDA2GC options are already on its way in 3GPP and ETSI. This includes LTE standardisation activities in the bands 1980 - 2010 MHz and 2170 - 2200 MHz as well as new harmonised standards for BDA2GC in 1900-1920 MHz and 5855-5875 MHz (e.g. 5.8 GHz: a Detect-And-Avoid mitigation technique necessary for the protection of BFWA at aircraft station level). 
H. Aeronautical complementary ground component
ECC Decision ECC/DEC/(06)09 [8] designates the bands 1980 - 2010 MHz and 2170 - 2200 MHz to the MSS, including those supplemented by a complementary ground component (CGC). This Decision follows a number of studies conducted by the ECC. CEPT Report 13 [18] was developed in response to the mandate from the EC on harmonised technical conditions for the use of the 2 GHz bands for MSS in the EU. The Commission Decision 2009/449/EC [16] on the selection of operators of pan-European systems providing MSS is in place for this frequency range. The two MSS operators Solaris and INMARSAT are having licenses in the 2 GHz MSS frequencies (15 MHz duplex each). ECC Report 197 [17] dealt with compatibility studies between MSS user terminals transmitting to a satellite in the band 1980 - 2010 MHz and ECN services operating in the adjacent bands taking into account higher power transmission compared to the one outlined in CEPT Report 13.
The studies conducted by the ECC in the above mentioned deliverables considered that CGC systems have characteristics similar to ECN base stations and did not consider potential use of aeronautical CGC systems, which introduce new interference scenarios. The new draft ECC Report 233 [7] (currently in public consultation) considers compatibility issues concerning a possible implementation of aeronautical CGC systems operating in the 2 GHz MSS band (1980 - 2010 MHz uplink, 2170 - 2200 MHz downlink) and identifies certain technical and operational requirements for an aeronautical CGC system that are necessary to ensure protection of the services operating in the adjacent bands (i.e. 1920 - 1980 MHz, 2010 - 2025 MHz, 2110 - 2170 MHz, above 2200 MHz) and of the conventional CGCs of MSS systems in the 2 GHz MSS band. The results show that the Aeronautical CGC ground stations will not create any harmful interference to the Electronic Communication Network (ECN), VLCC (video links and cordless cameras) and Mobile Communications on Aircraft (MCA) systems.  
The studies show that airborne terminals should implement a mask to protect ground networks. The studies have demonstrated that the maximum values of out-of-band radiation from aeronautical terminals, in order to protect ground networks, depend on the elevation angle at which the ground victim receiver sees the interfering aircraft, therefore  two PFD (out-of-band power flux density) masks for airborne terminals: one in the band 1920 - 1980 MHz to protect ECN base stations, that can also be applied to protect conventional CGCs of other MSS systems in the 2 GHz MSS band,  and another one in the band 2010 - 2025 MHz to protect DA2GC base stations. Regarding potential interference to MCA systems from aeronautical terminals within an Aeronautical CGC system, it is shown that this may only occur for a short duration (when the two aircraft are in close proximity), and therefore does not require additional constraints on aeronautical CGC systems. The Report also concludes that no measures are required for aeronautical terminals to protect VLCC systems.

The proposed PFD limitations to protect ECN BS in the band 1920 - 1980 MHz can also be applied within the band 1980 - 2010 MHz to protect other MSS systems using conventional CGCs, on the condition that the characteristics of those CGC GSs are similar to those of the ECN BSs considered in this Report.
In summary, the new ECC Report 233 [7] has identified the conditions under which the aeronautical CGC systems can be operated without causing harmful interference to other terrestrial networks. 
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Figure 2: 1 980 – 2 010 MHz and 2 170–2 200 MHz used by the MSS and with Aero-CGC

This provides potentially the room for another two proponents to enter the ‘ATG’ or DA2GC market, i.e. the two MSS operators Solaris and INMARSAT having licenses in the 2 GHz MSS frequencies (15 MHz duplex each); one of them, INMARSAT, already having announced their plans for building up an Aero-CGC solution. 

CEPT also monitors the outcomes from the EC COCOM [21] meeting dealing with the MSS 2 GHz issue with regard to regulatory questions. There is no final decision or stable outcome, for the moment, in COCOM. This concerns the national authorisation of Aero-CGC under the existing MSS licence awards in the 2GHz MSS bands.
I. Options for implementation

Overall, the number of options is therefore seven (two in the 2GHz MSS frequencies, three in 1900-1920 MHz and two in 5855-5875 MHz). From the feedback received from market participants such as Austrian/Lufthansa/Swiss, Air France KLM, Air Berlin and British Airways [22] during the course of the work in CEPT in recent years, it may be reasonable to expect one or two options to materialise in the future.
J. List of identified challenges concerning a choice of scenario and possible selection process

The following list of challenges concerning a choice of scenario (option) has been identified in CEPT/ECC:
A.
Existing licenses in relevant frequency bands

B.
Technology and service neutrality

C.
Efficient use of the relevant spectrum throughout Europe

D.
Value of the relevant spectrum

E.
Competition aspects

F.
Confidence in the market to single out (a) viable BDA2GC operator(s) and technical solution

G.
Roaming possibilities if BDA2GC is provided by different operators in different countries

H.
Bringing into use and coverage conditions (roll-out)

I.
Sanctions for not bringing BDA2GC into use according to a stipulated schedule or conditions

J.
Possibility to review and withdraw harmonisation measures (with or without a selection process)

K.
Alternative uses in countries where BDA2GC is not implemented or partial implemented

K. Technology and service neutrality

The technological and service neutrality is an important concept in EU and national telecommunication regulation and applicable for BDA2GC as well. The feasibility of an operational solution that encompasses the three bands under consideration and the technologies standardised have not been assessed in ECC.

III. Existing Regution for satellite-based solutions

In order to provide full overview and information, the dominant current solutions in the market are using satellite connections between the ground and aircrafts in the Ku-Band. For this, ECC Decision (05)11 [9] of 24 June 2005 (amended in March 2015) on the free circulation and use of Aircraft Earth Stations (AES) in the frequency bands 14-14.5 GHz (Earth-to-space), 10.7-11.7GHz (space-to-Earth) and 12.5-12.75 GHz (space-to-Earth) is in place. The ECO has so far received about 15 notifications for AES networks with coverage over CEPT countries.
Another recent ECC Decision (13)01 [10] for satellite-based solutions of 8 March 2013 on the use, free circulation, and exemption from individual licensing of Earth stations on mobile platforms (ESOMPs) in the frequency bands available for use by uncoordinated FSS Earth stations within the ranges 17.3-20.2 GHz and 27.5-30.0 GHz is also available and may be used in future for earth stations onboard aircraft. 
IV. conclusions & Outlook
The technical work on the provision of a regulatory framework for DA2GC as well as Aero-CGC in CEPT ECC is close to completion. 
Several options are available to stakeholders on the market. Materialisation of one of these options makes it necessary to approach the regulators with firm proposals for realization to get final regulatory implementation acts in place. A BDA2GC system should be put into operation before the end of 2017 due to the market window of opportunity. 
For the 1900-1920 MHz and 5855-5875 MHz, a coordinated selection process might be envisaged. The whole idea behind a selection process is to facilitate a pan-European BDA2GC system in the respective band. 
CEPT/ECC may consider initiatives from concerned regulators facilitating a cooperative approach on the selection and authorisation process for DA2GC.
CEPT/ECC should be involved in the technical evaluation of proponents/applicants in any foreseen selection process with regard to the sharing potential. In this regard, the situation is different from the 2 GHz MSS bands where in-band sharing was not included.

At this stage an EU selection process with respect to BDA2GC seems to have very limited support among EU member states.
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