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1 Introduction

{key elements:

general description of Broadband DA2GC (IFE, ......),

terrestrial system, difference to satellite solutions,

example North America (see FM48(10)007r1, FM48(11)013, FM48(11)034)}
A broadband DA2GC 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 onboard aircraft is to be realised by already available fixed or WiFi-based onboard connectivity network and/or via GSMOBA and in the future possibly also via 3G and/or 4G. 
The main application field would be Air Passenger Communications (APC). In addition a broadband DA2GC system could also support Airline Administrative Communications services (AAC) and thus improving aircraft operation, resulting in particular in reduced OPEX for the airlines. Safety-relevant communications such as Air Traffic Control (ATC) and related services are not intended to be covered.

Currently, there is no spectrum designated for broadband DA2GC in Europe. In order 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. The potential solution would need to include implementation throughout all CEPT countries.
It should also be noted that in North America an Air to Ground system has been successfully established with more than 1.300 commercial aircraft and 5000 business aircraft equipped so far. Also the Civil Aviation Administration of China (CAAC) is testing a ground-to-air broadband communications system
 and is likely to put it to commercial use by the end of 2012.
European companies represent an important force in the aeronautical market. The European aircraft industry holds about 50% of the world market for aircraft manufacturing. In the field of Air Passenger Communications services, however, Europe has room for improvements when compared to other parts of the world.
2 Definitions

	Term 
	Definition

	Aircraft Station (AS)
	...

	Forward Link (FL)
	

	Ground Station (GS)
	

	Reverse Link (RL)
	

	
	


{see also FM48(10)003 (ETSI SRDoc.)}
3 Objectives

4 MOTIVATION AND SPECTRUM DEMAND FOR BROADBAND DA2GC

{key elements:

spectrum demand in general, how many systems?, (competition and cooperation between different network operators / service providers), comparison with satellite systems,

see also FM48(11)043-Annex1r2 (section 5), FM48(11)024 (same as FM(11)091)}
4.1 MOTIVATION FOR BROADBAND DA2GC

{( providing broadband service}
{( avoidance of the round trip delay}
{( costs for providing the service is less compared to other options?}
{( demand for broadband services on board aircraft}
{( providing competition to satellite solutions}
{( costs and technical feasibility of terrestrial vs. satellite solutions}
{( increasing air traffic}
{text within 4.1 could possibly partly be shifted to sect. 4.2}
Mobile customers expect to be connected everywhere, every time, with all kind of mobile devices. This includes the provision of broadband services on-board aircraft and European airlines have 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 ground can be established either via satellites or by means of Direct Air-to-Ground Communications (DA2GC). 

For future broadband services, it can be foreseen that the service provision via satellite will be conducted by using Ka-band satellite capacity and a considerable number of Ka-Band satellites are already put into operation or under procurement. Satellite operators also consider mobile platforms such as aircraft and vessels as a considerable part of the addressable market and the ECC is currently working on a new ECC Decision supporting Earth Stations On Mobile Platforms (ESOMP). Alternatively, DA2GC services are already well established in North America (USA and Canada) and also considered in other parts of the world at the present time, e.g. in China.

Ka-band satellite as well as DA2GC can therefore be seen as alternative technical solutions in competition. On the other side, both solutions could also complement each other. 
The establishment of a pan-European regulatory environment for DA2GC would provide ample benefits for the users - i.e. airline companies and flight passengers - in Europe:

· As an alternative service provision means DA2GC would stimulate and foster competition and thus avoiding a quasi-monopoly / oligopoly situation. A situation without DA2GC is also likely to put users at a disadvantage compared with other parts of the world where DA2GC is available - also bearing in mind that the number of Ka-Band positions is limited over European longitudes - which may ultimately lead to higher costs for users of broadband services on-board aircraft;

· The technical implementation of DA2GC and also the stimulus of competition may lead to a provision of services at improved cost structures -  including non-safety-relevant administrative communication services - and hence create a benefit to end customers and airlines resulting in higher and earlier service take-up;

· DA2GC avoids the round trip delay that is typical and unavoidable for geostationary satellite service provision and hence can provide a quality of service which customers know from terrestrial mobile radio solutions;

· The costs for aircraft installations and maintenance are a key issue for airline companies. Given the fact the DA2GC equipment can be installed overnight to a plane is seen as an advantage by airline operators. In particular with regard to the aircraft antenna, a terrestrial solution has a clear advantage compared to satellite usage;

· All players in mobile communication and aviation markets involved in DA2GC would benefit from additional revenues. Investment in DA2GC infrastructure would also create new jobs.
A further motivation arises from the expected growth of the air traffic. A forecast from Eurocontrol
 published in October 2011 estimates 11.5 million movements according Instrument Flight Rules (IFR) in Europe in 2017. This is 21% more than in 2010.

About 66 % of the European air traffic consists of national or continental flights, i.e. the main part of the airline business. The addressable market in Europe for DA2GC is currently consisting of about 160 airlines with more than 4 500 aircraft expected in 2014 (without business aviation). In general a strong increase in percentage of aircraft fleet equipped with internet connectivity solutions is expected during the next years. As a result of a market research approximately 50% of the world’s fleet will have been equipped with Wi-Fi connectivity by 2020
. 

At the time of writing the present document, more than 1300 aircraft have been equipped in North America to support DA2GC, and a first “international” customer in China being signed up for exportation of DA2G facilities outside of North America. Similar services are not possible within Europe yet. A pan-European introduction of a superior broadband DA2GC solution would not only increase Europe’s competitive position, but it could also bring Europe into a leading position in this market segment. Studies on air passenger demand highlight that air passenger’s demand for on-board connectivity is growing and that in-flight entertainment and connectivity will have an important influence on airline choice [reference needed];













· 
· 
· 
· 
· 

4.1.1 Evolution of air traffic

Based on studies of e.g. Airbus, Boeing, and Eurocontrol (see [2], [3], [4]), the expected air traffic increase in the European area is estimated to be in the range of about 3% per year for commercial aircraft at least for the next ten years. 3400 commercial aircraft were in operation for pan-European continental connections in 2009. Considering the estimated increase, about 4500 aircraft will be available in the European continental market in 2020. 

In addition also a significant part of business aviation is expected to use broadband DA2GC, if available. In 2009 the number of registered business aircraft was in the same range as the commercial continental aircraft, but in contrast to commercial aviation most business aircraft operators have only a low number of flights per week (see [4] and [5]). Therefore, the air traffic amount is primarily dominated by the commercial aircraft market.

This is demonstrated in Figure 1 which shows the share of flights of the main aviation market segments in Europe in 2009 [5]. With broadband DA2GC the segments of traditional scheduled, low-cost, charter and business aviation are targeted, i.e. 92% of the overall market.

[image: image3.emf]
Figure 1: Market shares of flights of the main market segments [5]
A study carried out by TriaGnoSys on statistical evaluation of commercial continental aircraft traffic in Europe based on flight schedules of a typical day in 2009 shows that during main daily flight time about 1900 aircraft are on average en-route in the European air space [6]. 

Assigning the traffic according to location and time to a hexagonal cellular grid on the pan-European area allows assessing the traffic density over time broadband DA2GC would have to cope with (see Figure 2).

[image: image4.emf]
Figure 2: Peak values of commercial continental aircraft per cell during a day in 2009 in the European area (cell radius of 100 km assumed) [6]
4.1.2 Evolution of internet service usage by end customers

It is expected that the usage of internet-based services in aircraft will strongly increase during next years following the trends already seen in terrestrial mobile radio networks and in WiFi hot spots. 

This assumption is confirmed by the following facts:

· Passengers want to be able to use the same applications in the air as on the ground in fixed and wireless networks. Especially the upcoming generation of digital natives is accustomed to be always online in social networks (via Twitter, Facebook, etc.).

· During their journeys business travelers require more and more to get informed by phone and/or by data exchange about relevant issues with impact to their commercial activities. 

· The data rates per customer (here per passenger) will also increase due to changes in service usability (higher percentage of video services, larger web page sizes because of more multimedia elements …). 

· During next years the equipment applied by end users is drastically changing from classical voice-centric mobile phones and laptops for data services to smart phones and tablet PCs, which will simplify especially the use of services onboard aircraft in spite of limited space.

As an example Figure 3 shows the global mobile data traffic forecast of Cisco until 2015 with a CAGR of 92% [7]. Especially the strong impact of mobile video services is clearly seen (about 2/3 of overall data volume in 2015).

[image: image5.emf]
Figure 3: Global mobile data traffic forecast until 2015 [7]
A summary of similar forecasts can be found e.g. in [8], including also values until 2020.

4.1.3 Evolution of airline related services

In addition to passenger service evolution, airlines are expected to change their strategy particularly with respect to administrative services (AAC) in the future if a broadband link is available at lower cost compared to existing satellite systems (at least for non-safety relevant applications) (see e.g. [9]). Examples may be content updates of IFE systems incl. live information (e.g. news ticker), electronic flight bag for cockpit (e.g. weather information), crew information services (e.g. gate information, meal ordering) as well as telemedicine or remote health diagnosis.

4.2 Spectrum Demand FOR BROADBAND DA2GC

{( increasing air traffic}

{( Either parts of doc FM48(11)024 should be copied and pasted here or should be covered by Annex 2}
The spectrum demand for broadband DA2GC is derived from a summary of relevant factors to be essential to cope with future capacity demand as well as from results achieved by system performance evaluations. 

The statistical traffic evaluations described in 4.1.1 show that there is an average number of more than 26 aircraft simultaneously within one cell with coverage radius of 100 km in high air traffic areas which are concentrated in Western/Central Europe (mainly Germany, France, Benelux, Switzerland, Austria, England, Northern Spain and Northern Italy). It has to be mentioned that there are also areas at the edge of the flight zones, where the cells have only a low traffic density in the range of 1 - 2 aircraft simultaneously, but the spectrum demand for broadband DA2GC has to be adapted to the high traffic areas. 

For final computation for year 2020 the air traffic CAGR of 3% has to be considered additionally. However, it is not expected that all aircraft of commercial continental fleets will be equipped with broadband DA2GC. The approach used assumes that about 60% of the fleets are covered. More details are given in ANNEX 2:.

Based on these calculations, paired spectrum of 2 x 10 MHz for FDD operation is agreed to be necessary to cope with short- to medium-term demand. Unpaired spectrum for TDD operation (20 MHz) would also be an option, but system performance would slightly suffer due to guard time intervals required for large cell sizes.
4.3 Frequency bands proposed for consideration
A list of candidate frequency bands has been established in order to fulfil the spectrum requirements for broadband DA2GC. This list is available in Annex 3 of this report. It contains 4 categories which reflect the potential for each identified frequency band to be harmonised within CEPT countries and to be retained as the executive frequency band for broadband DA2GC. Frequency bands included in the category 1 have been selected for a first round of compatibility and sharing studies.
4.3.1 Preliminary assessment of frequency bands mentioned in the list

Frequency bands from category 1 

· 2400 – 2483.5 MHz

...
The DA2GC reverse link (aircraft to ground) might be critical as all short range devices on the ground - in particular RLANs) - are potential victims for interference from DA2GC. For the DA2GC forward link (ground to aircraft), the receiver at the aircraft is receiving aggregated in-band signals from all the SRDs - including RLANs - operating on the ground.

As RLAN systems in the same frequency band are also being used onboard aircraft, there is a potential of interference from DA2GC forward link (ground to aircraft). This could possibly be managed by channel separation as long as not all RLAN channels are needed on board aircraft.


…
A combination of the band 2400-2483.5 MHz with the band 5855-5875 MHz (forward link in one band, reverse link in the other band) would cause an additional burden and significantly increase the costs for the DA2GC operator because of the large separation of the bands.
· 3400-3600 MHz

{( see also outcome of ECC #30 meeting in Kazan, 12/2011}
...
The studies performed in ECC Report 100 show that coexistence between BWA and other terrestrial services (P-P fixed links, ENG/OB) requires a certain frequency separation. Therefore, it can be expected that frequency separation will also be necessary between DA2GC and existing terrestrial services.

The following aspects are relevant for an implementation of broadband DA2GC within this band:

· The lower edge of the TDD band plan for MFCN (starting at 3400 MHz according to ECC Decision ECC/DEC/(11)06) may be more suitable for TDD Broadband DA2GC systems than blocks in the higher portion of the band. However, it might also be necessary to carry out adjacent band compatibility studies with regard to the Radiolocation Service below 3400 MHz.

· Spectrum within the duplex gap of the FDD band plan for MFCN, 3490-3510 MHz, may also be considered for TDD Broadband DA2GC systems.

· The lower duplex band of the FDD band plan for MFCN (uplink for MFCN) would be suitable for the Reverse Link for FDD Broadband DA2GC systems (Aircraft Station to Ground Station), because this band is considered to be less used for FSS Earth stations (space to Earth) within CEPT compared to spectrum above 3500 MHz.
A recent ECC analysis revealed that the BEM contained in ECC Recommendation (04)05 which was developed for Multipoint Fixed Wireless Systems in 2004 are not suitable for the introduction of MFCN systems within 3.4 - 3.8 GHz (particularly for systems with large bandwidths, e.g. 20 MHz) due to a number of reasons. This view was also submitted to the European Commission by the ECC in December 2011.

The existing 3.5 GHz BEM is justified where there is no commonly agreed frequency arrangement and maximum flexibility is needed (for Broadband Wireless Access deployments). When harmonized frequency arrangements are available and adopted, there is no need for the unnecessarily tight BEM. The BEM should be adjusted to the more harmonized conditions in order to facilitate affordable equipment, maximize the spectrum efficiency (e.g. by reduced guard bands) and thus maximize the usable amount of spectrum. ECC already launched the work to update the BEM accordingly. This activity should be finalised around end of next year.

Moreover, ECC agreed on harmonized frequency arrangements (ECC/DEC/(11)06) for the 3.4-3.6 GHz and 3.4-3.8 GHz bands to support the development of MFCN with larger bandwidth in those bands in response to high broadband mobile requirements. The frequency arrangements in the 3.4-3.6 GHz band should be subject to review no later than end of 2013 with the aim to identify a preferred frequency arrangement (FDD or TDD frequency arrangement). A TDD arrangement has been defined for the 3.6-3.8 GHz band.


 However, for the time being it is not clear whether a mixed duplex arrangement within CEPT (FDD in some countries, TDD in other countries) for MFCN in the band 3400-3600 MHz could be avoided in the future. If, at least in some countries, BDA2GC had another duplex scheme than MFCN, this would lead to additional guard blocks in order to protect MFCN systems in adjacent blocks. In practice this would enlarge the required spectrum for BDA2GC and de facto decrease the available spectrum for MFCN. The latter one would be in contradiction with the general aim of ECC Decision (11)06.
· 5855 – 5875 MHz

...
The most critical interference scenario is obviously the interference from the DA2GC forward link (Ground-to-air) into the FSS (E-S). It is expected that the adequate protection of FSS (E-S) might lead to undue constraints for the parameters of a DA2GC system, thus not allowing sufficient system performance for economic operation. 

The DA2GC reverse link (Air-to-ground) would be critical for BFWA systems. However, the roll-out of BFWA differs much within CEPT.

...
A combination of the band 2400-2483.5 MHz with the band 5855-5875 MHz (forward link in one band, reverse link in the other band) would cause an additional burden and significantly increase the costs for the BDA2GC operator because of the large separation of the bands.
Frequency bands from category 2

· 2483.5 – 2500 MHz

...

· 5150 - 5170 MHz

...

Frequency bands from category 3

· 1452-1492 MHz

{see draft ECC Report (FM50)}
· 1900-1920 MHz and 2010-2025 MHz

The following options for Broadband DA2GC would be possible:
· Use of the band 1900-1920 MHz for TDD Broadband DA2GC (guard bands may be required); 

· Pair 10 MHz within the band 1900-1920 MHz with 10 MHz within the band 2010-2025 MHz for FDD Broadband DA2GC (guard bands may be required); and use the remaining 15 MHz within 1900-1920 MHz and 2010-2025 MHz e.g. for video links (PMSE) and/or other SRDs (guard bands may be required);
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Figure 4: FDD broadband DA2GC in the bands 1900-1920 / 2010-2025 MHz

{( terminology in fig. 4 needs to be updated (GSM1800, ...)}
{( see on-going activities (WG FM, ECC PT 1) regarding the unpaired bands}
Pairing of the bands 1900-1920 MHz and 2010-2025 MHz has been studied from a cellular mobile point of view (mass market). The absence of industry support was due to the increased complexity (additional bands) in UE design compared to very limited economic benefits for the cellular mobile community. The situation is totally different for Broadband DA2GC with equipment dedicated to these two bands only.
Broadband DA2GC in the bands 1900-1920 MHz and 2010-2025 MHz would need to be taken into account in the CEPT Report in response to the new EC mandate on Mobile Communication Services on Board Aircraft (MCA), in particular in the “Compatibility studies including all scenarios”.
ECC PT1 is working on a revision of ECC Decision ECC/DEC/(06)01. The current draft revision includes only the technical conditions for the FDD frequency arrangement of the 2 GHz band for Base Stations (Annex 2 of the draft ECC Decision). The harmonized FDD frequency scheme has been updated and includes, in particular, the block edges nearest the extremity of the edges of the frequency bands (see Annex 1 of the revised draft ECC Decision) so as to make the corresponding technical conditions bandwidth-independent. MFCN with bandwidths larger than 5 MHz can then be encompassed. Technical conditions for terminal stations for the FDD frequency arrangement have not been included as these conditions are managed by standardization bodies.
· 3600 – 3800 MHz

...

· 5905 – 5925 MHz

...

Frequency bands from category 4

· 2300 – 2400 MHz

...

4.3.2  Candidate frequency bands proposed for the different systems
The table below shows the frequency bands which are in the scope of the different system descriptions. The choice of candidate frequency bands does not preclude any of these systems from using other frequency bands. These frequency bands have been chosen due to existing technology being available and/or due to envisaged licensing mechanism put forward by the proponents (see section 6).
	Frequency bands
	System 1 (*)
	System 2 (**)
	System 3 (***)

	Category 1:

	2400 – 2483.5 MHz
	X
	X
	

	3400 – 3600 MHz
	X
	
	

	5855 – 5875 MHz
	X
	X
	X

	Category 2:

	2483.5 – 2500 MHz
	X
	
	

	5150 – 5170 MHz
	X
	
	

	Category 3:

	1452 – 1492 MHz
	X
	
	

	1900 – 1920 MHz,
2010 – 2025 MHz
	X
	
	

	3600 – 3800 MHz
	X
	
	

	5905 – 5925 MHz
	X
	
	

	Category 4:

	2300 – 2400 MHz
	X
	
	


System 1: Proposal from ETSI (TR 103 054 V1.1.1 (2010-07), described in §6.1
System 2: Proposal from LH Systems AG, described in §6.2
System 3: Proposal from Aero3G, described in §6.3
5 Appropriate ECC Regulation
{key elements:

ECC Decision, harmonisation, (cross-border coordination),

Licensing (individual, light, exemption),

legal aspects (...),

one stop shopping (ECO)?}
Network investment and deployment costs as well as aircraft equipment costs are high for broadband DA2GC, especially when considering the first roll-out of DA2GC. The implementation of such a system is only reasonable if a gap-free and continental-wide coverage is achieved, thus a harmonised radio spectrum designation is essential. In addition, a European harmonised authorisation is considered necessary to provide the regulatory certainty that network operators and airlines require to invest in a broadband DA2GC system.

ECC Report 132 includes reference terminologies shown in the Table 1 below in order to capture some fundamental differences between various regulatory options:

	Individual authorisation

(Individual rights of use)
	General authorisation

(No individual rights of use)

	Individual licence

	Light-licensing
	Licence-exempt

	Individual frequency planning / coordination 

Traditional procedure for issuing licences
	Individual frequency planning / coordination

Simplified procedure compared to traditional procedure for issuing licences

With limitations in the number of users
	No individual frequency planning / coordination

Registration and/or notification

No limitations in the number of users nor need for coordination
	No individual frequency planning / coordination

No registration nor notification


Table 1: Difference between regulatory options
It is noted that the FCC assessed for one DA2GC system approach that it could also be in line with a respective part 15 regulation foreseeing a licence-exempt approach. This is however also linked to the FCC’s equipment type approval approach. The situation in Europe is different:

· For EU Member States R&TTE Directive instead of the FCC type approval mechanism for radio equipment;

· The existence of many national telecommunication laws instead of one such as in the US case;

Spectrum coexistence amongst different DA2GC networks has not been studied in WG SE / PT SE44. Furthermore, a purely licence-exemption is not feasible since many national communication laws will not allow to limit the number of DA2GC network providers.

Given the high financial risks involved, it seems not reasonable to assume a licence-exempt solution for DA2GC, i.e. without individual rights, providing stable frame conditions at least for a dedicated period of time, and individual obligations.

An individual licensing approach for the DA2GC network operator is therefore seen as the only possible solution for Europe.  The procedure to follow for this approach could be similar as for the 1980 to 2010 MHz and 2170 to 2200 MHz bands for systems providing mobile satellite services. 

This procedure was enabled by the ECC with the provision of harmonised technical conditions, as well as the adoption of an ECC Decision designating harmonised spectrum all over CEPT. On EU level a set of EC Decisions were set into force for these bands.
The aircraft stations of a DA2GC network system will be under the control of the DA2GC network and hence could be dealt with the exemption from individual licensing and free circulation and use, possibly under the umbrella of a new ECC Decision.
In addition, the DA2GC regulations might be supported by the creation of a Harmonised European Standard for DA2GC equipment stipulating the technical requirements for DA2GC equipment to fulfil the requirements under article 3.2 of the R&TTE Directive.



6 Detailed System Description
6.1 PROPOSAL FROM ETSI (TR 103 054 V1.1.1 (2010-07))
{see FM48(10)003 and FM48(10)010 (ETSI System Reference Document)

key elements:

detailed system description (technology), QoS, specific spectrum needs, candidate bands, timeframe for equipment availability, system implementation (airline interest, operator commitment)}
The broadband DA2GC system described in this chapter is based on the ETSI System Reference Document “Broadband Direct-Air-to-Ground Communications operating in part of the frequency range from 790 MHz to 5150 MHz” [1].

6.1.1 System Description

The overall end-to-end system architecture of this broadband DA2GC system is illustrated in Figure 5.
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Figure 5: Overall end-to-end system architecture for broadband DA2GC
The major building blocks of the end-to-end system architecture are:

1) service access network infrastructure onboard the aircraft, e.g. WiFi coverage and GSMOBA (both already standardised and certified for onboard implementation);

2) DA2GC network infrastructure on-board aircraft, e.g. external antenna, modem, cabling, interface to on-board network(s);

3) terrestrial radio access network for DA2GC with broadband backhaul links, which would preferably be based on existing infrastructure, but with modifications (e.g. with regard to antenna types and base station implementation) to establish high-performance radio links to aircraft in DA2GC environment;

4) mobile core network for session, mobility, subscriber and security management providing IP connectivity to external packet data networks (e.g. intranet, internet, IMS);

5) central network components required for O&M, billing, etc. in the DA2GC network; 

6) various IP-based service delivery platforms e.g. for passenger services or for airline or aircraft repair / manufacturer internal applications.

Modern broadband wireless access technologies as specified for next generation mobile networks (NGMN) are a sound technological basis for such a broadband DA2GC solution, capturing mainly items 2) and 3) in the list above.

Therefore, this terrestrial broadband DA2GC system is based on the 3GPP LTE (also called E-UTRA) standard (Rel. 8 or higher), as described in more detail in ETSI TR 103 054. The user equipment (UE) would refer to the DA2G aircraft station (AS), and the base station (BS) would refer to the DA2G ground station (GS). An overview as well as an overall description of E-UTRAN is given in [10]. 

The general characteristics of the DA2GC RF and digital baseband signals are also based on the LTE specification. To adapt the LTE system functionalities to the DA2GC link specifics, some modifications are required. In particular synchronization algorithms as well as the maximum OBU Tx power are to be modified compared to terrestrial mobile radio usage in order to cope with high Doppler frequency shift caused by aircraft speed and large cell sizes. In addition the GS antenna adjustment has to be matched to cover typical aircraft altitudes between 3 and 12 km by up-tilt of vertical diagrams. The main parameters of the radio access part are given in Table 2. 
	Parameter
	DA2GC GS
	DA2GC AS

	Tx power
	46 dBm
	40 dBm / -23 dBm (Note 1)

	Antenna type
	3 x 120° sector antennas
(90° half power beam width)
	Omni-directional

	Antenna gain
	Up to 20 dBi
	0 dBi
(Note 2)

	Channel bandwidth
	2 x 10 MHz (FDD)
or 20 MHz (TDD)
	2 x 10 MHz (FDD)
or 20 MHz (TDD)

	Signal bandwidth
(related to number of occupied resource blocks with bandwidth of 180 kHz)
	9 MHz (FDD)
or 18 MHz (TDD)
	9 MHz (FDD)
or 18 MHz (TDD)

	Note 1: The Tx power of the AS is dependent on the power control implementation applied by the equipment provider.

Note 2: For present evaluation a simple omni-directional characteristic is assumed. The final diagram incl. the gain will be dependent on further antenna optimization steps as well as on limits set by the regulation. In the range just below the horizontal aircraft plane the antenna gain will normally be higher (up to 5 dBi) to allow access of the OBU to the BS at the cell edge.  


Table 2: Main parameters for an LTE based broadband DA2GC radio access network
The main application field would be Air Passenger Communications (APC), e.g. WiFi or GSM based internet/company intranet access, data synchronization and voice communication. In addition the system could also support Airline Administrative Communications services (AAC). The envisaged broadband DA2GC system is not intended to be used for safety-relevant communications such as Air Traffic Control (ATC) and related services.

6.1.2 Quality of Service (QoS)

QoS for this broadband DA2GC system is ensured due to the use of sophisticated mobile technology, namely the 3GPP LTE (Long Term Evolution, also called E-UTRA) standard (Release 8 or higher), together with the innovative core network infrastructure known as SAE (System Architecture Evolution). 
QoS refers to a broad set of capabilities and parameters for controlling service differentiation within the DA2GC network in terms of:

· RL/FL bandwidth: the amount of communication pipe capacity allocated or allowed per service class

· Latency and jitter: consistent response times crucial to a smooth real-time services

· Service quality: Information loss, service response time and continuity

In this flat-IP DA2GC network, end-to-end QoS will be achieved by coherent configuration in all transport bearers. An overview of the bearers and their relation to the network elements is shown in Figure 6. 
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Figure 6: QoS model for the LTE/SAE based broadband DA2GC

In Release 8 of the 3GPP standard QoS Class Identifier (QCI) are introduced in order to ensure a minimum level of QoS. Each EPS bearer is assigned one QCI at bearer establishment. The QCI is further used within the LTE access network to define the control packet-forwarding treatment from an end-to-end perspective. As shown in Table 3, the following parameters characterize a given QCI:
· Resource Type: defines whether the bearer is GBR or non-GBR.

· Priority: defines a level of differentiation between service data flow aggregates of the same or different AS.

· Packet Delay Budget: defines an upper bound delay that a packet is allowed to experience between the DA2G AS and the PCEF (Policy and Charging Enforcement Function).

· Packet Error Loss Rate: defines an upper bound for the rate of IP packets that have been processed by the sender, but not successfully delivered to the receiver. Packet losses due to network congestion are excluded.

The purpose of these parameters is to properly configure the scheduling in the eNB (i.e. in the DA2G GS), the SGW (Serving Gate-Way) and the PDN GW (Packet Data Network Gate-Way), e.g. scheduling weights, admission thresholds, queue management thresholds and link layer protocol.
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Table 3: QoS profile of the standardised QCI

QoS will of cause also be supported by using radio spectrum with predictable frame conditions and suitable sharing/compatibility conditions.


6.1.3 Specific spectrum needs

In order to allow for the highest flexibility for ECC in the designation of suitable spectrum, the frequency range from 790 MHz to 5150 MHz is requested to be considered by the corresponding ETSI System Reference Document [1]. Spectrum above 6 GHz is not appropriate due to wave propagation aspects (e.g. increased path loss and Doppler shift).

The signal bandwidth depends on system characteristics (e.g. operating frequency, frequency reuse, spectrum efficiency) and service data rate required per aircraft and per cell/sector. 

The spectrum demand for this broadband DA2GC system was derived from a summary of relevant factors to be essential to cope with future capacity demand as well as from results achieved by system performance evaluations (see 4.1.1, 4.1.2, 4.1.3, and ANNEX 2:).

As a result, paired spectrum of 2 x 10 MHz for FDD operation is considered necessary to cope with short- to medium-term data traffic demand. Unpaired spectrum for TDD operation would also be an option, but system performance would slightly suffer due to guard time intervals required for large cell sizes. Furthermore, TDD operation is expected to have greater impact for achieving compatibility with other radio services and thus requiring guard bands.

6.1.4 Candidate bands
{( see also section 4.3}
6.1.5 Timeframe for equipment availability


The baseline access technology of this broadband DA2GC is the 3GPP evolved packet system (E-UTRAN+EPC) that is already commercially available, known as LTE. DA2GC specific enhancements required correspond mainly to operational aspects, e.g. antenna up-tilt at the Ground Station (Base Station), and network management issues. Adaptations of the ground components are expected to be completed ten months after spectrum designation / authorisation. The build-up of the ground network which is assumed to last about one year could be started in parallel. 

The Aircraft Station (AS) acts as a mobile station (MS) in this broadband DA2GC system. Compared to a MS used in a usual mobile network, increased output power is required due to the higher path loss (larger cell sizes) in the broadband DA2GC network. Also improved synchronization features, e.g. to compensate the high Doppler shift, will be implemented. Time necessary for manufacturing the specific aircraft installation kits and for the corresponding type approval is estimated to be about one and a half year.

Thus the service rollout with first aircraft can be expected about 18 months after the spectrum designation/authorisation. The estimated timeline for equipment availability for this broadband DA2GC system is illustrated in Figure 7.
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Figure 7: Timeline for equipment availability for an LTE/SAE based broadband DA2GC system
Suitable connectivity systems (WiFi / GSMOB) onboard aircraft are already available on the market.

6.1.6 System Implementation

The roll-out of this DA2GC network would be based on a hexagonal cell structure, taking into account real air traffic (position, height and direction of aircraft dependent on day time). As the number of aircraft equipped with DA2GC will be lower in the beginning the roll-out would start with a reduced number of ground stations covering large areas (up to 100 km cell radius) in order to provide a basic coverage. In areas with high aircraft density additional ground stations would be installed. Highly frequented routes over sea could be served by usage of directional high gain antennas.

The flight density across European area for 2006 is presented on the left side of Figure 8. This figure also includes a long-term forecast for the year 2025.
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Figure 8: Growth of European flight density (source: Eurocontrol / 2007)
The density patterns in Figure 8 might be used to define basic rollout coverage scenarios for the terrestrial broadband DA2G communication network, which could be extended during the following years to cover main flight routes and areas in Europe and neighbouring countries according to increasing air traffic demand. Based on this flight density forecast, a coverage extension to North Africa and Middle East could also be considered, provided the same spectrum as harmonised in CEPT could be made available there.

From an operational point of view it is reasonable to select a single operator / operator consortium for installing and running the DA2GC network. Cooperation with network operators in [almost] all CEPT countries will be necessary anyway to reach full pan-European coverage.
6.2 PROPOSAL FROM LH SYSTEMS AG [Future ETSI System Reference Document xxx]
{see FM48(11)023, FM48(11)017, future ETSI System Reference Document based on the WI as agreed at ERM #45;
key elements:

detailed system description (technology), QoS, specific spectrum needs, candidate bands, timeframe for equipment availability, system implementation (airline interest, operator commitment)}
6.3 Proposal from AERO3G (Future ETSI SRDoc ?)
{see FM48(11)038, ETSI SRDoc ?
key elements:

detailed system description (technology), QoS, specific spectrum needs, candidate bands, timeframe for equipment availability, system implementation (airline interest, operator commitment)}
6.3.1 Introduction

The importance of connectivity between aircraft and ground for the airline business is growing fast. Passengers have made clear that they would benefit from on-board high quality internet access and that they are prepared to pay for the service provided that the price is considered reasonable. Apart from passenger related applications, airlines would also benefit from a high capacity communications link for non-safety of life operational data. Many applications to reduce operating costs and increase efficiency are denied airlines because of the present costs of providing an adequate link. 

There have been several attempts to provide connectivity but these have been frustrated mainly due to the cost of deploying and operating the necessary infrastructure; especially the cost of aircraft installation and operation.

Consumer devices, such as iPhone, are developing rapidly and offer easy WiFi connectivity. More and more passengers are carrying pocket devices that are convenient to use during even the shortest of flights.

6.3.2 Technical Description

6.3.2.1 General

The Aero3G system provides a direct air to ground communications link using the transparent Internet Protocol. Co-funded by the European Union, the original system was developed to operate in the frequency band 5091 – 5150 MHz but subsequently the design has been modified to operate in the higher frequency band 5855 – 5875 MHz.

It is a TDD system based on COTS equipment that complies with ETSI 3GPP R8 standards and has been ETSI certified in the 2.5 - 2.7 GHz band. A separate frequency converter is used to support operation in the 5855 – 5875 MHz band. The current UE modem is 3GPP R8 LTE compliant and may be 3GPP R9 LTE compliant via future software upgrade. Signal-in-space characteristics conform to these standards apart from the operating frequency band.

Flight testing of 3G technology has been successfully conducted in the 5091 - 5150 MHz band. Among other things, aircraft sorties were used to validate simulations. These simulations were subsequently used to provide performance predictions for the 5855 - 5875 MHz band. 

Through simulation it is estimated that the number of base stations required to provide pan-European coverage is 220. The cell size is approximately 150 kms but this may be extended to 280 kms, using directional antennas, to support continuous coverage over sea.

6.3.2.2
Key System Parameters

Receiver Characteristics

	Parameter 
	Unit
	Value
	Remarks

	Bandwidth
	MHz
	5 or 10
	5 MHz used for flight testing

	Receiver sensitivity 
	dBm
	-106
	

	Receiver feeder loss
	dB
	1
	

	Receiver interference threshold
	dBm/MHz
	-113.9
	

	
	
	
	


Table 2: Receiver Characteristics
	Parameter 
	Unit
	Value
	Remarks

	Bandwidth
	MHz
	5 or 10
	5 MHz used for flight testing

	Power
	dBm
	40
	

	Transmitter feeder loss
	dB
	4
	

	Transmitter duty cycle
	%
	50
	

	Max antenna gain (A/C)
	dBi
	6
	

	Max antenna gain (BS Omni)
	dBi
	7
	

	Max antenna gain (BS Sector)
	dBi
	15
	

	Max antenna gain (BS Directional)
	dBi
	24
	


Table 3: Transmitter Characteristics
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Figure 7: Ground Antenna Patterns
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Figure 7: Unwanted Emission Level of Aero3G System
{( Numbering of the figures is not correct}
6.3.3 Quality of Service

Availability:
The system is designed to be available (7/24/365) very year with a probability greater than 98%. The average monthly availability will be better than 99%.
Capacity:
The system will provide a minimum forward link capacity per aircraft of 5 Mbps and a minimum reverse link of 1 Mbps. 

Latency:
The system latency will be less than 100 mSec.


6.3.4 Specific Spectrum Needs

The system can use switch-selectable bandwidths of 5 or 10 MHz. Although single channel operation is possible, the use of additional channels reduces potential inter-cell interference and also any interference of other systems.

The required spectrum is 20 MHz in the 5855 – 5875 MHz candidate band thereby enabling 2x10 MHz or 4 x 5 MHz channels.

6.3.5 Timescale

The planned implementation is over a two year timescale following the appropriate regulatory permission. The critical path includes to phased installation of aircraft systems. 

6.3.6 System Implementation

Both airlines and operators have been involved with the development of specifications and validation of business planning. There is a keen desire to implement the system and detailed planning has been made through several non-disclosure agreements.

Retrofit was always an important issue for airlines and the system has been designed to enable installation over a series of night stops thereby ensuring that the aircraft need not be taken out of operational service.

Finally, the necessary investment and operating finance for the project is available subject to certain conditions including regulatory permission to use the candidate band 5855 - 5875 MHz. 
7 OUTCOME OF COMPATIBILITY STUDIES [ECC Report xxx from SE PT 44]
{Reference to the outcome of SE PT 44, interpretation of the outcome}
8 Conclusions
8.1 Proposed regulatory regime
Text
8.2 Technical and operational conditions which may be attached to rights of use for radio frequencies

Text
8.3 Protection of Other Serivces and Applications
Text
8.4 Development of a Harmonised European Standard

Text
8.5 Additional guidance for a regulatory approach for DA2G systems
Text
8.6 Installation guidance and operational management
Text
8.7 Licensing conclusions and recommendations

Text
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ANNEX 2: Spectrum demand
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Draft performance figures for a LTE-based broadband DA2GC system
The following tables give an overview on draft performance figures achieveable with a LTE-based broadband DA2GC system, mainly related to Release 8 features [10]. These performance figures were derived in extensive system level simulations for a multi-cell/multi-aircraft environment. The figures depend on the applied models as further described below (e.g. carrier frequency, inter-site distance, antenna characteristics and air traffic density per cell). Note that pure link level simulations can not provide an accurate view on the expected performance of modern broadband wireless access technologies operated in interference-limited regimes.

Based on the statistical evaluation in [6] different air traffic density models were defined for deriving performance figures. These models also include altitude distributions for the aircraft resulting in a 3D modeling of the aircraft locations above a hexagonal cell grid on the Earth surface (see Figure 9), i.e. these values are varying during the capacity evaluation. 
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Figure 9: Exemplary set-up of hexagonal cell grid for system level simulation on the Earth surface (green dots: snapshot of 3D locations of involved aircraft)

	Forward link

Antenna configuration

	ISD of 120 km

(3 sectors per cell, 
3.1 aircraft/sector)
	ISD of 170 km

(3 sectors per cell, 
6.3 aircraft/sector)

	1x1 SISO
V-pol.
	1.2
	1.1

	4x1 MISO

V-pol.
	1.8
	1.8

	2x2 MIMO
VH-pol. x VHcirc.-pol.
	2.1
	2.1

	2x2 MIMO
X-pol. x VH-pol.
	1.7
	1.7


Table 4: Spectral efficiency in bit/s/Hz for the forward link of a broadband DA2GC system based on LTE Release 8 (FDD) for a carrier frequency of 2 GHz (at 5 GHz values are reduced by about 10–15%)

	Reverse link

Antenna configuration
	ISD of 120 km

(3 sectors per cell, 
3.1 aircraft/sector)
	ISD of 170 km

(3 sectors per cell, 
6.3 aircraft/sector)

	1x1 SISO
V-pol.
	0.9
	0.9


Table 5: Spectral efficiency in bit/s/Hz for the reverse link of a broadband DA2GC system based on LTE Release 8 (FDD) for a carrier frequency of 2 GHz (at 5 GHz values are reduced by about 25–30% due to transmit power limitation at the aircraft)

The aircraft antenna characteristic was adapted to measured values of a real vertically polarized aircraft antenna with nearly omni-directional characteristic with respect to the horizontal plane and the elevation diagram according to Figure 10 (related to the cases in the tables denoted as …SO).

Figure 10

: Antenna gain vs. elevation angle of aircraft antenna used in performance evaluation

Further improvements are feasible with more complex antenna constellations at the aircraft. A comparison with standard SISO configuration given in first line of Table 4 shows an improvement of about 3 dB in SINR for application of two directional aircraft antennas with a 180° beam width. In principle this gain can be further increased by introduction of more beams with lower beam width, but as said before, there are technical and economical limitations for final realization.
As already mentioned the ground stations of a broadband DA2GC system will be equipped with sector antennas (typically 3 sectors per cell) as in usual terrestrial mobile radio networks. The main difference is in the vertical antenna characteristic as the antenna diagram will be up-tilted to achieve optimum coverage in the 3D air space. 

To cope with increasing traffic demand it will be possible to install additional ground stations resulting in reduced ISD and/or to add additional sectors to existing ground stations (e.g. 6 sectors instead of 3) in traffic hot spots.

Estimated spectrum demand for a LTE-based broadband DA2GC system
For the estimation of spectrum demand (related to 2020) the overall aggregate data rate by all passengers in a commercial aircraft during one flight is an important input parameter. The required data rates can be computed by applying certain simultaneity factors for service utilization based on average session data rates. The approach used here is based on a procedure described in [11], which is more related to best effort services in case of internet browsing and does not consider in detail the bursty data traffic nature of some applications. Therefore, based on instantaneously used service applications (e.g. several YouTube video sessions running in parallel) higher instant peak data rates may occur during a flight as those given by the evaluation. The communication system has to be able to handle such peaks to some extent.

For the data rate computation following assumptions were made for the penetration of the different available services in the aircraft, their statistics incl. data volume and session/call duration as well as for passenger and flight statistics:

· Average number of passengers per aircraft:  94

(corresponding to an average load factor of about 75%)

· Average flight duration:  1.5 h

· APC services:

· Maximum onboard service usage time:  1 h

(reduced time compared to flight duration caused by APC service restrictions during departure and landing)

· GSMOBA voice services:

· Service penetration:  10%

· Call duration:  4 min

(each user with only 1 call/flight)

· Data rate:  12 kbit/s bi-directional

· GSMOBA SMS services:

· Not relevant for spectrum demand due to low data volume compared to user services

· GSMOBA data services:

· Service penetration:  6%

· Session duration:  18 min

· Date volume per session:  3 Mbyte

· Download/upload ratio:  80% / 20%

· WiFi data services:

· Service penetration:  15%

· Session duration:  42 min

· Date volume per session:  50 Mbyte

· Download/upload ratio:  85% / 15%

· AAC services:

· Maximum onboard service usage time:  1.5 h

(in contrast to APC services the transmission of AAC services may also be permitted during departure and landing for exchange of operational parameters)

· Data volume per flight:  30 Mbyte

· Download/upload ratio:  60% / 40%

In general the assumptions made for the service penetration are conservative. In the future especially declining service prizes may result in higher utilization factors and as a consequence of this in increased aggregate data rates.
The resulting data rates in downlink and uplink are computed based on the addition of the data rates of the different services using following formulas for a single service type:

· Average data rate:

· Communication and interactive service types:

· Rba = (Na * Ts * Rbi) / Tf
· Rba: average data rate per service

· Na:
average number of active users during flight

· Ts:
session duration

· Rbi:
mean data rate per user

· Tf:
average flight duration

· Event-driven applications:

· Rba = (Na * L * E) / Tf



· Rba:
average data rate per service

· Na:
average number of active users during flight

· L:
average length of event or message

· E:
average number of events per user

· Tf:
average flight duration

· Maximum aggregate data rate:

· Ra = N * Rbi
· Ra:
maximum aggregate data rate per service

· N:
maximum number of simultaneously active users during flight

· Rbi:
mean data rate per user

Incorporating the related values for call numbers/durations, data session volumes/durations and asymmetry for download/upload approximate values for the data rates required for a single aircraft are given as:

· Forward link data rate:

· Average:  about 1.40 Mbit/s

· Maximum:  about 2.26 Mbit/s

· Reverse link data rate:

· Average:  about 0.27 Mbit/s

· Maximum:  about 0.58 Mbit/s 

Assuming a spectral efficiency of 2.1 bit/s/Hz for the forward link and 0.9 bit/s/Hz for the reverse link of the broadband DA2GC system according to Table 4 and Table 5, the following Table 6 provides the number of aircraft which can be supported per sector in a multi-aircraft scenario based on the estimated required maximum data rate per aircraft (2.26 Mbit/s for the forward link and 0.58 Mbit/s for the reverse link).

	Link
	Signal bandwidth
2 x 5 MHz FDD
	Signal bandwidth
2 x 10 MHz FDD

	Forward
	4.6
	9.3

	Reverse
	7.8
	15.5


Table 6: Number of aircraft supported in one sector according to assumptions made on spectrum efficiency and required data rates per aircraft (2 GHz carrier frequency assumed)

The aircraft numbers given in Table 4 and Table 5  (3.1 and 6.7 aircraft/sector) refer to the assumption that in the year 2020 about 60% of the commercial aircraft are equipped by the LTE-based broadband DA2GC solution. Business jets, which may further increase the values, are not taken into account. 

For the forward link the estimated averaged data rate requirements might be fulfilled with a signal bandwidth of 5 MHz only with a ground station ISD of 120 km. However, to allow for a cost efficient initial rollout with larger ISD and to cope with instantaneous peak data rates as well as with increasing capacity demand a bandwidth of at least 10 MHz is deemed to be necessary (no bandwidth increment available for LTE between 5 and 10 MHz).

Due to underlying asymmetry in down-/upload data traffic a bandwidth of 5 MHz is barely sufficient for the reverse link, but a bandwidth of 10 MHz is preferable to cope with changes in traffic distribution and instantaneous service data rate peaks (e.g. for video or telemedicine).

ANNEX 3: list of candidate bands

{doc. FM48(11)049 to be attached}
DT revised Annex 5 of FM48(11)056





ECC Report XXX








� http://www.cnngo.com/shanghai/life/china-set-embrace-fight-wi-fi-era-916156


� http://www.eurocontrol.int/statfor/public/subsite_homepage/homepage.html


� IMS research: http://imsresearch.com/news-events/press-template.php?pr_id=1981


� Sometimes also referred to as “traditional licensing”


� Forward link: Ground-to-air link (equivalent to downlink in terrestrial mobile radio systems)


� SISO: Single Input Single Output; MISO: Multiple Inputs Single Output; MIMO: Multiple Inputs Multiple Outputs


� With beam forming


� Reverse link: Air-to-ground link (equivalent to uplink in terrestrial mobile radio systems)








�Text from InfoSE44(11)004 with minor additions.


�Text from InfoSE44(11)004.


�Text from LS from ECC to EC [ECC(11)094 Annex20] with editorial additions.


�Text from InfoSE44(11)004 with minor addition.
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