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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  cognitive radio (CR) solutions; in particular on the work on regulatory approaches for wireless applications under general authorization regime (i.e. commonly called license exempt); Cognitive techniques need to be analyzed not only from the perspective of the technical feasibility but also from the perspectives of the demand, fit to application and investment requirements, the level of technical complexity involved, and the long term predictability of the spectrum access. (Abstract)
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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:

1. cognitive radio (CR) solutions; in particular on the work on regulatory approaches for wireless applications under general authorization regime (i.e. commonly called license exempt);

2. the link between actions in ETSI (European Telecommunications Standardization Organization) and CEPT. This takes into account the assessment of  the requirements for cognitive radio enabled Short Range Devices (SRD) to access spectrum on a license-exempt basis, and taking into account the on-going work in ETSI under mandate M/512 [1];

3. the contribution from R&D (research and development) and standardization  to the work in CEPT to establish regulatory approaches needed  providing spectrum opportunities for cognitive radio solutions;
4. the ECO (European Communications Office) contacts with R&D institutions   to enable their contributions to the CEPT work;
5. planned call to stakeholders to provide information on the need for such regulatory approaches.
The discussion on CR centers on how some dynamic intelligence, within receivers assisted externally by regulatory databases, can use spectrum more efficiently than under conventional spectrum management systems. It is often associated with software-defined radio (SDR), where the radio’s key operating characteristics are defined largely in software.

The CEPT/ECC (Electronic Communications Committee) has been actively working since early 2009 to establish some common understanding as a step towards practical regulatory initiatives.
Most current practical considerations on where the Cognitive Radio would operate focus on overlaying its use on an existing, more conventional system. Cognitive is therefore seen as a ’secondary’ usage, coexisting with itself and with the primary services. However, implementation of cognitive techniques could increase the effective capacity of bands designated for short-range devices.

II. Existing Work within the CEPT
The ECC's early attention, as in the USA and elsewhere, has focused on the use of 'white space devices' (WSD) in the UHF broadcasting bands (effectively now 470-790 MHz). These frequencies have very good propagation characteristics, and TV transmitters have large coverage areas and therefore even larger unused areas between them where signals are getting gradually weak, which could be enough for the frequency to be reused for more TV reception. 

There may be also other applications, such as Programme Making and Special Events (PMSE) applications, which are there at some times but not others. 
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Figure 1 – illustrates the WSD concept
This creates opportunities for the lower power applications such as theatre microphones and wireless TV cameras which use these frequencies already, and are based on managed databases which identify where the white space opportunities are. This principle of 'geolocation', with better and more detailed databases, is at the heart of ideas to support  access to white space spectrum by cognitive devices i.e. cognitive as part of a wider system of management.

The more autonomous element of 'cognitive' technique in radio transceivers is 'sensing', i.e. being able to detect what other signals are present and to respond accordingly to reduce the chance of interference. This principle is already used in techniques such as 'listen before talk' (LBT), and the Dynamic Frequency Selection (DFS) used in 5 GHz Radio Local Area Networks (RLANs) to ensure coexistence with radars. This is even used with consumer equipment: one after-market in-car DAB digital radio receiver finds an unused FM radio frequency to use in order to feed its audio into the car's existing FM radio. 

The ECC Working Group on Spectrum Engineering set up a Project Team, PT SE43, to look at the compatibility issues between the relevant services using 'white spaces' in the UHF TV bands. After 19 months' work, SE43 delivered ECC Report 159 [2] in January 2011. Its conclusions about the technical and operational requirements of WSDs are not so different from those of the FCC in the USA (the FCC has already approved several operators of databases for cognitive WSD devices). The report identified a picture of steady development which could open new opportunities, but that the technological breakthroughs needed for a more revolutionary paradigm shift remain for the longer term.

PT SE43 considered the cognitive techniques of geo-location databases, autonomous sensing and the use of beacons to inform the devices. Most of SE43's efforts considered the appropriateness of geo-location databases and/or autonomous sensing to provide protection to the incumbent services. It made the preliminary conclusion that autonomous sensing is very challenging at the current stage of technological development - probably too difficult - to be used in order adequately to protect to the existing services. It provided guidance on the algorithms to be used in future geolocation database(s) and it drew up a list of areas requiring further studies, including addressing scenarios enabled by future technology developments, when these become better known.

The results of these considerations are set out in two further ECC Reports:

· ECC Reports 185 “Further definition of technical and operational requirements for the operation of white space devices in the band 470-790 MHz” [3],
· ECC Report 186 “Technical and operational requirements for the operation of white space devices under geo-location approach” [4].

The ECC Working Group on Frequency Management asked the European regulators in 2012 about the PMSE protection in case of introduction of WSD in the 470-790 MHz band (the technical part of this work was documented in ECC Report 185). A challenge in CEPT countries is that the authorization mechanism for PMSE, traditionally also operating the terrestrial broadcasting range in 470-790 MHz are not harmonized. Some administrations use general authorizations (i.e. license exempt regime), some use individual authorizations (i.e. licensed regime/manual licensing) and some use both concepts. The results showed that the only concepts so far for the protection of PMSE in the TVWS (TV White Space) which find widespread acceptance amongst regulators were the creation of either safe harbor channels for PMSE applications or the geo-location database approach (safe harbor means ‘reserved for PMSE applications only’. Safe harbor channels are seen as simple solutions and providing higher protection for PMSE, however also as inefficient and freezing spectrum. The geo-location approach is seen as more efficient than manual licensing / coordination but only seven CEPT administrations thought there is really sufficient information available. Cognitive techniques such as sensing or beacons were seen critical if not unfeasible or not mature enough. This indicates also that there is an acceptance problem for cognitive techniques on the side of the other users of the spectrum.
Most of all , one result was astonishing: based on the question whether to envisage requesting administrations or the CEPT to introduce white space devices in the 470-790 MHz band, only one entity from the market indicated interest. 

In parallel, ECC received requests in five ETSI System Reference Documents (initial stage of the standard development process within ETSI) for future spectrum on a variety of application in the UHF band for other frequency bands (Short Range Device, Automotive, Smart Metering, Smart Grids, RFID, Alarms, Home Automation etc.) [5-9] which finally, after studies published in ECC Reports 189 [10] and 200 [11], lead to the identification of additional frequency opportunities under general authorization in 870-876/915-921 MHz (next to the existing 863-870 MHz SRD usage opportunities in Europe).

ECC Report 204 [12] on the spectrum Use and Future Requirements for PMSE was published in 2012 and recognizes the initial research activities on cognitive PMSE systems which have been initiated in ETSI Special Task Force 386 (the notable feature is that several audio PMSE links can be transferred to less impaired spectrum when necessary without noticeable interruptions).

The ECC Report 192 [13] on the current status of DFS (Dynamic Frequency Selection) in the 5 GHz frequency range was published in 2013. Severe interference into weather radars (over 200 reported cases in 2012 in the CEPT) in a considerable number of European countries caused by outdoor fixed service links using WAS/RLAN equipment. The reasons were mainly intentional illegal use or non-compliant equipment therefore there was some motivation to switch off the DFS! This is a lesson learned by the CEPT. Mitigation techniques must also fit to the application itself and the intentions in terms of quality and availability of the service. For example, RFID installations in warehouse distribution centers or airborne transmitter restricted to protect terrestrial radio services can be seen as examples where the application requirements would not support a detection mechanism, this is because the user who invests in the technology does not want to be prevented from spectrum use by some other, sharing spectrum use (i.e. spectrum access not predictable enough from their perspective).

In 2013, ECC Report 205 [14] on Licensed Shared Access (LSA) has been published. LSA is a complementary spectrum management tool that fits under an “individual licensing regime”. LSA aims to facilitate the introduction in a frequency band of new users, which require a certain level of guarantee in terms of spectrum access, while maintaining protection of incumbent services in the band. LSA licensees and incumbents operate different applications and are subject to different regulatory constraints. They would each have exclusive individual access to a portion of spectrum at a given location and time. The practical implementation of LSA will be as a complementary solution for mobile network operators for accessing spectrum in specific bands, within specified geographical area and technical limits to be included in a CEPT harmonization measure. The first harmonization measure developed by CEPT that includes the possibility for implementation of LSA is for the introduction of (specify application type…) in the 2.3-2.4 GHz band and it can include - on a national basis- also geo-location informing devices where they can transmit.
CEPT also undertook a survey in 2012 about the technology approaches for short range devices in the UHF spectrum.  The results are set out in ECC Report 182 [16], inter-alia:

1. State of the art technology approaches for many applications still prefer the least complex approach which is duty cycle mitigation;
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Figure 2 Dominance of the duty Cycle (y-axis: number of responses from industry/ trader associations)
2. SRD bandwidth requirements (modulation bandwidth) for most applications is between 100 kHz to 600 KHz (excluding the ‘real’ narrowband applications);
3. SRD applications need either very high duty cycles (voice, audio) or very low duty cycles (see Table I) and there is a ‘gap in-between’, in other words, there are not so many applications needing a duty cycle between 10% and 90%. However, applications with duty cycles between 10% and 90% could be considered as the most suitable applications for cognitive spectrum access techniques such as sensing, geo-location, detect-and-avoid, etc.
4. There is a long list of SRD applications with extreme low duty cycle for which any cognitive technique seems to be overly complex (see examples in Table I).

Table I. Examples of extreme Low Duty Cycles FROM ETSI Special Task Force 411
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III. European scheme to define SRD regulation

A. Cooperative framework based on European Commission, ETSI, CEPT/ECC relationship

The European Commission, ETSI and the Electronic Communications Committee (ECC) of CEPT are involved in the cooperation process dealing with spectrum management decisions by setting standards as well as regulatory decisions.

The Memorandum of Understanding (MoU) between CEPT and ETSI [15] describes the cooperative process applying to the development of harmonized European standards and of ECC Decisions (or other ECC deliverables). This process aims to facilitate access to spectrum for new applications envisaged by ETSI. According to the MoU between CEPT and ETSI, any modification of the harmonized European standard which would require a modification of ECC deliverables should lead to a coordination process between the two bodies. The same would apply if ECC envisages a change in its regulation which would require a modification of harmonized European standards.

Harmonized European standards are agreed by a consensus amongst administrations and industry, and are adopted by a public vote managed via National Standards Organizations. Once adopted the Commission cites them in the OJEU (Official Journal of the European Union) without further intervention, except in specific cases.

CEPT/ECC deliverables may be adopted voluntarily by CEPT member administrations after public consultation, and, when the harmonization measure is covered by a Commission mandate, are submitted to the European Commission which proposes harmonization measures based on the ECC Decisions. The implementation of harmonization measures based on Decisions of the European Commission is mandatory for EU Member States.

B. Role of ETSI in SRD regulation

The ETSI is responsible for producing harmonised European standards for telecommunications and radiocommunications equipment. These standards which are used for regulative purposes are known as European Norms (prefixed with EN).

Harmonised standards for radio equipment contain requirements relating to the effective use of the spectrum and avoidance of harmful interference. These can be used by manufacturers as part of the conformity assessment process. The application of harmonized European standards developed by ETSI is not mandatory, however where they are not applied, a notified body must be consulted. The national standardisation organizations are obliged by EU law to transpose European Standards for Telecommunications (ETSs or ENs) into national standards, and to withdraw any conflicting national standards.

With regard to SRDs, ETSI developed four generic standards (EN 300 220; EN 300 330, EN 300 440 and EN 305 550) [17-20] and a number of specific standards covering specific applications. 

C. EC and CEPT SRD Regulation in Europe

EC Decision 2006/771/CE (and subsequent amendments) on SRDs [21] and the CEPT ERC Recommendation 70-03 [22] both provide a list of the available bands for SRD applications with associated usage conditions. Alongside a list of the bands and conditions, definitions of the relevant applications are also provided within these documents.

Based on a permanent Mandate from the European Commission, the CEPT is tasked to regularly updating the technical Annex of EC Decision 2006/771/EC. The work is undertaken by the Short Range Device Maintenance Group (SRD/MG) of CEPT/ECC, which is responsible for setting technical sharing parameters for SRD applications.

The SRD/MG ensures that sufficient information for compatibility studies has been made available by stakeholders and ETSI. System reference documents from ETSI (SRdoc) normally trigger the process or contribute to this process by providing valuable information for identifying input parameter for these studies. In addition, ETSI Specialist Task Forces (STFs) also can contribute new information. In general, this establishes a process of co-regulation in which administrations, industry and operators/users participate to find the best suitable regulatory approach for SRD applications. Until today, the CEPT has not received any ETSI system Reference Document on cognitive radio solutions in the TVWS 470-790 MHz range. 
D. Recommendation CEPT/ERC/REC 70-03 – Relating to the use of short range devices (SRD)

The CEPT/ERC/REC 70-03 [22] sets out the general position on common spectrum allocations for SRDs in CEPT countries. It is also intended to be used as a reference document by the CEPT countries when preparing their national regulations. The Recommendation describes the spectrum management requirements and technical specifications for SRDs. It also includes links to all applicable reference documentation such as CEPT/ECC Reports, CEPT/ECC and EC Decisions, and harmonized European Standards.

This particular approach with CEPT/ERC/REC 70-03 provides a good example of the CEPT use of ‘soft harmonisation’, where existing services remain protected to the extent that national administrations deem it necessary, yet providing the opportunity for the harmonized development of new services in the majority of European countries. The success of the ERC Recommendation 70-03 owes much to its ‘soft harmonisation’ approach, which is quicker to set up than a more rigid, centralised harmonization process for SRD applications, where the measures needed to deal with important but limited incumbent interest can block or delay the process of introducing SRD spectrum usage opportunities. 

E. European SRD information in EFIS

The ERC Recommendation 70-03 (including the national implementation information) is available in data format in the ECO Frequency Information System (www.efis.dk) where specific SRD related information is available under the link: EFIS SRD Regulations [23]. The information can be exported in csv (excel) format. 

The European Common Allocations table is also integrated in EFIS and can be downloaded (just select ECA). It contains all the SRD related ECC harmonisation measures and applicable ETSI Harmonised European Standards.

IV. The SRD Context

SRD applications are not identified as a radio service in Radio Regulations (RR). This means that SRDs do not need a specific spectrum allocation and they can therefore operate everywhere in the frequency spectrum under the following conditions:

1. SRDs operate in shared bands and are not permitted to cause harmful interference to radio services;

2.
SRDs cannot claim protection from radio services.

These conditions, associated with the fact that SRDs are most usually authorized under a general authorizations regime (i.e. license exempt), are defining the appropriate regulatory framework.

 In the following sections of this document, issues and impacts related to each of the features are described.

A. Shared use of the spectrum and related issues

For shared spectrum considerations, it is important to distinguish between spectrum occupancy and spectrum efficiency. The value of using a particular part of spectrum comes from the utility it provides to users, which is not necessarily the same as the data traffic. A distinction should be made between the concepts of Single system Absolute Spectrum Efficiency (SAE), which is based on the raw data transmitted, and Group Spectrum Efficiency (GSE), which is closer to the broader utility or service provided. Spectrum efficiencies can be defined in terms of the GSE in an environment where devices of different and similar nature are presented.

B. In SRD deployment it is not possible to give each application its own reserved frequency slot.

For shared spectrum considerations, it must be recognized that it is not only the technical parameters of the radio signal and the resulting link budget that are important. The modern adaptable packet-switched systems have complex operational patterns through involving not only the physical layer but also higher OSI (Open Systems Interconnection) levels into the picture for overall maintenance of communications stream. Therefore ideally the system designers, as well as spectrum managers, should endeavor considering those more sophisticated aspects in order to determine and establish the balance between the levels of operational resilience of considered systems.

One of the most important operational parameters of this category is the latency requirement. This is the maximum acceptable delay in transferring the packet/message and cannot generally be inferred alone from the technical consideration of the useful link budget versus the interference instance. Therefore the latency as well as other similar parameters/metrics may need to be considered when pursuing spectrum planning in shared bands.

Another conclusion is that when different applications are mixed, an analysis based on a simple probability of interference does not reveal the full story. Therefore, compatibility analysis in an application neutral environment will require more extensive analysis in the lowest two layers of the OSI model, mainly in the time domain, than is currently done in situations where the applications are defined.

Recommendation ITU-R SM.1046-2 [24] indicates a methodology that should be used to compare similar systems. This makes it difficult to apply this concept directly to the SRD bands, where a variety of different applications share the same spectrum. The move to application neutrality in spectrum regulations (i.e. to foster innovations and market flexibility) will make it even more difficult to apply the procedures in Recommendation ITU-R SM.1046-2. CEPT has investigated these challenges in ECC Report 181 [25] (reference in the list of references) in 2012.

In this context, it should be noted that no intra-SRD sharing studies have been performed in the TVWS frequency range. However, intra-SRD sharing studies can be seen as a pre-requisite for the successful implementation of a regulatory approach based on cognitive techniques. Japan, in this regard, launched a coordination process (which is then fundamentally different from the SRD concept) for which it can be concluded that it may not be possible for mass market applications/larger equipment deployments to put them under a coordinated process). 
V. How Research institutions can contribute

In 2010, the ECC published its five year strategy to strengthen and enhance Europe's electronic communications policy. The ECO is tasked to “develop relations with universities and relevant scientific institutes that would be willing to do research in spectrum management and give advice to research institutes on issues to investigate or on specific research”.  As a result of ECC strategic plan implementation the ECO developed relationship in a number of research areas including a cognitive radio research.  The list of contacts of the CEPT/ECC with relevant scientific institutes focuses on existing activities can be found under: http://www.cept.org/ecc/topics/research-activity. Cognitive radio area of research is also present on the research activity web-page [26] where research organisations and universities are listed which may have an impact on the CEPT/ECC work, e.g. by means of contributions or presentations of their developments in this area to the meetings in the CEPT/ECC.
VI. Near Future activities in the CEPT/ECC

CEPT/ECC has tasked the Project Team FM 53 to create a new ECC report that should provide the guidance on the master set of the overall requirements for all CEPT countries that will be needed to facilitate communication and interaction between a White space Devices and White Space Data Base. This work is in line with the activities in ETSI on the creation of a new harmonized European Standard on WSD [27]. This new ECC Report may also provide information on issues and requirements that need to be addressed when setting up a geo-location database and/or the management of independent database providers. Only with a harmonised approach laid down in a published ECC harmonisation measure, a wider application in Europe can be expected (e.g. only a harmonisation measure is going to be included in the European Common Allocation Table (this is ERC Report 25). 

Under the ETSI/CEPT MoU collaboration, ETSI is also preparing a new ETSI system reference document on unlicensed satellite Earth stations operating in the Fixed Satellite Service (FSS) receiving in Ka-Band (17.7-19.7 GHz) and using cognitive radio techniques for improved sharing with Fixed Service (FS) applications. This is expected to arrive in mid’ 2014 in the CEPT/ECC for further spectrum engineering investigations.

CEPT/ECC is also prepared to take onboard a task to start investigations to assess requirements for future cognitive radio enabled SRDs. The investigations are likely to include a call for information from potential stakeholder and interested parties in the SRD community. The CEPT Report in response to the 6th update process of the European Regulations on SRDs may rather present the initial results of these investigations and not include a proposal for a final regulatory approach/implementation but it is intended to make a step forward and may lead to an implementation proposal in a second step. This work is based on a permanent Mandate from the European Commission; the CEPT is tasked with regularly updating of the technical Annex of EC Decision 2006/771/EC. The guidance letter to the CEPT includes the request to study cognitive radio enabled SRDs.

VII. conclusions

Cognitive techniques need to be analyzed not only from the perspective of the technical feasibility but also from the perspectives of the demand, fit to application and investment requirements, the level of technical complexity involved, and the long term predictability of the spectrum access.
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