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0. Executive summary
List of abbreviations
1. Introduction

2. Principles and general considerations (from ECC Report 159, § 9.3.1)
The cognitive technique of geo-location is an approach, where cognitive devices determine their location and make use of a geo-location database in order to get information on which frequencies they can use at their location which they have indicated to the database. They are prohibited from transmitting in the 470-790 MHz band until they have successfully determined from the database in which frequencies, if any, and with which power levels, they are allowed to transmit in the indicated location. 
The approach is based on a certain accuracy of the position determination by the WSD and the guarantee that this accuracy will be maintained while the WSD is in operation. This is also true for any WSD to be operated indoor, and reliable solutions are needed for position determination in such a case. Any malfunctions of this position determination may have a severe impact on those services which have to be protected by the WSD. 
The geo-location database is a management system that, on the basis of information on available frequencies associated with locations in the database and location information received from WSD, assists these devices in selecting their operational frequencies. 
This approach would need to take into account the changes in the protected use and the timing of the changes, to ensure that the database has valid content and that the WSD’s have valid information about the available channels. 
In the case of WSD deployment following the master-slave approach, the geo-location database technique offers the possibility of having a proxy, the master, for making database queries. In this case the master is responsible for assigning available white space frequencies obtained from the database, i.e., communication resources, to the corresponding slave WSDs in a way that ensures protection of incumbent users.

3. Requirements on WSD (from ECC Report 159, § 9.3.2)
The main purpose of using a geo-location database for WSD is to ensure that there is no harmful interference from the WSD to the protected services. This requires that some minimum amount of information is exchanged between the device and the database. However, there may be additional benefits for the operation of the cognitive devices and for the protected services if certain additional information is passed between the devices and the database.
General requirements for WSD

When the geo-location is used as a cognitive technique, the WSD shall be capable of

· Communicating its geographical location (including height information) to the database. It shall also be capable to communicate its location accuracy, and device type or device class (including device identifier).

· Receiving from the database, at a minimum, information on frequencies that could be used by the WSD in its  location. Instead of addressing only one location, the device may request frequency information for an area or some locations where it will move in the future. In addition, it is expected that the WSD would receive information on the allowed maximum transmit power of the device, the validity period of the received frequency information after which a database query should be repeated and any information related to sensing if sensing is required (e.g., sensing may be required in connection with the protection of microphones in some countries).

These items will be discussed in more detail in the next section.
The WSD shall only transmit in the 470-790 MHz band once it has successfully communicated with the database and received the instructions regarding the frequencies available in its location and the allowed power levels. 
The WSD shall stop transmitting on a channel within the 470-790 MHz band immediately if

· it can not reconsult the database by the end of the validity period of the received frequency information,

· it fails to monitor its location with the required accuracy,

· it moves outside the determined area, for which the frequency information received from the database is valid.

In any such case, a new query of the database is required prior to any new transmission.

It should be noted that the need for the WSD to exchange information with the database before being allowed to use any frequency in the 470-790 MHz would imply the need to have a communication channel between both. This communication channel might be realized wirelessly, e.g. using frequencies outside the band 470-790 MHz, or via some wired connection in case of non-portable WSDs. However, the issue of implementation of such a communication channel is outside the scope of this report.
Additional requirements in the case of WSD master/slave configuration

The requirements described above apply for WSD deployments where each WSD can operate independently of a master device and is therefore required to individually query the database for information on allowed channels and corresponding allowed maximum transmit power. However, in the case of a master/slave WSD configuration, it can be envisaged that the master would be responsible for the query of the database and that associated slaves would be controlled by the master and would receive information on their operational parameters (channels, powers, etc) directly from the master without querying the database themselves. 

In order to do so while protecting the incumbent primary users, a WSD master shall be able to fulfil the above requirements, and in addition also be capable of:
· Communicating with the associated slave WSDs.

· Deriving the location, with associated accuracy, of a slave WSD.

· Act as a proxy for geo-location database queries towards the slave WSDs.

· Control the operation of the slave WSDs in terms of which channels, bandwidths and what maximum transmit power they are allowed to use.

A master WSD shall stop transmitting and stop allowing the associated slave WSDs to transmit on a channel within the 470-790 MHz band immediately if it fails to repeat the database query within the frequency validity period.

A slave WSD shall be capable of

· Communicating with an associated master (e.g. Receipt, Acknowledge,…).  

· Receiving, at a minimum, instructions on frequency allocation and the allowed maximum transmit power for each allocated frequency from the master.

A slave WSD shall optionally also be able to

· Communicate to the master WSD, information on its location, its location accuracy, device type (including device identifier), etc.

A slave WSD unit shall not transmit within the 470-790 MHz band unless instructed to do so by the WSD master.

3.1 Technical information to be communicated to the geo-location database (from ECC Report 159, § 9.3.3) 
The following information needs to be communicated by the WSD to the geo-location database:
· Location (minimum requirement): The location is the current position of the WSD expressed in terms of geographical coordinates as determined by means of a geo-location method. It should be noted that the size of the “location” depends on the location accuracy of the device as shown in Figure 25.
· Location accuracy (minimum requirement): The location accuracy is the absolute accuracy, with which the geographical position of the WSD is determined. It is expressed in terms of an uncertainty radius around the location. This may include information on the vertical accuracy. Location accuracy could be taken into account by the database in providing information on available frequencies. This approach would also allow different device implementations and different approaches on how the location is determined. By doing this the device could get different frequency availability based on its technical characteristics and capable devices could benefit from their high location accuracy.  The location granularity of the database (pixel size) may need to be fine enough to be able to serve even the devices with the finest location accuracy.
· Device type (minimum requirement): Providing information about the type of device, such as the device class will allow information to be returned according to device capabilities and interference characteristics.  The database could then take into account its known transmission parameters in returning appropriate frequencies and allowed maximum transmission power.  Different classes of devices, with different technical characteristics, can exhibit different interference characteristics (e.g. antenna type, antenna height, type of technology and modulation) allowing different e.i.r.p. limits. For example, devices classes which would have good out-of-band emission characteristics might be able to transmit with higher power levels on some frequencies and/or locations. Defining device classes and their characteristics is a topic for standardization.

· Device ID/model (device model – minimum requirement, device ID – optional requirement): This information would be important e.g. in tracing reports of interferences and to potentially exclude certain devices/models. Applications of the latter would be e.g. reported causes of interferences or information that this particular model would not be able to adjust its sensing method to the new technology of the potential victim. On the other hand, a device ID may allow tracing of individual devices and monitoring user behaviour, causing potential privacy problems.  
· Expected area of operation (optional): The device could opt for downloading the information for an area. For example, if the device was aware of its speed of movement it might opt for a small radius in the case it was moving slowly or a larger radius when moving quickly. The area could also be defined as a polygon instead of a circle with a given radius. In the optimum case a moving device would not ask for frequency information in a large circle around it, but for an area towards the direction of the movement. This information is strongly related to the time interval the information by the database is valid. Being able to query the database for an area might also be relevant in some cases of master-slave operation.
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Figure X: Relation of database pixels to cognitive device locationing accuracy. “Location” of the WSD is always an area and may comprise of one or more database pixels

In the case of a master/slave WSD configuration, the above information will be obtained by the WSD master by requesting it from its associated slaves or deriving it by other reliable means (e.g., by network positioning methods for the position and accuracy and lookups of internally stored device type lists associated with the currently associated slaves). The information relevant to a query is provided to the database when the query is performed.

· Position determination accuracy when operating at a certain height (floor) above ground (Issue G6, no inputs so far)
· WSD reporting that they would use less than the maximum allowed power in the channel in question (Issue G5, no inputs so far)
3.2 Technical information to be communicated to the WSD (from ECC Report 159, § 9.3.4) 
The following information will be communicated by the geo-location database to the WSD:
· Available frequencies (minimum requirement) 
Available frequencies are the frequencies that could be used within the device’s location. Frequency information might be based on a particular bandwidth or alternatively might be provided as a start and end frequency. The frequency availability will be valid across an area comprising of one or more pixels, (where a pixel would be defined as a square of pre-determined dimension, (e.g. 100m x 100m). WSD that move outside the current pixel or set of pixels (including a certain safety radius taking into account location uncertainty), within which they know they are allowed to transmit, must re-consult the database to get information about their new location before they transmit again. 
· Maximum transmit power (minimum requirement) 

The maximum transmit power should be provided for each location, device class and channel assignment. 
· The appropriate national/regional database to consult (optional requirement). 

During roaming the device may have to move outside the area supported by the database it is currently consulting, e.g. to another country. In this case, the database may return information about which database to consult for available frequencies.
· Time of validity of the information provided(minimum requirement)
This parameter defines the time how long the available frequencies and the associated emission limits can be used without re-consultation by the WSD in its location or in the area the WSD addressed in its query. If the WSD needs available frequencies after the end of the validity time, or if it moves, it needs to re-consult the database.
The time of validity depends on the time dependency and usage pattern of the protected services and the nationally selected policy. Thus the values can be selected by the National Administrations.
· If sensing is required (optional requirement) 
This information flags the need of sensing in conjunction with the geo-location at a given frequency. This would allow flexibility in working with, for example, license exempt wireless microphones that operate in some countries without being registered in the database. If sensing is needed then the database could also return details of what type of device it is necessary to sense (e.g. “wireless microphone”) and the sensitivity level required in that country (e.g. “-110dBm”).

4. Technical aspects of the geo-location database management (from ECC Report 159, § 9.3.5.2)
There are several issues related to the geo-location database management:
· Technical information on services/systems to be protected

This information, that should be loaded into the database, could either be a set of transmitter parameters (including location, height, transmit power, etc.) or an area within which receiver locations might be situated or some combination of the two.
· Database update delay

Database update delay is the latency with which the database should be updated once protected services/systems provide a notice of a change in their assignments. If the assignment updates are provided electronically over the Internet the update delay may be very short. The assignments may be provided to each database directly, or distributed from one central database depending on the requirements set by the National Authority. In the latter case the update delay defines the latency met over the whole link of interconnected databases.
· Database update frequency

Database update frequency is the periodicity with which the database should be updated so that the information it contains remains valid. This will depend on the rate at which the assignments of the protected services/systems change and the notice provided. In general, protected services may need a rapid update as this will provide them with flexibility to make rapid changes to their assignments; this holds especially for PMSE and for DTT used in cases of events or field trials. WSD users, however, would prefer updates to be as infrequent as possible to avoid the overheads associated with database access. 
The type of protected services/systems and the speed with which they change their use of the spectrum may vary from country to country. In this case, the update frequency would need to be communicated to the WSD (likely along with the list of available frequencies) so that devices understood the update periodicity in use in their location. Devices would only be allowed to transmit on an available frequency for the duration of this periodicity. After that they would need to re-consult the database to find out if the frequency is still available and/or if there is any change in the associated transmit power level.
· Translation of the information provided to the database into the basic elements in the database 

The database would have to convert the information provided to the database into a list of allowed frequencies and associated transmit powers to WSDs. Hence, a translation must be performed between these two. 
It is clearly critical that this translation is performed appropriately. If it is not then there is a risk either of interference occurring to the protected services or of the  WSDs’ access to the spectrum being limited unnecessarily. 
The translation mechanism depends on the type of a protected service and its coverage information already available. The cases when a WSD in one country could potentially interfere with a protected service in a neighboring country should be taken into account in the translation process.
The database will provide a WSDs with a maximum power level that it can use in a given location and for a particular frequency range. In arriving at these data, the algorithms employed need to ensure that a device in that location – plus a certain area of location uncertainty – transmitting with the given power level will not cause harmful interference to a protected service.
Interference to a licensed use will occur at the receiver of the services to be protected. Hence, the algorithms need to understand the possible location of receivers, the level of interfering signal they can tolerate before the interference becomes harmful and the propagation loss between the WSD and the receiver. If all these are known perfectly then the WSD transmit power can readily be determined. 
· Example of a translation process for the protection of DTT
Examples of a translation process for the protection of DTT are given in ANNEX 10 as follows:

· An example algorithm that can be implemented for the protection of DTT according to the methodology described in Section 4.3.2.3 is provided in the Annex A.10.1.

· An example of a translation process for the protection of DTT for the case of a master/slave configuration with low complexity is given in Annex A.10.2
· An example of a translation process for the protection of DTT for the case of master/slave configuration that allows control of the aggregated interference at critical positions is given in Annex A.10.3
· Considerations on the implementation of the geo-location process  for the protection of PMSE
For PMSE, there are two categories of concerns; logistical and technical. On the logistical side, it is crucial that PMSE users who need interference protection can conveniently register their locations in the database. The registration process must be straightforward and easy to complete so that it can be done quickly. This will be especially important for users whose plans must change suddenly or which operate systems which have a nationwide (general) license.
There are several technical challenges that are of interest to PMSE users. One is the way how the location of the PMSE equipment is to be registered. If the equipment works in a certain location, a street address is usually known, but not necessarily the coordinates. Another issue is the determination of an operational area if the PMSE equipment is not in a certain “fixed” location. A third issue is that the PMSE equipment location may change in a short time.
The question of how frequently the database should be updated, and how often WSD should query it is of great interest to PMSE users. This is in particular true for PMSE applications TV-productions and Electronic News Gathering.
The protection zone approach could be used in connection with any registered PMSE. This zone is drawn around the PMSE receiving antennas.
5. Translation process for the protection of different services 

5.1 Protection of the broadcasting service in the band 470-790 MHz 

5.1.1 Methodologies to calculate location-specific WSD power levels (From ECC Report 159 § 4.3.2, § 7 of WD1)

Section 4.3.2. of ECC Report 159 assumes that the calculation of regulatory emission limits for an autonomous WSD for operation in DTT bands has to be based on worst-case geometries between the interfering WSD and the victim DTT receiver. Consequently, adequate protection of the DTT service can result in very stringent (i.e. low) regulatory emission limits for the WSD.

It is, however, generally understood that the extent of harmful interference to a DTT receiver is significantly influenced by the quality of the DTT coverage in the geographical area of interest.

Also, ECC Report 159 presents a methodology of calculating the WSD in-block, as well out-of-block, emission limits for a specific degradation in location probability.
For WSD in-block emission limit, the following approach was taken:
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(4.3-5)

Where:

· WSD operates at a frequency [image: image4.wmf]f
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is the WSD-BS protection ratio for a given frequency offset

· coupling gain, [image: image13.wmf]G

, which includes path loss, receiver antenna gain, as well as receiver antenna angular and polarisation discrimination, and is typically modelled as a Gaussian random variable with a median value,  , and a standard deviation.
In Annex A7 of the ECC Report 159 the following equation was used:
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Where:

· Z=Ps-U, a Gaussian random variable with a median value, 
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 is a safety margin set by the database to provide an additional margin of protection to DTT services.;
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For WSD out-off-block emission limit:
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(4.3-6) protection ratio is a function of both the spectral leakage of the WSD transmitter and the spectral selectivity of the DTT receiver

By definition, the maximum permitted WSD out-of-block emission level is given (in the logarithmic domain) as
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The following items were identified, in the ECC Report 159, to be further analyzed, and from WGSE was given a high priority to the issue: “Identification of a common set of the parameters defined in the methodology described in § 4.3.2 and recalled in Annex 10 (§ A.10.4) to calculate location specific WSD power levels is required”.

5.1.1.1 Alternative methods to specify the local-specific output power level of WSDs (in response to G3): 
ECC Report 159 considers the need to developed alternative methods - to specify the local-specific output power level of WSDs  - that would address the potential aggregate interference from various WSD transmitters taking into account the number of active WSDs and satisfying the requirements of both incumbent service protection and obtaining maximized output power of WSDs.

Area base vs pixel 
[TBD]

Multiple interference assessment

The database can readily compute the maximum permitted WSD in-block and out-of-block EIRPs given by 
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and as described in Section 4.3.2.3.1 and Equations (A.7.2.2). Needless to say, the out-of-block EIRP calculation is not applicable to co-channel interference scenarios.

The following elements should be considered to determine the IM value for the WSD network capacity under the incumbent service protection. 

(1) Fixed/Predetermined IM value setting based on the potential maximum number of interferes in each operational frequency in a given area at the same time which  is defined as follows:
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(2) Flexible IM value setting based on the maximum number of active/actual interferes in each operational frequency in a given area at the same time which   is defined as follows:
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(3) Minimized IM value setting based on the intrinsic feature of each active interferer in each operational frequency of WSD in a given area at the same time which is defined as follows:
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where: 
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: Potential maximum number of interferes (3 dB corresponds to 2 interferes, 5 dB – 3 interferes, 6 dB – 4 interferes);
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7.3. Location probability

The approximation method for calculation of the permissible WSD EIRP in case of geo-location database operation presented in ECC Report 159, Annex 7, overestimates the permissible WSD EIRP due to a mathematical flaw, and thus may lead to significant violation of the criterion for harmful interference to TV reception.

The contribution SE43(11)52 investigates the cause of this violation probability and proposes a modified approximate method under the umbrella of the framework provided by ECC Report 159, which gives a more reliable estimate of the permissible power without additional computational complexity. The performance of the proposed method is evaluated via Monte Carlo simulation.
5.1.2
Protection requirements of the broadcasting service

5.1.2.1 Dependency of location probability on antenna installations and reception modes
The calculation of the location probability during network planning of broadcasting services is carried out on the basis of several assumptions forming a special framework. One element is the consideration of the receiving conditions. Usually, it is distinguished between reception modes such as fixed, portable outdoor and portable indoor reception. These are characterized by certain parameters describing the receiver performance including the antenna characteristics. Making a calculation for fixed reception means to employ a certain standard configuration. 

However, listeners and viewers of broadcasting programmes are not obliged to use receivers and antenna installations as they are assumed for the calculation of the location probability as a measure for the quality of service. It is well-known fact that inside the coverage area of a transmitter that for example was planned for fixed reception, two aspects are important for broadcasters in their attempt to protect their services. These are:

· Moving from the coverage edge of a transmitter that was planned for fixed reception towards the transmitter site, first portable outdoor and later portable indoor become feasible due to the increasing field strength provided. As a matter of fact, listeners and viewers are making use of these reception modes.

· Furthermore, at the same time the excess of field strength closer to the transmitter site allows to receive broadcasting services with a fixed reception antenna installation which has only poor performance due to mis-alignment of the antenna with respect to the transmitter location or signal degradation due to unprofessionally installed antenna feeds.

If these conditions would be taken into consideration when calculating the location probability for a given pixel then lower values would result than derived on the basis of the standard configuration used for planning purposes. Additional interference imposed by WSD might not have a great impact on standard receiving conditions. However, listeners and viewers enjoying broadcasting content under the conditions described above could have to cope with significant service quality degradation.
Thus, in practice more than one location probabilities would need to be associated with any given pixel in principle in order to grasp all these situations. This means that if a broadcasting service is planned according to given conditions such as planning for fixed reception, then inside the coverage area for a given pixel a high location probability may be found, e.g. even 100%. But using different receiving conditions for the same pixel under else equal conditions may result in a significantly lower location probability.
5.1.2.2
Coverage Assessment of Broadcasting Services
Assessing the impact of interference from broadcasting or other telecommunication services into the broadcasting services is carried out on the basis of some simple principles. Even though these principles are widely known for a very long time and are permanently applied on a daily basis, there seem to be different perceptions with regard to the interpretation of certain elements of the methodology. This becomes in particular important in relation to the introduction of new non-broadcasting services in the broadcasting frequency bands.
Irrespective of the reception mode for which a given broadcasting transmitter has been planned for, different receiving conditions can be encountered throughout the coverage area of this transmitter. That means that for example around a transmitter which is intended to provide fixed reception, there will always be (smaller) areas where portable outdoor and portable indoor reception is feasible. This is known to broadcasters and constitutes an integral part of their network planning strategy. As consequence, broadcasters need to protect all these reception modes throughout the respective coverage areas.
Different countries have different regulatory frameworks when it comes to issuing licenses for spectrum usage. Public Service Broadcasters (PSB) usually have special coverage obligations that in the first place bind them to provide their services throughout the entire territory of their country, in other words they have to cover 100 % of the area. Further obligations are quite often associated to the coverage of a high percentage of the population if not all the population. Broadcasters have to provide evidence if these objectives are met. To this end, coverage calculations are performed in order to determine the covered area or the portion of the population that is covered.
The following elements are crucial in the process of evaluating the achieved coverage:
1. Target Coverage Area

In particular PSBs are obliged to cover a given target area, such as an entire country or a region thereof completely, i.e. a 100 % coverage of the target area has to be achieved. For commercial broadcasters this is usually different. However, in general there is an obligation to cover a certain area or to achieve a specified population coverage within a given area. 

2. Planning Parameters and Planning Approaches

Calculations are carried out in order to design the transmitter networks to comply with the regulatory constraints. These calculations rest on an agreed planning methodology including wave propagation models (e.g. ITU-R Rec. P.1546), service and protection requirements (e.g. link budgets, protection ratios, receiving conditions, etc.) and methods to derive parameters that allow a meaningful quantification of the service quality at a given location (e.g. location probability).  

3. Coverage Calculation

In order to determine the coverage of a given network, wave propagation models are employed to predict the field strength of wanted and interfering fields at given locations. However, the spatial resolution for all wave propagation models used in broadcasting planning is limited. This means that reliable field strength predictions can only be given for points separated by a minimum distance of 100m. Under special conditions a resolution of 50m can be reached.

It is known that the field strength varies over a distance of 100m in a characteristic way due to shadow fading. Since this variation cannot be predicted as a consequence of the limited resolution of the wave propagation models at hand, statistical methods are employed to capture this behaviour To this end, the target coverage area is subdivided into a set of small pixel areas. These pixels can have different sizes depending on the granularity of the coverage analysis and the resolution of the wave propagation model. Typical values are 100 m * 100 m up to 1000 m * 1000 m. For each of the pixels a field strength value is predicted with the help of the wave propagation model at hand. The variation of the field strength throughout the pixel area is assumed to follow a defined distribution function (usually log-normal). The mean value of the distribution is assumed to be equal to the predicted field strength value for this pixel. Further assumptions on the standard deviation of the distribution are made. Then, the probability is calculated that a given minimum field strength or a certain ratio between wanted and interfering fields is exceeded. This probability corresponds to the location probability for that pixel. It has to be interpreted as the fraction of locations within the pixel area in which the broadcasting service can be received without problems. 

4. Coverage Assessment

For each broadcasting service a required location probability is defined that has to be reached in each pixel. Typical values for this required location probability are 99% (mobile reception), 95% (portable reception) or 70% (fixed reception). After the calculation of the location probability for all pixels in the target coverage area, each pixel is classified either as being covered or not being covered. The label “being covered” is attached if the calculated location probability in a pixel is equal or larger than the required location probability. If it is less than the required value then the pixel is considered as not being covered. Based on these individual decisions the coverage obligation, i.e. full coverage of the target area, is analysed. There are at least two different approaches for this. In both cases the values of location probabilities of the pixels are modified according to given criteria. 

Approach 1: B/W counting
The location probabilities of the pixels are either set to one or zero, depending on whether they are labelled as covered or not covered.

Approach 2: Proportional counting
The location probability of all pixels not covered is set to zero. The others are left unchanged. 

After the modification of the location probabilities of the pixels all location probabilities are averaged over the entire set of pixels constituting the target coverage area. This gives the total area coverage. 

5. Population Coverage

A further level of coverage analysis is often carried out or even demanded by the licenses issued by national regulators. This refers to calculating the fraction of covered population. To this end, a population data base has to be employed from which a number of inhabitants living within the area of a pixel can be deduced. Hence, each pixel is associated with a corresponding number of people. Sometimes, instead of inhabitants the number of households is used. The results are different then, however, the principle of the analysis remains the same. Again, the two approaches mentioned above can be used. 

Approach 1: B/W counting
If the location probability of a pixel is one then the number of inhabitants associated with this pixel is attached to the pixel. If the location probability of a pixel is zero then the number of people for that pixel is set to zero as well.

Approach 2: Proportional counting
If the location probability of a pixel is zero then the number of people for that pixel is set to zero as well. If the location probability is not zero than the number of people covered people in this pixel is calculated by multiplying the number of people of the pixel with its location probability.

In both approaches the numbers of inhabitants associated after the modifications are summed to give the total number of inhabitants covered throughout the target coverage area.

B/W counting (Approach 1) is applied in many European countries both in terms of network planning and as part of the licenses for terrestrial broadcasting networks when checking coverage obligations. But also for the purpose of analysing the interference imposed by one broadcasting service onto another one, B/W counting is employed in different countries in Europe. 

Nevertheless, it is also quite common to use proportional counting when a more refined analysis is required. This applies especially to situations where detailed information about the number of people or households expected to be impaired is sought. In particular, in the case of non-broadcasting services interfering broadcasting services proportional counting proves to be the preferred method of analysing the coverage and interference calculations.

5.1.3
Harmonized parameters to calculate location specific WSD power levels (Issue B1, § 3.1 of WD1)
When extending the basic methodology of the ECC report 159 to calculate the WSD maximum power levels the following items could be considered:
· The proper approach to the required interference protection taken statistics and likely scenarios into account;
· The calculations are providing protection of DTT reception by considering worst case scenarios. If different margins are taken into account, by reflecting more realistic scenarios, do the conclusions differ so much in terms of power limits?
· What is the appropriate degradation in location probability (%)? Could this degradation be variable over the service area? What would be a reasonable degradation percentage taken the total service area and all receivers into account?
· The aggregated interference should be analyzed, considering a number of WSDs, their positions in the reference geometry, statistical distribution of locations and temporal variations.
· The consideration of the probability of occurrence of spatial geometries between WSDs and DTT-Rxs for the definition of a reference configuration used to calculate the maximum WSD transmit power; in different morphological areas, different maximum WSD transmit power could be defined;
· The consideration of the effect of directional WSD antennas.

In response to the questions above, proposals (in Documents SE43(11)12 and SE43(11)87) were submitted to to define a common set of parameters for the calculation of the location specific WSD power levels. This allows deriving a set of maximum figures for power levels for fixed WSD and for portable outdoor WSD.

· 
·  
[



Excessive values of I/N are reached within DTT coverage areas if adjacent channel WSDs are not subject to eirp limits. Setting a fixed (or variable, dependent on the existing LP) values of (LP leads to increased values of I/N potentially up to I/N = 60 dB, or more. It should be noted that the higher reception margin available for the DTT receivers located closer to the DTT transmitter are to a large extent consumed by the fact that the receiver installations have lower performances in these areas and that users make use of this margin to receive with portable outdoor and portable indoor receivers. It is not sensible to consider that this reception margin can be consumed to allow higher interfering levels.

A very stringent approach would consist in setting a fixed limit of I/N, as is done for other services in adjacent bands (e.g. I/N = -20 dB, or I/N = -10 dB, or I/N = -6 dB). The proposed approach in this contribution offers a flexible solution, by proposing a fixed value for the (LP, but considering nevertheless the real potential of portable outdoor and indoor reception and their protection requirements.
Based on these considerations, the proposed harmonised methodology and parameters are as follows:

· The calculation is made according to the methodology described in Report 159, and scenarios presented in Annex A4 (cf. Interference geometries for each type of WSD and each DTT reception mode);
· Limiting the location probability degradation to 0.1% everywhere in the coverage area of the DTT transmitter. Proposals for relaxing the degradation probability (ΔLP) according to the quality of the DTT signal in a given location (see contribution SE43(11) 66) are also being discussed, given that this increases the opportunities of operation of WSD . However, it should be noted that such relaxation needs to be carefully assessed;
· Protecting the three mode of reception progressively from the edge of the coverage inwards. The switch to each mode is made as function of the wanted field strength level by referring to the thresholds of field strength above which a given mode of reception is possible (Going from fixed roof top to portable outdoor to portable indoor);
· Limiting the e.i.r.p to a maximum level defined by the overloading threshold corresponding to each interference scenario and channel adjacency;
· Taking account of multiple interference from UE WSD by assuming that 3 equivalent UE WSDs are contributing to the interference to DTT coverage when adjacent channels are used (Annex A5 presents the basis of this assumption);
· Taking account of multiple interference from fixed WSD, if N Fixed WSD transmissions are made from a common WSD transmit antenna, then the eirp limits indicated above must be reduced by a factor 10 log N.
· 
· For the DTTB receive antenna (for fixed reception scenarios), ITU-R Rec. 419 has been used hitherto in SE43 studies to define the reference DTTB receive antenna pattern, for both horizontal and vertical radiation pattern:
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· In order to determine maximum EIRP levels for new (‘high tower’- see scenarios 6 and 7 of Annex A4) it is necessary to have suitable reference vertical antenna patterns for the WSD transmit antenna:

For compatibility studies, the base station WSD antenna vertical and horizontal patterns derived from ITU-R F.1336-2
 have been suggested. The vertical pattern is shown in Figure 3. The largest attenuation for any vertical angle is 22.5 dB.
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Vertical WSD base station antenna pattern
· 
· 
· 


· 
· 
Another submitted contribution (Document SE43(11)11) noted that the methodology of EIRP calculation of WSD in Report 159 is based on the prediction of location probability of DTT coverage. The location probability depends on the predicted level of the DTT signal and consequently on the propagation model used. The maximum EIRP of the WSD will then be derived from the predicted median field strength. If this predicted field strength is over-estimated, due to the imprecision of the field strength prediction model, or the inaccuracy of the transmitter characteristics, the resulting power assigned to the WSD may be too high and consequently may cause interference. The prediction error can be as large as 20 dB as contribution SE43(11)11 have shown. Contribution SE3(11)21 was submitted which presents other figures. As a general conclusion, it is felt that administrations could take this question onboard when performing the calculations.

5.1.4
Application of the methodology
The maximum WSD eirp limits have been derived in section 2.2 and 2.3 for the 2nd adjacent channel WSD interference case. They are determined in part by the relevant protection ratios, the ambient wanted field strength levels, and the overload thresholds. In particular, the protection of all modes of DTT reception have been considered: fixed outdoor reception, portable outdoor and portable indoor.

Similar calculations can be carried out for each channel adjacency configuration.

DTT viewers will depend on the fixed means of reception in all parts of the DTT coverage area. DTT viewers in those parts of the DTT coverage area where portable outdoor or indoor reception is possible (i.e. where sufficiently high levels of wanted field strength occur) will also expect to have ‘interference free’ access to available DTT services whether administrations foresee the required protection or not.

In future, it is expected that the use of mobile DTT receivers will increase significantly. Potential DTT viewers of a primary service, by whatever means of delivery (fixed reception, portable outdoor reception, or portable indoor reception) must be assured an interference free reception possibility, with potential interference by a non-licensed non-allocated service not exceeding the (LP = 0.1% level.
The following WSD eirp limits and the related method of calculation are proposed for discussion and possible approval by SE43.

The following EIRP limits (Pt_max) are established for fixed WSD installations with a 10 m antenna height and for UE WSD (at 10 m, protecting fixed DTT or 1.5 m, protecting PO or PI DTT). The limits are based on a “0.1%” criterion which means that the interference to fixed, portable outdoor, and portable indoor DTT reception at a 20 m lateral separation will be restricted to a 0.1% degradation to the noise-limited location probability. 

These limits can be expressed as the minimum of Pt_max_PR and Pt_max_Oth, which can be expressed as follows in terms of 

A) the relevant protection ratio, PR:

Pt_max_PR = X – PR

where 

PR is the relevant protection ratio (e.g. PR = -30 dB for 1st adjacent channel interference would lead to X – (-30) = X + 30

and 



X is the maximum WSD EIRP with respect to a 0 dB protection ratio.

The ‘X-factor’ is displayed in Figure a) for fixed WSDs and in Figure b) for UE WSDs for wanted field strength values lying between 56.21 dBµV/m and 125.21 dBµV/m.
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      X = maximum WSD EIRP relative to PR = 0 dB

Field strength at 10 m (dBV/m)             X (dBm)

               56.21                                     -48.8

               63.66                                     -36.1

               78.21                                     -36.1

               81.14                                     -32.0

               87.95                                     -32.0

              125.21                                       8.8


Figure a): The “X-factor” for determining fixed WSD EIRP limits
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           X = Max UE eirp relative to PR = 0 dB

Field strength (dBV/m) at 10 m agl          P

t

 (dBm)

                 56.21                                       -52.2

                 78.21                                       -67.2

                 81.10                                       -63.3

                 87.95                                       -63.3

                125.21                                      -21.8

 
Figure b): The “X-factor” for determining UE WSD EIRP limits

Note that the values indicated in the Figures a) and b) will be cut off by the relevant overload threshold values associated with the interfering channel adjacency.
B) the relevant overload threshold, Oth:
It is seen in Figures a) and b) that the fixed and UE WSD eirp limits can rise almost without limit. However, before the WSD eirp level becomes too high, the nearby DTT receiver will become overloaded. This must determine the limiting eirp criterion:

Pt_max_Oth = minimum (Pt_max_Oth_F, Pt_max_Oth_PO, Pt_max_Oth_PI),

Fixed WSDs

Oth is the relevant overload threshold (e.g. Oth_F = -8 dBm for 2nd adjacent channel interference, fixed DTT reception)

and

 
Pt_max_Oth_F
= Oth_F    +   37.8     (protecting fixed DTT receivers)

Pt_max_Oth_PO
= Oth_PO  +   52.5     (protecting PO DTT receivers)

Pt_max_Oth_PI
= Oth_PI   +   51.2     (protecting PI DTT receivers)

For the overload threshold value given in Report 159 for fixed WSD transmissions the following fixed WSD limits are determined, as shown in Figure c). The minimum of the two ‘step-curves’ determines the maximum WSD eirp for any channel edge separation. It can be seen that about 33 dBm would be the absolute maximum fixed WSD eirp.
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Figure c): Fixed WSD eirp limits as a function of overload and channel edge separation
UE WSDs

Oth is the relevant overload threshold (e.g. Oth_F = -31 and -47 dBm for 2nd adjacent channel interference, fixed DTT reception)

and

 
Pt_max_Oth_F
= Oth_F      +   34.8     (protecting fixed DTT receivers)

Pt_max_Oth_PO
= Oth_PO    +   21.8     (protecting PO DTT receivers)

Pt_max_Oth_PI
= Oth_PI     +   20.48      (protecting PI DTT receivers)

For the overload threshold values given in Report 159 for UE WSD transmissions the following fixed WSD limits are determined, as shown in Figure d). The minimum of the two ‘step-curves’ determines the maximum WSD eirp for any channel edge separation. It can be seen that about 11.8 dBm would be the absolute maximum UE WSD eirp protecting fixed DTT reception, and about -2.2 dBm would be the absolute maximum UE WSD eirp protecting portable DTT reception.

Note that these values would be reduced if the UE protection ratios involving TPC-on were taken into account.
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Figure d): UE eirp limits as a function of overload and channel edge separation
Example of application:

2nd adjacent channel adjacency FIXED WSD eirp limits, assumed PR=-40 dB

In order to ensure that no DTT reception mode will be interfered with, the following restrictions (“mask”) on the maximum FIXED WSD eirp, shown in Figure e), must be observed (derived from the eirp ‘envelope’ in Figure a) and the limits in figure c) for 2nd adjacent channel.

[image: image52.emf]56.21 61.21 66.21 71.21 76.21 81.21 86.21 91.21 96.21 101.21 106.21 111.21 116.21 121.21125.21

-10

-5

0

5

10

15

20

25

30

Wanted field strength (dBV/m) at 10 m agl

WSD eirp (dBm)

WSD EIRP Limits vs. Wanted Field Strength Levels

 

 

 Field Strength (at 10 m)       P

t

           (dBV/m)                 (dBm)

             56.21                     -8.8

             63.66                      3.9

             78.21                      3.9

             81.14                      8.0

             87.95                      8.0

           107.30                     29.2

Protects 

O

th

Protects  

Fixed   

Protects  

PO

Protects 

PI


Figure e) FIXED WSD eirp limits as a function of wanted field strength (PR = -40 dB)

2nd adjacent channel adjacency UE WSD eirp limits, assumed PR=-40 dB

In order to ensure that no DTT reception mode will be interfered with, the following restrictions (“mask”) on the maximum UE WSD eirp, shown in Figure f), must be observed (derived from the eirp ‘envelope’ in Figure b) and the limits in figure d) for the 2nd adjacent channel.
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Figure f) UE WSD eirp limits as a function of wanted field strength (PR = -40 dB, varied Oth)
5.2 Protection of PMSE in the band 470-790 MHz 

(From ECC Report 159 § 5.4, + new studies are necessary)

PMSE (Programme Making and Special Events) is a term covering many different wireless production systems operating in a number of frequency bands. For this report we focus on devices using the band 470-862 MHz, also referred to as professional wireless microphone systems (PWMS).
PWMS includes wireless microphones (typically hand-held or body-worn devices), In-Ear Monitoring (IEMs) and other audio systems including fixed point to point links for programme contribution feeds.
There is no single scenario which describes the diverse usage of PMSE. Compatibility and sharing studies must consider various possible scenarios. The parameters required for a geo-location approach will also be dependent upon the PMSE application and usage scenario. For example, an outdoor event, using receive antennas at elevated height, will require a larger exclusion zone than an indoor application.
Typical use cases for PMSE include indoor and outdoor applications at antenna heights ranging from 1.5m to 10, or even 30m in some cases. Receive and transmit antennas may be fixed or mobile

From the geo-location point of view the two main scenarios for PMSE are

· Stationary site, such as a theatre, studio or a concert hall/stadium: in this category PMSE could be used either outdoors or indoors, but typically the locations would cover a building or a few buildings or a limited area. Typically these sites stay in the same location and PMSE is used daily or frequently. 

· Temporary sites such as an exhibition, sports event, interview at a location related to TV Programme making, etc. In this case the PMSE could also be used either indoors or outdoors, in fixed or mobile manner. The nature of this use is temporary.

The stationary sites could relatively easily be registered in a database, but there may be changes in the use of microphones within the site that may need to be registered. A simple approach to protect the site would be to define a protection zone around the sites. The exact location of the stationary sites can also be defined relatively easily, coordinates could be used, or an address.
Registration of the temporary sites would be a frequent task, thus an easy registration procedure should be employed. 
5.3 Protection of RAS in the band 608-614 MHz 

(relevant parts from ECC Report 159 § 6)

Potential deployment of WS devices in the band 470-790 MHz is conditioned by the necessity to protect incumbent radio services/systems in this band. 
In the frequency range 608-614 MHz (TV Channel 38) there is a secondary allocation to the RAS used for observations in a number of European countries
. The use of this band for RAS is also addressed in footnote 5.149 of the ITU RR
.
ECC Report has an interference analysis between RAS and WSDs in order to address the potentiality of deployment of WSDs in the frequency range 608-614 MHz.
It has been shown that the separation distances depend largely on the type of RAS observations and on the radiated power of the WSDs.
Regarding the usage of TV Channel 38 the following is recommended:

· for autonomous WSDs: TV Channel 38 should be entirely excluded from the operational frequencies of WSDs in order to protect adequately the RAS, which is a passive service. This requirement can be relaxed provided the device is aware of its geographical location and the regulation of the country it is located allows the use of this channel;

· for WSDs controlled by a geo-location database: Noting that the separation distances can go beyond the national borders of some European countries and thus can not be regulated by an administration concerned, the use of TV Channel 38 will be subject to one of the two following options:

· Should the database management be performed centralized on a European level, the exclusion zones can be defined for each RAS site on the basis of the results presented
.

· Should the database management be performed on a national level, the use of TV channel 38 is subject to bilateral/multilateral agreements. 

Regarding the usage of TV Channel 37 and 39 the following is recommended:

· for autonomous WSDs: TV Channels 37 and 39 should be entirely excluded from the operational frequencies of WSDs in order to protect adequately the RAS, which is a passive service. This requirement can be relaxed provided the device is aware of its geographical location and the regulation of the country it is located allows the use of this channel;
· for WSDs controlled by a geo-location database: Exclusion zones can be defined for each RAS site on the basis of the results presented
. 
5.4 Protection of ARNS in the band 645-790 MHz 

(relevant parts from Issue E1, no inputs so far)

5.5 Protection of services in the bands adjacent to 470-790 MHz 

(relevant parts from Issue F1, § 6 of WD1)
(Copied to the 

Complementary Report to ECC Report 159 on Further Definition Of Technical And Operational Requirements For The Operation Of White Space Devices In The Band 470-790 Mhz)
6. Master/slave concept (Issue G2)
(no inputs so far)
7. Combined sensing and geo-location (Issue G4, § 2 of WD1)
7.1 Methodology (§ 2.1 of WD1)
The spectrum sensing can be used to support the detection of incumbent radio services conducted using the geo-location database. Such a combined technique to compute the white space spectrum has the following advantages:
· It reduces the risk of interference compared to cases when either sensing only or geo-location only techniques are used;

· It allows detection of services/systems  that are not registered in the database;

· It allows using sensing devices  which do not meet the required standalone sensitivity requirements because of practical implementation reasons.

The conclusion on the channel occupancy as derived on the basis of spectrum sensing only (DS(T)) can be presented as given in Table 9.1.

	Flag
	Conclusion

	DS(T) = 1
	The detected power is equal or higher than the detection threshold T. Hence the channel is occupied.

	DS(T) = 0
	The detected power is below the detection threshold T. Hence the channel is vacant.


Table 2.1: Channel occupancy based on spectrum sensing only
Similarly, the conclusion on the location of a WSD relative to the protected service contour as derived on the basis of geo-location only (DG) can be presented as given in Table 9.2.  

	Flag
	Conclusion

	DG = 1
	The WSD is within the protected service contour. Hence the channel is occupied.

	DG = 0
	The WSD is outside the protected service contour. Hence the channel is vacant.


Table 2.2: Channel occupancy based on geo-location only
When combining geo-location information with sensing results, the conclusion on the channel occupancy can be presented as given in Table 2.3.

	Geo-location flag
	Sensing flag
	Conclusion

	DG = 1
	DS(T) = 1
	The channel is occupied.

	DG = 1
	DS(T) = 0
	The channel is occupied.

	DG = 0
	DS(T) = 1
	The channel is occupied.

	DG = 0
	DS(T) = 0
	The channel is vacant.


Table 2.3: Channel occupancy based on combined detection
Figure 2.1 below shows the flow chart of decision in line with Table 2.3 and introduces the notion of Required sensing Threshold
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Because both geo-location facilities and WSD sensing are ‘imperfect’, there is the possibility, using either (or both) technique(s), of arriving at
i) a ‘false-vacancy-detection’, i.e. the indication that the DTT channel is not being used when in fact it is occupied, or
ii) a ‘false-occupancy-detection’, i.e. the indication that the DTT channel is occupied when in fact it is not being used.

Both geo-location and WSD sensing decisions will have more likelihood of error in areas where the DTT field strength is low, and DTT reception is most likely to be degraded. Thus it is necessary to use both geo-location and WSD sensing capabilities to their fullest extent.
In order to discuss the consequences of using an imperfect sensing device in terms of false-vacancy-detection and false-occupancy-detection decisions, two entities related to sensing are defined:
1- The actual sensitivity of the device: This expresses the physical capability of the sensor to recognize the wanted signals with low levels. It can be defined in terms of a signal level associated with a probability of good detection (see for example ”Figure 7” in Annex A1).
2- The sensing threshold: This is a level which is arbitrarily set to be used as a criterion to decide whether the signal is considered present or not.

The required sensitivity should ideally be equal to the lowest level that corresponds to the presence of a useable signal in the configuration being considered. Example, for a portable indoor sensing device that has to detect a DTT signal received with a roof top antenna, its sensitivity should ideally be as low as -140 dBm (see ECC Report 159, Table 3, second column).
Practical implementation of sensors with such a low sensitivity is very challenging, if not impossible for the time being, as is shown in Section 1 above. Referring to ”Figure 7” of Annex A1, the actual measured sensitivity of a practical sensor is -117dBm with 100% probability of detection and -127 dBm with 5% probability of detection (the simulated sensitivity is -122dBm with 100%probability of detection and -133 dBm with 5% probability of detection).
Using the practical example of implementation described in Section 1 and in Annex A1, it is demonstrated in Annex A2 that:
· Increasing the WSD sensing threshold can lead to an increased number of ‘false-vacancy-detections’, which would lead to an increased number of interference situations for DTT reception;
· Conversely, the probability of ‘false-occupancy-detections’ would decrease with increasing WSD sensing threshold, which would lead to more spectrum available for the WSDs.

The increase in the average probability for false-vacancy-detections for receive signals in the lower power region (in our example, in the interval [-140 dBm, -115 dBm]) is greater than the decrease in probability for false-occupancy-detections. It is most important that the ‘false-vacancy-detections' be kept to a minimum, in order to keep interference to DTT reception to a minimum.

For the practical sensor considered and the range of signals to be detected in the example, the sensing threshold can be set at -127dBm (instead of -140dBm) as this corresponds to the point where the probability of “false-vacancy-detections" starts to increase rapidly.  (Ed. Note: Is it possible to generalize this example to all sensing scenarios?)

Such a sensing threshold level would not be usable in an autonomous operation as it has a [70%] chance to give a false-vacancy-detection (see Figure 3 in Annex A2). However, if used in combination with geo-location and using the decision algorithm described above it offers an additional check, giving an overall probability of false-vacancy-detections lower than the individual probabilities of false-vacancy-detections of each method (geo-location or sensing) used autonomously.

Based on the above there may be some scope for administrations to increase the detection thresholds with respect to their values derived for WSDs with spectrum sensing only capabilities in order to take into account the practical implementation constraints.

However, a relaxation in the detection threshold, if imposed for practical implementation reasons, would only apply for incumbent services/systems that are registered in the database. For incumbent services/systems that might operate without being registered in the database the sensitivity level for WSD standalone operation will need to be preserved. As already suggested in § 9.3.4 of ECC Report 159, the geo-location database may require the WSD to sense in conjunction with the geo-location at a given frequency. In this case, the database may also provide the WSD with information on the type of services/systems to be sensed as well as with sensitivity levels required for this purpose.
Further investigations for the possibility of relaxation as well as an amount of this relaxation and exact conditions are needed.

7.2 Algorithm (§ 2.2 of WD1)
The combination of sensing with geo-location can be used in the following operational architectures:

· Single WSD. The device has access to a geo-location database and is equipped with spectrum sensing capabilities. 

· Master/Slave WSDs. The master WSD has access to a geo-location database and is not necessary equipped with spectrum sensing capabilities. The slave WSD is equipped with spectrum sensing capabilities and does not access the database itself.  

The algorithm of information exchange with the geo-location database under the combined detection approach for both single WSDs and Master/Slave WSDs is presented in Figure 2.2 and Figure 2.3, respectively.
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	Figure 2.2 Operational algorithm for the combined detection approach in a single WSD.
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	Figure 2.3 Operational algorithm for the combined detection approach in Master/Slave WSDs.
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� The reference sensitivity level of a receiver is the minimum wanted signal power for which the receiver can operate correctly in a noise-limited environment.


� Note that the antenna patterns given by Rec. 1336 are intended to be used for coordination studies and for interference assessment, .e.g, between 2 primary services.


� 5.306	Additional allocation:  in Region 1, except in the African Broadcasting Area (see Nos. 5.10 to 5.13), and in Region 3, the band 608-614 MHz is also allocated to the radio astronomy service on a secondary basis.


� According to 5.149, “administrations are urged to take all practicable steps to protect the radio astronomy service operating in the band 608-614 MHz from harmful interference. Emissions from space borne or airborne stations can be particularly serious sources of interference to the radio astronomy service (see Nos. 4.5 and 4.6 and Article 29).”


� For example, for a RAS site employing ‘Single dish’ observation mode, the exclusion radius should be of around 350 km for WSD power levels (ERP) reaching (but not exceeding) 1 W.


� For example, for a RAS site employing ‘Single dish’ observation mode, the exclusion radius should be of around 31 km for WSD power levels (ERP) reaching (but not exceeding) 1 W.





_1376819676.unknown

_1377702049.unknown

_1377709381.unknown

_1377710712.unknown

_1377713858.unknown

_1377713859.unknown

_1377713351.unknown

_1377709459.unknown

_1377709471.unknown

_1377702551.unknown

_1376920899.unknown

_1377693676.unknown

_1377693764.unknown

_1377071626.unknown

_1376907991.unknown

_1376914603.unknown

_1376907599.unknown

_1372223587.unknown

_1372223589.unknown

_1376816013.unknown

_1376816016.unknown

_1376818310.unknown

_1372223591.unknown

_1376816006.unknown

_1372223588.unknown

_1372223585.unknown

_1372223586.unknown

_1372223584.unknown

