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[bookmark: _Toc319191393]Introduction

It is generally understood that any potential deployment of cognitive radio systems in the white space spectrum that can exist in any frequency band will need to ensure the protection of the incumbent radio services[footnoteRef:1], both in band and in adjacent bands. White space devices (WSDs) are devices that can use white space spectrum and meet the above requirement by employing required cognitive capabilities. [1:  See § 2.4 of ECC Report 159 for definition of incumbent services/systems in the band 470-790 MHz.] 


Following CEPT Report 24 [1], the frequency range 470-790 MHz was considered as a candidate band for a WSD usage. The first step towards formulating appropriate technical and operational requirements for WSDs in this band has been made in ECC Report 159 [2] to ensure the protection of the incumbent radio services to which this band is allocated. One of the issues, ECC Report 159[2] looked into, was the assessment of the appropriateness of the geo-location technique to provide the required protection. 

Recognizing the preliminary nature of some elements used in the first studies, the innovative nature of cognitive techniques and the ongoing research and industry activities in this field, ECC Report 159 [2] listed a number of technical and regulatory issues requiring further consideration. 

This ECC Report is intended to complement ECC Report 159 [2] with additional technical investigations in relation to the geo-location technique.

In order to preserve the integrality of the issue, the corresponding parts of ECC Report 159 were copied into this complementary report and amended with additional information.

Some CEPT administrations pointed out an importance of a harmonized approach within the CEPT towards the development, operation and maintenance of the geo-location database including the algorithms used for the translation process, data exchange protocol, etc. The technical elements presented in this report could be used as a basis for such a harmonised approach. It should be, however, noted that there is a number of non-technical elements in relation to the geo-location database such as, for example, the database management body, the responsibilities for entering database information, monitoring of interference cases, etc. The consideration of these elements has been outside the scope of this report and, therefore, has not been addressed. 

[bookmark: _Toc319191394]Principles and general considerations

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. 

[bookmark: _Toc319191395]Considerations on locations

All the geographical area covered by a geo-location database is represented as “pixels” which are areas of predetermined dimensions (see for example Figure 1). Each pixel is associated with a list of available frequencies and other relevant data that are provided to cognitive devices querying the database. The exact dimensions of a pixel may depend on the planning decisions made in populating the database.

The size of the pixel is a trade-off. Too large a pixel would result in a larger sterilisation than necessary, too small a pixel would result in large number of calculations for the database and a larger data transfer to the device than needed.  The size can be selected by each national administration. 

It should be noted that the area associated with the “location” as determined by a WSD may cover one or more pixels, depending on the location accuracy of the device. This is in order to take into account the fact that there is an uncertainty about the actual device location, which is at a very high probability somewhere within the uncertainty area associated with the reported device location. Thus the channel availability information delivered to a WSD is to be derived from the information on one or more pixels.

[image: ]

[bookmark: _Ref313952443]Figure 1: Illustrative example of geo-location database pixel granularity

[bookmark: _Toc319191396]Requirements for WSD

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.

[bookmark: _Toc319191397]Technical information to be communicated to the geo-location database

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 2.

· 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 class (minimum requirement): Providing information about the type of device, such as the device class (e.g. fixed or portable, outdoor or indoor) 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. Defining device classes and their characteristics is a topic for standardization.

· Device technology identifier (minimum requirement): The technology identifier would enable the database to use technology-specific protection ratios, and would also be helpful in informing the database with regards to the broad time-frequency structure of the WSD signals. 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.

· Device elevation (optional): Antenna height above ground level. 

· Antenna angular discrimination (optional, for a fixed device): This can be specified as relevant gain (in dB) at specific intervals (in degrees) in absolute azimuth and elevation. Where multiple antennas are involved, the angular discrimination must apply to the combined emissions from the antennas.

· Antenna polarisation (optional, for a fixed device): This can be specified as either horizontal polarisation, vertical polarisation or slant (± 45 degrees) polarisation.
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[bookmark: _Ref311836902]Figure 2: 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

[bookmark: _Toc319191398]Considerations on the device elevation (Issue G6)

A device WSD may be operating indoors within a tall building and so be at a greater height above ground level than would normally be expected. While such a device may still be able to determine its x-y position using normal location methods, it is unlikely to be able to determine its height (z-position) since most location methods do not provide for accurate height information. It would be unreasonable to expect (non-fixed) devices WSDs to be able to return accurate height information and hence the geo-location database must accommodate this uncertainty. However, the height information of fixed WSDs is usually known at the installation and, therefore, can be reported to and taken into account by the geo-location database.

A device high above street level will likely have enhanced propagation as a result of being above the clutter. This may be balanced to some degree by a building penetration loss, but there is much variability in all of these factors.

[Significantly enhanced propagation is most likely where there are tall buildings, which are generally only found in dense urban areas. Hence, any potential problems will be limited to a very small percent of the total geography and it would be unreasonable to place limits across the entire geography.]

[Given that it is unclear whether to what degree terminals at raised heights will be problematic in terms of generated interference, a regulator might decide to introduce an additional margin into the geo-location calculations to account for this uncertainly. Another possibility for the regulator could be to monitor the situation, perhaps performing occasional measurements. If evidence emerged to suggest that increased interference was likely then the database parameters for the relevant geographical area could be modified accordingly, perhaps with a higher margin. Regulators may also assume to use the clutter height as a WSD height for the purpose of calculations to be performed by the translation engine of the geo-location database.]

[bookmark: _Toc319191399]WSDs requiring less than WSD reporting that they would use less than the maximum allowed power in the channel in question (Issue G5)

[no inputs so far]

Depending on a particular link budget a WSD may not necessary need to transmit with the maximum allowed EIRP on a given DTT channel or, more general, frequency range. Thus the efficiency of the spectrum usage by WSDs in a given geographical area can be increased.  

Therefore, it is necessary to mandate a WSD to communicate back to a geo-location database its choice for the lower and upper frequency boundaries of the in-block emissions as well as for the maximum in-block EIRP between these frequency boundaries. The WSD will decide on these parameters after having received instructions from the geo-location database regarding available DTT channels and allowed EIRP levels on these channels, and after having analyzed the link budget situation specific to the service(s) the device is supposed to offer. 

The information received from the WSD will serve the geo-location database to assess the usage of the frequency resource by WSDs in a given geographical area and can be taken into account when a request for frequencies and associated power levels is received from other WSDs.

[bookmark: _Toc319191400]Technical information to be communicated to the WSD

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”).

[bookmark: _Toc319191401]Operational requirements

As a basic operational requirement, a WSD may only operate in the territory of a country if it has successfully discovered a geo-location database approved by the national regulatory authority of that country. 

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 cannot re-consult 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.

[bookmark: _Toc319191402]Technical aspects of the geo-location database management

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 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. 

[bookmark: _Toc319191403]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 under which have a nationwide (general) license or under a licence-exempt regime.

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. When an administrations is employing safe-harbour channels to accommodate PMSE needs (see § 5.6 of ECC Report 159 for the discussion on the safe-harbour), the geo-location database will simply exclude these channels from the list of candidate channels for WSDs.



[bookmark: _Toc319191404]Translation process for the protection of different services

As stated in Section 4, through the translation process the geo-location database will determine a list of allowed frequencies for WSDs and associated transmit powers. In particular, in-block and out-of-block emission levels will need to be set, which are defined as follows:

· In-block emissions are emissions corresponding to those segments of a radiated signal’s frequency spectrum which carry information intended for a receiver. The width of the in-block segment of the frequency spectrum is the nominal bandwidth of the signal. 

· Out-of-block emissions are emissions corresponding to those segments of a radiated signal’s frequency spectrum (outside the in-block segment) which correspond to unintended radiations.

[bookmark: _Toc319191405]Protection of the broadcasting service in the band 470-790 MHz

[bookmark: _Toc311023135][bookmark: _Toc319191406]Methodologies to calculate location-specific WSD power levels

[Ed. Note. This section should be revised such that the methodology presented is self-contained, i.e. no references to sections and annexes of ECC Report 159 are given. The current flow of information in this section is akward]

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.

As discussed in ECC Report 159, the calculation of regulatory emission limits for an autonomous WSD for operation in DTT bands has to be inevitably 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. This may reduce the utility of the WSDs.

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. The implication is that, with the aid of a geo-location database, the regulatory emission limits for a WSD may be significantly increased in areas where the received wanted DTT signal power is high (i.e., where DTT coverage quality is good).

To this end, it is necessary for the database to specify the maximum permitted WSD emission levels over all DTT channels and in all geographic locations where the DTT service is being used. To accomplish this, the database needs access to the following information:

1. The quality of national DTT coverage to within a suitable spatial resolution (e.g. 100m x100m).

2. A suitable criterion (or metric) for quantifying and specifying a tolerable level of interference to the DTT service.

3. Specified interferer-victim reference geometries for which the regulatory emission limits would result in the specified tolerable level of interference.

4. Appropriate values of WSD-to-DTT protection ratios and overloading thresholds defined as a function of interferer-victim frequency separation (see [7] and [8]). C/I values as a function of the received wanted DTT power can also be used. 

5. A methodology for calculating the appropriate WSD regulatory emission limits. 

A metric for quantifying and specifying a tolerable level of interference to the DTT service is the DTT location probability, which is defined as the probability with which a DTT receiver would operate correctly at a specific location; i.e., the probability with which the median wanted signal level is appropriately greater than a minimum required value.

[image: ]		(5.1-1)

where:

 is the probability of event A;
	 is the received power of the wanted DTT signal;
	is the DTT receiver’s (noise-limited) reference sensitivity level[footnoteRef:2];
	 is the received power of the kth unwanted DTT signal;
 is DTT-to-DTT protection ratio for the kth DTT interferer. [2:  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.] 


In the planning of DTT networks,  and each individual  are modelled as Gaussian random variables. Note that in Equation (5.1-1), the powers are summed in the linear domain. For this reason, the most accurate way of calculating the probability  is to use a Monte Carlo simulation where a large number of trials are performed with values for each variable generated according to their Gaussian distribution.



The location probability is widely used in the planning of DTT networks in order to quantify the quality of coverage, and is typically calculated for every 100 m  100 m pixel across the country. The presence of any interferer naturally results in a reduction of the DTT location probability. Such a reduction is therefore a highly suitable metric for specifying regulatory emission limits for WSDs operating in DTT frequencies.

For WSD in-block emission limit, is has being considered that the presence of a WSD, operating at a frequency  and radiating with an in-block e.i.r.p. of , will inevitably reduce the DTT location probability from  to , and the Equation (5.1-1) is given by:the following approach was taken:

[image: ]   (1)

where:

· WSD operates at a frequency [image: ], and radiates with an in-block e.i.r.p. of  [image: ];

· [image: ] is the probability of event [image: ];

· [image: ] is the received power of the wanted DTT signal;

· [image: ]is the DTT receiver’s (noise-limited) reference sensitivity level[footnoteRef:3]; [3: ] 


· [image: ] is the received power of the kth unwanted DTT signal;

· [image: ] is DTT-to-DTT protection ratio for the kth DTT interferer.

· [image: ]is the WSD-BS protection ratio for a given frequency offset

· coupling gain, [image: ], 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.



By expanding the Equation (5.1-2):





















Then assuming that is a Gaussian random variable with a median value, , and a standard deviation, , the immediate implication of the last equation () is that (in the logarithmic domain) the maximum permitted WSD in-block e.i.r.p. is given by:



The term  is a safety margin which can be judiciously set by the database to provide an additional margin of protection to DTT services. The term  represents the number of standard deviations between the median wanted and unwanted power levels which would allow a location probability of  to be achieved. In other words: .

Note that the median and standard deviation would need to be derived via numerical techniques such as the Schwartz-Yeh algorithm or Monte Carlo simulations.

The Equation (5.1-4) implicitly specifies the maximum permitted WSD out-of-block e.i.r.p. through the use of WSD-to-DTT protection ratios. 

This is because the protection ratio is a function of both the spectral leakage of the WSD transmitter and the spectral selectivity[footnoteRef:4] of the DTT receiver. Specifically, the protection ratio  is given (in the linear domain) by: [4:  The selectivity can derived from measurements of the protection ratios of DTT receivers in the presence of adjacent channel test interferers. The selectivity of the DTT receivers is calculated by accounting for the contribution to interference caused by the spectral leakage of the test interferer.] 




where:

· *: denotes the value at the point of receiver failure;

· : is the interference power;

· : is the power of the adjacent channel interferer;

· : is the adjacent-channel interference ratio;

· : is the adjacent-channel leakage ratio of the WSD transmitter;

·  is the adjacent-channel selectivity of the DTT receiver.



In Annex A7 of the ECC Report 159 the following equation was used:



	(2)

where:





Z=Ps-U, a Gaussian random variable with a median value, , and a standard deviation ;



 is a safety margin set by the database to provide an additional margin of protection to DTT services.;







 represents the number of standard deviations between the median wanted and unwanted power levels which would allow a location probability of  to be achieved, or 

For WSD out-off-block emission limit:

[image: ]	(3) 



protection ratio is a function of both the spectral leakage of the WSD transmitter and the spectral selectivity of the DTT receiver

If the receiver selectivity is defined as a function of the wanted signal power, then the protection ratios can also be used to implicitly model the non-linear behaviour (overloading) of the DTT receiver.

The protection ratio  in Equation (5.1-5) implicitly identifies the spectral leakage of the WSD via the adjacent-channel leakage ratio ACLRWSD(f). 

Then, Bby definition, the maximum permitted WSD out-of-block emission level is given (in the logarithmic domain) as



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”.

[bookmark: _Toc311023136][bookmark: _Toc319191407]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.

Multiple interference assessment

[bookmark: _Ref272093562][bookmark: _Toc272236710]The database can readily compute the maximum permitted WSD in-block and out-of-block e.i.r.p.s given by 





and as described in Section 4.3.2.3.1 and Equations (A.7.2.2). Needless to say, the out-of-block e.i.r.p. 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:



 	5.1-8(6)

(1) 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:



	5.1-9(7)

(2) 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:



   5.1-10(8)

where: 

· 

: Potential maximum number of interferes (3 dB corresponds to 2 interferes, 5 dB – 3 interferes, 6 dB – 4 interferes);

· 

: Number of active interferes in each operational frequency of the target WSD;

· 





: Tentative output power level for the –th WSD which uses the operational frequency , and this value can be defined as follows:



 5.1-11 (9)

· 

: j-th operational frequency in all operational frequencies at a given area;

· 

: Set of indexes of all WSD operational frequencies at a given area;

· 



: Set of indexes of WSD which uses ;

· 



: Mean path gain for distance between the –th WSD and the BS receiver (= interference-victim reference point). 

· 





: Distance between the –th WSD and the most severe interfere-victim reference point . 







The most severe interfere-victim reference point in all the target interfere-victim reference points used in the calculation of tentative output power level () for the –th WSD is chosen by the following criteria: 





    5.1-12 

More detailed information is available in Annex 1. 

[bookmark: _Toc318227013][bookmark: _Toc319185333][bookmark: _Toc311023137][bookmark: _Toc319191190][bookmark: _Toc319191354]Protection requirements of the broadcasting service

[Ed.note: This section may need to be transferred to the complementary report on further definitions]

[bookmark: _Toc318227014][bookmark: _Toc319185334][bookmark: _Toc319191191][bookmark: _Toc319191355]Dependency of location probability on antenna installations and reception modes

[bookmark: _Toc318151815][bookmark: _Toc319191248][bookmark: _Toc319191411]

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. 

[bookmark: _Toc318151817][bookmark: _Toc319191250][bookmark: _Toc319191413]

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.

[bookmark: _Toc318227015][bookmark: _Toc319185335][bookmark: _Toc319191192][bookmark: _Toc319191356]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 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. Recommendation ITU-R P.1546[9]), 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 is 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.

[bookmark: _Toc319191447]Harmonized parameters to calculate location specific WSD power levels (Issue B1)

When extending the basic methodology of the ECC report 159presented above 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 analysed, 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, the following proposals can be put forwardwere being discussed:

· The calculation is made according to the methodology described abovein Report 159, and scenarios presented in Annex 2 (cf. Interference geometries for each type of WSD and each DTT reception mode);

· 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 3 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 e.i.r.p. limits indicated above must be reduced by a factor 10 log N.

· In relation to the degradation of the location probability several proposals were discussed: (i) by defining of fixed value for acceptable degradation of about 0.1% from the edge of the coverage area; and (ii) definition of a variable degradation. 

Administrations should consider the appropriate level for the degradation, balancing the usage of white spaces and guarantee the protection for the broadcasting service. Annex 5 presents the basis of both approaches as well the advantages and drawbacks.

· For the DTTB receive antenna (for fixed reception scenarios), Recommendation ITU-R FBT.419 [3] has been used hitherto in SE43 studies to define the reference DTTB receive antenna pattern, for both horizontal and vertical radiation pattern:

[image: ]

[bookmark: _Ref313952709]Figure 3: TitleDTTB Antenna pattern (reference ITU-R BT.419)Title



· In order to determine maximum e.i.r.p. levels for new (‘high tower’- see scenarios 6 and 7 of Annex 2) 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 Recommendation ITU-R F.1336-2[footnoteRef:5] [4] have been suggested. The vertical pattern is shown in Figure 3. The largest attenuation for any vertical angle is 22.5 dB. [5:  Note that the antenna patterns given by Recommendation ITU-R F.1336-2[4] are intended to be used for coordination studies and for interference assessment, .e.g, between 2 primary services.] 




[image: ]

Figure 4: Vertical WSD base station antenna pattern



It needs to be recalled that the location probability depends on the predicted level of the DTT signal and consequently on the propagation model used. The maximum e.i.r.p. 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 a general conclusion, it is felt that administrations could take this question on board when performing the calculations.

[bookmark: _Toc319191448]Example of a transition process for the protection of DTT (from ECC Report 159[2], § 9.3.5.2)

For a given geographic pixel, the database must examine all relevant co-channel and adjacent-channel interference scenarios with respect to the victim DTT channels. 

For each WSD-to-DTT frequency offset maximum permitted WSD in-block and out-of-block emission levels required for a tolerable level of interference to the DTT services can be calculated. 

The following calculations are be performed for any given pixel where the WSD operates, and for all frequency separations between the WSD’s candidate channel and the DTT channels:

· The geo-location database is supposed to contain information of the frequencies, median  and standard deviation  of the received DTT signal power/field strength, the median  and standard deviation  of the DTT interferer powers/field strengths, as well as the resulting DTT location probability q1 in every geographic pixel. The above parameters can be provided by the national DTT network planning model. In the absence of such a model, the above parameters can be calculated explicitly based on the technical characteristics and locations of the DTT transmitters, as described in Equation (5.1-1);

· The geo-location database translation engine will need to calculate the median and standard deviation of the coupling loss between the WSD interferer and victim DTT receiver. This requires the use of appropriate propagation models and interferer-victim geometries. The selection of such interferer victim geometries could be assisted by information provided by WSD in a database query (e.g. antenna pointing direction, type of antenna used, etc). For victim DTT channels that are used by the DTT service in the same pixel as the WSD, the coupling gain must be based on a reference coexistence geometry that are deemed suitable in the context of protecting the DTT platform. Such reference geometry is necessary because the precise spatial separation between the WSD and a victim DTT receiver within the given pixel cannot be known by the database. For victim DTT channels that are not used by the DTT service in the same pixel as the WSD, the coupling gain can be based on the actual spatial separation between the pixel where the WSD operates and the pixel where the DTT channel is used by the DTT service. 

· The geo-location database will need to also assume a tolerable degradation[footnoteRef:6], , in the DTT location probability of pixels where the DTT services are used. [6:  The tolerable degradation can be different in different pixels; e.g., may be set according to the number of households in each pixel.] 


· The geo-location database will need tot assume an appropriate ACLR for the WSD. This ACLR would be a function of the frequency separation  between the WSD and the victim DTT channel. Combined with values of DTT receiver ACS (derived from measured PR and ACLR values), the database must calculate appropriate WSD-to-DTT protection ratios  as described in Equation (5.1-5).

· With the above parameters calculated, the database can readily compute the maximum permitted WSD in-block and out-of-block e.i.r.p.s given by Eqs.   and , respectively.





Needless to say, the out-of-block e.i.r.p. calculation is not applicable to co-channel interference scenarios.



[Examples of a translation process for the protection of DTT are given in Error! Reference source not found. 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 Error! Reference source not found..

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 Error! Reference source not found.

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 Error! Reference source not found.]

[bookmark: _Toc319191453]Protection of PMSE in the band 470-790 MHz

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.

A range of PMSE reference geometries are provided in Annex 6 showing illustrative coupling losses between a WSD and a PMSE receiver. Using these scenarios and the receiver protection ratios (given in ECC Report X1), the WSD e.i.r.p. limits can be calculated.

[bookmark: _Toc319191454]Methodology for protection of PMSE

In order to protect PMSE, appropriate e.i.r.p. restrictions must be placed on WSDs operating in the vicinity of the event. The suggested approach is to limit the interference at the PMSE receiver such that the sensitivity of the equipment is degraded by no more than an acceptable amount.





To achieve this, the interference from the WSD, weighted by the receiver ACS value should be positioned below the noise floor of the receiver to minimise loss of sensitivity. The precise value of I/N, ,will determine the loss in sensitivity,, and is given by the following equation:







The behaviour of this function is shown in Figure 5:

[image: ]

[bookmark: _Ref311723300]Figure 5: Degradation in receiver sensitivity as function of I/N



Protection against co-channel and adjacent channel interference require slightly different strategies.

[bookmark: _Toc319191455]Prevention of co-channel interference

To prevent co-channel interference, an exclusion zone will be necessary to protect a PMSE assignment. This will define the distance required before the frequency assigned to PMSE can be released for reuse by another white space application, either WSD or another PMSE application.  
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[bookmark: _Ref184427892]Figure 6: Definition of a WSD exclusion zone to protect a PMSE event



The radius of the exclusion zone should be chosen such that the interference power density from the WSD will fall below the noise floor of the PMSE receiver. 







where:



is the PMSE receiver noise figure





is the propagation loss between the unwanted WSD at distance 



is the e.i.r.p.  of the WSD



is the bandwidth occupied by the WSD signal



[image: ]is the noise temperature of the UHF channel, taken to be 290K
 is Boltzmann’s constant



 is the I/N margin, defining the increase in noise level at the PMSE receiver

[bookmark: _Toc319191456]Prevention of Adjacent channel interference

To prevent adjacent channel interference, the selectivity characteristic of the PMSE receiver together with a reference geometry for the class of PMSE event to be protected must be considered. 

The selectivity characteristics of the receiver will be expressed in terms of protection ratios that define the minimum ratio of the wanted PMSE signal to unwanted WSD interference for an acceptable impairment in performance. The protection ratios depend upon the frequency offset between the PMSE and WSD signals and also the saturation characteristics of the PMSE receiver. The saturation characteristics can be modelled in detail or simplified by considering an overload threshold.

The reference geometry defines a worst case separation between the WSD and the PMSE receiver for a given class of PMSE application. This geometry together with an appropriate propagation model can be used to estimate the coupling loss, and hence the maximum WSD interference level expected at the PMSE receiver. This data, together with the receiver protection performance can be used to set appropriate limits on the WSD e.i.r.p. to ensure impairment free operation of the PMSE equipment.

This approach can be explored further considering a typical scenario as shown in Figure 7.
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[bookmark: _Ref311723497]Figure 7: 

Consider a PMSE transmitter radiating a signal e.i.r.p. PTX at height hTX, operating in the vicinity of a WSD radiating an e.i.r.p. PWSD at height hWSD.

The path loss between the PMSE transmitter and its associated receiver will be given by:







where  is a propagation model taking account of the height of the frequency of operation, the height of the receiver, the separation and the receiver from the wanted transmitter. 

Similarly, the path loss between the interfering WSD and the victim PMSE receiver antenna will be given by:





To prevent adjacent channel interference the power of the interfering WSD signals must be constrained such that





where:





is the coupling gain between the th WSD and the victim DTT receiver.







is the e.i.r.p. from the th WSD at frequency 



is the frequency of operation of the PMSE receiver



is the noise figure of the PMSE receiver



is the PMSE receiver bandwidth



is the Boltzmann constant



the noise temperature of the receiver, taken as 290K at UHF



is the chosen value of I/N expressed in linear units to protect the PMSE receiver

[bookmark: _Toc319191457]Protection of RAS in the band 608-614 MHz

In the frequency range 608-614 MHz (TV Channel 38) there is a secondary allocation to the radio astronomy service (RAS) used for observations in a number of European countries[footnoteRef:7]. The use of this band for RAS is also addressed in footnote 5.149 of the ITU RR[footnoteRef:8]. [7:  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.]  [8:  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).”] 


The sharing studies conducted in ECC Report 159 for both the co-channel (WSD in the 608-614 MHz band) and adjacent channel cases (WSD in the TV channels 37 and 39) have shown that the separation distances between WSDs and RAS depend largely on the type of RAS observations and on the radiated power of the WSDs. For WSDs which have access to a geo-location database, exclusion zones around RAS sites should be defined in the database for TV channels 37, 38 and 39. The size of the exclusion zones can be defined on the basis of the results of sharing studies given in ECC Report 159[2].

Regarding the usage of TV Channel 38 it is noted that the separation distances can go beyond the national borders of some European countries and thus cannot be regulated by an administration concerned. Therefore, the use of TV Channel 38 by WSDs controlled by a geo-location database 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 of sharing studies given in ECC Report 159[2];

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

[bookmark: _Toc319191458]Protection of arns in the band 645-790 mhz

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

[bookmark: _Toc319191459]Protection of services in the bands adjacent to 470-790 MHz

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







[bookmark: _Toc319191460]master/slave concept (issue G2)

[bookmark: _Toc319191461]Definitions

A master WSD is a WSD which directly communicates with a geo-location database (for example, through an internet connection) to obtain operating parameters specific to its geographic location.

A slave WSD is a WSD which does not directly communicate with a geo-location database, and which can only obtain operating parameters specific to its geographic location from its serving master WSD. 

[bookmark: _Toc319191462]General principles

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.

The master/slave concept does not require any special treatment by the geo-location database. This is because any situation can be treated using a set of requests to the database. Such sets of requests could be automated within a macro or similar running on the database as a value-added service by the database provider but would not change the regulatory requirement. The remainder of this section explains why this is the case and how appropriate sets of requests are assembled.

Deployments of master/slave WSDs are divided into two cases: 

· the master knows where the slaves are located

This case is relatively trivial. The master sends to the database a request for itself and separate requests for each slave. It then cascades the appropriate database response to each of the slaves.

· the master does not know where, within its coverage area, the slaves are located. 

In this case, the master effectively needs to send a request for itself and a request for slave operation in every pixel within its coverage area. Slaves can then only be allowed to operate on frequencies that are available in every pixel, using the lowest returned power level and shortest validity for that frequency for any pixel within the coverage area.

It follows from this that the coverage area of the master needs to be identified. There may be a number of coverage areas corresponding to different transmit powers and/or different frequencies within the white space band (e.g. propagation at the bottom of the band may be superior to that at the top). These coverage areas could be determined by the owner of the master, the database or the regulator – [this would be a choice for the national regulator]. One approach would be for the owner of the master to use a pre-agreed coverage planning tool to determine coverage contours for a number of pre-defined powers and frequencies. An alternative would be for the regulator to determine the coverage based on simple models such as the Hata model.

The owner of the master might then place a database request for the master device and then, based on the allowed power levels from the master, determine the coverage area and then place further database requests for potential slave operation on all the pixels within this coverage area.

Hence, no further standardization is required by regulators to support the master/slave concept. While additional functionality to handle coverage areas could be considered it is recommended that this is not standardized but left to entities such as database providers to deliver as a value-added service.

Note that the master/slave approach does not, in principle, solve the “aggregation problem” since other users unconnected with the owner of the master could also be operating on the same, or nearby white space channels. Also, if the master is unaware of the exact location of the slaves then it will not be able to determine whether they are clustered tightly around a victim receiver. Nevertheless, it is likely that master/slave operation would reduce the probability of harmful aggregation occurring since the master would limit the number of slaves transmitting simultaneously.

An example illustrating how a master/slave approach might work in practice is given in Annex 7.

In the case of a master/slave WSD configuration, the technical information to be communicated to the geo-location database (listed in § 3.1) 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.

The basic requirements to WSDs in their communication with the geo-location database are outlined in § 3. The sections below detail the requirements for WSDs operating in a master/slave configuration. 

[bookmark: _Toc319191463]Requirements for master WSDs

As a basic operational requirement, a master WSD may only operate in the territory of a country if it has successfully discovered a geo-location database approved by the national regulatory authority of that country. 

In order to be authorized to radiate within the band 470-790 MHz, a master WSD shall be capable of:

· discovering an approved geo-location database,

· communicating specific information to the geo-location database,

· receiving specific information from the geo-location database,

· operating subject to the specific instructions and parameters received from the geo-location database,

· communicating appropriate information to its associated slave WSDs so that the slave WSDs are able to operate subject to the specific instructions and parameters received by the master WSD from the geo-location database. 

All communication between a master WSD and a geo-location database shall be performed electronically. 

Communication between a master WSD and a geo-location database shall not occur within the band 470-790 MHz, unless the master WSD has already been authorized by the database to radiate within this band.  

[bookmark: _Toc319191464]Technical information to be communicated from a master WSD to the geo-location database

The following information will need to be mandatorily communicated by the master WSD to the geo-location database:

· master WSD antenna location,

· master WSD antenna location accuracy,

· devise class of the master WSD and the associated slave WSDs,

· technology identifier of the master WSD and the associated slave WSDs,

· device model of the master WSDs and the associated slave WSDs,

· antenna locations and antenna characteristics of the associated slave WSDs (provided such information is available).

The following information may be optionally communicated by a master WSD to the geo-location database:

· master WSD antenna height,

· master WSD antenna angular discrimination,

· master WSD antenna polarisation,

· master WSD ID,

After receiving instructions from the geo-location database in relation to the maximum permitted EIRPs over the television channels, the master WSD shall communicate to the database:

· The lower and upper frequency boundaries of the in-block emissions of the master WSD, and those of the in-block emissions of its associated slaves. It should be noted that a WSD may transmit over multiple, non-contiguous, whole DTT channels or fractions of DTT channels. 

· The maximum in-block EIRP spectral densities that the master WSD, and its associated slaves, actually radiate between each reported lower frequency boundary and its corresponding upper frequency boundary.

[bookmark: _Toc319191465]Technical information to be received by a master WSD from the geo-location database

The following information will need to be mandatorily received by the master WSD from the geo-location database:

· a list of lower and upper frequency boundaries within which the master WSD and its associated slave WSDs are authorized to operate,

· a maximum permitted master WSD EIRP spectral density between each lower frequency boundary and its corresponding upper frequency boundary, 

· a maximum permitted slave WSD EIRP spectral density between each lower frequency boundary and its corresponding upper frequency boundary, 

· a validity time for the parameters communicated by the database,

· a validity dislocation for the parameters communicated by the database,

· instructions for the master WSD and its associated slave WSDs to cease transmissions immediately when requested by the database (so called “kill switch”).

The following information may be optionally received by a master WSD from the geo-location database:

· a sensing level for the detection of DTT use of spectrum,

· a sensing level for the detection of PMSE use of spectrum, 

[bookmark: _Toc319191466]Operational and security requirements

A master WSD may only transmit within the band 470-790 MHz in accordance with the relevant instructions and parameters provided by an approved geo-location database as listed in § 6.3.2, and for a time period which does not exceed the time validity of those instructions and parameters. 

A master WSD that is associated with slave WSDs shall ensure that it communicates appropriate information to those slave WSDs, so that the slave WSDs are able to transmit within the band 470-790 MHz in accordance with the relevant instructions and parameters provided by an approved geo-location database as listed in § 6.3.2, and for a time period which does not exceed the time validity of those instructions and parameters. 

A portable/mobile master WSD shall ensure that it has access to valid instructions and parameters from a geo-location database whenever the determined geographical location of its antennas changes with respect to that determined at the time of its previous consultation with the database by more than a value (in metres) defined by the national regulation authority. 

Communications between a master WSD and a geo-location database shall be performed using secure protocols that avoid malicious corruption or unauthorized modification of the data. 

Communications between a master WSD and a slave WSD for purposes of relaying database-related instructions and parameters shall employ secure protocols21 that avoid malicious corruption or unauthorized modification of the data. 

[bookmark: _Toc319191467]Requirements for slave WSDs

In order to be authorized to radiate within the band 470-790 MHz, a slave WSD shall be capable of:

· communicating specific information to its serving master WSD,

· receiving specific information from its serving master WSD,

· operating subject to the specific instructions and parameters received from its serving master WSD,

Communication between a slave WSD and a master WSD for the purpose of establishing the operating parameters of the slave WSD within the band 470-790 MHz shall be performed electronically. 

Communication between a slave WSD and a master WSD shall not occur within the band 470-790 MHz, unless the WSDs have already been authorized by the database to radiate within this band.  

[bookmark: _Toc319191468]Technical information to be communicated from a slave WSD to a master WSD

The following information will need to be mandatorily communicated by the slave WSD to its serving master WSD:

· slave WSD antenna location,

· slave WSD antenna location accuracy,

· slave WSD class,

· slave WSD technology identifier,

· slave WSD model,

· antenna locations and antenna characteristics of the associated slave WSDs (provided such information is available).

The following information may be optionally communicated by a slave WSD to its serving master WSD:

· slave WSD antenna height,

· slave WSD antenna angular discrimination,

· slave WSD antenna polarisation,

· slave WSD ID.

[bookmark: _Toc319191469]Technical information to be received by a slave WSD from a master WSD

The following information will need to be mandatorily received by the slave WSD from its serving master WSD:

· An indication of the lower and upper frequency boundaries within which the slave WSDis authorized to operate,

· a maximum permitted slave WSD EIRP spectral density between each lower frequency boundary and its corresponding upper frequency boundary, 

· a validity time for the parameters communicated by the serving master WSD,

· a validity dislocation for the parameters communicated by the serving master WSD,

· instructions for the slave WSD to cease transmissions immediately when requested by the master WSD (so called “kill switch”).

The following information may be optionally received by a slave WSD from its serving master WSD:

· a sensing level for the detection of DTT use of spectrum,

· a sensing level for the detection of PMSE use of spectrum, 

[bookmark: _Toc319191470]Operational requirements

A slave WSD may only transmit within the band 470-790 MHz in accordance with the relevant instructions and parameters provided by its serving master WSD as listed in § 6.4.2, and for a time period which does not exceed the time validity of those instructions and parameters. 

A slave WSD shall cease transmission immediately when

· instructed so by its serving master WSD, or 

· when no communication is established with the master WSD after the validity time for the parameters received previously, or 

· when moving outside the area, for which the parameters communicated by the master WSD are valid. 

[bookmark: _Toc319191471]A slave WSD may communicate with another slave WSD provided that each is controlled via communication over the band 470-790 MHz by its serving master WSD.

[bookmark: _Toc319185356][bookmark: _Toc319191213][bookmark: _Toc319191377]Operational requirements for master and slave WSDs

As discussed above, in the case of a master/slave WSD configuration the master will be responsible for the query of the database and that associated slaves will be controlled by the master and will 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 operational requirements listed in § 3.3, 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.

[bookmark: _Toc319191486]Combined sensing and geo-location (Issue G4)

[bookmark: _Toc319191487]Methodology

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 1.

[bookmark: _Ref311837717]Table 1: Channel occupancy based on spectrum sensing only

		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









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 2.



[bookmark: _Ref311021973]Table 2: Channel occupancy based on geo-location only

		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









When combining geo-location information with sensing results, the conclusion on the channel occupancy can be presented as given in Table 3.

[bookmark: _Ref311021987]Table 3: Channel occupancy based on combined detection

		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.







Figure 8 below shows the flow chart of decision in line with Table 3 and introduces the notion of required sensing Threshold.
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[bookmark: _Ref311022325]Figure 8: Decision chart for the combined sensing and geo-location approach

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:

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 33 in Annex 3 of ECC Report [further definitions]).

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 2.4.1 and associated Annex 3aboveof ECC Report [further definitions] . Referring to Figure 33 in Annex 3 of ECC Report [further definitions], 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 § 2.4.1 and Annex 4 of ECC Report [further definitions], it is demonstrated in Annex 8 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 8). 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. Annex 9 provides a case study on the combined sensing and geo-location approach in a real scenario to identify spectral resource available for WSD.[Ed. Note: the need of this annex needs to be further assessed. In particular, this annex should be kept only if it discusses the possibility to relax the detection threshold on the basis of measurments] 

[bookmark: _Toc319191488]Algorithm

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 9 and Figure 10, respectively.

		[image: ]



		





[bookmark: _Ref313953220]Figure 9: Operational algorithm for the combined detection approach in a single WSD
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[bookmark: _Ref313953233]Figure 10: Operational algorithm for the combined detection approach in Master/Slave WSDs

[bookmark: _Toc319191489]Conclusions

Within this complementary report to ECC Report 159, the CEPT studied the principles and set up the requirements for the operation of WSDs under the geo-location approach. In particular, the report:

· lists the mandatory and optional information that needs to be exchanged between the WSD and the geo-location database;

· considers the technical aspects of the geo-location database management;

· provides translation algorithm examples for the protection of different incumbent radio services in the band 470-790 MHz and adjacent to it;

· discusses the master/slave operation on WSDs;

· develop the concept of the combines sensing and geo-location approach.



Notwithstanding that the reports focuses on the WSDs in the band 470-790 MHz, it is believed that the principles and requirements developed therein can be also used for other frequency bands provided such usage is foreseen.
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[bookmark: _Toc319191490]MULTIPLE-INTERFERENCE

Introduction

The calculation method of location specific WSD output power level in ECC REPORT159 Report 159 could be considered the easiest one to implement for a database calculation. However, the communication opportunity of WSD(s) may decrease, when the number of actual active WSD(s) is smaller than the estimated value on the potential maximum number of active interferes which will be referred as multiple interference margin (IM). 

First, this document revisits the following extended calculation methods for ECC ReportEPORT 159 approach which takes account of the number of active master WSDs in each available channels as shown in SE43(10) Info18.

Flexible margin based calculation method (namely, flexible method)

The calculation method is based on the equation (A.7.2-2) in ECC REPORT 159, but the IM value is assumed to be an adjustable value according to the number of active master WSDs in each available channel.

Calculation method of maximized WSD output power level (namely, maximized method)

The calculation method adopts a recursive calculation method to maximize the location specific WSD output power level.

Further study on WSD network capacity impact using computer simulation shows the importance of considering the number of active master WSDs in available channels when calculating the location specific WSD output power level.

This document is organized in the following sections. Section 2 and Section 3 revisit the location specific WSD output power level calculation method in ECC ReportEPORT 159 and its extended methods, respectively. In section 4, the WSD network capacity comparison based on computer simulation is conducted and compared. Section 5 concludes this analysis considering the number of active master WSDs of each available channel to specify the output power level of WSDs.

Calculation method of location specific output power level of WSD in ECC REPORT 159

Calculation method of location specific output power level of WSD as shown in equation (A.7.2-2) of ECC ReportEPORT 159 is as follows:





	(11)

where





The definition of IM in ECC ReportEPORT 159 is as follows:

The term is a safety margin which can be judiciously set by the database to provide an additional margin of protection to DTT services. The value of this margin might, for example, be increased in response to a proliferation of WSDs and an increase in the potential for aggregate interference to DTT services

However, ECC ReportEPORT 159 did not describe how to define the IM value in detail, so this section defines the calculation method of IM. The following elements should be considered to determine the IM value for the WSD network capacity under the incumbent service protection. 

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:



	(12)

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 next section defines.

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 next section defines.

Extended calculation methods

Flexible margin based calculation method of output power level

Flexible margin calculation method is referred to the fixed margin calculation method as shown in equation (2), but the IM is assumed to be an adjustable value according to the number of active interferes in each available channel as follows:



	(13)

where:



: Number of active interferes in each operational frequency of the target WSD;



The IM shall be defined based on the maximum number of active interferes in each available channel of the target WSD. This is because the calculation method based on equation (1) does not differentiate the total number of interferers on in-band emission from the total number of interferers on out-of-band emission, so a harmful interference for incumbent service receiver may occur. Therefore, although the redunduncy of the flexible margin value is smaller than that of the fixed margin value in equation (2), the value still has some redunduncy when there is a difference between/among numbers of active interferes in each operational frequency.

There are several possibilities in defining the active interferes. For example, the active interferes may be able to be defined by each master WSD due to the difference between the transmission antenna height of the master WSD and its slave WSDs. Alternatively, one of the closest slave WSDs or virtual slave WSD in its network coverage area for the protected contour of incumbent service in the WSD network managed by a master WSD may be able to be defined as the active interfere, if the interference signal in the reference point caused by the transmission of the slave WSD is larger than the interference signal caused by the transmission of the master WSD. The “virtual” means here that a slave WSD is assumed to be at the edge of network coverage area of the master WSD as shown in Figure 11. In these cases, the transmission parameters of the slave WSD will be used for this calculation step, the reference point of the slave node should be each closest point for the protected contour of the incumbent service.





[bookmark: _Ref313953377][bookmark: _Ref294888283]Figure 11: Example of a reference point on a potential interfering node.
Selection criterion of the interfere-victim reference points for the maximum 
power allocation for multiple WSDs

Calculation method of maximized output power level of WSD

An optimized solution to specify the output power of WSDs is explained in this section, which can reduce the redundancy caused by the fixed/flexible margin setting while satisfying the incumbent service protection in the calculation method based on the ECC ReportEPORT 159 approach. 






The calculation methods could be given in the following steps: 

(Step 0)

The intrinsic parameters for each active interferer of operational frequency of each WSD network managed by each master WSD in equation (1) are input.

(Step 1)





Calculation of location specific output power level of each WSD () for each operational frequency () of the active interferers based on equation (2) or (3) as the temporal value for later calculation steps. The interfere-victim reference point is chosen based on the criteria to find the closest geo-location point for each WSD in the protected contour of BS receiver as shown in belowFigure 12.





[bookmark: _Ref314047006][bookmark: _Ref314046992]Figure 12: Interfere-victim reference point selection





	(14)

where:







:   when k-th WSD uses operational frequency;



(Step 2)



Redundancy of the multiple interference margin value due to the fixed/flexible multiple interference margin setting is generated in step 1 when the number of actual active WSD(s) is smaller than the estimated number of active interferes in the margin value. Therefore, the calculation engine will try to minimize the redundancy of the multiple interference margin value. This first step will try to find the most severe interfere-victim reference point in all the reference points of the calculation target WSDs. The point is chosen according to the following criteria:



, 	(15)

where:



: j-th operational frequency in all operational frequencies at a given area;



: Set of indexes of all WSD operational frequencies at a given area;





: Set of indexes of WSD which uses ;





: Distance between the –th WSD and the BS receiver (= interference-victim reference point);





: Mean path gain for distance between the –th WSD and the BS receiver (= interference-victim reference point);









The first term of linear domain shows the threshold in addressing the aggregated interference power level due to the simultaneous transmission of multiple WSDs at a given area. The second term of linear domain shows the aggregated interference power level due to the simultaneous transmission of multiple WSD at a given area in a case where each WSD uses a temporal output power level (). In calculating , the closest geolocation point in the protection contour is chosen as the interference-victim reference point ().







However, there would be difference between each aggregated interference power level and the threshold of each interference-victim reference point (). The difference can be defined as the aggregated interference margin, and this would decrease the output power level of WSDs when IM in equations (2) and (3) are adopted. Hence, most severe interference-victim reference point () to the threshold is chosen in this step, in order to find a fine adjustment value of each WSD output power level for the aggregated interference margin which the most severe reference point has. 



 (Step 3)





Calculation of adjustment value  based on the most severe interfere-victim reference point () to reduce the redundancy of the margin value due to the fixed/flexible multiple interference margin setting while satisfying the incumbent service protection in the following criteria:



	(16)









To ensure the fairness for the communication opportunity among all the target WSDs, all the values of are regarded as the same value (), so the value of could be obtained as follows:





 	(17)





(Step 4)





The final results of local specific output power of WSDs are calculated based on the equation (1) with the modified  by  as follows:



	(18)

where:





Simulation methodology and its results

Figure 13 shows the simulation methodology. The simulation parameters based on ECC ReportEPORT 159 are shown in Table 4.  The simulation procedure is as follows:

STEP 1. Set the incumbent service operation parameters

The parameters in the Table 4 of Section 4.1 of ECC ReportEPORT 159 are adopted.

STEP 2. Calculate the protection area of the incumbent service operation and the protection contour

The protection contour is calculated based on the method in Section 4.1 of ECC ReportEPORT 159.

STEP 3. Set the number of distributed master WSDs and its geolocation related parameters of the master WSDs.



The following parameters related to the geolocation information of the master WSD are considered in this simulation:

· Protection distance (D1 [km]).

This parameter is required in considering the interference effects from the slave WSD in each WSD network managed by each master WSD.

· Separation distance (D2 [km]) of each master WSD.

Each master WSD is located to a distributed point where is separation distance (D2 [km]) away from each other as shown in Figure 13.

STEP 4. Set the WSD network operation parameters managed by each master WSD

TRX configuration parameters such as antenna height and antenna gain are set to be here. The detail simulation parameters are shown in Table 4. 

STEP 5. Calculate the location specific output power level of each master WSD

Three kinds of calculation method in Sections 2 and 3 are adopted here. The detail simulation parameters are shown in Table 4.

STEP 6. Collect the simulation results on the SINR of the protection contour, the maximum output power level of WSD and its network area capacity [bits/Hz] in each WSD network by each master WSD.

The CDFs are also shown in Annex 1.










[bookmark: _Ref313953514]Figure 13: Simulation methodology





Figure 14: Geolocation information related parameters

[bookmark: _Ref314049445]Table 4: Simulation parameters

		Parameter

		Value



		Frequency-related parameters



		Frequency

		600 MHz



		Number of channels

		1, 5 or 10



		Channel bandwidth

		7.6 MHz



		Channel separation 

		8 MHz



		

ACLR (=)

		Scenario #1

ACLR:

33 dB for the first adjacent channel, 

36 dB for the second and later adjacent channels(from 3GPP TS36.101)

ACS:

33 dB (from 3GPP TS36.101)



Scenario #2

ACLR:

36 dB for all adjacent channels 

ACS:

61 dB



		

ACS (=)

		



		Geolocation-related parameters



		Protection contour from incumbent transmitter

		59.2 km



		Protection distance (=D1)

		20, 40 km



		Separation distance (=D2)

		2 km



		Reference point selection criteria for  incumbent service protection

		Regarding the calculation step in fixed/flexible method, the closest point in the protection contour of the incumbent service should be chosen as the reference point of each target master WSD. Regarding the calculation step in maximized method, the closest point in the protection contour of the incumbent service should be chosen for the reference point of each target master WSD in the first calculation step. After that, the calculation engine will try to find the most severe interfere-victim reference point of each WSD to adjust the output power of WSDs while considering in-block/out-block interference effects from multiple WSDs.



		Number of active master WSDs

		300



		Range of angle where master WSD are distributed

		0 – 180 degrees



		Number of slave WSDs which is located in an area of (D2/2) [km] away from the geolocation point of each master WSD

		10,000



		Distribution of geolocation points of slave WSDs

		Uniform distribution on the radius of 0.5, 1, or 3[footnoteRef:9] [km] away from the geolocation point of master WSD [9:  If a selected slave WSD in master WSD#1 is located close to the other master WSD#2, this slave WSD will be the slave node of the network managed by the master WSD #2. In the master WSD#2 network, either the selected slave WSD or a selected slave WSD in master WSD#2 itself is selected as the slave node of the network managed by the master WSD#2 in a random manner. Alternatively, if a selected slave WSD in master WSD#1 is not located close to any other master WSD, this slave WSD will be the slave node of the network managed by the master WSD #1.] 




		Propagation-related parameters



		BS broadcaster antenna height

		200 m



		BS receiver antenna height

		10 m



		Master WSD antenna height

		20 m



		





		Slave WSD antenna height

		10 m



		

Propagation model 

		Recommendation ITU-R P.1546[9] (Rural, Time percentage = 1%)



		BS receiver antenna directivity discrimination with respect to WSD Ddir

		16 dB



		

TV receiver antenna gain (=)

		12 dB



		

TV receiver feeder loss (=)

		3 dB



		

BS receiver polarization discrimination with respect to the WSD signal () 

		0 dB



		Output power-related parameters



		WSD location specific output power calculation methods

		Fixed method (based on Eq.(2)),

Flexible method (based on Eq.(3)), and

Maximized method (based on Eq.(11))



		Limit of WSD output power

		36 dBm



		TV broadcaster transmission power

		79.15 dBm/channel



		Noise-related parameters



		Noise density

		-174 dBm/Hz



		Noise figure

		7 dB for all nodes



		Aggregated interference power level related parameters



		

Multiple interference margin:  (Fixed method)

		10*log10 (Potential maximum number of active master WSDs in each available channel which depends on the simulation parameter setting in allocating active WSDs in available channels)



		

Multiple interference margin:  (Flexible method)

		10*log10 (Maximum number of all the number of active master WSDs in each available channel)



		Incumbent service operation parameters



		

Minimum incumbent service (BS) power @ receiver 

		77.1 dBm



		

Protection ratio 

		23.1 dB



		



		Instead of location probability, shadowing margin 19 dB is adopted here.

(Referring SM value in Annex 6 of CEPT SE43 Report 159)










Comparison of the location specific output power level of WSD

The location specific output power level of WSD is shown here. The results of 5% and 50% CDFs of the location specific WSD e.i.r.p. [dBm] when the number of master WSDs is 300 are highlighted[footnoteRef:10] in Table 5 to Table 7. The CDF graphs are also shown in Annex 1. [10:  See Annex 1.] 


[bookmark: _Ref314049545]Table 5: Comparison of output power level of WSD (Number of TVWS channels = 1)

		
Number of master WSDs

		300



		Number of channels

		1



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		Output power level
of WSD [dBm]

		5% CDF

		11.5 

		11.5 

		20.4 

		24.2 

		24.2 

		31.2 



		

		50% CDF

		13.3 

		13.3 

		22.3 

		25.0 

		25.0 

		32.0 







Table 6: Comparison of output power level of WSD (Number of TVWS channels = 5)

		Number of master WSDs

		300



		Number of channels

		5



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		Output power level
of WSD [dBm]

		5% CDF

		11.5

		19.4

		25.1 (Scenario#1)

23.5 (Scenario#2)

		24.2

		32.2

		36.0



		

		50% CDF

		13.3

		21.6

		27.2(Scenario#1)

25.5(Scenario#2)

		25.0

		33.0

		36.0







[bookmark: _Ref314049575]Table 7: Comparison of output power level of WSD (Number of TVWS channels = 10)

		Number of master WSDs

		300



		Number of channels

		10



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		Output power level
of WSD [dBm]

		5% CDF

		11.5 

		22.0 

		26.8 (Scenario#1)

25.5 (Scenario#2)

		24.2 

		36.0 

		36.0 



		

		50% CDF

		13.3 

		23.9 

		29.0 (Scenario#1)

27.5 (Scenario#2) 

		25.0 

		36.0 

		36.0 





Comparison of network capacity of WSD

The WSD network capacity[footnoteRef:11] [bits/Hz] in down link based on the three kinds of location specific output power level calculation methods is shown here. Table 5 shows the network capacity calculation related parameters. As shown in this table, no detail network access protocol and no uplink performance of WSD network is considered here, because there is no impact on the objective of this report to analyse the differences among different calculation methods for location specific WSD output power level.  [11:  Shannon theorem is adopted here.] 


Table 8: Network capacity calculation related parameters

		Network capacity calculation related parameters



		Definition of the network coverage in calculating network capacity of each master WSD

		Calculating the down link network capacity between each master WSD and its slave WSDs which are distributed on the radius of 0.5, 1, or 3 [km] away from the geolocation point of master WSD itself



		Resource allocation method for each slave WSD in an area of (D3/2) [km] away from the geolocation point of master WSD itself

		Centric resource allocation method via TDD-TDMA (No access collision is considered)



		Network coexistence protocol (i.e. coexistence beacon mechanism of IEEE 802.22) among neighbour networks managed by each master WSD

		N/A



		Channel selection method of each master WSD

		Random selection



		Reference node of potential interferes for incumbent service receiver in each WSD network

		Each master WSD



		Interference among WSD networks

		Considered



		Transmission power level of slave WSDs

		N/A (Because the downlink transmission is only simulated here)







The results of 5% and 50% CDFs of SINR [dB] and network area capacity [bits/Hz] in each WSD network by each master WSD when the number of master WSDs is 300 are highlighted in Table 9 to Table 14. The CDF graphs are also shown in Appendix 1 to this annexAnnex 1.

Table 9: Comparison of network capacity of WSD (Number of TVWS channels = 1.
Distance between master and slave WSDs = 0.5 km)

		Number of master WSDs

		300



		Number of channels

		1



		Master-Slave WSD distance [km]

		0.5



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		SINR of WSD [dB]

		5% CDF

		-1.2

		-1.2

		5.2 (Scenario#1)

5.2. (Scenario#2)

		11.2

		11.2

		12.1 (Scenario#1)

12.1.(Scenario#2)



		

		50% CDF

		7.9

		7.9

		13.6 (Scenario#1)

13.6. (Scenario#2)

		18.4

		18.4

		19.4 (Scenario#1)

19.4. (Scenario#2)



		Network capacity of 
WSD [bps/Hz]

		5% CDF

		0.8

		0.8

		2.1 (Scenario#1)

2.1. (Scenario#2)

		3.8

		3.8

		4.1(Scenario#1)

4.1. (Scenario#2)



		

		50% CDF

		2.9

		2.9

		4.6 (Scenario#1)

4.6. (Scenario#2)

		6.2

		6.2

		6.5 (Scenario#1)

6.5.(Scenario#2)










Table 10: Comparison of network capacity of WSD (Number of TVWS channels = 1. 
Distance between master and slave WSDs = 1 km)

		Number of master WSDs

		300



		Number of channels

		1



		Master-Slave WSD distance [km]

		1



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		SINR of WSD [dB]

		5% CDF

		-15.3

		-15.3

		-8.2 (Scenario#1)

-8.2 (Scenario#2)

		-2.4

		-2.4

		-1.3 (Scenario#1)

-1.3 (Scenario#2)



		

		50% CDF

		-3.3

		-3.3

		2.5 (Scenario#1)

2.5 (Scenario#2)

		6.7

		6.7

		7.6 (Scenario#1)

7.6 (Scenario#2)



		Network capacity of 
WSD [bps/Hz]

		5% CDF

		0.0

		0.0

		0.2 (Scenario#1)

0.2 (Scenario#2)

		0.7

		0.7

		0.8 (Scenario#1)

0.8 (Scenario#2)



		

		50% CDF

		0.6

		0.6

		1.5 (Scenario#1)

1.5 (Scenario#2)

		2.5

		2.5

		2.8 (Scenario#1)

2.8 (Scenario#2)












Table 11: Comparison of network capacity of WSD (Number of TVWS channels = 1.
Distance between master and slave WSDs = 3 km) 

		Number of master WSDs

		300



		Number of channels

		1



		Master-Slave WSD distance [km]

		3



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		SINR of WSD [dB]

		5% CDF

		-26.2

		-26.2

		-17.2 (Scenario#1)

-17.2 (Scenario#2)

		-10.3

		-10.3

		-5.5 (Scenario#1)

-5.5 (Scenario#2)



		

		50% CDF

		-8.4

		-8.4

		-1.3 (Scenario#1)

-1.3 (Scenario#2)

		1.0

		1.0

		3.0 (Scenario#1)

3.0 (Scenario#2)



		Network capacity of 
WSD [bps/Hz]

		5% CDF

		0.0

		0.0

		0.0 (Scenario#1)

0.0 (Scenario#2)

		0.1

		0.1

		0.4 (Scenario#1)

0.4 (Scenario#2)



		

		50% CDF

		0.2

		0.2

		0.8 (Scenario#1)

0.8 (Scenario#2)

		1.2

		1.2

		1.6 (Scenario#1)

1.6 (Scenario#2)












Table 12: Comparison of network capacity of WSD (Number of TVWS channels = 5. 
Distance between master and slave WSDs = 0.5 km).

		Number of master WSDs

		300



		Number of channels

		5



		Master-Slave WSD distance [km]

		0.5



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		SINR of WSD [dB]

		5% CDF

		-1.1

		5.2

		10.6 (Scenario#1)

10.6 (Scenario#2)

		14.6

		17.4

		17.9 (Scenario#1)

17.9 (Scenario#2)



		

		50% CDF

		8.3

		14.4

		19.5 (Scenario#1)

19.5 (Scenario#2)

		23.1

		26.8

		28.1 (Scenario#1)

28.1 (Scenario#2)



		Network capacity of 
WSD [bps/Hz]

		5% CDF

		0.8

		2.1

		3.6 (Scenario#1)

3.6 (Scenario#2)

		4.9

		5.8

		6.0 (Scenario#1)

6.0 (Scenario#2)



		

		50% CDF

		3.0

		4.9

		6.5 (Scenario#1)

6.5 (Scenario#2)

		7.7

		8.9

		9.3 (Scenario#1)

9.3 (Scenario#2)












Table 13: Comparison of network capacity of WSD (Number of TVWS channels = 5. 
Distance between master and slave WSDs = 1 km).

		Number of master WSDs

		300



		Number of channels

		5



		Master-Slave WSD distance [km]

		1



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		SINR of WSD [dB]

		5% CDF

		-15.2

		-8.2

		-2.9 (Scenario#1)

-2.9 (Scenario#2)

		0.4

		3.3

		3.8 (Scenario#1)

3.8 (Scenario#2)



		

		50% CDF

		-2.9

		3.8

		8.6 (Scenario#1)

8.6 (Scenario#2)

		11.8

		16.0

		17.0 (Scenario#1)

17.0 (Scenario#2)



		Network capacity of 
WSD [bps/Hz]

		5% CDF

		0.0

		0.2

		0.6 (Scenario#1)

0.6 (Scenario#2)

		1.1

		1.7

		1.8 (Scenario#1)

1.8 (Scenario#2)



		

		50% CDF

		0.6

		1.8

		3.0 (Scenario#1)

3.0 (Scenario#2)

		4.0

		5.3

		5.7 (Scenario#1)

5.7 (Scenario#2)












Table 14: Comparison of network capacity of WSD (Number of TVWS channels = 5. 
Distance between master and slave WSDs = 3 km)

		Number of master WSDs

		300



		Number of channels

		5



		Master-Slave WSD distance [km]

		3



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		SINR of WSD [dB]

		5% CDF

		-26.2

		-17.7

		-12.2 (Scenario#1)

-12.3 (Scenario#2)

		-9.9

		-2.2

		-1.6 (Scenario#1)

-1.6 (Scenario#2)



		

		50% CDF

		-8.1

		-0.2

		4.7 (Scenario#1)

4.7 (Scenario#2)

		5.0

		11.1

		11.6 (Scenario#1)

11.6 (Scenario#2)



		Network capacity of 
WSD [bps/Hz]

		5% CDF

		0.0

		0.0

		0.1 (Scenario#1)

0.1 (Scenario#2)

		0.1

		0.7

		0.8 (Scenario#1)

0.8 (Scenario#2)



		

		50% CDF

		0.2

		1.0

		2.0 (Scenario#1)

2.0 (Scenario#2)

		2.1

		3.8

		3.9 (Scenario#1)

3.9 (Scenario#2)












Table 15: Comparison of network capacity of WSD (Number of TVWS channels = 10. 
Distance between master and slave WSDs = 0.5 km)

		Number of master WSDs

		300



		Number of channels

		10



		Master-Slave WSD distance [km]

		0.5



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		SINR of WSD [dB]

		5% CDF

		-1.1 

		7.7 

		12.8 (Scenario#1)

12.8 (Scenario#2) 

		15.4 

		20.2 

		20.2 (Scenario#1)

20.2 (Scenario#2) 



		

		50% CDF

		8.4 

		17.0 

		21.8 (Scenario#1)

21.7 (Scenario#2) 

		24.1 

		30.5 

		30.5 (Scenario#1)

30.5 (Scenario#2) 



		Network capacity of 
WSD [bps/Hz]

		5% CDF

		0.8 

		2.8 

		4.3 (Scenario#1)

4.3 (Scenario#2) 

		5.2 

		6.7 

		6.7 (Scenario#1)

6.7 (Scenario#2) 



		

		50% CDF

		3.0 

		5.7 

		7.3 (Scenario#1)

7.3 (Scenario#2) 

		8.0 

		10.2 

		10.2 (Scenario#1)

10.2 (Scenario#2) 










Table 16: Comparison of network capacity of WSD (Number of TVWS channels = 10.
Distance between master and slave WSDs = 1 km)

		Number of master WSDs

		300



		Number of channels

		10



		Master-Slave WSD distance [km]

		1



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		SINR of WSD [dB]

		5% CDF

		-15.2

		-5.8

		-0.9 (Scenario#1)

-1.0 (Scenario#2)

		1.0

		6.1

		6.1 (Scenario#1)

6.1 (Scenario#2)



		

		50% CDF

		-2.8

		6.6

		11.0 (Scenario#1)

11.0 (Scenario#2)

		12.8

		19.6

		19.6 (Scenario#1)

19.6 (Scenario#2)



		Network capacity of 
WSD [bps/Hz]

		5% CDF

		0.0

		0.3

		0.9 (Scenario#1)

0.9 (Scenario#2)

		1.2

		2.4

		2.4 (Scenario#1)

2.4 (Scenario#2)



		

		50% CDF

		0.6

		2.4

		3.8 (Scenario#1)

3.8 (Scenario#2)

		4.3

		6.5

		6.5 (Scenario#1)

6.5 (Scenario#2)







Table 17: Comparison of network capacity of WSD (Number of TVWS channels = 10.
 Distance between master and slave WSDs = 3 km)

		Number of master WSDs

		300



		Number of channels

		10



		Master-Slave WSD distance [km]

		3



		Protection distance [km]

		20

		40



		Output power calculation method

		Fixed

		Flexible

		Maximized

		Fixed

		Flexible

		Maximized



		SINR of WSD [dB]

		5% CDF

		-26.1 

		-15.2 

		-10.4 (Scenario#1)

-10.4 (Scenario#2) 

		-9.7 

		-0.9 

		-0.9 (Scenario#1)

-0.9 (Scenario#2) 



		

		50% CDF

		-8.1 

		2.3 

		6.9 (Scenario#1)

6.9 (Scenario#2) 

		5.5 

		13.6 

		13.6 (Scenario#1)

13.6 (Scenario#2) 



		Network capacity of 
WSD [bps/Hz]

		5% CDF

		0.0 

		0.0 

		0.1 (Scenario#1)

0.1 (Scenario#2) 

		0.2 

		0.9 

		0.9 (Scenario#1)

0.9 (Scenario#2) 



		

		50% CDF

		0.2 

		1.4 

		2.6 (Scenario#1)

2.6 (Scenario#2) 

		2.2 

		4.6 

		4.6 (Scenario#1)

4.6 (Scenario#2) 









WSD network capacity comparison and its analysis

The results in previous section show that the consideration of the number of active WSDs of each available channel in the calculation engine will bring us the highest communication opportunity of WSDs, according to the performance differences among fixed, flexible and maximized method. In this simulation, the potential maximum number of active WSDs in each available channel is fixed, so we can just see no performance difference between the fixed method and flexible method in a case where the number of available channel is in case of single available channel. However, in actual operation, the geolocation database does not know the potential maximum number of active WSDs in each available channel, so an excessive value should be adopted. Hence, we can see more performance differences between fixed method and flexible/maximized method in actual TVWS operation.

The maximized method can show the highest performance in three methods, because there will be some redundancy in calculating output power level of WSDs in cases where the fixed and flexible margin based calculation methods are adopted. This may be due to the fact that the fixed and flexible margin based calculation methods cannot differentiate between the path loss condition of a target WSD from one of the other potential interferers in calculating output power level of a target WSD as shown in equation (1).

Table 15 shows the comparison of different calculation methods from viewpoints of the calculation overhead, the system overhead and the WSD network capacity. One can see that the calculation overhead for the calculation engine and its system overhead will increase due to the consideration of the number of active master WSDs in each available channel, so some additional study on this issue will be necessary.



Table 18: Comparison of different calculation methods

		

		Calculation overhead

		System overhead

		WSD network capacity



		Fixed margin based method

		Low

		Small

		Low



		Flexible margin based method

		Moderate

		Moderate

		Moderate



		Maximized method

		High

		Large

		High







There will be several possible deployment scenarios for the calculation engine of location specific output power level. For example, the calculation engine may be a part of geolocation database controlled by a regulatory body, or a separate engine (namely advanced geolocation engine) from the geolocation database managed by regulatory body as shown below. In a case where it is a separate engine, a third party should take a responsibility to protect the incumbent service receivers from an aggregated interference problems, and the operation should be kept under surveillance by regulatory body. The merit will be to enable the processing load of the geolocation database managed by regulatory body to offload to the third party engine. Such third party engines may be also provide other services, such as coexistence services (which will be standardized in specifications such as  ETSI TS102 908[2] Cognitive radio network coexistence for white space or IEEE P802.19.1[1] (TVWS network coexistence system) to the WSDs operating in the same area.







[bookmark: _Ref313953857]Figure 15: Network deployment scenario

Conclusions

This document introduces the WSD network capacity comparison and analysis between the location specific WSD output power level calculation method for database approach in ECC REPORT159 and its extension methods which consider the number of active master WSDs of each available channel in WSD master-slave operation. This result shows that the consideration of the number of active master WSDs of each available channel will have large impact for the network capacity of WSDs while satisfying the incumbent service protection. 

Further study will be necessary in SE43 and/or ETSI, specifically for the feasibility of the interface between the geolocation database and WSDs allowing for the number of active master WSDs to calculate the location specific WSD output power level in a geolocation database.








APPENDIX 1 OF TO ANNEX 1

CDF results of SINR of incumbent receiver, output power level of WSD, SINR of WSD, and network capacity of WSD

Ap1.1. Number of channels = 1
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Scenario 1 / (b) Scenario 2

Figure 16: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km).





[image: ] [image: ]

[image: ][image: ]

Scenario 1 /  (b) Scenario 2

Figure 17: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 1 km).
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Scenario 1 /  (b) Scenario 2

Figure 18: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 3 km).
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Scenario 1 /  (b) Scenario 2

Figure 19: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).








[image: ][image: ]

[image: ][image: ]

Scenario 1 /  (b) Scenario 2

Figure 20: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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Scenario 1 / (b) Scenario 2

Figure 21: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 3 km).




AP1.2. Number of channels = 5
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Scenario 1

Figure 22: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km).
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Scenario 2

Figure 23: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km).
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Scenario 1

Figure 24: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 1 km)
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Scenario 2

Figure 25: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 1 km).
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Scenario 1

Figure 26: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 3 km).
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(b) Scenario 2

Figure 27: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 3 km).
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Scenario 1

Figure 28: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).
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(b) Scenario 2

Figure 29: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).
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Scenario 1

Figure 30: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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Scenario 2

Figure 31: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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Scenario 1

Figure 32: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 3 km).
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Scenario 2

Figure 33: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 3 km)






AP1.3. Number of channels = 10
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Scenario 1

Figure 34: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km).
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Scenario 2

Figure 35: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km)
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Scenario 1

Figure 36: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 1 km).
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Scenario 2

Figure 37: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 1 km).
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Scenario 1

Figure 38: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 3 km)
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Scenario 2

Figure 39: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 3 km)
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Scenario 1

Figure 40: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).
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Scenario 2

Figure 41: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).
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Scenario 1

Figure 42: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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Scenario 2

Figure 43: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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Scenario 1

Figure 44: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 3 km).
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Scenario 2

Figure 45: CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 3 km)
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[bookmark: _Toc319191491]Interference scenarios

When extending the basic methodology of the ECC Report 159 to calculate the WSD maximum power levels the following scenarios could be considered:

Portable outdoor WSD transmission

[bookmark: OLE_LINK2]Mobile WSD transmission and fixed roof-top DTT reception

The model we use is shown below. A mobile WSD at 1.5 m above ground level (agl) radiates into a rooftop DTT antenna. Taking account of the vertical DTT receive antenna pattern, the maximum loss and receive antenna discrimination from the WSD to the DTT antenna is 56.15 + 0.45 dB = 56.6 dB.

[image: ]

[bookmark: _Ref313955052]Figure 46: Reference geometry for mobile WSD at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.

[bookmark: OLE_LINK3]Mobile WSD transmission at 10 m agl and fixed roof-top DTT reception

The model we use is shown in below. A mobile WSD at 10 m agl (e.g. from a window in a multi‑story house) radiates directly into a rooftop DTT antenna at 10 m agl. There is no receiving antenna or polarisation discrimination. The maximum loss from the WSD to the DTT antenna is 54.72 dB.
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[bookmark: _Ref313955166]Figure 47: Reference geometry for mobile WSD at 10 m agl.

The path loss shown is valid for a carrier at 650 MHz.





[bookmark: OLE_LINK5]Mobile WSD transmission at 1.5 m agl and mobile DTT reception at 1.5 m agl

The model we use is shown below. A mobile WSD at 1.5 m agl radiates directly into a mobile DTT antenna at 1.5 m agl. There is no receiving antenna or polarisation discrimination. The maximum loss from the WSD to the DTT antenna is 34.72 dB.
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[bookmark: _Ref313955261]Figure 48: Reference geometry for mobile WSD and mobile DTT at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.

Fixed WSD transmission

[bookmark: OLE_LINK7]Fixed WSD transmission and fixed DTT reception at 10 m agl

The model we use is shown below. A fixed WSD at 10 m agl radiates directly into a fixed DTT antenna at 10 m agl. There is no receiving antenna discrimination. There would be 3 dB polarisation discrimination. The maximum loss from the WSD to the DTT antenna, including polarisation discrimination, is 54.72 + 3 = 57.72dB.



 (
P
IB
Fixed rooftop DTT 
reception
TV
-
54.72 dB
Fixed WSD
10 m
-
16 dB
+9.15 
dBi
H-polar
Slant-polar
20m
)

[bookmark: _Ref313955315]Figure 49. Reference geometry for fixed WSD and fixed DTT reception at 10 m agl

The path loss shown is valid for a carrier at 650 MHz.



[bookmark: OLE_LINK9]Fixed WSD transmission at 10 m agl and mobile DTT reception at 1.5 m agl

The model we use is shown below. A fixed WSD at 10 m agl radiates directly into a mobile DTT antenna at 1.5 m agl. There is no receiving antenna or polarisation discrimination. We assume a 10 dB transmit antenna attenuation in the downward direction. The maximum loss from the WSD to the DTT antenna, including transmit antenna attenuation, is 55.45 + 10 = 65.45 dB.
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[bookmark: _Ref313955349]Figure 50: Reference geometry for fixed WSD at 10 m and mobile DTT at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.

FIXED WSD AT 10 m INTERFERING WITH PORTABLE INDOOR DTTB AT 1.5 M

The geometry used to calculate the interference from a fixed WSD transmit antenna at 10 m to a portable indoor DTT receiver at 1.5 m height is shown below.

The relevant parameters are the following:

Reference frequency: 650 MHz

Horizontal separation between the WSD and the DTTB: 20 m

Path loss: 55.45 dB

WSD transmit antenna discrimination: 10 dB

Polarization discrimination: 0 dB

Wall loss 8 dB, standard deviation 5.5 dB
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[bookmark: _Ref313955442]Figure 51: Reference geometry for fixed WSD at 10 m and mobile indoor DTT at 1.5 m agl.






Fixed WSD transmission at 30 m agl and fixed DTT reception at 10 m agl
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Figure 52: Scenario 7

If 30 m BS transmit antennas are foreseen, this type of usage should be restricted to rural areas. In urban environments, fixed DTTB receive antenna installations might also be foreseen at 30 m. In this case the WSD e.i.r.p. restrictions would be the same as that calculated for Scenario #4.




Fixed WSD transmission at 30 m agl and mobile DTT reception at 1,5 m agl
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Figure 53: Scenario 8

If 30 m BS transmit antennas are foreseen, this type of usage should be restricted to rural areas. In urban environments, when Portable Outdoor DTTB reception is to be protected, because of the portability of the mobile DTTB apparatus, such equipment can also be located at higher than 1.5 m (e.g. at 10 m or 20 m at the window of a high rise).






[bookmark: _Toc319191492]Number of WSD and Nuisance Power

In order to assess whether broadcasting service protection is granted from the WSD operation the protection criteria of the broadcasting service together with the planning principles have to be applied, for example as laid down in GE06.



At a given location more than one WSD can operate and these devices can use different channels available in this location. Some channels have the same interference impact on the wanted channel received in the corresponding location (example: channels N+1, N-1, N+9 have similar Protection Ratios (PR) with regard to channel N, therefore if they are used simultaneously in the same location their interference on channel N will add up correspondingly). Figure 54 sketches the situation. 
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[bookmark: _Ref314047229][bookmark: _Ref313955820]Figure 54: Example of geographical configuration and channel combination

Based on this simple but realistic configuration, a margin of 5 dB (corresponding to the difference between one single WSD and 3 WSDs with equal impact) has been initially proposed. 

In order to further investigate this effect of cumulative interference from multiple WSDs, this Annex contains a detailed study showing that WSD adjacent channel usage, with a fixed antenna at 10 m height, within a DTTB coverage area can lead to cumulative interference effects with respect to DTTB fixed reception. The probability and the magnitude of the cumulative effect are shown to be functions of the density of WSDs used in a given area.

In order to properly take into account the impact of cumulative interference caused by several WSDs in the UHF band the following principles have to be considered:

· Cumulative interference can result from (i) different WSDs using the same channel in different geographical locations or (ii) different WSDs using different channels in the same geographical locations. Two options exist: 

a) Option 1: Single WSD treatment: The maximum permissible output powers on the channels potentially available for a single WSD have to be derived by applying a margin for each WSD (e.g. 5 dB for the adjacent channels configurations).

b) Option 2: Multiple WSDs treatment: The maximum permissible output powers on the channels potentially available for all relevant WSDs have to be derived in a calculation that takes into account the cumulative interference in a single step. The allocation of powers and the channels onto the WSDs, i.e. the underlying algorithm, rests with the data base management system. This Option 2 could imply continuous adjustment of the already allocated powers each time a new WSD comes into operation.

An alternative solution, yet to be proven implementable in practice, would consist in maintaining minimum separation distances between fixed WSD transmitters (using the same or different channels), in order to protect DTTB reception. Such distances are also calculated in the analysis shown in  Annex 4.

For simplicity, as an approximation, we consider only the interfering median nuisance powers from the WSDs (i.e. noise is not taken into account) and their power sum. Because of the short distances involved, we use the SEAMCAT Hata propagation model.

We consider explicitly only the case of non-co-sited adjacent channel WSD base stations. Otherwise the multiple interference margin would have to be increased by at least 10 log N, where N is the number of co-sited WSD transmissions (this is not considered to be a restriction, as it was insisted during the SE43 meeting that multiple frequencies would not be used at any individual WSD transmit antenna).

Nuisance power and its application

As specified in section 2.1 we take

· Ptx_lim = -19 dBm (channel N1, N + 9, PR = -30 dB),

· Ptx_lim = -9 dBm (channel N2, PR = -40 dB),

· Ptx_lim = 1 dBm (channels N3 and beyond, PR = ‑50 dB).



At 20 m distance from the fixed interfering WSD transmit antenna, the limiting median power present at the DTTB fixed receive antenna is Prx_lim = Ptx_lim – LFS(0.02) – POL, where LFS(0.02) = 54.73 dB is the free space loss at 20 m, and POL = 3 dB slant polarisation discrimination.

Thus, explicitly, at the DTTB coverage edge (56.21 dBµV/m) the limiting median received interfering powers are

· Prx_lim = ‑19 dBm – 57.73 dB = -76.73 dBm (channel N1, N + 9, PR = -30 dB),

· Prx_lim = ‑9 dBm – 57.73 dB = -66.73 dBm (channel N2, PR = -40 dB),

· Prx_lim = 1 dBm – 57.73 dB = -56.73 dBm (channels N3 and beyond, PR = -50 dB).



Notice that, in each case Prx_lim + PR = -106.73 dBm. The quantity “Prx_lim + PR” is called the ‘limiting median nuisance power’, Pnuis_lim, and it has a single value for all adjacent channel configurations. Thus, the limiting median nuisance power must not be exceeded at the DTTB receive antenna in order to protect DTTB reception to the required extent. This approach allows us to treat all relevant adjacent channels simultaneously, on an equal footing.

More generally, the quantity Pnuis = “Prx + PR – [POL, DIR]” is called the median ‘nuisance power’.

If there are 2 or more interfering WSDs (WSD1, WDS2, etc) each will produce a median nuisance power (Pnuis_1, Pnuis_2, etc). The power sum of these nuisance powers will give rise to a total median nuisance power Pnuis_tot (= Pnuis_1 + Pnuis_2 +...), using power summation. In particular, in order to protect DTTB fixed reception, the total (summed) median nuisance power must not exceed the limiting median nuisance power: Pnuis_tot ≤ Pnuis_lim.

Propagation loss: determination and usage

We use the SEAMCAT Hata propagation model to determine the loss, LOSS(d), at a distance d between the WSD transmit antenna and the DTTB fixed receive antenna, and thus the median receive power, Prx_med, at the DTTB receive antenna (including the slant polarisation discrimination)

Ptx – LOSS(d) – POL = Prx_med.

Knowing the median receive power, Prx_med, and the relevant adjacent channel protection ratio, PRi, the corresponding median nuisance power can be determined Pnuis_med_i = Prx_med + PRi.

In order for DTTB fixed reception to be protected from the WSD transmission, the median wanted power, Pw_med, at the DTTB receive antenna must satisfy Pw_med ≥ Pnuis_med_i for each relevant adjacent channel Ni. In particular, at a 20 m separation distance (and more) Pnuis_lim ≥ Pnuis_med_i.

In the presence of two (or more) adjacent channel interferences, N+i and N+j (and N+k,...) say, the individual median nuisance powers (Pnuis_i, Pnuis_j, Pnuis_k, ...) must not only not exceed the limiting median nuisance power, Pnuis_lim, but also the total median nuisance power Pnuis_tot = Pnuis_i + Pnuis_j + Pnuis_k + ..., must not exceed Pnuis_lim.

WSD cumulative interference

In this section, we consider the possibility of multiple interference due to WSD transmitters, assuming a WSD transmitter density, , of 1 to 10 WSD base stations per pixel as determined in section 2.3 above (and also  = 17 to give a potential upper limit).

We consider a constellation consisting of 9 pixels (100 m x 100 m) as shown in Figure 54. For simplicity of explanation, in Figure 54 we simply consider  = 5 WDS base stations per pixel (the same pictorial representation could be made for any number of WSDs by increasing or decreasing the number of points to ).

We choose a DTTB receive site at the centre of the central pixel (indicated by the star). We place a WSD 20 m in front of the star to represent a single WSD interferer. We choose  - 1 = 4 other WSD sites within the central pixel in a random manor. WSD sites are chosen only if they are separated by 20 m or more from the DTTB receive site. To get ‘representative’ results, we consider 1 000 000 random distributions of the possible  - 1 WSD sites.

For a given Monte Carlo trial, a random distribution of  - 1 WSD transmitters is selected within the central pixel (see the small blue ‘circles’); the same relative distribution of the  WSDs is positioned within each of the other 8 pixels (see the small red ‘circles’). This gives us an approximate WSD ‘network structure’ with which to do calculations. Interference calculations (power summing the individual contributions) are carried out for each  WSD distribution to determine the cumulative interference effect of the WSDs. The 8 pixels (and their WSDs) surrounding the central pixel are included to ensure that the full effects of cumulative WSD interference are reflected.

The e.i.r.p.s of the WSDs are chosen so that the limiting median nuisance power, Pnuis_lim, at 20 m distance is Pnuis_lim = -106.73 dBm (from section 3.1 above). Recall that Pnuis_lim = Prx_perm + PRi – [POL, DIR]. Prx_perm is the limiting permissible power occurring 20 m away from the WSD at a potential DTTB receive antenna , PRi is the relevant adjacent channel protection ratio. 

 (
20m
)

[bookmark: _Ref313955747]Figure 55: 9 pixels with  = 5 WSD transmitters per pixel

The DTTB receive antennas are all assumed to point to the top of the diagram in above, the assumed direction of the ‘faraway’ DTTB transmitter. The 

Recommendation ITU-R BTF.419 [3] antenna pattern is used to determine the discrimination of the DTTB receive antenna relative to the interfering WSDs, including a 3 dB slant-polarisation discrimination (see above).



[image: ]

Figure 56: ITU-R BTF.419 antenna pattern

1 000 000 Monte Carlo trials were carried out for each WSD density (i.e. 1 000 000 different random distributions of  = 1 to 10, and  = 17 WSDs, respectively, within the central pixel, with ‘clones’ placed in the surrounding 8 pixels). The distribution of the cumulative interfering nuisance powers occurring at the DTTB receiver site is shown in Figure 57, Figure 58,Figure 59, in increasing ‘close-ups’.
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[bookmark: _Ref313956549]Figure 57: Distribution of the cumulative interfering nuisance powers
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[bookmark: _Ref313956559]Figure 58: Close-up of Figure 57
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[bookmark: _Ref313956574]Figure 59: Close-up of Figure 57






In Table 19 are listed the ‘extremes’ of the distributions, according to the number of WSDs per pixel. It is seen that, as the WSD density increases,

· both the minimum and the maximum cumulative nuisance power increase,

· the percentage of incidents where the limiting nuisance power limit is exceeded increases,

· the allowable nuisance power limit is exceeded 0.02 dB to 7.73 dB depending on the density of the interfering WSD networks.

[bookmark: _Ref314037478]Table 19:

		WSD Density 

(# of WSDs/pixel)

		Cumulative Nuisance Interference Power

		% exceeding limit + X dB

X =

		Margin (dB) to ensure the single entry limit is observed



		

		Minimum (dBm)

		Maximum (dBm)

		

		



		

		

		

		1

		2

		3

		4

		5

		



		1

		-106.71

		-106.71

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%

		0.02  dB



		2

		-106.66

		-103.70

		6.49%

		1.35%

		0.02%

		0.00%

		0.00%

		3.03 dB



		3

		-106.61

		-102.02

		14.86%

		3.59%

		0.33%

		0.01%

		0.00%

		4.71 dB



		4

		-106.57

		-101.34

		25.10%

		6.74%

		0.99%

		0.04%

		0.00%

		5.39 dB



		5

		-106.52

		-100.95

		38.86%

		10.92%

		2.02%

		0.12%

		0.00%

		5.78 dB



		6

		-106.46

		-100.76

		49.82%

		16.24%

		3.60%

		0.29%

		0.01%

		5.97 dB



		7

		-106.40

		-100.60

		63.42%

		22.44%

		5.65%

		0.56%

		0.02%

		6.13 dB



		8

		-106.34

		-100.48

		76.24%

		29.62%

		8.30%

		1.00%

		0.04%

		6.25 dB



		9

		-106.27

		-100.14

		86.77%

		37.32%

		11.53%

		1.65%

		0.09%

		6.59 dB



		10

		-106.22

		-100.02

		93.95%

		45.38%

		15.28%

		2.59%

		0.18%

		6.71 dB



		17

		-105.69

		-99.00

		91.38%

		54.20%

		19.33%

		3.29%

		0.20%

		7.73 dB







In the scenario with  = 1 WSD/pixel, the median nuisance power ‘limit’, -106.73 dBm, at the fixed DTTB receive antenna (at 10 m height) is exceeded by 0.02 dB by the cumulative interference compared to the single entry fixed WSD base station (at 10 m height).

It is seen from the Figures 3a 57 to 3c59?? and Table 19 that that ‘limit’ will be exceeded in the case of multiple WSD interferers by larger and larger percentages, as the density of WSDs/pixel increases. It is seen that the increase in the maximum cumulative nuisance power can be as much as 6 dB or more if the density is as large as  = 7 WSDs/pixel. 

The final column in Table 19 indicate by how much the individual e.i.r.p. limits would have to be reduced in order that the single base station cumulative interference effect is not exceeded. It is seen that with a WSD density of  = 3/pixel or larger, a margin between 4 dB and 6 dB would be appropriate.

All in all, it is seen that cumulative interference effects due to ‘equivalent’ WSD base stations is indeed ‘probable’, with cumulative effects amounting to up to about 6 dB. In order for cumulative effects to be ignored, a ‘rule’ would have to be established that would allow only one adjacent channel (i.e. 1 adjacent channel between N – 8 to N + 9) WSD network to be operated within a given channel-N DTTB coverage area, and only one of the network’s base stations within each pixel.






[bookmark: _Toc319191493]THE ‘MULTIPLE-INTERFERENCE’ MODEL

As was stated in Annex 3, if the technical characteristics and service conditions cannot be known at the present time (and, thus, cumulative interference effects cannot be calculated) it is necessary to use other means to protect DTTB services. Possible ‘other means’ are considered in this Annex.

Maximum power WSDs

We use the modelling as proposed in Figure 60. We again make the argument as general and as simple as possible. We consider only median interfering nuisance powers, and power summing, and do not perform Monte Carlo simulations.

We first consider WSD base stations operating at their maximum e.i.r.p.s, which still observe the fixed DTTB protection criterion at 20 m horizontal separation.
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[bookmark: _Ref313956650]Figure 60:

We assume the following parameters (displayed, in part, in Figure 60):

· A single-entry interference limit, LIM dBm, has been established at the DTTB fixed antenna entry for the agreed protection (e.g. 0.1% degradation in location probability, or I/N = -20 dB at 20 m separation between WSD transmit antenna and DTTB fixed receive antenna)

· fixed WSDs, “X”, “Y” and “Z”, are permitted on adjacent channels x, y and z (x, y and z could be different adjacent channels, but could also be the same adjacent channel)

· The WSDs have permitted powers X, Y, and Z (based on protecting DTTB fixed reception at 20 m distance to the nearest DTTB receive antenna, using the appropriate adjacent channel protection ratios, PRX, PRY and PRZ, respectively)

· the fixed WSD, “X”, on adjacent channel x with power X is situated 20 m from a DTTV fixed antenna (“X” pointing into the forward lobe of the DTTB receive antenna), and the interference limit is reached at the DTTB fixed antenna site

· “X”, “Y” and “Z” form an equilateral triangle with side length “D”, symmetric about the axis through the DTTB receive antenna and “X”

· the fixed WSD, “Y”, on adjacent channel y with power Y is situated at a distance “d” from the DTTB receive antenna and lies in the forward lobe of the DTTB receive antenna, just at the edge of that lobe)

· the fixed WSD, “Z”, on adjacent channel z with power Z is situated at a distance “d” from the DTTB receive antenna and lies in the forward lobe of the DTTB receive antenna,  just at the edge that lobe).



We assume the SEAMCAT Hata propagation model to determine the loss, LOSS(d), at a distance d from the interfering source. We express the limiting nuisance power at 20 m as LIM.

We take into account a 3 dB slant polarization loss and ANT() as the DTTB receive antenna discrimination (Recommendation ITU-R F.419[3], as shown in Figure 2).

Then the X, Y, Z e.i.r.p.s are limited as follows, in terms of the single-entry nuisance power limit, LIM:

LIM = X – LOSS(.02) – 3 + PRX = Y – LOSS(.02) – 3 + PRY = Z – LOSS(.02) – 3 + PRZ.

At the DTTB receive antenna, the summed nuisance power from “X”, “Y” and “Z” is (power summing dBs indicated by “”) is designated LIM´:

LIM´=[X – LOSS(.02) – 3 + PRX]  [Y – LOSS(d) – ANT() + PRY]  [Z – LOSS(d) – ANT()+ PRZ]

Then LIM´can be expressed in terms of LIM as:

LIM´ = LIM[LIM + LOSS(.02) – LOSS(d) + 3 – ANT()][LIM + LOSS(.02) – LOSS(d) + 3 – ANT()]

We determine the distance, d, such that LIM is exceeded by .05 dB[footnoteRef:12], i.e. LIM´= LIM + .05. This is equivalent to  [12:  Recall that LIM is chosen to afford an agreed degree of interference to fixed DTTB reception. Any increase in this limit implies additional interference to the DTTB reception, above the agreed level.] 


[LIM + LOSS(.02) – LOSS(d) + 3 – ANT()]  [LIM + LOSS(.02) – LOSS(d) + 3 – ANT()] = LIM – 19.363, or

[LIM + LOSS(.02) – LOSS(d) + 3 – ANT()]= LIM – 19.363 – 3 = LIM – 22.373, or

LOSS(d) + ANT() =  LOSS(.02) + 25.373 = 80.102

Then, using the formulas “U”, “S” and “O” in the Appendix for ‘urban’ loss, ‘suburban’ loss, and ‘open’ loss we find 

dU = 94.3 m, dS = 161.6 m, dO = 499.4 m.

Using this information, and the geometry of Figure 1 we can calculate the minimum permitted distances, D, between fixed WSD transmit antennas:

DU = 76.6 m, DS = 144.0 m, DO = 482.00 m.

In fact, we have only calculated for the 3 strongest potential WSD interferers. If more WSDs were to be included, the separation distances would become greater (see the next section).

This again means: if the cumulative, multiple interference effect cannot be taken into account in terms of a stricter single entry e.i.r.p. limit (using a ‘margin’), then minimum distances between fixed WSD transmit antennas must be mandated.

Reduced power WSDs

In this section we consider what happens if the WSD network is operating at a reduced e.i.r.p. that is, we investigate to what extent the mutual separation distances between the WSD base stations can be reduced if lower e.i.r.p.s are used. In particular, the WSD mutual separation distances calculated above (on the basis of 3 interferers) will be found in this situation to be too small for the case of 0 dB reduction in maximum permitted e.i.r.p.

We use part of a WSD network as shown in Figure 61. Note that the network may not necessarily consist of a particular adjacent channel; there could be a ‘mixture’, as long as LIM is not exceeded at 20 m distance.



[bookmark: _Ref314047508]Figure 61: DTTB fixed antenna site (red square) 
39 WSDs in ‘front’ (blue dots)

There are 39 WSD base stations in ‘front’ of the DTTB fixed receive antenna, and 9 ‘behind’. The limiting nuisance power will be taken to be LIM = ‑106.73 dBm (i.e. with 1 interferer at 20 m separation). We allow a 0.05 dB increase to LIM in the presence of multiple interferers (see footnote 1). We calculate the WSD mutual separation distances for maximum e.i.r.p.s, and for reductions of 1, 2, 3 and 4 dB. The results are given in the table below.

		: Reduction to Maximum  e.i.r.p. (dB)

		Urban

(76.6 m)

		Suburban

(144 m)

		Open

(482 m)



		0

		99.8

		184

		607



		1

		41.4

		65.5

		245



		2

		31.9

		46.0

		195



		3

		26.6

		35.5

		167



		4

		22.7

		28.6

		148





[bookmark: _Ref314042498][bookmark: _Ref314047616]Table 20: Minimum WSD separation distances (m) with decreasing e.i.r.p. max = e.i.r.p. max – 

It should be noted that even if WSD e.i.r.p.s are reduced several dB below the allowable limit there will still be a cumulative effect if the separation distance between WSDs is too small, i.e. if the density of the WSDs is too large; this can be seen from Table 20 with the WSD mutual separation distances indicated, and the associated e.i.r.p.s, it may or may not be possible to have a full area WSD coverage using the network. In other words, a network which protects fixed DTTB reception may not be a practical network for full WSD area coverage.

These WSD mutual separation distances are valid for ‘equivalent’ WSD network structures. In other words, the frequencies of any of the WSDs could be replaced by a different adjacent channel frequency, with corresponding e.i.r.p.’max, and the protection criteria would still hold. We call this a ‘generic’ network in the sense that each individual WSD can have any adjacent channel frequency (and corresponding e.i.r.p.’max). This means that only one ‘generic’ WSD network can be used within a DTTB coverage area: an additional WSD base station on any adjacent channel (with corresponding e.i.r.p.’max) would lead to excess interference potential somewhere.




CONCLUSIONS

The concept of ‘nuisance power’ has been introduced to provide the basis for ‘generic’ interference calculations. This concept enables interference calculations to be carried out independently of the adjacent channel constellation: one calculation gives results which are valid for any adjacent channel network configuration.

It has been shown that:

· The cumulative interference effects of WSD base stations depend on the density of the base stations in the networks

· These cumulative effects can lead to total nuisance powers at fixed DTTB reception sites which exceed the limiting single-entry nuisance power limits by up to about 6 dB (see Figures 3a to 3c) at potential DTTB reception locations.

· These effects can cause the limiting nuisance power limits to be exceeded at more than 4 to 7 dB (see Figures 3a to 3c and Table 19).

· Cumulative interference effects must include the contributions of all adjacent channel WSD networks (i.e. those between N – 8 to N – 1 and between N + 1 to N + 9) operating in a given (channel N) DTTB coverage area. The reason for this is that each relevant WSD network contributes in approximate equal measure to the cumulative effects.

· If ‘cumulative’ margins cannot be introduced to protect against multiple interfering WSD base stations, then WSD base station mutual separation distances must be defined in order to insure protection of DTTB fixed reception. . If in fact multiple adjacent channels, say N adjacent channels, can be transmitted for a single fixed WSD antenna, the limiting e.i.r.p. for each of the N frequencies must be reduced by 10 log N dB, in order for the interference limit to be respected.

· If cumulative margins are not to be introduced, then WSD base station separation distances must be introduced. The required WSD base station mutual separation distances may exceed 100’s of meters, depending on the DTTB reception environment

· Reduction of e.i.r.p. values below the maximum allow a greater density of WSD base stations, while still protecting the DTTB service according to the agreed (single-entry) protection criteria, however a cumulative effect will still occur which, if no other constraints are invoked, such as minimal separation distances, could lead to interference to DTTB reception.
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[Ed.note: This annex requires a thorough review to improve the presentation of the materail]

Introduction

This annex is aimed to assist administrations in assessing an appropriate level for the degradation of the location probability to be used in the geo-location database calculations for the protection of the broadcasting services. In particular, considerations supported by calculation examples are provided (i) regarding the approach when the probability degradation is set to a fixed value and (ii) regarding the approach when the probability degradation varies across the coverage area of the broadcasting servicepresents the analysis of the two options presented in section 5.1.2 of the main report, in order to provide appropriate guidance for the administration’s decision.

As stated in the referred section of the report, two options could be used when applying the methodology developed in the ECC Report 159 and presented in section 5.1.1. of this report.

Use a fixed value for the acceptable degradation of the coverage probability

The proposed approach in this section offers a flexible solution, by proposing a fixed value for the ΔLP, but considering nevertheless the real potential of portable outdoor and indoor reception and their protection requirements. By defining a priori a fixed value for the ΔLP, the interference will be also limited, being considered to be a starting point for the calculations.

Based on these considerations, the proposed methodology and parameters are as follows:

· The calculation is made according to the methodology described in the ECC 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 and 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 e.i.r.p. limits indicated above must be reduced by a factor 10 log N.






Location Probability (LP) vs. Wanted Field Strength (WFS)

Figure 62 shows the relationship between the WFS and the corresponding LP, in the presence of noise only.

[image: ]

[bookmark: _Ref313967296]Figure 62: LP vs. Wanted Field Strength (WFS)

It is seen that if the wanted field strength is WFS = 56.21 dBµV/m in order to attain a 95% LP (in the presence of noise only), then 

· with a 10 dB increase (to WFS = 66.21 dBµV/m) the LP raises to 99.97%, and

· with a further 8 dB increase (to WFS = 74.21 dBµV/m), the LP rises to 100%.

Propagation Distance and I/N vs. Wanted Field Strength (WFS)

Figure 63 displays various other related relationships. 

· The horizontal axis represents the WFS, ranging from 56.21 dBµV/m to 116.21 dBµV/m. 

· The vertical axis represents either a propagation path distance (measured in km) or a value of I/N (measured in dB), as relevant.

· The dashed blue curve in Figure 63 shows the distance from a DTT transmitter as a function of the WFS. The vertical axis in this case represents the propagation distance, ranging from 0 km to 60 km.



In this example, for a land path, the frequency is 600 MHz, the wanted transmitter erp is 10.5 dBkW = 11.2 kW, and the transmit antenna height is 300 m; Recommendation ITU-R 1546[9] is the propagation model used.

It is seen that, as the WFS increases, the distance to the wanted transmitter decreases.[footnoteRef:13] In particular, the propagation distance 50 km corresponds to WFS 56.21 dBµV/m, and the propagation distance[footnoteRef:14] 0.9 km corresponds to WFS 116.21 dBµV/m. [13:  Note: this is a slightly unusual way of representing this relationship. Usually the field strength is plotted as a function of distance. The present representation is convenient for the purposes of this contribution.]  [14:  Note: we have extrapolated Recommendation ITU R P.1546[9] below 1 km to 0.9 km in order to ‘finish’ the curve.] 




In order to calculate I/N vs. WFS, the following model was used: 

· within a given pixel having a given median WFS, the LP (in the presence of noise only) was calculated using Monte Carlo simulation. 

· Aa second Monte Carlo simulation to determine LP was carried out after introducing an interfering field, with 3.5 dB standard deviation. 

· Nnoise and interference were power summed in the simulations. 

· I/N values were noted for specified LP = 0.1% and WFS values. 

· 106 trials were used in each simulation.



The solid curve in Figure 63 shows the relationship between I/N and the WFS for LP. = 0.1%. The vertical axis in this case represents the values of I/N ranging from -25 dB to 50 dB.
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[bookmark: _Ref313967555][bookmark: _Ref313967581]Figure 63: I/N and Propagation Distance vs. Wanted Field Strength (WFS)

From the Figure 63, it is seen that:

· (within a 50 km radius DTT coverage area) 35 km is the distance at which a WFS = 56.21 dBµV/m + 10 dB = 66.21 dBµV/m. Thus, (35/50)2  70% of the coverage area has  100% LP. This means that, in the central coverage area (i.e. less than 35 km distant from the DTT transmitter) I/N ranges from -3.5 dB at 35 km from the transmitter to 48.9 dB at 1 km from the transmitter for LP = 0.1%.

· Tthe field strength can increase by as much as 50 dB or more as the wanted transmitter is approached. Correspondingly, I/N can increase by up to 50 dB or more.





The e.i.r.p. restrictions shown in next figure are a function of the chosen degradation in location probability. The precise values of e.i.r.p. are also a function of the DTT receiver performance characterised by the protection ratio for the WSD interference. A value of -40dB is used for computation of the graph, based on a typical value for a noise-like WSD interferer operating in the second adjacent channel to the wanted DTT signal. A co-channel protection ratio of 20dB is assumed, corresponding to the DVB-T 64-QAM 2/3 mode.

[image: ]

Figure 64: 

Overload threshold

If the overload threshold is designated as Oth, then the median receive interference power must satisfy (Ga is the effective gain of the receive antenna, POL is the polarisation discrimination),

Pr + Ga – POL < Oth – µLwsd, wsd = 3.5 dB	 (19)

then

Pt = Pr + LOSS < Oth – µLwsd – Ga + POL + LOSS

in order to protect broadcast reception at L% or the locations. 

Although the relevant value of Oth is a function of interferer frequency offset, this relationship is not dependent on the WFS or on the corresponding protection ratio.

As an example, if Oth = -8 dBm, µL = 3.09 (corresponding to 0.1%) and Ga = 9 dB, POL = 3 dB (for fixed DTT reception),and since the free space propagation loss at 20 m separation is about 54.8 dB, the maximum transmit power is

Pt < Oth – µLwsd – Ga + POL + LOSS = Oth – 10.8 – 9 + 3 + 54.8 = Oth + 38 dBm.






A range of limiting WSD e.i.r.p. values is given in Table 21 as a function of Oth. Note that these limits would be valid irrespective of ambient DTT field strength level.



		Oth

		LP = 0.1% (µL = 3.090)



		0 dBm

		38 dBm



		-5 dBm

		33 dBm



		-10 dBm

		28 dBm



		-15 dBm

		23 dBm



		-20 dBm

		18 dBm



		-25 dBm

		13 dBm



		-30 dBm

		8 dBm



		-35 dBm

		3 dBm



		-40 dBm

		-2 dBm



		-45 dBm

		-7 dBm



		-50 dBm

		-12 dBm





[bookmark: _Ref314045170]Table 21: FIXED WSD Pt limits with respect to Oth levels

Table 22 and Table 23 are taken from ECC Report 159 for values of the overload threshold as a function of the interfering channel adjacency. These values of the overload threshold lead to fixed WSD e.i.r.p. limits as shown in Figure 65 and Figure 66, respectively.



		DVB-T Oth for 64-QAM 2/3 DVB‑T signal

(LTE BS, Constant Average Power)

Gaussian channel



		Channel edge separation (MHz)

		Oth (dBm)



		

		10th percentile



		

		Can
STB/iDTV

		Silicon
STB/iDTV

		Silicon

USB



		1

		-12

		-13

		-25



		9

		-8

		-7

		-22



		17

		-9

		-6

		-18



		25

		-10

		3

		-14



		33

		-7

		3

		-14



		41

		-7

		2

		-14



		49

		-6

		1

		-14



		57

		-7

		0

		-13



		65

		-3

		-5

		-17





[bookmark: _Ref314039324]Table 22: DVB-T Oth values in the presence of a time-constant LTE BS interfering signal in a Gaussian channel environment at the 10th percentile: can-tuners and silicon-tuners
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[bookmark: _Ref314039361]Figure 65: Fixed WSD e.i.r.p. limited by Fixed (can and silicon tuners) and PO (USB) DTT receiver overload according to the frequency offset



		DVB-T PR for 64-QAM 2/3 DVB‑T signal

(LTE UE TPC off)



		Channel edge separation (MHz)

		Oth (dBm)



		

		10th percentile



		

		Can
STB/iDTV

		Silicon
STB/iDTV

		Silicon

USB



		1.5

		-21 … -19

		-23 … -17

		-27



		9.5

		-18 … -4

		-46 … -5

		-47



		17.5

		-31 … -26

		-47 … -2

		-49



		25.5

		-19 … -11

		-44 … -6

		-42



		33.5

		-17 … -7

		-43 … -5

		-41



		41.5

		-18 … -7

		-41 … -7

		-37



		49.5

		-16 … -3

		-39 ... -5

		-37



		57.5

		-16 … -3

		-35 … -7

		-39



		65.5

		-9 … -3

		-32 … -10

		-40





[bookmark: _Ref314039334]Table 23: DVB-T Oth values in the presence of a LTE UE interfering signal without TPC in a Gaussian channel environment at the 10th percentile: can-tuners and silicon-tuners
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[bookmark: _Ref314039375]Figure 66: UE WSD e.i.r.p. limited by Fixed (can and silicon tuners) & PO (silicon tuner) DTT receiver overload according to the frequency offset

In the 2nd adjacent channel, Oth = -8 dB for fixed DTT reception (CAN and Silicon), and Oth = -22 dB for mobile (PO and PI) USB DTT reception. These values of overload threshold correspond to maximum WSD e.i.r.p. levels 29.8 dBm (F), 30.5 dBm (PO), and 29.2 dBm (PI).

There are three horizontal dashed lines corresponding to e.i.r.p. = 29.8 dBm, 30.5 dBm, and 29.2 dBm indicated in Figure 67.

Note that although Figure 67 relates to an overload threshold, Oth = -8 dBm (-7 dBm is also possible) (fixed DTT) and Oth = ‑22 dBm (portable DTT), it can be also used for other values of Oth.



Overall results

The parameters for the fixed WSD e.i.r.p. study are given in the Annex 3. The reference geometries are giving in Annex 5.

Figure 67 shows the results for the case of 2nd adjacent channel WSD interference with the protection ratio, PR = -40 dB. The protection criterion is the 0.1% degradation of the location probability: LP = 0.1%.

[image: ]

[bookmark: _Ref313973534]Figure 67: Maximum Fixed WSD e.i.r.p. limits for 2nd adjacent channel WSD interference

The horizontal axis of Figure 67 corresponds to the wanted field strength level at a 10 m DTT receive antenna height. It runs from 56.21 dBµV/m (the median field strength at the DTT coverage edge for fixed reception) to 125.21 dBµV/m (which corresponds to the field strength levels very near to the DTT transmitter).

The vertical axis of Figure 67 corresponds to the maximum fixed (at 10 m antenna height) WSD e.i.r.p. in order that the LP = 0.1% limit is not exceeded (at 10 m for fixed, and at 1.5 m for portable outdoor/indoor).



In order to ensure that no DTT reception mode will be interfered with, the following restrictions (“mask”) on the maximum FIXED WSD e.i.r.p. shown in Figure 68, must be observed (derived from the e.i.r.p. ‘envelope’ in Figure 67).
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[bookmark: _Ref313973648]Figure 68: FIXED WSD e.i.r.p. limits as a function of wanted field strength (PR = -40 dB)

Figure 69 shows the results for the case of 2nd adjacent channel WSD UE interference with the protection ratio, PR = -40 dB. The protection criterion is the 0.1% degradation of the location probability: LP = 0.1%.
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[bookmark: _Ref313973719]Figure 69: e.i.r.p. limits for UE WSD for LP = 0.1% (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 e.i.r.p. shown in Figure 70, must be observed (derived from the e.i.r.p. ‘envelope’ in Figure 69).
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[bookmark: _Ref314042799]Figure 70: UE WSD e.i.r.p. limits as a function of wanted field strength (PR = -40 dB)

Conclusions

Excessive values of I/N are reached within DTT coverage areas if adjacent channel WSDs are not subject to e.i.r.p. limits. Setting a fixed values of ΔLP 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).

STUDY PARAMETERS

At the DTT antenna input, the median field strength and median (and instantaneous) received power are related by:

Pr_dBm = EdBµV/m – 20 log fMHz – 77.2 ; f = 650 MHz

Pt = Pr + LOSS(r) + POL + DISCr + ATTt

LOSS is the propagation loss, POL the polarization discrimination, if any, DISCr the receive antenna discrimination, and ATTt the transmit antenna attenuation.

Treating at the receive antenna input, we don’t need to take into account Ga (except when dealing with DTT receiver overload)

1) Fixed WSD (10 m) to fixed DTT (10 m), r = 20 m horizontal separation.

· Free space loss (20 m) = 32.5 + 20 log f + 20 log r = 54.78 dB

· POL = 3, ATT = 0, DISC = 0

· Ew_med = 56.21 dBµV/m at antenna input at (10 m) coverage edge, w = 5.5 dB.

· [C/N] = 21 dB; µ = 1.645 for 95% LP

· N effective noise at antenna input: N = Ew_med – [C/N] – µw 

· Ei_med interfering field at antenna input, wsd = 3.5 dB

· For non-interference: Ei + PR < Ew

· PR = -40 dB (2nd adjacent channel)



2) Fixed WSD (10 m) to PO DTT (1.5 m), 20 m horizontal separation, 21.73 m slant.

· Free space loss (21.73 m) = 32.5 + 20 log f + 20 log r = 55.5 dB

· POL = 0, ATT = 10, DISC = 0

· Ew_med = 61.21 dBµV/m at antenna input at coverage edge, w = 5.5 dB.

· [C/N] = 19 dB; µ = 1.645 for 95% LP

· N effective noise at antenna input: N = Ew_med – [C/N] - µw 

· Ei_med interfering field at antenna input, wsd = 3.5 dB

· Height loss (10 m – 1.5 m): 17 dB

· At 10 m: Ew_med_10 =  Ew_med_1.5 + 17 = 78.21 dBµV/m 

· For non-interference: Ei + PR < Ew

· PR = -40 dB (2nd adjacent channel)



3) Fixed WSD (10 m) to PI DTT (1.5 m), 20 m horizontal separation, 21.73 m slant.

· Free space loss (21.73 m) = 32.5 + 20 log f + 20 log r = 55.5 dB

· POL = 0, ATT = 10, DISC = 0

· Ew_med = 70.95 dBµV/m 1.5 m outside at antenna input at coverage edge, w = 5.5 dB.

· Ew_med = 62.95 dBµV/m 1.5 m inside at antenna input at coverage edge, w = 7.78 dB.

· [C/N] = 17 dB; µ = 1.645 for 95% LP

· N effective noise at antenna input: N = Ew_med – [C/N] – µw 

· Ei_med interfering field at antenna input, wsd = 3.5 dB

· Height loss (10 m – 1.5 m): 17 dB

· Wall penetration loss: 8 dB, wall = 5.5 dB; ´wsd = (5.52 + 3.52) = 6.52 dB

· At 10 m: Ew_med_10 =  Ew_med_1.5 + 17 + 0 = 87.95 dBµV/m 

· For non-interference: Ei + PR < Ew

· PR = -40 dB (2nd adjacent channel)



4) UE WSD (10 m) to fixed DTT (10 m), r = 20 m horizontal separation.

· Free space loss (20 m) = 32.5 + 20 log f + 20 log r = 54.78 dB

· POL = 0, ATT = 0, DISC = 0

· Ew_med = 56.21 dBµV/m at antenna input at (10 m) coverage edge, w = 5.5 dB.

· [C/N] = 21 dB; µ = 1.645 for 95% LP

· N effective noise at antenna input: N = Ew_med – [C/N] – µw 

· Ei_med interfering field at antenna input, wsd = 3.5 dB

· For non-interference: Ei + PR < Ew

· PR = -40 dB (2nd adjacent channel)



5) UE WSD (1.5 m) to PO DTT (1.5 m), 2 m horizontal separation.

· Free space loss (2 m) = 32.5 + 20 log f + 20 log r = 34.78 dB

· POL = 0, ATT = 0, DISC = 0

· Ew_med = 61.21 dBµV/m at antenna input at coverage edge, w = 5.5 dB.

· [C/N] = 19 dB; µ = 1.645 for 95% LP

· N effective noise at antenna input: N = Ew_med – [C/N] - µw 

· Ei_med interfering field at antenna input, wsd = 3.5 dB

· Height loss (10 m – 1.5 m): 17 dB

· At 10 m: Ew_med_10 =  Ew_med_1.5 + 17 = 78.21 dBµV/m 

· For non-interference: Ei + PR < Ew

· PR = -40 dB (2nd adjacent channel)



6) UE WSD (1.5 m) to PI DTT (1.5 m), 2 m horizontal separation, wall between.

· Free space loss (2 m) = 32.5 + 20 log f + 20 log r = 34.78 dB

· POL = 0, ATT = 0, DISC = 0

· Ew_med = 70.95 dBµV/m 1.5 m outside at antenna input at coverage edge, w = 5.5 dB.

· Ew_med = 62.95 dBµV/m 1.5 m inside at antenna input at coverage edge, w = 7.78 dB.

· [C/N] = 17 dB; µ = 1.645 for 95% LP

· N effective noise at antenna input: N = Ew_med – [C/N] – µw 

· Ei_med interfering field at antenna input, wsd = 3.5 dB

· Height loss (10 m – 1.5 m): 17 dB

· Wall penetration loss: 8 dB, wall = 5.5 dB; ´wsd = (5.52 + 3.52) = 6.52 dB

· At 10 m: Ew_med_10 =  Ew_med_1.5 + 17 + 0 = 87.95 dBµV/m 

· For non-interference: Ei + PR < Ew

· PR = -40 dB (2nd adjacent channel)



Overload threshold

For fixed WSD interfering with Fixed DTT, PO DTT, and PI DTT

Pt < Oth – µx%wsd + [POL, DISCTV] + DISCWSD – Ga + LOSS(d)

Probability factor for 99.9%: µ99.9 = 3.091

1) Fixed DTT reception

· Oth = - 8 dBm for fixed DTT reception; wsd = 3.5 dB, POL = 3 dB, DISCwsd = 0 dB, Ga = 9.15 dB, propagation LOSS = 54.78 dB, wall LOSS = 0 dB

· Pt_max = Oth – 3.09 x 3.5 + 3 + 0 – 9.15 + 54.78 = Oth + 37.8 dBm =

· Pt_max = Oth + 37.8 dBm = -8 + 37.8 dBm = 29.8 dBm



2) Portable outdoor DTT reception

· Oth = - 22 dBm for outdoor mobile DTT reception; wsd = 3.5 dB, POL = 0 dB, DISCwsd = 10 dB, Ga = 2.15 dB, propagation LOSS = 55.5 dB, wall loss = 0 dB

· Pt_max = Oth – 3.09 x 3.5 + 0 + 10 – 2.15 + 55.5 = Oth + 52.5 dBm =

· Pt_max = Oth + 52.5 dBm = -22 + 52.5 = 30.5 dBm





3) Portable indoor DTT reception

· Oth = - 22 dBm for indoor mobile DTT reception; ´wsd = 6.52 dB, POL = 0 dB, DISCwsd = 10 dB, Ga = 2.15 dB, propagation LOSS = 55.5 dB, wall LOSS = 8 dB

· Pt_max = Oth – 3.09 x 6.52 + 0 + 10 – 2.15 + 55.5 + 8 = Oth + 51.2 dBm =

· Pt_max = Oth + 51.2 dBm = -22 + 51.2 = 29.2 dBm



For PO WSD interfering with Fixed DTT and PO DTT ; for PI WSD interfering with PI DTT

1) Fixed DTT reception

· Oth = - 31 & -47 dBm for fixed DTT reception; wsd = 3.5 dB, POL = 0 dB, DISCwsd = 0 dB, Ga = 9.15 dB, propagation LOSS = 54.78 dB, wall LOSS = 0 dB

· Pt_max = Oth – 3.09 x 3.5 + 0 + 0 – 9.15 + 54.78 = Oth + 34.8 dBm =

· Pt_max = Oth + 34.8 dBm = -31 + 34.8 dBm = 3.8 dBm; = -47 + 34.8 dBm = -12.2 dBm



2) Portable outdoor DTT reception

· Oth = - 49 dBm for outdoor mobile DTT reception; wsd = 3.5 dB, POL = 0 dB, DISCwsd = 0 dB, Ga = 2.15 dB, propagation LOSS = 34.78 dB, wall loss = 0 dB

· Pt_max = Oth – 3.09 x 3.5 + 0 + 0 – 2.15 + 34.78 = Oth + 21.8 dBm =

· Pt_max = Oth + 21.8 dBm = -49 + 21.8 = -27.2 dBm



3) Portable indoor DTT reception

· Oth = - 49 dBm for indoor mobile DTT reception; ´wsd = 6.52 dB, POL = 0 dB, DISCwsd = 0 dB, Ga = 2.15 dB, propagation LOSS = 34.78 dB, wall LOSS = 8 dB

· Pt_max = Oth – 3.09 x 6.52 + 0 + 0 – 2.15 + 34.78 + 8 = Oth + 20.48 dBm =

· Pt_max = Oth + 20.48 dBm = -49 + 20.48 = -28.52 dBm.

WSD e.i.r.p. to I/N CONVERSIONS

A) WSD e.i.r.p. S LIMITED BY PROTECTION RATIO CONSTRAINTS

1) Calculate the ambient ‘effective noise’ field strengths and corresponding powers.

· Ew = N + C/N + µ

· Pr_ dBm = EdBµV/m – 20 log fMHz – 77.2  



2) The median I/N is calculated as follows, to be general for differing protection ratios:

[I/N]med is the interfering nuisance field/power ‘divided’ by the noise nuisance field/power. Here we work with powers (dBm).

At the receive antenna input (i.e. the ambient field) the median interfering power is

· Pr = Pt – LOSS – [POL, DISC] – DIR – wall loss

· Interference nuisance power: Pr + PR 

· Noise nuisance power: N + C/N

· [I/N]med = (Pr + PR)/(N + C/N) = Pr + PR – C/N – N 





3) Reception modes

Fixed:

· Ew = 56.21 dBµV/m, µ = 1.645 (95%),  = 5.5 dB, C/N = 21 dB

· Effective Nf = 26.16 dBµV/m  -107.30 dBm

· Noise nuisance power: Nf + C/N = Nf + 21

· LOSS = 54.77 dB, [POL, DISC] = 3 dB, DIR = 0, wall loss = 0 dB

· Pr = Pt – 54.77 – 3 – 0 – 0 = Pt – 57.77 

· [I/N]med = Pt – 57.77 + PR – 21 – (-107.3) = Pt + PR + 28.5 



Portable Outdoor:

· Ew = 61.21 dBµV/m, µ = 1.645 (95%),  = 5.5 dB, C/N = 19 dB

· Effective No = 33.16 dBµV/m  -100.3 dBm

· Noise nuisance power: No + C/N = No + 19

· LOSS = 55.5 dB, [POL, DISC] = 0 dB, DIR = 10, wall loss = 0 dB

· Pr = Pt – 55.5 – 10 – 0 – 0 = Pt – 65.5

· [I/N]med = Pt – 65.5 + PR – 19 – (-100.3) = Pt + PR + 15.8 



Portable Indoor:

· Ew = 62.95 dBµV/m inside at 1.5 m, µ = 1.645 (95%),  = 7.78 dB, C/N = 17 dB

· Effective Ni = 33.16 dBµV/m  -100.3 dBm

· Noise nuisance power: Ni + C/N = Ni + 17

· LOSS = 55.5 dB, [POL, DISC] = 10 dB, DIR = 0, (inside at 1.5 m, so) wall loss = 8 dB

· Pr = Pt – 55.5 – 10 – 0 – 8 = Pt – 73.5

· [I/N]med = Pt – 73.5 + PR – 17 – (-100.3) = Pt + PR + 9.8.



B) WSD e.i.r.p.s LIMITED BY [I/N] AND OVERLOAD CONSTRAINTS

In the case of overloading, [I/N]med is simply Oth/N, where N is the actual noise at the receiver input. In the preceding, it has been the ‘effective noise’ which has been used. The effective noise and the actual noise are related by Neff + Ga= N.

So at overload,

· [I/N]med = Oth/N = Oth/(Neff + Ga) = (Oth – Ga)/Neff  = {Pt – LOSS – [POL,DIR] + Ga}/N =

· [I/N]med = Pt – LOSS – [POL,DIR] + Ga – N = Pt – LOSS – [POL,DIR] – Neff.



If [I/N]med limits are set, this would imply that limits on Pt would also result, since at the limit, Pt = [I/N]med + Neff + LOSS + [POL,DIR]




Use a variable degradation for the acceptable degradation of the coverage probability

The use of TV white spaces is conditioned to the protection of the primary DTT broadcasting service against WSD interference. This protection is represented by tolerable levels of degradation. Not defining a priori a fixed value for the ΔLP means that the resulted margins (considering the received field strength and the protection ratio of the receiver) for allocate power for WSD will be raised, comparing to the method presented at section A5.8. The consequence of raising the power of WSD (i.e. using such margins) could result in a higher degradation of the location probability. The methodology presented in this section provides upper limits to the degradation of location probability.The use of TV white spaces is conditioned to the protection of the primary DTT broadcasting service against WSD interference. This protection is represented by tolerable levels of degradation. In this section, not defining a priori a fixed value for the ΔLP means that the resulted margins (considering the received field strength and the protection ratio of the receiver) for allocate power for WSD will be raised, comparing to the method presented at section Annex.2. The consequence of raising the power of WSD (i.e. using such margins) could result in a higher degradation of the location probability.

WSD interference degrades two distinct aspects of DTT broadcasting service:

· The coverage quality of DTT service;

· The ability of the DTT receiver in discriminating the desired signal from interference signals. 



From the perspective of the DTT receiver, two parameters are important to appropriate operation in the presence of interference:

· Protection ratio: the minimum value of the signal-to-interference ratio at the DTT receiver required to obtain a specified reception quality under specified conditions;

· Overloading threshold: the interference level above which the receiver begins to lose the ability to discriminate against interfering signals at frequencies differing from that of the wanted signal.



Conditions for the protection of the DTT receiver against interference taking into account the two parameters mentioned above provide interference limits for appropriate operation of the DTT receiver. The appropriate operation in this case means the respect of the protection ratio and the overloading threshold. Given these interference limits, it is possible to assess the feasible levels of ΔLP and the maximum permissible levels of ΔLP with respect to the capability of the DTT receiver in appropriately dealing with interference.

The conditions based on the protection ratio and on the overloading threshold for the protection of the DTT receiver against interference are usual in ECC compatibility studies, like ECC Report 138[8] and ECC Report 148 [7] (see Annex C in [8]). They take into account statistical location variations in the wanted and interfering signals. For simplicity, interference of other DTT transmitters is ignored.

Protection ratio

The usual protection condition of the DTT receiver against interference is related to the protection ratio. It is given by 

Ewmed ≥ Eimed + PR(Δf) + µx% √(σ2w+ σ2i)

where: 

· Ewmed: wanted DTT median field strength at the DTT receiver;

· σw: wanted DTT field standard deviation;

· Eimed: WSD interference median field strength at the DTT receiver;

· σi: WSD interference standard deviation;

· : protection ratio (co-channel or adjacent channels);

· µx% √(σ2w+ σ2i): location correction factor for X% of locations within the small covered area (pixel).



Location correction factor takes into account the statistical location variations of both the wanted and the interfering signals.

Therefore, the limiting interference median field strength Eimed_max  for the protection of X% of locations within the pixel with respect to the appropriate (co-channel or adjacent channels) protection ratio  is expressed as 

Ewmed_max = Ewmed - PR(Δf) - µx% √(σ2w+ σ2i)

for a given wanted median field strengthand wanted and interfering standard deviations σw and σi. 

Overloading threshold

The protection of DTT receiver against overloading consists in satisfying:

IFE ≤ Oth - µx%×σi

where: 

· IFE : interference power at the front-end of the DTT receiver;

· Oth : overloading threshold;

· µx%×σi : location correction factor for X% of locations within the small covered area (pixel).



Location correction factor in this case takes into account the statistical location variations of the interfering signal only, since DTT receiver overload does not depend on the wanted DTT signal power.

The interference power at the front-end of the DTT receiver relates to the interference power at the DTT receiver input I as follows:

IFE = I – POL + Ga

where POL and Ga represent antenna polarization discrimination and antenna gain (including feeder losses). The relation between interference I and interference median field strength Eimed is given by 

I = Eimed – 20.log10(fMHz) – 77.2

for the frequency of operation  given in MHz. 

Then, the limiting interference median field strength at the DTT receiver, Eimed_max, for the protection of X% of locations within the pixel with respect to the overloading threshold Oth is given by 

Eimed_max = Oth - µx%×σi + POL – Ga + 20.log10(fMHz) + 77.2

It is noticeable that the receiver overload does not depend on the protection ratio.

Scenario and simulation setting

The analysis presented in this section can be applied to any scenario indicated in the working document, but for illustration purposes, the most restrictive scenario in terms e.i.r.p. for fixed outdoor WSD transmission is considered. The scenario is the “Fixed WSD transmission and fixed DTT reception at 10 m agl.”, which is briefly described in Table 24. Other relevant parameters like the median field strength at the coverage edge, Ewmed_ref , the minimum acceptable field strength at the receiver, Emin, the protection ratio, and the overloading threshold are presented in Table 25, all in accordance with ECC Report 159[2] and ECC Report 148[7]. For simplicity, a unique value of overloading threshold is assumed for co-channel and adjacent channels.






[bookmark: _Ref314039175]Table 24: Scenario

		Scenario

		Distance 
[m]

		Polarization discrimination [dB]

		Rx Antenna discrimination [dB]

		Tx antenna attenuation [dB]

		Total Loss [dB]



		Fixed WSD @10m

to Fixed DTT @10m

		20

		3

		-

		-

		57.72









[bookmark: _Ref314049891]Table 25: Relevant parameters (minimum field strength, protection ratios, and overloading threshold)

		Ewmed_ref [dBµV/m]

		Emin [dBµV/m]

		Co-channel protection ratio PR(0) [dB]

		1st adj. channel protection ratio  PR(Δf1) [dB]

		2nd  adj. channel protection ratio PR(Δf2)  [dB]

		Overloading Threshold, Oth

[dBm]



		56.21

		47.16

		21

		-30

		-40

		-20







Usual Monte Carlo simulations are performed to calculate location probability. For these simulations, the DTT wanted signal and the WSD interference are modeled as random variables with normal distribution as follows: 

· Ew [dBµV/m] ~ N(Ewmed, σw=5.5) is the field strength of the wanted signal at the DTT receiver, with mean Ewmed and standard deviation σw;

· Ei [dBµV/m] ~ N(Eimed, σi=3.5) is the field strength of the interference at the DTT receiver, with mean and standard deviation σi. 



The DTT location probability is defined as the probability with which a DTT receiver would operate correctly at a specific location. In the absence of interference, the location probability is calculated as 

LP = Pr (Ew ≥ Emin)

whereas in the presence of interference, it is

 ,

where  indicates power sum (sum in linear scale). Figure 71 illustrates  curves as a function of the co-channel interference median field strength Eimed for Ewmed varying from Ewmed_ref to Ewmed_ref +30 in intervals of 5 dB. LP curves for adjacent channel Δfi are obtained by shifting the curves in Figure 71 by () to the right.



[image: ]

[bookmark: _Ref314047981]Figure 71: Location probability with co-channel WSD interference.

The degradation in location probability is given by the difference between the original LP and the resulting LP with interference. 

The intent in this analysis is to determine the technical interference limits for the protection of the DTT receiver against interference for X% of locations, and from these limits to determine the corresponding maximum ΔLP levels from the point of view of the DTT receiver protection against interference. Interference limits are calculated from (2) for the satisfaction of the protection ratio, and from (6) for avoiding DTT receiver overload. Location probability (LP) and location probability degradation (ΔLP) corresponding to calculated interference limits are obtained by Monte Carlo simulations.

Table 3 illustrates a set of results that permits several remarks regarding feasible levels of ΔLP. 

· First column in Table 3 indicates the percentage of locations for which the DTT receiver is protected with respect to interference, i.e. X = 99.9%, X = 99%, and X = 95%. 

· Second column gives the median field strength . Seven different wanted DTT field strengths are considered, with  for the coverage edge, and  values increasing from 5 dB until reaching . 

· Third column in Table 3, entitled “ (No DTT receiver overload)”,  shows the calculated limiting interference median field strength, , for the protection of the DTT receiver against overload in X% of locations. 

· Fourth and fifth columns, entitled “ (Satisfaction of PR)”, present the calculated limiting interference median field strength, , for the satisfaction of the protection ratio in X% of locations. Fourth column () is related to the 1st adjacent channel, and the fifth one () to the 2nd adjacent channel. 

· The maximum ΔLP corresponding to the limiting interference median field strength  is shown in columns six and seven, entitled “Corresponding maximum ΔLP”, for WSD transmission in 1st and 2nd adjacent channels, respectively. 

· The last two columns (“Resulting LP”) show the LP values obtained by simulations that result from the presence of the limiting interference field strength .



As previously mentioned,  does not depend on the wanted DTT signal. Moreover, only one value of  was considered to all channels. Therefore, given the required percentage of locations protected, X%, the calculated maximum interference median field strength  for the protection of the DTT receiver against overload holds for any wanted signal quality  and for any channel. For the protection of 99.9% of locations from DTT receiver overload (quasi overload free), the limiting interference median field strength is . For protection of 99% of locations,  , and for the protection of 95% of locations against receiver overload, .



The interference limits for the protection of the DTT receiver with respect to the protection ratio, on the other hand, vary with the quality of the wanted DTT signal and with the channel (results for WSD transmission in 1st and 2nd adjacent channels are shown in Table 3). In locations close to the coverage edge the satisfaction of PR is the limiting factor for the received interference level. Only in locations where the wanted DTT signal strength is high, the limits imposed by the overloading threshold are more stringent than the ones coming from the satisfaction of PR. These situations are marked in yellow in Table 26. 

[bookmark: _Ref314038120]Table 26: 

		Protection of

X% of locations

		

		 (No DTT receiver overload)

		

(Satisfaction of PR)

		

		Corresponding maximum 

		Resulting 



		

		

		

		

		

		

		

		

		

		



		X = 99.9%

		

		96.49

		66.06

		76.06

		

		0.90%

		0.90%

		94.10%

		94.10%



		

		

		

		71.06

		81.06

		

		0.54%

		0.54%

		98.93%

		98.93%



		

		

		

		76.06

		86.06

		

		0.22%

		0.22%

		99.75%

		99.75%



		

		

		

		81.06

		91.06

		

		0.14%

		0.14%

		99.86%

		99.86%



		

		

		

		86.06

		96.06

		

		0.12%

		0.12%

		99.88%

		99.88%



		

		

		

		91.06

		101.06

		

		0.11%

		0.01%

		99.89%

		99.99%



		

		

		

		96.06

		106.06

		

		0.10%

		0.01%

		99.90%

		99.99%



		X = 99%

		

		99.16

		71.04

		81.04

		

		2.89%

		2.89%

		92.11%

		92.11%



		

		

		

		76.04

		86.04

		

		2.08%

		2.08%

		97.39%

		97.39%



		

		

		

		81.04

		91.04

		

		1.39%

		1.39%

		98.58%

		98.58%



		

		

		

		86.04

		96.04

		

		1.13%

		1.13%

		98.87%

		98.87%



		

		

		

		91.04

		101.0

		

		1.09%

		0.48%

		98.91%

		99.52%



		

		

		

		96.04

		106.0

		

		1.01%

		0.04%

		98.99%

		99.96%



		

		

		

		101.04

		111.0

		

		0.46%

		~ 0%

		99.54%

		~100%



		X = 95%

		

		101.55

		75.48

		85.48

		

		7.85%

		7.85%

		87.15%

		87.15%



		

		

		

		80.48

		90.48

		

		6.75%

		6.75%

		92.72%

		92.72%



		

		

		

		85.48

		95.48

		

		5.64%

		5.64%

		94.33%

		94.33%



		

		

		

		90.48

		100.48

		

		5.20%

		5.20%

		94.80%

		94.80%



		

		

		

		95.48

		105.48

		

		5.12%

		1.31%

		94.88%

		98.69%



		

		

		

		100.48

		110.48

		

		5.03%

		0.13%

		94.97%

		99.87%



		

		

		

		105.48

		115.48

		

		1.24%

		0.01%

		98.76%

		99.99%







The last four columns in Table 26 give the maximum permissible  and the resulting  for WSD transmission in the 1st and 2nd adjacent channels. . The  limits correspond to the permissible interference levels for the protection of the DTT receiver against interference for X% of locations. The maximum  and the resulting  vary with the wanted median field strength . For instance, for locations where , quasi perfect DTT receiver operation with respect to interference (X = 99.9%) is observed with maximum  and a resulting  for 1st adjacent channel WSD transmission. Transmission in the 2nd adjacent channel is limited by  to cause maximum interference . In the same scenario, if DTT receiver operation is protected for X = 99% of locations, one obtains the maximum  and the resulting  for 1st adjacent channel transmission, whereas for 2nd adjacent channel transmission there is a limitation by  to maximum interference . For DTT receiver operation protected against interference in X = 95% of locations, up to 5.03% and 0.13% of  for 1st and 2nd adjacent channels transmission would be possible.

Important remarks from results in Table 26

· Values of maximum ΔLP shown in Table 26 are, as highlighted throughout the analysis, the maximum degradations in location probability that guarantee the protection of the DTT receiver against interference for X% of locations.

· They serve thus as upper bounds for the choice of acceptable ΔLP levels. These upper bounds decrease with the increase of the wanted DTT signal level, since in this case the permitted interference level also increases and becomes more likely to not respect the protection ratio and the overloading threshold.



· The general understanding expressed in ECC Report 159 [2] that emission limits of a WSD may be increased in areas where the wanted DTT signal power is high is confirmed.

· By protecting the DTT receiver against interference for X% of locations, the limiting interference increases with the wanted DTT signal level until the overloading threshold is met. For the 1st adjacent channel, the limitation by overloading occurs only at locations where the wanted median field strength is more than 25 dB higher than it is at the coverage edge.

·  ΔLP =0.1% protects the DTT receiver operation against interference for at least X = 99.9% of locations (quasi perfect DTT receiver operation) for wanted field strengths that vary from  (coverage edge) up to at least  for 1st adjacent channel transmission and at least  for 2nd adjacent channel transmission. 

· This contrasts with the strategy keeping degradation in location probability fixed. More flexibility on the usage of available spectrum without harmful degradation of DTT service is possible.

· For DTT receiver operation protected against interference for X = 99.9% of locations (quasi perfect DTT receiver operation), the presented ΔLP limits provide resulting  for .

· The limiting ΔLP values for these locations vary between 0.1% and 0.54% before the  is reached. Since  at the coverage edge is critical, in this case ΔLP > 0.1% should not be adopted. However, ΔLP > 0.1% and below the limits indicated in Table 26 for inner DTT coverage locations present acceptable LP levels.

· If the DTT receiver operation is protected against interference for X = 99% of locations, the presented ΔLP limits provide resulting  for .

· The limiting ΔLP values for these locations vary between 1.01% and 2.08% before the  is reached. Since  at the coverage edge is critical, in this case ΔLP > 0.1% should not be adopted. However,  ΔLP > 0.1% and below the limits indicated in Table 26 for inner DTT coverage locations present ΔLP levels that may be considered acceptable in some cases.

· From the remarks above, it is concluded that multiple (higher than 0.1%) ΔLP values are feasible for high probability of DTT receiver protection against interference and for high levels of resulting LP. Appropriate/agreed protection criteria with respect to the coverage quality and the protection of the DTT receiver against interference should be defined by Administrations by considering several aspects. This methodology provides the upper limits for ΔLP..

[PLACEHOLDER FOR CONSIDERATIONS when choosing the degradation of the location probabilityABOUT THE PREVIOUS SECTIONS]

When considering a particular value for the degradation in location probability, it should be remembered that, this will result in a reduction in coverage and a loss in the number of viewers who can receive the broadcast service. 

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. 

The number of households losing DTT reception in a pixel can be estimated by multiplying the degradation in probability by the number of households per pixel. The total impact to the broadcast service can then be assessed by considering the summation of this quantity for all populated pixels in the DTT network. In practice, it may be possible to apply location dependent ΔLP, using population data to minimise the impact to the broadcast coverage. 

Furthermore, it should be noted that the reference geometry and associated coupling loss for the calculations can be varied according to the distance to the nearest populated pixel and this gives additional scope for improving opportunities for WSD applications whilst maintaining the protection required for broadcasts.




[bookmark: _Toc319191495]PMSE Reference geometries

Overview

PMSE are used in many different situations, which could bring exposure to varying degrees of interference risk from WSD. Some of these situations include:

Auditoriums and multi-purpose buildings

Auto racing

Broadcast production facilities

Pubs and clubs

Dedicated music venues and clubs

Golf courses

Government buildings

Hotels and meeting spaces

Houses of Worship—small and large	

Large music venues—indoor and outdoor

Outdoor events including car races, foot races, and street fairs 

Political events

Sporting events and arenas

Theatres

Theme parks.



Stakeholders may be unaware of the extent of PMSE use for many of these situations.

Scenario I - Outdoor Events

The first scenario concerns the operation of a PMSE system consisting of one or more audio channels at an outdoor event such as a breaking news event, golf tournament, road race, sporting event, street fair, or theme park. It could be anticipated that spectators would gather near the location of the PMSE receiving equipment, and that it might not be possible to ensure very much separation between them. In this case, the only way to separate the PMSE receiving antenna(s) from White Space devices might be to elevate the antennas on a temporary mast. Please refer to Figure 72.





[image: ]

[bookmark: _Ref311724126]Figure 72: Outdoor PMSE operation at a street fair, foot race, or similar event

Scenario II - Indoor Halls

The next scenario concerns the operation of a PMSE system consisting of multiple audio channels at an indoor venue such as a concert hall or theatre. In this case it should be possible to ensure some physical separation between the audience and the PMSE receiving antennas; e.g., 10m, minimum. The antennas might be fixed to rigging alongside or in back of the stage, or mounted on the proscenium arch. If directional receiving antennas are used, they should be aimed toward the stage area and away from the house. In some installations it has been the practice to locate the PMSE receivers and their associated antennas at the back of the hall in an equipment or projection room. This may be undesirable in the future, as it results in a long distance to the PMSE transmitters with potentially interfering White Space devices in the path. In this situation, directional receiving antennas would not offer any interference rejection. Please refer to Figure 73.

[image: ]

[bookmark: _Ref311724165]Figure 73: Indoor PMSE operation in a concert hall or theatre








Scenario III - Indoor Meeting Halls

This scenario covers a variety of different indoor meeting venues, including conference centres, government buildings, hotels, and the like. In these situations, PMSE systems may be part of the installed sound reinforcement equipment, or may be “ad hoc” systems that are set up on a temporary basis for a conference or meeting and taken down afterward. It is these latter setups that are more problematic, because the PMSE equipment is less likely to be set up such that they would be better protected them from interference.

[bookmark: _Ref311724280]For these situations, it is difficult to guarantee more than a small minimum separation between the PMSE antenna and the attendees. Often, the PMSE equipment is set up in the back of the meeting room and microphones are operated at distances up to 50m away. Typically, the transmission path would include potentially interfering White Space devices carried by members of the public. Thus, a directional PMSE receiving antenna would not offer any advantage. Please refer to below figure.



[image: ]

[bookmark: _Ref314046510][bookmark: _Ref314046541]Figure 74: Indoor PMSE operation in a meeting room or conference center




[bookmark: _Toc319191496]applications EXAMPLE(s) of master/slave concept

M2M network deployment 

The following example is provided to illustrate how a master/slave approach might work in practice. It is based on the deployment of a nationwide machine-to-machine network where there are many thousands of base stations across a country and potentially tens of thousands of machine terminals in each base station. This is the model being considered, for example, within the Weightless standard.

Each base station in such a network becomes a master device. Coverage maps for each base station at its preferred power level, antenna height, etc, are pre-generated using commercial coverage planning tools. Such base stations might have a preferred transmit power level of around 30dBm e.i.r.p. where regulation allows. Within the core network is a frequency assignment entity that is responsible for obtaining from the geo-location database a list of allowed frequencies at each base station and assigning them so that inter-base station interference is avoided as far as possible. This entity sends to the geo-location database an enquiry for each base station. Such an enquiry consists of one interrogation for the base station and multiple (often many thousand) interrogations for each pixel within the coverage area. These pixel interrogations would be for terminals that would be at a lower height and typically have a much lower transmit power than the base station (eg 16dBm e.i.r.p.)

The results for all base stations across the network are aggregated and a frequency plan assembled that uses the best available channels and minimizes interference. This process is repeated whenever a channel validity time expires.

Improvements could be envisaged where the geo-location database is informed of the selection of frequencies and monitors changes to licensed usage that will impact upon these. The network is then informed when such changes occur and hence only starts a re-planning process when necessary. However, this functionality would be outside of that mandated by the regulator and may be a value-added service provided by the database operator.




[bookmark: _Toc319191497]Trade-off between ‘false-vacancy-detection’ and ‘false-occupancy-detection’ as a function of increasing detection thresholds

General

The purpose of WSD sensing and of the geo-location Data Base (DB) is to ensure that incumbent services, including DTT transmissions, are not interfered with by WSD usage. To this end it may be necessary to be somewhat ‘overprotective’ because of the inherent limitations of the WSD sensor and of the DB information and calculation abilities.

DB determinations of the presence or absence of DTT signals in a given area can be based on ‘internal’ calculations or on additional ‘real time’ information obtained from external sources, for example based on the ‘actual’ (measured) field strength values prevailing within the given area.

If complete ‘real time’ knowledge of precise ‘actual’ DTT field strength values were available everywhere, then DB calculations for the wanted DTT field strength values would not be necessary. Neither would WSDs need to be equipped with a sensing capability.

However, a complete knowledge of the actual DTT coverage situation will probably not be available, so that reliance on DB calculations as well as on WSD sensory capabilities must be taken on board to ensure sufficient protection for DTT reception.

Because both DB 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.

We are more concerned with preventing ‘false-vacancy-detections’ than with preventing ‘false-occupancy-detections’ because the purpose of DB and WSD sensors is to avoid interference to DTT reception, and ‘false-vacancy-detections’ will lead to DTT interference, whereas ‘false-occupancy-detections’ will not lead to DTT interference. Of course, ‘false-occupancy-detections’ should be avoided to the extent possible, but not at the cost of increasing the likelihood of ‘false-vacancy-detections’.

WSD sensing

WSD sensing is oriented towards the ‘actual’ values of the ambient field strength. That is, a DTT field strength is measured/detected (or not) but not calculated. The field strength value which the WSD measures/detects is that which is present at the WSD site and it is usually not that which is actually present at nearby DTT reception sites. For example, a WSD may measure/detect a DTT field at street level (say 1.5 m) where the field may be very weak, whereas the DTT field of interest is much stronger, being received at rooftop height (say 10 m) 20 or 30 m away. Because of this ‘disconnect’, the WSD field strength sensor must be very sensitive, that is it must be able to detect field strengths at levels much lower than would be usable by a DTT receiver. Also, because of this disconnect, the WSD sensing is not really reliable with respect to predicting what the actual DTT signal strength is that may be receivable nearby. In other words, a WSD might not detect an ambient DTT signal, indicating (incorrectly) that either there is no DTT signal present or else that the field at the nearby DTT reception site would be too low for satisfactory reception. The WSD would register a ‘false-vacancy-detection’, although the DB with complete knowledge would register a ‘true positive’. To reduce this possibility of ‘false-vacancy-detections’ the WSD sensing threshold level must be very low. Of course, the lowering of the sensing threshold may increase the likelihood of ‘false-occupancy-detections’.





DB calculations

DB calculations/determinations of the presence (or not) of a wanted DTT signal have yet to be defined. Such calculations/determinations could consist of some of the following ingredients.

Input:

· DTT transmitter characteristics (site, transmit antenna site and antenna pattern, e.r.p....);

· DTT Rx characteristics (site/area, Ewmed_ref, ...).

· DTT coverage contours can be calculated using this information, or else;

· DTT coverage contours can be specified/defined by external sources.

· In addition, the WSD location would need to be known.



One potential drawback of calculating or defining the DTT coverage contour is that often it is possible to have a satisfactory DTT reception ‘beyond’ the calculated coverage contour. In other words, the ‘true’ coverage ‘edge’ may be ‘outside’ the calculated/defined coverage contour. Either this is taken into account when the ‘reference’ coverage contour is calculated/defined or else areas of actual DTT reception may be ‘overlooked’ by the DB; this type of occurrence would constitute a possibility of concluding a ‘false-vacancy-detection’ for the presence of a DTT signal being reported by the DB. Of course, the opposite effect may also arise sometimes, where a ‘false-occupancy-detection’ would be indicated.

DB errors

DB calculated field strength values may sometimes be erroneous (See doc. SE43(11)11) [10]. For example, calculated wanted field strength values may be ‘too low’ (e.g. near the DTT coverage edge) compared to the actual values which, though low, may still be sufficiently high to be receivable, and thus the DB would register a ‘false-vacancy-detection’.

It may also happen that the DB calculated field strength values are ‘too high’ compared to the actual values which may not be high enough to provide satisfactory reception quality, and thus the DB would register a ‘false-occupancy-detection’.

Both these cases (‘false-vacancy-detection’ and ‘false-occupancy-detection’) would be most likely to occur where the DTT reception is near the coverage ‘edge’, i.e. where the wanted DTT signal strength is ‘marginal’. For example, in an area where the wanted field strength (measured or calculated) is very high, an error in the calculations of some dB, either way, will not change the conclusion that a DTT signal is present, i.e. it will usually not lead to a ‘false-vacancy-detection’ decision.

WSD errors

On the other hand, even when the DB calculates the wanted field strength values incorrectly, and indicates a ‘false-vacancy-detection’, the WSD might detect an ‘actual’ field strength level at or above the threshold which, taking into account the difference in respective receiving heights (WSD at 1.5 m vs. DTT at 10 m) and other possible positional and topological/structural effects, would indicate that a receivable DTT signal could be available nearby. 

To ensure that the WSD sensor is sufficiently reliable, a 99.99% reliability factor is built into the sensor in terms of a low sensitivity threshold.

The 99.99% reliability factor ensures that even those channels providing nearby DTT receivers with a ‘weak’ field strength, around Emin (i.e. near the coverage ‘edge’), are marked as being ‘occupied’ with a very high probability. Because of the low value of the threshold, areas which are well within the DTT coverage area will be less prone to false WSD evaluations (‘false-occupancy-detection’ and ‘false-vacancy-detection’). That is, once again, the possibility of a WSD providing a ‘false-vacancy-detection’ or a ‘false-occupancy-detection’ evaluation would most likely occur where the DTT reception is near the coverage ‘edge’.

WSD detection errors when DTT signal is present

WSD sensitivity threshold TH0.

Assuming that a DTT signal is present at various levels of field strength, Figure 75 (1a) indicates the number of detections that are made by a sensor having a threshold level TH0. Below TH0, signals may be present, but they are not detected because the threshold TH0 is not low enough: i.e. there may be some ‘false-vacancy-detections’.

· The events between TH0 and TH1 will not be detected if the threshold is raised from TH0 to TH1. Those events will not be detected, i.e. they constitute ‘false-vacancy-detections.

· The events between TH1 and TH2 as well as those between TH0 and TH1 will not be detected if the threshold is raised from TH1 to TH2. That is, additional ‘false-vacancy-detections’ will be registered.



Figure 76 (1b) shows how the probability of ‘false-vacancy-detections’ will increase as the threshold is increased
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[bookmark: _Ref313974579]Figure 75: (1a) As the threshold is increased, ambient DTT fields at low levels may, erroneously, 
miss being detected

[bookmark: _Ref313974679]Figure 7675: (1b) Increased probability of ‘false-vacancy-detections’ as the threshold increases



Conversely, the probability of ‘false-occupancy-detections’ would decrease with increasing WSD sensing threshold (e.g. if the threshold were very, very high, there would be no ‘positives’ at all, ‘true’ or ‘false’).

DTT signal is not present

If no DTT signal is present (or it is too weak to be usable), there is nevertheless a probability that a signal is erroneously indicated by the WSD as being present – a ‘false-occupancy-detection’: green curve in Figure 77. The lower the WSD threshold level, the more probable that a ‘false-occupancy-detection’ will be indicated (the green curve increases with lowering sensing threshold). If the WSD threshold level is high the probability of ‘false-occupancy-detections’ becomes smaller: In Figure 77, TH2 > TH1, and P2 < P1.

But as seen from Figure 76, the ‘false-vacancy-detections’ will increase with increasing WSD threshold level, and 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.
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[bookmark: _Ref313974917]Figure 77: % ‘false-occupancy-detections’ when a DTT field is not present as a function of WSD sensor threshold

Demonstration with a practical case

We will base our discussion in part on the Figure 7 of Annex A1??, in particular on the ‘measured’ and ‘simulated’ results (see a copy of “Figure 78” below). 

[image: pdet_dvbt]

[bookmark: _Ref313975332]Figure 78: Measured DVB-T probability of detection compared to simulated performance. Simulation utilizes ideal receiver (NF=0dB)

For the sensor being simulated/measured, it is apparent that the probability of detecting an ambient signal increases as the ambient signal becomes stronger. This implies, of course, that there is a probability of not detecting a signal which is present at a frequency in the measurement range. For the sake of simplicity, we propose the corresponding linear models in Figure 75 to approximate Figure 78. The two approximations are parallel with a 6 dB shift. The corresponding equations for the probability of (correct) detection (“PROB”) are given as Eqn. 1S (‘simulated’) and Eqn. 1M (‘measured’).
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Figure 79: Linear approximation to Figure 78

False-vacancy-detections

Those equations can be modified to equations for the probability, Pfn = 1 – PROB, of incorrect ‘non-detection’, i.e. a false-vacancy-detection. These are depicted in Figure 77 with the corresponding equations Eqn. 2S and Eqn. 2M. (We use the notation “Pfn” for the probability of a ‘false-vacancy-detection’, and “Pfp” for the probability of a ‘false-occupancy-detection’.)
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[bookmark: _Ref313976271]Figure 80: Linear approximation to Probability of False-vacancy-detections



We calculate the probability of false-vacancy-detections as the sensitivity level is raised from -140 dBm up to -115 dBm for both the ‘simulated’ and the ‘measured’ cases.

Simulated case:

If we have a wanted signal receive power somewhere in the interval [-140 dBm, -115 dBm] we can calculate the average probability of error (false-vacancy-detection) by integrating Pfn over [-140, ‑115]. We find the average probability of error <Pfn> = 45.6%. In other words, if the signal power lies somewhere in the interval [‑140 dBm, -115 dBm], there is a 45.6% probability that a false-vacancy-detection is registered.

We now raise the sensitivity threshold level from -140 dBm to L (≤ -115 dBm). This means that the ‘curve’ in Figure A2.1 gets ‘cut-off’ at L; in other words, for received power levels below L, the probability of detection becomes 0, and Pfn becomes 100% in Figure 80.

Then the equation for the probability, Pfn, of a false-vacancy-detection for a signal with a receive power occurring in the interval [-140 dBm, -115 dBm] can be written as Eqn. 3S as a function of L (note: there is a ‘jump’ in Pfn at L).



					                     (20)

Integrating Eqn. 3S over the interval [-140, ‑115], we find the average[footnoteRef:15] probability of error, <Pfn>:  [15:  The average is calculated as .] 


	<Pfn> = (.05 L + 18.4)/25				for -140 ≤ L ≤ -133 dBm		     (21)

	<Pfn> = (.0475 L2 + 12.685 L + 858.6275)/25		for -133 ≤ L ≤ -123 dBm		     (22)

	<Pfn> = (L + 140)/25					for -123 ≤ L ≤ -115 dBm		     (23).



This is the average probability of error (i.e. of false-vacancy-detections) for a signal with power somewhere in the interval [‑140 dBm, ‑115 dBm], if the sensing threshold is raised to L. This relationship is plotted in Figure 78 (‘false-vacancy-detection (simulated)’).

Measured case:

If we have a wanted signal receive power somewhere in the interval [-140 dBm, -115 dBm] we can calculate the average probability of error (false-vacancy-detection) by integrating Pfn over [-140, ‑115]. We find the average probability of error <Pfn> = 68.4%. In other words, if the signal power lies somewhere in the interval [‑140 dBm, -115dBm], there is a 68.4% probability that a false-vacancy-detection is registered.

We now raise the sensitivity threshold level from -140 dBm to L (< -115 dBm). This means that the ‘curve’ in Figure 1??? gets ‘cut-off’ at L; in other words, for received power levels below L, the probability of detection becomes 0, and Pfn becomes 100%.

Then the equation for the probability, Pfn, of a false-vacancy-detection for a signal with a receive power occurring in the interval [-140 dBm, -115 dBm] can be written as Eqn. 3M (note: there is a ‘jump’ in Pfn at L).



						     (24)

Integrating Eqn. 3M over the interval [-140, ‑115], we find the average probability of error, <Pfn>: 

· 	<Pfn> = (.05 L + 24.1)/25				for -140 ≤ L ≤ -133 dBm		     (25)

· 	<Pfn> = (.0475 L2 + 12.115 L + 790.2275)/25	for -133 ≤ L ≤ -123 dBm			     (26)

· 	<Pfn> = (L + 140)/25					for -123 ≤ L ≤ -115 dBm		     (27).



This is the average probability of error (i.e. of false-vacancy-detections) for a signal with power somewhere in the interval [‑140 dBm, ‑115 dBm], if the sensing threshold is raised to L. This relationship is plotted in Figure 3 (‘false-vacancy-detection (measured)’).



False-occupancy-detections

Unfortunately, no information is given about the sensor’s reliability in terms of not ‘detecting’ a signal which is not present (i.e. an estimate of Pfp, the probability of indicating a false-occupancy-detection). To cover this deficiency, we will have to make some assumptions which may or may not be correct. We make assumptions which appear to be plausible.

We assume that the WSD sensor operating in its most sensitive mode will have a probability Pfp to falsely ‘detect’ a signal which is not present (i.e. a false-occupancy-detection). The probability Pfp cannot be too large, because otherwise the sensor would be ‘useless’. 

We wish to give an approximate value to the Pfp which is ‘plausible’. We give the following plausibility argument (“L” represents the sensitivity threshold level, which will be varied between ‑140 dBm and -115 dBm):

· > If Pfp is the probability of registering the presence of a signal, when no signal is present, then the probability of registering the presence of a signal must increase when a signal is present, Prp, must increase. (“Prp” is the probability of detecting a signal.)

· > Thus Prp > Pfp.

· > The probability Prp is about 5% for a receive power down to about -133 dBm for simulated signals and about -127 dBm for measured signals(see Figure 78).

· > Thus, Pfp < 5%. To be the ‘most pessimistic’, we assume Pfp = 5% down to -133 dBm, -127 dBm, respectively for simulated and measured signals.

· > It has been claimed that the probability for a false-occupancy-detection decreases when the sensor sensitivity threshold level is relaxed.

· > We assume that the probability of a false-occupancy-detection decreases from 5% to 0% as the sensitivity threshold level is raised by 10 dB from L = -133 dBm (-127 dBm) to L = -123 dbBm (-117 dBm) for the simulated (measured) signal case.

· > With this same 10 dB increase of the sensitivity threshold level, the probability for detection of a signal increases from 5% (at -133 dBm, -127 dBm, respectively) to 100% (at -123 dBm, ‑117 dBm, respectively) (see Figure 78).



So, on the basis of “Figure 7 ??” above, we assume that Pfp = 5% when the sensor is working at its most sensitive level (-140 dBm) up to -133 dBm for simulated signals (-127 dBm for measured signals) and that Pfp = 0% when the sensing threshold level is relaxed to -123 dBm for simulated signals (L = -117 dBm for measured signals). We write simple equations (Eqn. 4S and 4M) for this relationship:



	     (28)



		     (29)



This relationship for Pfp is compared graphically with the relationship for <Pfn> in Figure 81.



[bookmark: _Ref314043895]Figure 81: Average probability for false-vacancy-detections (for signals with receive power in the interval [‑140 dBm, ‑115 dBm]) compared with the probability for false-occupancy-detections as a function of the WSD sensitivity threshold level L

It is seen that the probability of false-occupancy-detections decreases much less that the average probability of false-vacancy-detections increases.

Thus, we might expect that the probability of false-occupancy-detections will be reduced from 5% to 0% if the sensitivity threshold level is increased, but, at the same time, the average probability of a false-vacancy-detection for signals in the -140 dBm to -115 dBm range raises from 45.6% to 100% in the simulated case and from 68.4% to 100% in the measured case.

Conclusions

· DB calculations/determinations of ambient DTT signals may produce ‘false’ decisions, either ‘false-occupancy-detections’ or ‘false-vacancy-detections’. ‘False-vacancy-detections’ are more serious than ‘false-occupancy-detections’ because they can lead to interference to DTT reception.

· WSD sensors may also produce ‘false’ decisions.

· Both DB and WSD 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 DB and WSD capabilities to their fullest extent.

· 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. 

· Using the practical implementation described in Annex 1, 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. Therefore the WSD sensor threshold level should be kept as minimum as possible. 

· Portable outdoor WSD sensing levels should be very stringent. Because their location is ‘variable’ they must be able to detect ambient DTT signals under the most severe receiving conditions.






[bookmark: _Toc319191498]Preliminary results on combination of geo-location database and sensing techniques in a real scenario (from Doc. 96)

Ed. Note: the need for this annex needs to be further assessed. In particular, this annex should be kept only if it discusses the possibility to relax the detection threshold on the basis of measurements. It is expected that this will be addressed in input contributions to the March 2012 SE43 meeting. Otherwise this annex will need to be deleted. It needs to be also remarked that some text from the main body of the report appears in this annex – unnessesary redundancy should be avoided]

 Introduction

Chapter 11 of ECC Report no. 159 identifies a list of areas requiring further studies among which it is mentioned the elaboration of the approach(-es) combining the geo-location database and spectrum sensing.

This document describes an application methodology to combine geo-location database and spectrum sensing techniques for WSDs operation in the band 470-790 MHz. The proposed methodology is implemented in a real scenario in order to compare geo-location and sensing approaches and possibly identify the benefits of sensing techniques when used in combination with the geo-location database.  Simulation results of real DVB-T transmitters coverage areas have been obtained using a proprietary software tool while measurements of the received signal levels have been performed by means of a spectrum analyzer. Both simulations and measurements are used to assess DVB-T channel occupancy, respectively based on the geo-location database approach and on sensing techniques.

 The methodology

In this document we apply the methodology described in Section 2.1 in the Working Document, on the combined sensing and geo-location approach. Channel occupancy based on the combined detection can be determined according to what presented in Error! Reference source not found. of the working document, recalled here below. The corresponding flow char of decision is also recalled, where the required sensing threshold represents a keypoint.

The methodology is applied in a real scenario in Italy, in the province of Bologna.



[bookmark: _Ref314043663]Table 27: Channel occupancy based on combined detection

		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.
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Figure 82: Channel occupancy decision lind, based on combined detection

Application of the methodology in a real scenario

Geo-location database 

The protection of the DVB-T service can be guaranteed based on the Reference Planning Configurations (RPCs) specified in Error! Reference source not found..  In Table 28 the minimum field strength levels of the GEO-06 RPC1 (fixed reception) at 650 MHz are shown for different location probability values.

[bookmark: _Ref314038697]Table 28: DVB-T Reference Planning Configurations (Fixed Reception)

		Frequency 650 MHz



		Location Probability

		Fk,min dBV/m at 10 m



		99%

		60



		95 %

		56



		50%

		48 



		1%

		34





In the considered scenario field strength levels for DVB-T channels from 21 to 60 are calculated over square pixels (400 m x 400 m), using the Recommendation ITU-R P.526[5] propagation model, which takes into account also diffraction phenomena. For each pixel and for each channel from 21 to 60, the software evaluates the maximum field strength level Erx (dBV/m) considering all possible DVB-T transmitters located both in the considered area and in neighbouring areas:

Erx (dBV/m) = Max(Etx (dBV/m) –Atot(dB))

where Erx (dBV/m) is a function of each considered DVB-T transmitter effective radiated power ERPTx (dBW) and Atot is the path loss.

The simulation results are then compared with the proper threshold (e.g. values listed in Table 28) in order to identify the DVB-T protection area, where the usage of the selected channel is prevented, and the paired zone outside the coverage area where the channel is potentially available for WSD. In particular, if for a given threshold Trx if :

		Erx (dBV/m) >= Trx 

		DG = 1

		The pixel is within the protected service contour. Hence the channel is occupied



		Erx (dBV/m) < Trx 

		DG = 0

		The pixel is outside the protected service contour. Hence the channel is vacant





In 0 a schematic example of the distribution of the DVB-T coverage areas is shown assuming different DVB-T protection levels which correspond to different Location Probabilities (LP) values. As it can be expected the DVB-T coverage area increases as LP decreases. The lower the LP (e.g. LP = 1%), the stronger the protection level, as only a small percentage of users receive adequate DVB-T signal strength especially near the border of the protected area. 

In 0 simulated field strength levels (dBV/m) are shown for channel 21 and 59. The colour scale reflects thresholds listed in Table 28. It can be noticed that for the considered channels most of the pixels of the province of Bologna are occupied, as only some hilly and mountainous areas quite far from Bologna are not reached by the DVB-T signal. Similar results have been computed with the employed simulation tool for all the DVB-T channels in the 470-790 MHz band (Channels 21-60). Based on this analysis the geo-location database can be populated: for each pixel and for each channel the proper value of the DG parameter (1 or 0) is stored.
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[bookmark: _Ref171212533]Figure 83: DVB-T protected areas as a function of the considered Location Probability
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[bookmark: _Ref171212558]Figure 84: Example of received DVB-T signal strength in the province of Bologna

[bookmark: _Ref303950251] (
1
2
3
4
)In 0 and in 0 the geo-location database results obtained for channels 21-60 are reported only for the six locations (Villa Griffone, Ristorante Joli, Giardino Sasso Marconi, Val di Setta, Piccolo Paradiso, Mongardino), where also measurements are available. The selected location are those shown in 0.

[bookmark: _Ref303950459]

Figure 85 (
1
2
3
4
5
6
): Geo-location database: comparison for 6 different locations (Villa Griffone, Ristorante Joli, Giardino Sasso Marconi, Val di Setta, Piccolo Paradiso, Mongardino) for the selected field strength threshold (1: 34 dBV/m, 2: 48 dBV/m, 3: 56 dBV/m, 4: 60 dBV/m)

[bookmark: _Ref303950505]Figure 86: Geo-location database: comparison in each location (1: Villa Griffone, 2: RistoranteJoli, 3: Giardino Sasso Marconi, 4: Val di Setta, 5: Piccolo Paradiso, 6: Mongardino) for different field strength threshold (34 dBV/m, 48 dBV/m, 56 dBV/m, 60 dBV/m).

Four different thresholds of 34 dBV/m, 48 dBV/m, 56 dBV/m, 60 dBV/m have been addressed (see Table 28) in order to identify if the channel is occupied (red) or free (green). Channel occupancy variation has been investigated comparing the different locations by fixing the threshold level (Figure 3) or investigating the effect of the selected threshold assuming the same position (Figure 4). From Figure 3 and Figure 4, it is evident that most of the DVB-T channels are occupied in the considered area. The selected minimum field strength level has an almost negligible impact on channel occupancy distribution.

 Measurement for spectrum sensing

Further information on channel occupancy can be achieved by means of sensing techniques. To this aim several measurements have been realised in a number of locations of the considered area (province of Bologna).

In this work, a portable spectrum analyzer, the Narda SRM 3000[6], has been adopted for spectrum sensing. The instrument has been equipped either with a tri-axial isotropic antenna (0), which can operate in the frequency range 75 MHz – 3 GHz, or with a log periodic dipole array antenna, which can operate in the frequency range 200 MHz – 2.75 GHz. The two different antennas were chosen in order to have different sensitivity thresholds for the measurement set up: sensitivity threshold is as high as -80 dBm with the isotropic antenna and falls to -105 dBm with the logperiodic antenna.

Measurements have been performed using the “channel power” mode, in order to evaluate the total amount of power received in the DVB-T channel bandwidth of 8 MHz. A resolution bandwidth (RBW) of 30 kHz has been adopted and for each selected frequency range (e.g. Fmin = 590 MHz - Fmax = 598 MHz) the Integration Bandwidth (IBW) function has been used. 

Measurements have been performed in six different locations listed in Error! Reference source not found. and shown Figure 88.
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[bookmark: _Ref171302718]Figure 87: Narda[6] SRM 3000 equipment



[bookmark: _Ref314044048]Table 29: Location of the measurement locations

		Measurement point

		X-UTM (ED50)

		Y-UTM (ED50)

		Height  (m)

above ground level



		Villa Griffone

		680492

		4922261

		1.5



		Ristorante Joli

		679948

		4920824

		1.5



		Sasso Marconi

		679010

		4917863

		1.5



		Val di Setta

		679329

		4917863

		1.5



		Piccolo Paradiso

		679384

		4915586

		1.5



		Mongardino

		676364

		4920300

		1.5
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[bookmark: _Ref314044119][bookmark: _Ref303951386]Figure 88: Locations where measurements have been performed: Villa Griffone, Ristorante Joli, Giardino Sasso Marconi, Val di Setta, Piccolo Paradiso, Mongardino.

In Figure 88 measurements results obtained for channels 21-60 are reported in the six locations (Villa Griffone, Ristorante Joli, Giardino Sasso Marconi, Val di Setta, Piccolo Paradiso, Mongardino), for the two different probes: omnidirectional and log-periodic antenna. It is worth noting that for omnidirectional equipment results are characterized by received power always above a floor of -80 dBm, while with the log-periodic antenna the floor falls down to -105 dBm. Possible measured un-occupied channels (e.g. 34) correspond to field strength level below the instrument floor (-80 dBm for omnidirectional antenna and -105 dBm for log-periodic antenna). As it can be expected, as the value of the floor level decreases the number of un-occupied channel decreases.

 (
1
2
)

[bookmark: _Ref314044186][bookmark: _Ref303951653]Figure 89: Measured data: comparison for 6 different locations (Villa Griffone, Ristorante Joli, Giardino Sasso Marconi, Val di Setta, Piccolo Paradiso, Mongardino) for the two different instrument floor level (1: -80 dBm, 2:-105 dBm)



In Figure 89 measured data are shown for each location as a function of the two different floor levels. From Figure 89 it can be noticed that there are locations (e.g. location 5: Piccolo Paradiso) where the effect of the different threshold is negligible, while in other cases the number of un-occupied channels varies with the floor value.
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[bookmark: _Ref303952186]Figure 90: Measured data: comparison in each location (1: Villa Griffone, 2: RistoranteJoli, 3: Giardino Sasso Marconi, 4: Val di Setta, 5: Piccolo Paradiso, 6: Mongardino) for the two different instrument floor level (1: -80 dBm, 2:-105 dBm)

 Combined approach

In order to assess the effect of the combined approach, we considered both results from the geo-location database and measurements.

In Table 30 we report the percentage of channels where both geo-location database and measurements identify un-occupied channels (double green).

[bookmark: _Ref314038845]Table 30: Double Green Percentage

		Different field strength levels  for DVB-T reference planning configurations (fixed reception)
(dBV/m)

		different instrument threshold (dBm)



		

		-80

		-105



		<=34

		20.08

		18.38



		<=48

		38.89

		34.19



		<=56

		46.15

		38.89



		<=60

		50.43

		41.88







As expected, the smaller percentage of double green channels is related to higher protection of the DVB-T service and to lower values of the equipment floor.

The double green percentage is in general more significantly dependent on the DVB-T protection threshold used to populate geolocation database, than on the sensitivity of the measurement equipment.

 Conclusions

In this contribution we present an operative methodology to apply the geol-location database approach in combination with sensing measurements in real scenarios. 

DVB-T coverage simulations have been performed in a real area of the province of the Bologna in order to identify occupied and vacant DVB-T channels. Subsequently channel occupancy of several specific locations has been investigated through experimental measurements using a portable SRM 3000 spectrum analyzer, equipped with different probes, in order to investigate the effect of the sensing threshold. Both simulations and measurements confirm that the WSD 470-790 MHz band is densely occupied in Italy. 

Therefore in this scenario the geo-location database approach and the spectrum sensing technique should lead to similar conclusions on channel occupancy distribution. 






[bookmark: _Toc319191499]List of reference

1. [bookmark: _Ref314126380]CEPT Report 24

[bookmark: _Ref314126419][bookmark: _Ref140898552]ECC Report 159 

[bookmark: _Ref314127200]Recommendation ITU-R FBT.419

[bookmark: _Ref314127769]Recommendation ITU-R F.1336-2

[bookmark: _Ref314127814]Recommendation ITU-R P.526-11: “Propagation by diffraction”, Ottobre 2009

[bookmark: _Ref314127920]Narda (www.narda.com)

[bookmark: _Ref314127959]ECC Report 148

[bookmark: _Ref314128030]ECC Report 138

[bookmark: _Ref314129177]Recommendation ITU-R P.1546-2?? 

[bookmark: _Ref314129402](See doc. SE43(11)11)



Average probability

For false negatives and false positives (%) 

For a signal somewhere in [-140 dBm, -115 dBm] 

as a function of sensitivity threshold level 

probability of false negative (simulated)	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	45.600000000000009	45.8	46	46.20000000000001	46.4	46.600000000000009	46.8	47	47.390000000000327	48.159999999999862	49.310000000000294	50.840000000000494	52.75	55.039999999999509	57.709999999999582	60.760000000000218	64.190000000000055	68	72	76	80	84	88	92	96	100	probability of false negative (measured)	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	68.400000000000006	68.599999999999994	68.8	69	69.2	69.400000000000006	69.599999999999994	69.8	70	70.2	70.400000000000006	70.599999999999994	70.8	71	71.39	72.16	73.31	74.84	76.75	79.040000000000006	81.709999999999994	84.76	88.19	92	96	100	probability of false positive (simulated)	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	5	5	5	5	5	5	5	5	4.5	4	3.5	3	2.5	2	1.5	1	0.5	0	0	0	0	0	0	0	0	0	probability of false positive (measured)	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	5	5	5	5	5	5	5	5	5	5	5	5	5	5	4.5	4	3.5	3	2.5	2	1.5	1	0.5	0	0	0	Sensitivity threshold level (dBm)

Average probability (%)



oleObject37.bin



image56.wmf

0


T




image57.wmf

k




oleObject38.bin



image58.wmf

i




oleObject39.bin



image59.wmf

)


,


,


,


(


PMSE


TX


RX


TX


W


D


h


h


f


PM


G


=




oleObject40.bin



image60.wmf

)


,


,


,


(


PMSE


TX


RX


TX


D


h


h


f


PM




oleObject41.bin



image3.emf

P


i-3,j-3


P


i-2,j-3


P


i-1,j-3


P


i,j-3


P


i+1,j-3


P


i+2,j-3


P


i+3,j-3


P


i+4,j-3


P


i-3,j-2


P


i-3,j-1


P


i-3,j


P


i-3,j+1


P


i-3,i+2


P


i-3,j+3


P


i-3,j+4


P


i-3,j+5


P


i-3,j+6


P


i-2,j-2


P


i-1,j-2


P


i,j-2


P


i+1,j-2


P


i+2,j-2


P


i+3,j-2


P


i+4,j-2


P


i-2,j-1


P


i-1,j-1


P


i,j-1


P


i+1,j-1


P


i+2,j-1


P


i+3,j-1


P


i+4,j-1


P


i-2,j


P


i-1,j


P


i,j


P


i+1,j


P


i+2,j


P


i+3,j


P


i+4,j


P


i-2,j+1


P


i-1,j+1


P


i,j+1


P


i+1,j+1


P


i+2,j+1


P


i+3,j+1


P


i+4,j+1


P


i-2,j+2


P


i-1,j+2


P


i,j+2


P


i+1,j+2


P


i+2,j+2


P


i+3,j+2


P


i+4,j+2


P


i-2,j+3


P


i-1,j+3


P


i,j+3


P


i+1,j+3


P


i+2,j+3


P


i+3,j+3


P


i+4,j+3


P


i-2,j+4


P


i-1,j+4


P


i,j+4


P


i+1,j+4


P


i+2,j+4


P


i+3,j+4


P


i+4,j+4


P


i-2,j+5


P


i-1,j+5


P


i,j+5


P


i+1,j+5


P


i+2,j+5


P


i+3,j+5


P


i+4,j+5


P


i-2,j+6


P


i-1,j+6


P


i,j+6


P


i+1,j+6


P


i+2,j+6


P


i+3,j+6


P


i+4,j+6


X m


Y


 


m


Broadcast 


coverage edge




image61.wmf

)


,


,


,


(


WSD


WSD


RX


WSD


U


D


h


h


f


PM


G


=




oleObject42.bin



image62.wmf

PMSE


PMSE


PMSE


WSD


j


WSD


j


WSD


j


U


B


NF


kT


r


f


f


r


f


P


G


×


×


£


-


×


×


å


0


,


,


)


0


(


)


(


)


(


i




oleObject43.bin



image63.wmf

j


U


G


,




oleObject44.bin



image64.wmf

j




oleObject45.bin



image65.wmf

j


WSD


P


,




oleObject46.bin



image4.emf

P


i-3,j-3


P


i-2,j-3


P


i-1,j-3


P


i,j-3


P


i+1,j-3


P


i+2,j-3


P


i+3,j-3


P


i+4,j-3


P


i-3,j-2


P


i-3,j-1


P


i-3,j


P


i-3,j+1


P


i-3,i+2


P


i-3,j+3


P


i-3,j+4


P


i-3,j+5


P


i-3,j+6


P


i-2,j-2


P


i-1,j-2


P


i,j-2


P


i+1,j-2


P


i+2,j-2


P


i+3,j-2


P


i+4,j-2


P


i-2,j-1


P


i-1,j-1


P


i,j-1


P


i+1,j-1


P


i+2,j-1


P


i+3,j-1


P


i+4,j-1


P


i-2,j


P


i-1,j


P


i,j


P


i+1,j


P


i+2,j


P


i+3,j


P


i+4,j


P


i-2,j+1


P


i-1,j+1


P


i,j+1


P


i+1,j+1


P


i+2,j+1


P


i+3,j+1


P


i+4,j+1


P


i-2,j+2


P


i-1,j+2


P


i,j+2


P


i+1,j+2


P


i+2,j+2


P


i+3,j+2


P


i+4,j+2


P


i-2,j+3


P


i-1,j+3


P


i,j+3


P


i+1,j+3


P


i+2,j+3


P


i+3,j+3


P


i+4,j+3


P


i-2,j+4


P


i-1,j+4


P


i,j+4


P


i+1,j+4


P


i+2,j+4


P


i+3,j+4


P


i+4,j+4


P


i-2,j+5


P


i-1,j+5


P


i,j+5


P


i+1,j+5


P


i+2,j+5


P


i+3,j+5


P


i+4,j+5


P


i-2,j+6


P


i-1,j+6


P


i,j+6


P


i+1,j+6


P


i+2,j+6


P


i+3,j+6


P


i+4,j+6


X m


Y


 


m


WSD I


WSD II




image66.wmf

j




oleObject47.bin



image67.wmf

WSD


f




oleObject48.bin



image68.wmf

PMSE


f




oleObject49.bin



image69.wmf

NF




oleObject50.bin



image70.wmf

PMSE


B




oleObject51.bin



image5.wmf

}


Pr{


Pr


S


1


,


U


,


U


min


S,


S


1


U


P


P


r


P


P


q


K


i


k


k


³


=


þ


ý


ü


î


í


ì


+


³


=


å


=




image71.wmf

k




oleObject52.bin



image72.wmf

0


T




oleObject53.bin



image73.wmf

lin


i




oleObject54.bin



image74.png

Remarks
Request for vacant channels Information is sent from WSD to DB
>l (see§9.3.3)
Vacant channels, powers, etc Information is sent from DB to WSD
(see §9.34)

Request for sensing

Spectrum Sensing with a given threshold
sensing

Computing Decision on channel occupancy
of vacant (see Table 9.3)

channel(s)

Transmission on a vacant channel.

Transmission General requirements to WSD apply
(see §9.3.2)







image75.png

Slave Master

Y

Request for vacant channels

Request
for sensing

Sensing

Request for sensing

results

Vacant
channel

Computing
of vacant
channel(s;

Transmission

Vacantchannels, powers, etc

ﬂ Remarks

Information is sent from WSD to DB
(see§9.3.3)

Informationiis sent from DB to WSD
(see §9.3.4)

Requestto the Slave to sense for
incumbent users on specific channels

Sensing with a given threshold

Return of sensing results to the Master

Decision on channel occupancy
(seeTable 9.3)

Information to the Slave on a channel to
be used

Transmission between the Master
and the Slave on a specified channel






image6.wmf

þ


ý


ü


î


í


ì


D


+


+


³


=


å


=


CR


IB


1


,


U


,


U


min


S,


S


2


 


 


)


(


Pr


P


G


f


r


P


r


P


P


q


K


i


k


k




image76.wmf

(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


22


2


WSD


IB


dBmZdBmGdBZdBGdBdB


dB


PmmrfqIM


mss


£--D-+-




oleObject55.bin



image77.wmf

(


)


(


)


{


}


1


222


1


1 or 221


2


2


qerfcqerfcq


m


m


-


ìü


-==-


íý


îþ




oleObject56.bin



oleObject57.bin



oleObject58.bin



image78.wmf

number of active interferes


()


WSD


Nf




oleObject59.bin



image79.emf

Protected area for (f1)


Broadcaster 


(Frequency channel#f1 


use)


Master WSD#1


(f1 use)


Frequency [Hz]


f1 f2


Reference point for WSD 


network managed by master 


WSD#1 in  f1


(Virtual) Slave WSD


Network coverage area of 


WSD network #1




image7.wmf

f


f


f


D


+


=


DTT


CR




oleObject60.bin

�




image80.wmf

(,)


WSD


IBWSD


Pfk


¢




oleObject61.bin



image81.wmf

WSD


f




oleObject62.bin



image82.emf

Protected area for (f1)


Broadcaster 


(Frequency channel#f1 


use)


WSD#1


(f1 use)


WSD#3


(f2 use)


WSD#2


(f1 use)


Frequency [Hz]


f1 f2


Reference point 


forWSD#1 and f1


Reference point 


forWSD#2 and f1




oleObject63.bin



oleObject64.bin



image83.wmf

(


)


,


WSD


WSD


IB


Pfk


¢




oleObject65.bin



image8.wmf

CR


IB


P




image84.wmf

WSD


IB


P




oleObject66.bin



image85.wmf

WSD


f




oleObject67.bin



image86.wmf

(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


22


2


_()


_


__()


0


10


,0


10


10


argmin


10


ZdBmZdBGdB


dB


WSD


IBWSDalljBSG


WSDalljWSDkBSi


dB


dBm


dBdB


ff


WSDallWSDallj


mrq


Pfkrffrmd


i


jOkQ


i


mss


-


--+


ìü


¢


+--+


íý


îþ


ÎÎ


éù


ìü


êú


ïï


êú


ïï


ïï


êú


ìü


¢


=


íý


êú


ïï


ïï


-


íý


êú


ïï


ïï


êú


ïï


îþ


îþ


ëû


åå




oleObject68.bin



oleObject69.bin



oleObject70.bin



oleObject71.bin



oleObject72.bin



image9.wmf

}


Pr{


A




image87.wmf

(


)


(


)


WSDkBSi


d


-




oleObject73.bin



oleObject74.bin



image88.wmf

(


)


(


)


(


)


(


)


G


WSDkBSi


dB


md


-




oleObject75.bin



oleObject76.bin



oleObject77.bin



oleObject78.bin



image89.wmf

i




oleObject79.bin



image10.wmf

A




oleObject80.bin



image90.wmf

i


¢




oleObject81.bin



oleObject82.bin



image91.wmf

(


)


dB


a




oleObject83.bin



image92.wmf

i


¢




oleObject84.bin



image93.wmf

(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


_()


_


__()


22


2


,0


10


10


0


10log10


WSD


IBWSDalljBSGk


WSDalljWSDkBSidB


dB


dBm


dBdB


ff


WSDallWSDallj


ZdBmZdBGdB


dB


Pfkrffrmd


jOkQ


mrq


a


mss


¢


-


¢


+--++


ÎÎ


--+


éù


êú


³


êú


êú


ëû


åå




oleObject85.bin



image11.wmf

S


P




image94.wmf

(


)


k


dB


a




oleObject86.bin



image95.wmf

(


)


(


)


k


dBdB


aa


=




oleObject87.bin



image96.wmf

(


)


dB


a




oleObject88.bin



image97.wmf

(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


_()


_


__()


22


2


,0


10


10


0


10log10


WSD


IBWSDalljBSG


WSDalljWSDkBSi


dB


dBm


dBdB


ff


WSDallWSDallj


dBZdBmZdBGdB


dB


Pfkrffrmd


jOkQ


mrq


amss


¢


-


¢


+--+


ÎÎ


=--+


éù


êú


-


êú


êú


ëû


åå




oleObject89.bin



image98.wmf

(


)


dB


IM




oleObject90.bin



image12.wmf

min


S,


P




image99.wmf

(


)


dB


a




oleObject91.bin



image100.wmf

(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


22


2


WSD


IB


dBmZdBmGdBZdBGdBdB


dB


PmmrfqIM


mss


£--D-+-




oleObject92.bin



image101.wmf

(


)


(


)


10potential maximum number of interferes


  10number of active interferes


(10log ( ) or 10log ( max (())))


WSD


dBdB


IMNNf


a


=××-




oleObject93.bin



image102.emf

STEP 1


Set the incumbent service operation parameters


STEP 2


Calculate the protection area of the incumbent service operation and  the 


protection contour 


STEP 4


Set the WSD network operation parameters managed by each master WSD


STEP 3


Set the number of distributed master WSD networks and its geolocation 


related parameters of the master WSDs


STEP 6


Simulate the CDF(Cumulative Distribution Function)s of network area 


capacity [bits/Hz] in each WSD network 


STEP 5


Calculate the location specific output power level of each master WSD 




oleObject94.bin

STEP 1
Set the incumbent service operation parameters



STEP 2
Calculate the protection area of the incumbent service operation and  the protection contour 



STEP 4
Set the WSD network operation parameters managed by each master WSD



STEP 5
Calculate the location specific output power level of each master WSD 



STEP 3
Set the number of distributed master WSD networks and its geolocation related parameters of the master WSDs



STEP 6
Simulate the CDF(Cumulative Distribution Function)s of network area capacity [bits/Hz] in each WSD network 





image103.emf

Protection contour


Protection area


Transmitter


(incumbent)


Master WSD


Protection distance


D


1


[km] 


Separation distance


D


2


[km] 


D


2


[


k


m


]


 




oleObject95.bin



image13.wmf

k


P


,


U




image104.wmf

()


WSD


WSDBS


ACLRff


-




oleObject96.bin



image105.wmf

()


BS


WSDBS


ACSff


-




oleObject97.bin



image106.wmf

(


)


G


dB


m




oleObject98.bin



image107.wmf

()()


()


WSDDTT


WSDHBSHWSDBS


Ld


--




oleObject99.bin



image108.wmf

i


G




oleObject100.bin



image14.wmf

k


r


,


U




image109.wmf

f


L




oleObject101.bin



image110.wmf

pol


D




oleObject102.bin



image111.wmf

(


)


dB


IM




oleObject103.bin



oleObject104.bin



image112.wmf

(


)


Z


dB


m




oleObject105.bin



image113.wmf

(


)


(


)


dB


rf


D




image15.wmf

)


(


f


r


D




oleObject106.bin



image114.wmf

(


)


(


)


(


)


22


2


ZG


dBdB


q


mss


+




oleObject107.bin



image115.emf

Geolocation 


database


Advanced geolocation engine


Master WSD


Slave WSD


White space network #1 White space network #2




oleObject108.bin

�


�


�


�


�


�


�


�


Geolocation database



Advanced geolocation engine



Master WSD



Slave WSD





image116.emf

0 10 20 30 40 50 60


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of incumbent receiver on protection contour edge [dB]


CDF


Number of channels = 1, Protection distance = 20 km


 


 


w/o WSD


Fixed


Flexible


Maximized




image117.emf

-20 -10 0 10 20 30 40 50


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Output power level of WSD [dBm]


CDF


Number of channels = 1, Protection distance = 20 km


 


 


Fixed


Flexible


Maximized




image118.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image119.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image120.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image16.wmf

G




image121.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image122.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image123.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image124.emf

0 10 20 30 40 50 60


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of incumbent receiver on protection contour edge [dB]


CDF


Number of channels = 1, Protection distance = 40 km


 


 


w/o WSD


Fixed


Flexible


Maximized




image125.emf

-20 -10 0 10 20 30 40 50


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Output power level of WSD [dBm]


CDF


Number of channels = 1, Protection distance = 40 km


 


 


Fixed


Flexible


Maximized




image126.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image127.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image128.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image129.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image130.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image17.wmf

(dB)


2


(dB)


 


2


(dB)


 


2


(dB)


(dB)


 


(dBm)


 


(dBm)


CR


IB


IM


)


(


)


(


-


+


-


D


-


-


£


G


Z


G


Z


q


f


r


m


m


P


s


s


m




image131.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image132.emf

0 10 20 30 40 50 60


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of incumbent receiver on protection contour edge [dB]


CDF


Number of channels = 5, Protection distance = 20 km


 


 


w/o WSD


Fixed


Flexible


Maximized




image133.emf

-20 -10 0 10 20 30 40 50


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Output power level of WSD [dBm]


CDF


Number of channels = 5, Protection distance = 20 km


 


 


Fixed


Flexible


Maximized




image134.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image135.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image136.emf

-20 -10 0 10 20 30 40 50


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Output power level of WSD [dBm]


CDF


Number of channels = 5, Protection distance = 20 km


 


 


Fixed


Flexible


Maximized




image137.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image138.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image139.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image140.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


CDF


Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 3 km


Network capacity of WSD [bps/Hz]


 


 


Fixed


Flexible


Maximized




oleObject1.bin



image141.emf

0 10 20 30 40 50 60


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of incumbent receiver on protection contour edge [dB]


CDF


Number of channels = 5, Protection distance = 40 km


 


 


w/o WSD


Fixed


Flexible


Maximized




image142.emf

-20 -10 0 10 20 30 40 50


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Output power level of WSD [dBm]


CDF


Number of channels = 5, Protection distance = 40 km


 


 


Fixed


Flexible


Maximized




image143.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image144.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image145.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image146.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image147.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image148.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image149.emf

0 10 20 30 40 50 60


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of incumbent receiver on protection contour edge [dB]


CDF


Number of channels = 10, Protection distance = 20 km


 


 


w/o WSD


Fixed


Flexible


Maximized




image150.emf

-20 -10 0 10 20 30 40 50


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Output power level of WSD [dBm]


CDF


Number of channels = 10, Protection distance = 20 km


 


 


Fixed


Flexible


Maximized




image18.wmf

(dBm)


  


Z


m




image151.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image152.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image153.emf

-20 -10 0 10 20 30 40 50


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Output power level of WSD [dBm]


CDF


Number of channels = 10, Protection distance = 20 km


 


 


Fixed


Flexible


Maximized




image154.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image155.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image156.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image157.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image158.emf

0 10 20 30 40 50 60


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of incumbent receiver on protection contour edge [dB]


CDF


Number of channels = 10, Protection distance = 40 km


 


 


w/o WSD


Fixed


Flexible


Maximized




image159.emf

-20 -10 0 10 20 30 40 50


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Output power level of WSD [dBm]


CDF


Number of channels = 10, Protection distance = 40 km


 


 


Fixed


Flexible


Maximized




image160.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




oleObject2.bin



image161.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km


 


 


Fixed


Flexible


Maximized




image162.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image163.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [bps/Hz]


CDF


Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 1 km


 


 


Fixed


Flexible


Maximized




image164.emf

-40 -30 -20 -10 0 10 20 30 40


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


SINR of WSD [dB]


CDF


Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image165.emf

0 1 2 3 4 5 6 7 8 9 10


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Network capacity of WSD [dB]


CDF


Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 3 km


 


 


Fixed


Flexible


Maximized




image166.png

- 22m >

-3dB
+9.15 dBi

-56.15 dB
-045dB
i Pr 10m
1.5m ! TV

7 77777777777777777
Mobile CR Fixedrooftop DTT
reception







image167.png

Fixed WSD

<

57.74dB

Fixed rooftop DTT
Jreception

20m

10m






image168.png

Fixed WSD

<

59.54 dB

20m

15m

Mobile DTT
reception






image169.emf

-107 -106 -105 -104 -103 -102 -101 -100 -99


0


10


20


30


40


50


60


70


80


90


100


Nuisance Power (dBm)


Probability Summed Nuisance Power > X-axis (%)


PROBABILITY OF SUMMED NUISANCE POWER FOR 1 TO 17 WSDs PER PIXEL


 


 


1 WSD


2 WSDs


3 WSDs


4 WSDs


5 WSDs


6 WSDs


7 WSDs


8 WSDs


9 WSDs


10 WSDs


17 WSDs


Limit


Limit+1 dB


Limit+2 dB


Limit+3 dB


Limit+4 dB


Limit+5 dB


Limit+6 dB




image19.wmf

(dB)


 


Z


s




image170.emf

-107 -106 -105 -104 -103 -102 -101 -100 -99


0


0.5


1


1.5


2


2.5


3


3.5


4


4.5


5


Nuisance Power (dBm)


Probability Summed Nuisance Power > X-axis (%)


PROBABILITY OF SUMMED NUISANCE POWER FOR 1 TO 17 WSDs PER PIXEL


 


 


1 WSD


2 WSDs


3 WSDs


4 WSDs


5 WSDs


6 WSDs


7 WSDs


8 WSDs


9 WSDs


10 WSDs


17 WSDs


Limit


Limit+1 dB


Limit+2 dB


Limit+3 dB


Limit+4 dB


Limit+5 dB


Limit+6 dB




image171.emf

-107 -106 -105 -104 -103 -102 -101 -100 -99


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Nuisance Power (dBm)


Probability Summed Nuisance Power > X-axis (%)


PROBABILITY OF SUMMED NUISANCE POWER FOR 1 TO 17 WSDs PER PIXEL


 


 


1 WSD


2 WSDs


3 WSDs


4 WSDs


5 WSDs


6 WSDs


7 WSDs


8 WSDs


9 WSDs


10 WSDs


17 WSDs


Limit


Limit+1 dB


Limit+2 dB


Limit+3 dB


Limit+4 dB


Limit+5 dB


Limit+6 dB




image172.emf

56.21 58.21 60.21 62.21 64.21 66.21 68.21 70.21 72.21 74.21 76.21


95


95.5


96


96.5


97


97.5


98


98.5


99


99.5


100


Wanted Field Strength (dBV/m)


Location Probability (%)


LOCATION PROBABILITY vs. WANTED FIELD STRENGTH




image173.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


-25


-20


-15


-10


-5


0


5


10


15


20


25


30


35


40


45


50


Wanted Field Strength (dBV/m)


I/N (dB)d(km)   


I/N and DISTANCE vs. WANTED FIELD STRENGTH


 


 


distance (11.2 kW, 300 m)


I/N (


LP


 = 0.1%)




image174.wmf

q


D




oleObject109.bin



image175.wmf

 


 


56.2


 


61.2


 


66


.2


 


71.2


 


76.2


 


81.2


 


86.2


 


91.2


 


96.2


 


DTT Electric Field (dBuV/m)


 


-


25


 


-


20


 


-


15


 


-


10


 


-


5


 


 


0


 


 


5


 


10


 


15


 


20


 


25


 


30


 


35


 


40


 


45


 


 


D


q = 0.1%


 


D


q = 0.2%


 


 


D


q = 0.5%


 


 


D


q = 1.0%


 


 


D


q = 2.0%


 


 


D


q = 5.0%


 


I/N (dB)


 


-


12.5


 


-


7.5


 


-


2.5


 


 


2.5


 


 


7.5


 


12.5


 


17.5


 


22.5


 


27.5


 


32.5


 


37.5


 


42.5


 


47.5


 


52.5


 


57.5


 


WSD EIRP 2


nd


 


Adjacent channel 


 


For Pr(2)=


-


40dB, Pr(0)= +20dB


 




image176.emf

1 9 17 25 33 41 49 57 65  


24


26


28


30


32


34


36


38


40


42


Channel edge separation (MHz)


Max WSD eirp (dBm)


Fixed WSD eirp limited by Fixed & PO DTT overload


 


 


CAN Fixed DTT


SIL Fixed DTT


USB PO DTT




image177.emf

1.5 9.5 17.5 25.5 33.5 41.5 49.5 57.5 65.5


-30


-25


-20


-15


-10


-5


0


5


10


15


20


25


30


UE WSD eirp limited by F and PO DTT overload


Channel edge separation (MHz)


Max WSD eirp (dBm)


 


 


UE to F CAN


UE to F SIL


UE to PO USB




image178.emf

56.21 61.21 66.21 71.21 76.21 81.21 86.21 91.21 96.21 101.21 106.21 111.21 116.21 121.21 125.21


-10


0


10


20


30


40


50


60


70


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


WSD eirp (dBm)


WSD eirp vs. Wanted FS


Fixed Rx at 10 m


PO Rx at 1.5 m


PI Rx at 1.5 m


PR = -40 dB





LP


 = 0.1%


 


 


Fixed


PO


PI


start PO


start PI


8 dBm


3.9 dBm


61.21 dBV/m


at 1.5 m


70.95 dBV/m


at 1.5 m


29.8 dBm F limit


O


th


 = -8 dBm


30.5 dBm PO limit


O


th


 = -22 dBm


29.2 dBm PO limit


O


th


 = -22 dBm




oleObject3.bin



image179.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




image180.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


-30


-20


-10


0


10


20


30


40


50


60


70


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


WSD eirp (dBm)


WSD eirp vs. Wanted FS


Fixed RX at 10 m


PO Rx at 1.5 m


PI Rx at 1.5 m


PR = -40 dB





LP


 = 0.1%


 


 


PO WSD to F DTTB


PO WSD to PO DTTB


PI WSD to PI DTTB


O


th


 F DTTB


O


th


 PO DTTB


O


th


 PI DTTB


61.21 dBV/m


at 1.5 m


70.95 dBV/m


at 1.5 m




image181.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


-30


-25


-20


-15


-10


-5


0


5


10


15


20


Wanted Field Strength (dBV/m)


UE Max eirp (dBm)


UE Max eirp relative to PR = -40 dB, O


th


 varied


 


 


            Max UE eirp relative to PR = -40 dB


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


t


 (dBm)


                 56.21                                       -12.2


                 78.21                                       -27.2


                 81.10                                       -23.3


                 87.95                                       -23.3


                125.21                                       18.2


    Max UE eirp relative to F-Can     O


th


 = -31 dBm


               > 56.21                                        3.8


    Max UE eirp relative to F-Sil       O


th


 = -47 dBm


               > 56.21                                     -12.2


    Max UE eirp relative to PO-USB  O


th


 = -49 dBm


               > 78.21                                    -27.2


    Max UE eirp relative to PI-USB     O


th


 = -49 dBm


               > 87.95                                   -28.5




image182.emf

-10 0 10 20 30 40 50 60


0.92


0.93


0.94


0.95


0.96


0.97


0.98


0.99


1


E


imed


 [dB





V/m]


Location Probability (LP)


 


 


E


wmed_ref


E


wmed_ref


 + 5 dB


E


wmed_ref


 + 10 dB


E


wmed_ref


 + 15 dB


E


wmed_ref


 + 20 dB


E


wmed_ref


 + 25 dB


E


wmed_ref


 + 30 dB




image183.emf

                     


 


 


 


G


rx


=2dBi


 


L


i


= 40.5 dB 


D


i


= 4.24m


 


1.5 m


 


1.5 m


 


H


PWMS RX


= 3m


 


D


 


= 3m


 


 


EIRP = +10dBm


 


EIRP = +20dBm


 


P


rx


= -56 to -95 dBm 


N = -114 dBm


 


 


P


wsdmax


 = -120 dBm


 




image184.emf

                     


 


 


 


G


rx


=2dBi


 


L


i


= 51 dB 


D


i


= 14m


 


1.5 m


 


1.5 m


 


H


PWMS RX


= 10m


 


D


 


> 10m


 


 


EIRP = +10dBm


 


EIRP = +20dBm


 


 


P


int


= -29 dBm


 




image185.emf

             


 


 


 


G


rx


= 2dBi


 


 


L


i


= 37.5 dB 


D


i


= 3m


 


1.5 m


 


1.5 m


 


H


PWMS RX


= 1.5m


 


D


 


> 3m


 


 


EIRP = +10dBm


 


EIRP = +20dBm


 


 




image186.wmf



image187.wmf

dBm


x


if


x


PROB


dBm


x


if


PROB


dBm


x


if


PROB


simulated


123


133


685


.


12


095


.


123


1


133


140


05


.


-


£


£


-


+


=


-


>


=


-


<


<


-


=




image188.wmf

117


127


115


.


12


095


.


117


1


127


134


05


.


-


£


£


-


+


=


-


>


=


-


<


<


-


=


x


if


x


PROB


dBm


x


if


PROB


dBm


x


if


PROB


measured




image20.wmf

(dB)


IM




oleObject110.bin



oleObject111.bin



image189.wmf

dBm


x


if


x


P


dBm


x


if


P


dBm


x


if


P


simulated


fn


fn


fn


123


133


685


.


11


095


.


123


0


133


140


95


.


-


£


£


-


-


-


=


-


>


=


-


<


<


-


=




image190.wmf

117


127


115


.


11


095


.


117


0


127


140


95


.


-


£


£


-


-


-


=


-


>


=


-


<


<


-


=


x


if


x


P


dBm


x


if


P


dBm


x


if


P


measured


fn


fn


fn




oleObject112.bin



oleObject113.bin



image191.wmf

dBm


x


if


P


dBm


L


x


if


P


dBm


L


power


received


x


dBm


x


if


P


dBm


x


L


if


x


P


dBm


L


x


if


P


dBm


L


power


received


x


dBm


x


if


P


dBm


x


if


x


P


dBm


x


L


if


P


dBm


L


x


if


P


dBm


L


power


received


x


fn


fn


fn


fn


fn


fn


fn


fn


fn


123


0


1


115


123


;


123


0


123


685


.


11


095


.


1


123


133


;


123


0


123


133


685


.


11


095


.


133


95


.


1


133


;


-


>


=


£


=


-


<


<


-


º


-


>


=


-


£


£


-


-


=


£


=


-


<


<


-


º


-


>


=


-


£


£


-


-


-


=


-


£


<


=


£


=


-


£


º




oleObject114.bin



image193.wmf

dBm


L


x


if


0


P


dBm


L


x


if


1


P


dBm


117


L


115


;


power


received


x


dBm


117


x


if


0


P


dBm


117


x


L


if


115


.


11


x


095


.


P


dBm


L


x


if


1


P


dBm


117


L


127


;


power


received


x


dBm


117


x


if


0


P


dBm


117


x


127


if


115


.


11


x


095


.


P


dBm


127


x


L


if


95


.


P


dBm


L


x


if


1


P


dBm


127


L


;


power


received


x


fn


fn


fn


fn


fn


fn


fn


fn


fn


-


>


=


£


=


-


<


<


-


º


-


>


=


-


£


£


-


-


=


£


=


-


<


<


-


º


-


>


=


-


£


£


-


-


-


=


-


£


<


=


£


=


-


£


º




oleObject116.bin



oleObject4.bin



image194.wmf

123


L


133


if


615


.


L


005


.


P


dBm


115


L


123


if


0


P


dBm


133


L


140


if


05


.


P


level


y


sensitivit


L


;


"


simulated


"


absent


signal


:


ction


false


of


y


probabilit


:


P


fp


fp


fp


fp


-


£


£


-


-


-


=


-


<


<


-


=


-


<


<


-


=


º


dete




oleObject117.bin



image195.wmf

117


L


127


if


585


.


L


005


.


P


dBm


115


L


117


if


0


P


dBm


127


L


140


if


05


.


P


level


y


sensitivit


L


;


"


measured


"


absent


signal


:


ction


false


of


y


probabilit


:


P


fp


fp


fp


fp


-


£


£


-


-


-


=


-


<


<


-


=


-


<


<


-


=


º


dete




oleObject118.bin



image196.wmf

 


DB


 


Query


 


Channe


l 


Prote


c


te


d


 by


 


D


B?


 


(D


G


 =


1


 ?)


 


(D


G


 =1


 


D


S(T)


=


X


 


Chann


e


l


 Occup


i


ed


 


y


es


 


Reques


t


 Req


u


ired


 


 


Sensi


n


g Threshold


 


ST


 


Can devic


e 


Sens


e


 a


t


 


 


Require


d


 Thresh


o


ld


 


ST


 


no


 


Sens


e


 chann


e


l


 


at 


required


 


Threshol


d 


ST


 


Sense


d


 sign


a


l 


above 


 


Threshol


d 


ST?


 


(D


G


 =0


 


D


S(T)


=1


 


Channe


l


 Occup


i


ed


 


y


es


 


(D


G


 =0


 


D


S(T)


=


X


 


C


hanne


l


 Unoccup


i


ed


 


no


 


no


 


y


es


 


Sensi


n


g


 


R


e


quire


d


 


?


 


 


no


 


y


es


 


(D


G


 =0


 


D


S(T)


=0


 


Channe


l


 Unoccup


i


ed


 




image197.wmf

DVB-T 


coverage 


area


D


G


 = 1


LP = 95%


D


G


 = 1 (LP 95%)


D


G


=0 (LP 99%)


LP = 50%


LP = 99%


LP = 1%


D


G


 =


 


0


D


G


 = 1 (LP 1%)


D


G


 =0 (LP 50%, 95%, 99%)


D


G


 = 1 (LP 50%)


D


G


 =0 (LP 95%, 99%)




image198.jpeg

Channel 21







image199.jpeg

Channel 59







image200.png

W._E__.

il

.E







image21.wmf

)


(


2


q


m




image201.png

SURRES
1ARAR
ERERE

a T

i
m._m_m_m_m_m.







image202.wmf



image203.jpeg

Vila Grifore

Resorapte Jol
Hongardno

ardito_Sasso_Marcan!

Val_diggong
Piccolo Fatatdso






image204.png







image205.png







oleObject5.bin



image22.wmf

2


q




oleObject6.bin



image23.wmf

þ


ý


ü


î


í


ì


-


=


-


)


1


(


2


erfc


2


)


(


2


1


2


q


q


m




oleObject7.bin



image24.wmf

÷


ø


ö


ç


è


æ


D


+


D


=


D


=


=


=


D


-


-


)


(


ACS


)


(


ACLR


 


(0)


)


(


ACIR


1


(0)


)


(


1


DTT


1


CR


*


AC


*


I


*


I


*


S


*


AC


*


S


f


f


r


f


r


P


P


P


P


P


P


f


r




image25.wmf

(


)


10potential maximum number of interferes


  


10log ( )


dB


IMN


=×




oleObject8.bin



image26.wmf

(


)


10number of active interferes


10log ( max (()))


WSD


dB


IMNf


=×




oleObject9.bin



image27.wmf

(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


_()


_


10potential maximum number of interferes


  10number of active interferes


22


2


,0


10


(10log ( ) or 10log ( max (())))


0


10log10


WSD


IBWSDalljBSG


WSDallj


dB


dBm


dB


WSD


dB


ZdBmZdBGdB


dB


Pfkrffrm


IMNNf


mrq


mss


¢


+--+


=××


-+++


+


(


)


(


)


(


)


(


)


__()


10


WSDkBSi


dB


ff


WSDallWSDallj


d


jOkQ


¢


-


ÎÎ


éù


êú


êú


êú


ëû


åå




oleObject10.bin



image28.wmf

potential maximum number of interferes  


N




oleObject11.bin



image29.wmf

number of active interferes


()


WSD


Nf




oleObject12.bin



image30.wmf

(


)


,


WSD


IBWSD


Pfk


¢




oleObject13.bin



image31.wmf

k




oleObject14.bin



image32.wmf

WSD


f




oleObject15.bin



image33.wmf

(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


22


2


10potential maximum number of interferes


  10number of active interferes


(,)


(10log ( ) or 10log ( max (())))


WSD


IBWSDWSDBS


dBZdBmGdBZdBGdB


dB


WSD


Pfkmmrffq


NNf


mss


¢


=----+


-××




oleObject16.bin



image34.wmf

WSD_all  


()


fj




oleObject17.bin



image35.wmf

_


f


WSDall


O




oleObject18.bin



image36.wmf

_()


f


WSDallj


Q




oleObject19.bin



image37.wmf

WSD_all  


()


fj




oleObject20.bin



image38.wmf

(


)


(


)


(


)


(


)


G


WSDkBSi


dB


md


¢


-




oleObject21.bin



image39.wmf

k




oleObject22.bin



image40.wmf

(


)


(


)


WSDkBSi


d


¢


-




oleObject23.bin



oleObject24.bin



image41.wmf

i


¢




oleObject25.bin



image42.wmf

(,)


WSD


IBWSD


Pfk


¢




oleObject26.bin



oleObject27.bin



image43.wmf

(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


(


)


22


2


_()


_


__()


0


10


,0


10


10


argmin


10


ZdBmZdBGdB


dB


WSD


IBWSDalljBSG


WSDalljWSDkBSi


dB


dBm


dBdB


ff


WSDallWSDallj


mrq


Pfkrffrmd


i


jOkQ


i


mss


-


--+


ìü


¢


+--+


íý


îþ


ÎÎ


éù


ìü


êú


ïï


êú


ïï


ïï


êú


ìü


¢


=


íý


êú


ïï


ïï


-


íý


êú


ïï


ïï


êú


ïï


îþ


îþ


ëû


åå




oleObject28.bin



image44.png

Discrimination (dB)

\\ = same polarization

\\ = slant polarization

\

0 10 20 30 40 50 60 70 80 90 100110120130140150160170180

Angle relative to direction of main response (°)
ITU-RRec. 419







image45.png

20
Ell
40
50
60
70
80
a0

Load
save
Clear
add
Delete

sym

315

Function

2,

180

00

s

150

128

100

45

135

50

25






image46.emf





ι














i




oleObject29.bin



image47.emf





γ














g




oleObject30.bin



image48.wmf

)


10


1


(


log


10


10


/


10


i


g


+


×


=




oleObject31.bin



image49.emf

-20 -15 -10 -5 0 5


0


1


2


3


4


5


6


7


I/N,  





, (dB)


Receiver Sensitivity Degradation,  





,  (dB)




image50.wmf

i


×


×


£


×


PMSE


WSD


WSD


U


WSD


NF


kT


B


D


G


P


0


)


(




oleObject32.bin



image51.wmf

PMSE


NF




oleObject33.bin



image52.wmf

)


(


WSD


U


D


G




oleObject34.bin



image53.wmf

WSD


D




oleObject35.bin



image54.wmf

WSD


P




oleObject36.bin



image55.wmf

WSD


B




image1.emf














image2.emf














image192.wmf

ò


ò


-


-


-


-


>=


<


115


140


115


140


dx


dx


P


P


fn


fn




oleObject115.bin




