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Dear Gabrielle,
Dear Markus,

SE 43 would like, first of all, to thank ETSI TC RRS for its liaison statement from 4 July 2011 regarding the progress on Work Items TR 103 067 (DTR/RRS-01008) and TS 102 946 (DTS/RRS-01010). 
With regards to its work in relation to further development of technical and operational requirements for the operation of White Space Devices (WSDs) in the band 470-790 MHz, SE 43 has started work on WSD technical characteristics and considered the possibility to set up fixed maximum permitted e.i.r.p. limits for WSDs, on the basis of input contributions.

Attachment to this liaison statement provides the working document, which is under elaboration by SE 43, and where Section 4 addresses some WSD use cases, WSD categories and the prefered WSD output power levels and Section 5 discusses the fixed maximum permitted e.i.r.p. limits for WSDs. It needs to be noted that the WSD categories considered, though believed to be representative examples of various use cases, may not be exhaustive and, therefore, should not exclude the development of other device categories on the basis of different use cases. 

SE 43 would appreciate any comments ETSI TC ERM and TC RRS may have on the developments above and, in particular, the provision of additional information on device classification if that is available.

Best regards,

Alexandre Kholod

Chairman SE43
Attachment: Working document on further definition of technical and operational requirements for the operation of white space devices in the band 470-790 MHz
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Document SE43(11)40


working document on further definition of technical and 
operational requirements for the operation of white space devices in the band 470-790 MHz

1 Feasibility of autonomous operation of WSDs using sensing 
(in response to Item A2)

1.1 Practical assessment of autonomous WSD operation


Autonomous operation of WSDs using sensing has been studied by theoretical work, simulations and by practical implementations. Trials have been performed to verify the performance also in the field. 


All this work has shown that a reasonable -120 dBm performance can be achieved at the sensing receiver input at ideal conditions taking into account specific DTT-transmission characteristics. The key challenge is antenna and sensor integration into the device and it is obvious that the strictest sensing requirements cannot be met using a single device and especially single shot decisions. However by collecting more samples, position information and combining the results from several devices better results could be expected.


Single device single snapshot detection is too unreliable due antenna gain minima, interference, and fading to protect incumbent users. Simply tightening the sensitivity requirement does not help, because IM products cause desensitization, masking, and false alarms, thus reducing available capacity for white space devices. Methods like geo location databases have to be used for reliable operation. Collaborative sensing reduces the antenna gain and radio propagation problem. However trade-offs between sensitivity in sensor linearity requirement and sensitivity has to be taken into account in algorithm development.


The details of practical implementation and field tests are presented in Annex A1. 


1.2 Cooperative sensing

A single-device spectrum sensing is very difficult to be realized in an efficient and effective way. There are easy techniques from a computational point of view that either require a deep knowledge on the signal to be detected (i.e. matched filter), or are very susceptible to noise or false alarm induced by other secondary transmissions (i.e. energy detector). Several sensing algorithms have been proposed as to improve the performance and solve the above issues, but they are extremely demanding from a computational point of view, like the cyclostationary feature detection which analyses the correlation characteristics of the detected signal.

In order to require a low computational level and to obtain good detection performance, cooperation among WSDs is the most effective approach. This sections compares the energy detection performance of a single-device with the energy detection performance under a cooperative sensing in terms of false-vacancy-detection and false-occupancy-detection probabilities. 


In needs to be noted that the detection performance can be defined from different perspectives:


· WSD operation: Both false-vacancy-detection and false-occupancy-detection probabilities need to be minimized;

· Protection of incumbent services/systems: The probability of false-vacancy-detection needs to be minimized, whereas the probability of false-occupancy-detection has no influence on the incumbent service/system protection. 

1.2.1 Single-device energy sensing


The block diagram of the energy detector is shown in Figure 1.1, where s(t) is the primary user signal, n(t) the AWGN noise, h(t) the channel time-varying gain and x(t) the signal received at the WSD front-end. The input band-pass filter removes the out-of-band noise by selecting the center frequency fs and the bandwidth of interest W. This is followed by a squaring device to measure the received energy and an integrator which determines the observation interval T. Finally, the output is compared to a decision threshold, in order to decide whether the signal is present (H1) or not (H0).
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Figure 1.1 Energy Detector block diagram

The detection performance is evaluated in terms of probability of false-vacancy-detection (i.e. the probability of erroneously identifying a channel as available) versus the probability of false-occupancy-detection (i.e. the probability that a channel is identified as occupied while it is available).


The energy detector provides better performance for higher values of N, i.e. the number of observed symbols: in this case the detector measures higher values of energy, thus being able to counterbalance worse channel conditions like low SNR or high shadowing standard deviation in case of a lognormal channel. Obviously the performances are also better for high SNR values. This detection is extremely easy from a computational point of view, but is deeply affected by bad channel conditions, and it cannot provide reliable detection performance even on AWGN channels with SNR=0 dB.

1.2.2 Cooperative energy detection


In order to increase the detection performance, a p-out-of-L cooperative scheme has been used. According to this scheme, if among the L cooperating WSDs at least p detect a signal on that channel, then the Fusion Center which collects the sensed data (Figure 1.2), marks the channel as occupied and informs all the devices of this channel state. Note that in the literature, it has been found that the optimal value of p is L/2. Different optimal values of p can be found according to the scenario. For example, in case a better probability of correct detection is needed, the optimal value of p can be different from L/2, and different from the optimal value that decreases the probability of false alarm as well.
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Figure 1.2 Cooperation detection scenario

The performance of the cooperative energy detector on AWGN, Rayleigh and Lognormal channels are provided in Figures 1.3-1.5, and are compared to the performance of Single-Device detection in the same environment. In those figures we are considering L/2 as the optimal value of p. Of course, the gain introduced by cooperation is much more evident for good channel conditions (i.e. high SNR in the figures), but even for bad conditions such gain is remarkable.


For the sake of briefness, we consider a fixed number of observed symbols N, varying the SNR value. However, it is worthwhile highlighting that, as stated above, higher values of N always increase the detection performance.


In Figure 1.6 we show what happens when increasing the number of cooperating WSDs. The performance significantly increases for larger values of L, but it should be considered that it is not feasible to increase that number at will, as the WSDs require a cognitive channel to communicate the sensed data to the Fusion Center. Even if an unlicensed channel is used, when L is too high there would be too much overhead introduced. A possible solution to this issue might be that of using an hybrid cooperative-distributed approach, in which WSDs cooperate among themselves in cluster, i.e. the decision is taken among the WSD of a cluster.
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Figure 1.3 Single-device versus optimum cooperative detection on an AWGN channel with N=4
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Figure 1.4 Single-device versus optimum cooperative detection on a Lognormal channel with N=4 and σ2=3.9 dB
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Figure 1.5 Single-device versus optimum cooperative detection on a Rayleigh channel with N=4
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Figure 1.6 Optimum cooperative detection on an AWGN channel for different values of L, with SNR=-3 dB and N=4

(Ed. Note: Axis titles will need to be adjusted to the terminology adopted, i.e. false-vacancy and false-occupancy detection)

2 Combined sensing and geo-location 
(in response to Item G4)

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.

2.1 Methodology


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


		Flag

		Conclusion



		DS(T) = 1

		The detected power is equal or higher than the detection threshold T. Hence the channel is occupied.



		DS(T) = 0

		The detected power is below the detection threshold T. Hence the channel is vacant.





Table 2.1: Channel occupancy based on spectrum sensing only

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


		Flag

		Conclusion



		DG = 1

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



		DG = 0

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





Table 2.2: Channel occupancy based on geo-location only

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


		Geo-location flag

		Sensing flag

		Conclusion



		DG = 1

		DS(T) = 1

		The channel is occupied.



		DG = 1

		DS(T) = 0

		The channel is occupied.



		DG = 0

		DS(T) = 1

		The channel is occupied.



		DG = 0

		DS(T) = 0

		The channel is vacant.





Table 2.3: Channel occupancy based on combined detection

Figure 2.1 below shows the flow chart of decision in line with Table 2.3 and introduces the notion of  Required sensing Threshold
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Because both geo-location facilities and WSD sensing are ‘imperfect’, there is the possibility, using either (or both) technique(s), of arriving at


i) a ‘false-vacancy-detection’, i.e. the indication that the DTT channel is not being used when in fact it is occupied, or


ii) a ‘false-occupancy-detection’, i.e. the indication that the DTT channel is occupied when in fact it is not being used.


Both geo-location and WSD sensing decisions will have more likelihood of error in areas where the DTT field strength is low, and DTT reception is most likely to be degraded. Thus it is necessary to use both geo-location and WSD sensing capabilities to their fullest extent.

In order to discuss the consequences of using an imperfect sensing device in terms of false-vacancy-detection and false-occupancy-detection decisions, two entities related to sensing are defined:


1- The actual sensitivity of the device: This expresses the physical capability of the sensor to recognize the wanted signals with low levels. It can be defined in terms of a signal level associated with a probability of good detection (see for example ”Figure 7” in Annex A1).


2- The sensing threshold: This is a level which is arbitrarily set to be used as a criterion to decide whether the signal is considered present or not.


The required sensitivity should ideally be equal to the lowest level that corresponds to the presence of a useable signal in the configuration being considered. Example, for a portable indoor sensing device that has to detect a DTT signal received with a roof top antenna, its sensitivity should ideally be as low as -140 dBm (see ECC Report 159, Table 3, second column).


Practical implementation of sensors with such a low sensitivity is very challenging, if not impossible for the time being, as is shown in Section 1 above. Referring to ”Figure 7” of Annex A1, the actual measured sensitivity of a practical sensor is -117dBm with 100% probability of detection and -127 dBm with 5% probability of detection (the simulated sensitivity is -122dBm with 100%probability of detection and -133 dBm with 5% probability of detection).


Using the practical example of implementation described in Section 1 and in Annex A1, it is demonstrated in Annex A2 that:


· Increasing the WSD sensing threshold can lead to an increased number of ‘false-vacancy-detections’, which would lead to an increased number of interference situations for DTT reception;

· Conversely, the probability of ‘false-occupancy-detections’ would decrease with increasing WSD sensing threshold, which would lead to more spectrum available for the WSDs.

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

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

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

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

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


Further investigations for the possibility of relaxation as well as an amount of this relaxation and exact conditions are needed.


2.2 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 2.2 and Figure 2.3, respectively.
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		Figure 2.2 Operational algorithm for the combined detection approach in a single WSD.
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		Figure 2.3 Operational algorithm for the combined detection approach in Master/Slave WSDs.





3 technical considerations on the protection of the broadcasting service 
(in response to Item B)

When extending the basic methodology of the ECC report 159 to calculate the WSD maximum power levels the following items should be considered 


· The proper approach to the required interference protection taken statistics and likely scenarios into account;

· Some contributions have concluded that, based on some assumptions, only a very small number of primary receivers could be affected by the worst case scenarios presented in the ECC Report 159. Margins over reasonable protection of the primary services should be carefully considered;

· An appropriate limit for the degradation in location probability should be used. Questions were raised about the possibility of vary this degradation over the service area;

· What would be a reasonable degradation percentage taken the total service area and all receivers into account?


· The aggregated interference should be analyzed, considering the number WSDs, their positions in the reference geometry, statistical distribution of locations and temporal variations.

A proposal (Document SE43(11)12) was submitted to extend the methodology described in ECC Report 159 and to define a common set of parameters for the calculation of the location specific WSD power levels. This allowed to derive a set of maximum figures for power levels for fixed WSD and for portable outdoor WSD.


It consists in:


· Applying the criteria of 0.1% degradation for the location probability from the edge of the coverage until a distance inside the coverage area corresponding to a wanted field strength which is 10 dB higher than the minimum field strength. The calculation is made according to the methodology described in Report 159;


· Limiting the interference level for the remaining part of the coverage area to the highest interference level calculated above, corresponding to I/N ( -3 dB;


· Assuming that 3 equivalent WSDs are contributing to the interference to DTT coverage when adjacent channels are used;


· Assuming a minimum separation distance of 20-22 m between the interfering WSD (either fixed or portable) and a fixed roof top antenna of the wanted DTT;


· Assuming a minimum separation distance of 2 m between the interfering WSD (portable) and a portable antenna of the wanted DTT. 


With this set of assumptions, the maximum EIRP for WSD as function of the wanted field strength and the protection ratio can be derived. 


For example:


·  For the protection of DTT fixed reception, a fixed WSD (respectively portable outdoor WSD) using a channel with a frequency offset corresponding to a protection ratio of -50 dB (probably the third adjacent channel and beyond), can be operated with an EIRP in the range of -4 to +13 dBm (respectively -7 to +11 dBm) depending on its location within the DTT coverage area; 


· For the protection of DTT portable outdoor reception, a portable WSD using a channel with a frequency offset corresponding to a protection ratio of -50 dB (probably the third adjacent channel and beyond), can be operated with an EIRP in the range of -23 to -4 dBm depending on its location within the DTT coverage area.

Another contribution was received (document SE43(11)32 and 33) using the document SE43(11)12 as basis, but proposing not to limiting the interference level for the remaining part of the coverage area to the highest interference level (corresponding to I/N = -3 dB), but to reflect appropriately the increase of the maximum EIRP for WSD when the wanted field strength is increasing.

In relation with the proposed criteria of 0.1% degradation for the location probability, from the edge of the coverage until a distance inside the coverage area corresponding to a wanted field strength which is 10 dB higher than the minimum field strength, some work is being performed by using the SEAMCAT® tool (document SE43(11)43rev1 – please refer to Annex 3.1). For a given assumptions, this document concludes about the feasibility of this tool to carry out technical studies, which can be compared with similar ones using the same calculation methodology. 


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


The contribution (Document SE43(11)23Rev1) proposes a different approach in the methodology by using an area-based power allocation method instead of pixel-by-pixel calculations based. Inside the area, the power is defined by the EIRP density. The method proposed allows the flexibility offered by the geolocation approach to allocate power levels to multiple WSD deployed in a service area based on information on both location and deployment density. Some views expressed relates to the size of the simulated cells/regions which must be balanced since larger areas/regions could lead to a higher dispersion of the impact of each WSD. The difference in the statistics of the average emitted power from a particular region compared with the statistics of the individual WSD emitted signal must also be evaluated.


4 technical characteristics of white space devices 
(in response to Item A1)

4.1 Classification of White Space Devices

For the purpose of the studies presented in ECC Report 159, some assumptions on possible WSD categories were made (see §3.1 of ECC Report 159). However, it was noted that these assumptions were not intended to restrict industry flexibility to innovate in using white spaces. Furthermore, ETSI TR 102 907 describes use cases for the operation of Reconfigurable Radio Systems within White Spaces in the UHF 470-790 MHz frequency band. These use cases and related parameters are informative and do not prejudge future studies and real deployments.


CEPT broadly classifies different use cases for WSDs according to their intended functionality and operational range into the following categories:


· WSDs to provide indoor Internet access from an access point to a user equipment with an operational range of up to 50 m (the required operational distances might be reduced due to wall/floor penetration). A possible configuration is shown in Figure 4.1.


[image: image10]

Figure 4.1 Indoor wireless access


· WSDs to provide outdoor Internet access from a base station to a user equipment with an operational range of up to 10 km. Different scenarios can be envisaged ranging from (i) providing mobile/portable broadband Internet coverage provision from access points to the public places in the street to (ii) delivering a broadband Internet signal from a base station to fixed installations within and beyond a village or a campus. Some possible configurations are shown in Figure 4.2.

(Ed. note: A number of other use cases are under discussion in different European project. Their inclusion into the report may have implications on the further analysis and conclusions)
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Figure 4.2 Outdoor wireless access


Using some typical parameters for wireless communications and intended service as presented in Table 4.1 it was shown by a simple analysis that for indoor use case a transmit power in the order of 20 mW could be suitable, for some outdoor use cases transmit power in the order of 200 mW would be suitable, and in case of area coverage output power of 3 to 5 watts might be suitable. In the last example the wanted distance and required antenna characteristics have a significant impact on the required transmit power. 

Table 4.1 WSDs parameters used to derive usable transmit power level estimates 



		Parameter

		Base 
station 
(outdoor)

		User 
equipment
(fixed)

		Access 
point
(indoor)

		User equipment (indoor/outdoor portable)



		Transmission BW (MHz)

		7.6

		7.6

		7.6

		7.6



		Receiver noise fig. (dB)


Required SNR (dB)

		n.a.


n.a.

		7


10

		n.a.

n.a.

		7


10



		Antenna gain (dBi)

		6

		2

		0

		0



		Range (km)

		1.5

		1.5

		0.015/0.15

		0.015/0.15





(Ed.note. The values in the table need to be consistent with the use cases described in the bullet points above)

5 fixed maximum permitted power limits for white space devices 
(in response to Item B2)

ECC Report 159 stipulates that 


"In some of the geo-location database usage models it may not be necessary for administrations to define, assume or mandate a fixed value for the maximum permitted e.i.r.p. for WSDs. However, Administrations may still decide to assume or mandate maximum permitted e.i.r.p. of WSDs considering their usage and the DTT implementations they are protecting. "

This section addresses the possibility to set up fixed maximum permitted e.i.r.p. limits for WSDs  taking into account indications from the industry on the foreseen operational ranges of WSDs and their possible classification given in §4 of this report. 


5.1 General thoughts 


It is understood that for a WSD controlled by a geo-location database, the power levels, the device is allowed to transmit in a given geographical location, will be determined by the database. This determination is to be made either on the basis of the protection requirements for incumbent services/systems on co- and adjacent channels in the vicinity of the WSD location or on the basis of the regulation established in the country the device is located
. 


However, setting fixed maximum e.i.r.p. limits for WSDs for different categories is necessary in order to ensure protection of the incumbent services from interference.

It is expected that the power levels communicated by the database to the WSD would in normal circumstances be lower than the maximum permitted limits for the specific category. Conformance guidance for devices to meet the maximum permitted e.i.r.p. levels for the different categories of WSD will need to be included in an appropriate harmonised standard. 


Therefore, a WSD should be in compliance with the following requirements: 


a) It cannot transmit at a power level above the maximum permitted power for its declared device category


b) It cannot transmit above the power determined by the database on the basis of incumbent service/system protection. 


5.2 Assumptions on maximum permitted e.i.r.p. limits based on the incumbent service/system requirements 


(Ed.note: this section will need to be developed)

5.3 Assumptions on maximum permitted e.i.r.p. limits based on the WSD usage requirements


In order to calculate the maximum permitted e.i.r.p. limits for different categories of WSDs given in §4 of the report some representative parameters were set (Table 5.1). In particular, the parameters for outdoor WSDs are set by analogy with today’s cellular systems. Similarly, the parameters for indoor WSDs are set by analogy with today’s WiFi wireless communication systems.


Table 5.1 WSDs parameters used to derive fixed maximum e.i.r.p. limits


		Parameter

		Base station 
(outdoor)

		User equipment
(outdoor)

		Access point
(indoor)



		Date rate (Mbps)

		1

		0.128

		100



		Transmission bandwidth (MHz)

		8

		0.360

		22



		Noise figure (dB)

		5

		7

		7



		Antenna gain (dBi)

		8

		0

		0



		Maximum range (km)

		10

		10

		0.05





(Ed. Note: These are initial proposals and inputs are sought) 


The Shannon formula was used to compute the signal-to-noise ratio as a function of the transmission bandwidth and the data rate. It was then assumed that the WSDs are performing 2 dB off from the Shannon capacity bound. 


The details of link budget calculations are given in Annex A3. 


It is proposed to request WSD industry to fix cap limits for e.i.r.p. of WSDs to the values listed in Table 5.2.


Table 5.2 Fixed maximum permitted e.i.r.p. limits for different WSD categories


		Base station (outdoor)

		4 W / 36 dBm



		User equipment (outdoor)

		60 mW / 18 dBm



		Indoor access point

		60 mW / 18 dBm





(Ed. Note: These numbers follow from Table 5.1 and, therefore, are initial proposals and inputs are sought) 

6 protection of services in the bands adjacent to 470-790 MHz 
(in response to Item B2)

In ECC Report 159, some preliminary results were presented on the impact from WSD into the mobile service operating above 790 MHz (section 8.1 of the ECC Report 159). Section 11 of the ECC Report 159 identifies that there is a need for further studies on the impact from WSD on services in the bands adjacent to the 470-790 MHz band, e.g. on mobile service below 470 MHz and above 790 MHz.

6.1 Protection of mobile service in the band 450-470 MHz

(Ed. Note: The protection of IMT systems in the band 450-470 MHz will need to be studied)

6.1.1 Assumptions and scenarios


The band 450-470 MHz is predominantly expected to be used by PMR/PAMR applications, including TETRA and its evolution, which have to be protected with respect to the introduction of WSD operating in the UHF band between 470-790 MHz. 


The interference scenario is generally represented by different systems or devices, which operate in adjacent bands over the same geographical areas, as exemplified in Figure 6.1, where several WSDs, whose possible position is marked with X, share the same area as a mobile network.


WSDs may cause potentially harmful interference towards the incumbent services operating in the lower adjacent band. The proposed methodology to assess potential harmful impact of WSDs is based on Monte Carlo simulations, where victim receivers are randomly generated inside the simulation areas. 


Link budget assessments both for wanted signals and interferers allow the evaluation of possible performance degradation. Adjacent channel interference is computed taking into account ACLR (Adjacent Channel Leakage Ratio), which describes out-of-band emissions of the interfering transmitter, and ACS (Adjacent Channel Selectivity), which describes the selectivity of the victim receiver (see Figure 6.2).


Depending on the channel arrangement and duplexing techniques the most critical link has to be identified. In Figure 6.3, it is shown an example where, due to the channel arrangement, the downlink of the incumbent service must be considered for protection. In this case the mobile user equipment (UE) is the victim, which receives both the wanted signal from the mobile base station and the interferer signal(s) from WSDs.


Parameters and requirements that must be considered in order to evaluate performance degradation may vary according to the specific system or service to be protected.


The overloading effect due to multiple WSDs can also be assessed.
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Figure 6.1 Cellular layout (different colours are used for different frequencies). 
In the inner part of the area several WSDs operate, whose possible position is marked with X.
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Figure 6.2 Assessment of adjacent channel interference.
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Figure 6.3 Example of mobile UE as victim receivers (downlink).

6.1.2 Coexistence with TEDS 25 kHz


A first example considering the coexistence between TEDS 25 kHz with WSDs is provided. It has also to be noted that currently the 450-470 band is used by many analog PMR systems, partially switching to DMR.


A TEDS mobile network composed of 54 base stations deployed in a regular hexagonal layout has been taken into account. In order to avoid border effects, only the innermost 15 base stations have been analysed and, in the identified area, it is assumed that a WSD network is deployed for applications such as wireless access (see Figure 1); a maximum number of 35 WSDs is considered. 


TEDS downlink has been identified as the most critical link due to the FDD channel arrangement and WSDs are assumed to operate immediately above 470 MHz, with 5 MHz channel bandwidth. Systems characteristics and simulation parameters are summarized in Table 6.1.

Table 6.1 Main simulation parameters

		TEDS 25 kHz characteristics



		Cell radius

		5 Km



		Simulation area

		60x48 Km2



		Operating frequency

		469.9875 MHz



		Total number of base stations (BSs)

		54



		Number of TETRA BSs in central area

		15



		Cluster size

		7



		BS antenna height

		30 m



		BS antenna gain

		12 dB



		BS transmitted power

		28 dBm



		Number of User Equipments (UEs) generated for each Monte Carlo simulation

		200



		  UE antenna height

		1.5 m



		UE Tx antenna gain

		0 dB



		UE transmitted power

		27.5 dBm



		WSD characteristics



		Transmitter power

		33 dBm



		Antenna height

		10 m



		Antenna pattern

		Omnidirectional in azimuth



		Antenna gain

		9 dBi



		Operating frequency

		472.5 MHz



		Total number or WSDs

		35





TEDS UE receiver mask is derived from [ETSI EN 300 392-2, “Terrestrial Trunked Radio (TETRA); Voice plus Data (V+D); Part 2: Air Interface (AI)”, European Standard (Telecommunication Series), v 2.3.2, March 2001], whereas WSD SEM is assumed equal to SEM for LTE base stations [CEPT Report 148, “Measurements on the performance of DVB-T receivers in the presence of interference from the mobile service (especially from LTE)”, Final Report by the Electronic Communication Committee (ECC) within the European Conference of Postal and Telecommunications Administrations (CEPT), Marseille, June 2010] (see Figure 6.4). The derived masks are needed to evaluate adjacent channel interference .
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Figure 6.4 TEDS UE receiver mask and WSD SEM.

Performance degradation is assessed considering both wanted and unwanted power received by the TEDS UE, whose positions are randomly generated by means of a Monte Carlo simulation.


TEDS requirements are given in terms of C/Ic (signal to co-channel interference ratio), C/Ia (signal to adjacent channel interference ratio) and receiver blocking power [ETSI EN 300 392-2, “Terrestrial Trunked Radio (TETRA); Voice plus Data (V+D); Part 2: Air Interface (AI)”, European Standard (Telecommunication Series), v 2.3.2, March 2001] [CEPT Report 104, “Compatibility between mobile radio systems operating in the range 450-470 MHz and Digital Video Broadcasting-Terrestrial (DVB-T) systems operating in UHF TV Channel 21 (470-478 MHz)”, Amstelveen, June 2007]. Numerical values are reported below:


· minimum C/Ic =19 dB;


· minimum C/Ia = -40 dB;


· receiver blocking= -40dBm.


Co-channel interference (Ic) includes both TEDS intra system interference and interference due to the imperfection of the WSDs transmitter. Adjacent channel interference (Ia) is specifically referred to the first 25 kHz adjacent channels below and above the operating band of the TEDS victim receiver. Receiver blocking power is then computed considering the interference generated by WSDs in all the adjacent channels but the first. 


In order to gather information on the overloading effect of WSDs for the protection of TEDS, Monte Carlo simulations have been performed varying randomly the number of active WSDs (transmitters ON): all, one half, 1/5 and 1/12.


Simulations have highlighted that the most stringent constraint is represented by the requirement in terms of C/Ic. In Table 6.2 the estimated outage is reported. The overloading effect is also visible.


Table 6.2 Simulation results

		Estimated outage for TETRA receivers (%)



		All transmitters ON

		Half of the transmitters ON

		One fifth of the transmitters ON

		One twelfth of the transmitters ON



		1.16%

		0.87%

		0.67%

		0.56%





6.2 Protection of mobile service in the band 790-862 MHz

Based on different scenarios, the acceptable emission characteristics for the WSD BS were evaluated. These calculations took into account the receiver characteristics (ACS : Adjacent Channel Selectivity) and the different frequency offset of the WSD in the 470-790 MHz band signal compared to the victim cellular/mobile network. For each scenario, the horizontal distance between the interfering transmitter and the victim receiver was defined. All the different types of receiver/transmitter characteristics were also defined (antenna heights, antenna patterns…). The acceptable emission e.i.r.p. and ACLR (Adjacent Channel Leakage power Ratio) for each scenario were then derived by calculating the different acceptable interference powers at the receivers.


6.2.1 Considered scenario


The scenario that we want to focus on and initiated in ECC Report 159 models a WSD deployed as wide area macro base station. A WSD antenna height of 30 m is considered, and the distance between victim and interferer is assumed to be 20 m in the horizontal plane. 3 degrees mechanical antenna downtilt is assumed. The antenna height for the victim is assumed to be 1.5 m, which means that the elevation angle at which the vertical antenna diagram of the WSD antenna has to be read is 52 degrees. 


Figure 6.5 (which is not at the true scale) illustrates the first scenario considered in the report 159. The WSD wide area macro Base Station is the interferer and the LTE UE is the victim.
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Figure 6.5 Scenario considered in the study


Some new SEAMCAT simulations based on this first scenario were computed to study further this scenario.


Actually, for these SEAMCAT simulations, the first scenario considered is described in Figure 6.6. The interfering WSD BS, in red, is located on the right of the first figure and the LTE BS in blue is located on the left. The cell radius is 500 m for both the LTE cell and WSD cell. The WSD BS interferer is located at 20 meters from the border of the LTE network coverage. In the Seamcat simulations, the WSD BS is located at a 20 m distance from the edge of the coverage area of the LTE BS, so that the closest UE from the WSD BS would be located at a 20 m distance from this BS to link these simulations with the scenario presented above and previously studied in ECC Report 159.
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Figure 6.6

6.2.2 Methodology


In ECC Report 159 (section 8.1), an assumption was made on the base line level and from this assumption and for a particular scenario, the maximum WSD transmission power acceptable by the LTE UE was deduced. 


With SEAMCAT the LTE UEs are randomly drawn thanks to a Monte-Carlo simulator all around a BS transmitter.


At first, a given value is taken for the baseline level (for example -50 dBm/10 MHz). Then an initial value of 46 dBm is set for the WSD in-block power. The in-block power of the WSD BS is then decreased step by step from this initial value until the interference probability is lower than 1 %. Once the interference probability is lower than 1 %, the corresponding WSD in-block power is recorded.

Indeed, the interference probability, which is calculated considering blocking and unwanted interfering signals, should be lower than 1 % to consider a non-interfered LTE network. Actually, for an interference value lower than 1 %,  the Quality of Service of the LTE network should be considered satisfactory.


6.2.3 Interference criterion


The condition to determine the interference probability is the I/N criterion. When the calculated I/N is lower than the I/N threshold, then the LTE UE is not interfered. In the SEAMCAT simulations, the I/N threshold is set to -20 dB. This I/N threshold should ensure a good protection of the LTE UE and is currently used at the ITU level as a characteristic of terrestrial IMT-2000 systems for frequency sharing/interference analyses1. According to Report ITU-R M.2039-2, this -20 dB I/N value should actually be used to protect the IMT receiver from an unlicensed interferer. Therefore this I/N value should be very suitable to study the interferences from WSD BS toward LTE UE.


(Ed.note: The assumption of I/N=-20 dB may need to be reconsidered). 

6.2.4 Results


The following table summarizes the maximum allowable WSD powers depending on baseline levels from ECC Report 159 and from the SEAMCAT simulations. For more details on the simulation parameters and calculations, please refer to Annex A5.

Table 6.3 Maximum allowable in-block WSD powers and interferer probability


		Baseline level

		WSD in-block powers from the ECC report 159 (dBm/5 MHz)

		WSD in-block powers deduced from Seamcat simulations (dBm/5 MHz)

		Lower Interference probability (%)



		-50 dBm/10MHz

		-11.33

		No permitted value

		1.5 %



		-40 dBm/10MHz

		-11.55

		No permitted value

		6.5 %



		-30 dBm/10 MHz

		-14.67

		No permitted value

		20.3  %





For the different Pbaseline levels and following our SEAMCAT simulations, it’s not even possible to derive in-block powers in order to reach an acceptable quality of service of the LTE network (interference probability lower than 1 %). Indeed, the Pbaseline levels are high enough to decrease the quality of the network so that the probability would be higher than 1 %. For example, the interference probability is higher than 1 % (1.5 %) for a -50 dBm/10MHz and increases versus the Pbaseline level until 20.3 % for a -30 dBm/10 MHz Pbaseline value (see the table above).


The conclusion is that considering the studied scenario and for this assumption of -20 dB for the I/N it seems difficult to define a WSD to transmit in the 60th channel without interfering LTE UE in the 800 MHz band as even with a WSD BS at the border of the LTE cell, it’s not possible to derive the in-block power of this WSD BS for the different Pbaseline levels considered. If the WSD BS was located inside the coverage area of the LTE BS the interference probability would even be worst than they are in the table above.


Annex A1: Example spectrum sensor implementation and field test results

A1.1 Spectrum sensor implementation


A1.1.1 Spectrum sensor embedded to a mobile device


In order to conduct field tests using a device with realistic form factor a spectrum sensor was embedded into a Nokia N900 mobile computer with all functionalities. The choice caused some extra challenges since the N900 has not been designed for a mobile TV receiver. Spectrum sensor hardware has been designed on a separate printed circuit board (PCB) and it has been equipped with hardware which enables to receive desired frequency bands and realize all spectrum sensor functionality, see Figure 1. Figure 2 shows the two complete signal paths that have been implemented on the PCB from an antenna element to a FPGA. Two separate RF frontend chips were required: one for UHF frequencies and one for IEEE802.11a/b/g (2.4/5.8 GHz). The used RF receivers are commercial RFIC and they are controlled by the FPGA. The analogue baseband data is digitized for the FPGA using two dual 10 bit AD converters operating at maximum rate of 80 MHz, depending on the system under detection.  Feature detector algorithms for spectrum sensing have been implemented on the FPGA.
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Figure 1. The spectrum sensor detector board inside N900 mobile phone.
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Figure 2. Blocks on the detector board.


Communication between sensor board and the mobile device is done using a universal asynchronous receiver/transmitter (UART). The data rate between the sensor board and mobile device is 1 Mbit/s.


The spectrum sensor board is located inside the display slider case of the device. A custom plastic riser, see Figure 3 was required between the display and the bottom of the case to allow sufficient space for the board. Sensor board is located just behind of the display and on top of the slider mechanic. The slider mechanic is made of metal, as is the background of the display element. To ensure sufficient antenna efficiency both antennas had to be placed to the fin of the plastic riser that is outside the metal frame. It should however be noted that this is only due to the fact that the device has not been designed for spectrum sensor use. 


 Antenna design, especially at UHF band, is the utmost challenge in a spectrum sensor design. Best efficiency can be achieved with external antennas but for consumer devices embedded antennas have become de facto solutions. Relative bandwidths of the both antennas, UHF and WLAN, are reasonably high. Size and the location of the antennas inside the mobile device limit their efficiency and matching as well as the surrounding mechanics. Sizes of the antennas has been tried to keep as small as possible without losing performance too much. Antenna miniaturization in a mobile device scale is more problematic for an UHF antenna due to its longer electrical (and physical) length compared to a WLAN antenna.
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Figure 3. Spectrum sensor prototype implementation on N900 mobile phone.

A1.1.2 System requirements related to spectrum sensing


Two very different kinds of target systems were addressed: DVB-T as an example of rather static TV primary system and 802.11a/g as an example of system having very dynamic traffic characteristics. Goal was to implement sensing strategy to measure both temporal and spectral characteristics of target systems. Another aspect was to measure spatial channel utilization in the field. We ended up in this phase to traditional channel numbering instead of generalized notation for cognitive radios in order to simplify control.


TV primary sensing requirement by FCC is -114 dBm sensitivity level averaged over a 6 MHz channel. This corresponds to -112.7 dBm averaged over a 8 MHz DVB-T channel. In order to measure UHF channel utilization, selected strategy is to make single detection per channel at each studied location. This requires quite low false alarm rate e.g. 1% and high probability of detection e.g. 99%. Excluding antenna losses, the sensor prototype presented in this work could reach these requirements with a sensing time of approximately 115 ms. However, for the longest detection time, i.e. 460ms, the headroom for antenna losses is only about 5dB.


In order to understand practical limitations of the platform and analyze filed test properly the prototype and its core entities were characterized both separately and as a complete system.


A1.1.3 Antenna


Two antennas were implemented inside the presented mobile spectrum sensing device. For UHF frequencies a commercial antenna based on planar technology has been used. Dimensions of the antenna are 45 mm x 5 mm and it has been designed to work at frequency range from 470 to 750 MHz (DVB-H EU). Antenna for 802.11a/b/g has been realized as a wideband structure which covers frequency range from 2 to 6 GHz. It has been implemented directly to the same PCB than the spectrum sensor. It requires slightly more area than the UHF antenna (32 mm x 8 mm). 


Both antennas were measured with and without the device mechanics to understand differences compared to conventional stand-alone antenna testing, and to evaluate actual performance in the field. Measurement results for the UHF antenna are presented in Figure 4 (left) and wideband antenna in Figure 4 (right). Deterioration of the efficiency of the UHF antenna due to mechanics is significant (6-8 dB) at low frequencies. The wideband antenna behaves better and its efficiency deterioration due to mechanics is only 1-2 dB over the whole band. The efficiencies of the antennas are -18-(-7)/-3/-6-(-4) dBs at UHF/2.4/5 GHz bands, respectively, depending on the specific channel. The results clearly indicate the issue of antenna performance at UHF band in small devices.
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Figure 4.  Efficiency of the UHF antenna (left) and for comparison the WLAN-antenna (right).


A1.1.4 RF-parts


The used RF receivers are commercial RFIC and they are based on a direct-conversion architecture. Baseband filters are adjustable and they support several bandwidths used in different standards. Block diagrams of the receivers are presented in Figure 5. Typical noise figure (NF) of all receivers without front-end filter is around 4 dB depending on the band. Typical insertion-losses of front-end filter are 1.8 dB at UHF/2.4 GHz bands and 1.4 dB at 5 GHz band.  
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Figure 5. Block diagram of the UHF (a) and 802.11 a/b/g (b) receiver.


A1.1.5 Detector 


Detector core on the FPGA is developed from the FFT-based cyclostationary feature detector formerly presented by the authors in [1]. The structure of the detector is shown in Figure 6. The fixed-size-FFT implementation utilizes decimation after autocorrelation to control the detection time. Test for the presence of cyclostationary at given cyclic frequency (α) is performed from the FFT of the decimated autocorrelation signal.


[image: image25.wmf]

Figure 6. Structure of the implemented cyclostationary feature detector.


In this implementation, the range of selectable decimation ratios is extended up to M=2048 to support longer detection times. Similarly, the maximum autocorrelation delay (τmax) is increased to 8192. The modifications were required to enable detection of very long OFDM symbols used in DVB-T signals. The detector implementation utilizes 16k logic elements, 406k memory bits and 84 9-bit multiplier elements. The figures are 10.2%, 13.7% and 14.6% of all available resources on the FPGA, accordingly.


Detector sensitivity was measured for a WLAN signal at 2.4 GHz ISM band and for a DVB-T signal at the UHF band. Parameters related to modulation, signal bandwidth and transmit frequency of both systems are summarized in Table 1. During the measurements, the antennas were bypassed and the signal generator was connected directly to the RF receiver inputs, therefore the results exclude any antenna effects. The RF receivers operate at maximum gain. Detection times for WLAN and DVB-T were set to 0.8 ms and 460ms, accordingly. False alarm rate is 5%.


Table 1. Specifications of the primary signals used in detector performance measurements.


		

		WLAN

		DVB-T



		Modulation:

		OFDM

		OFDM



		 FFT-size (NFFT)

		64

		8192



		 Length of cyclic prefix (NCP)

		16

		1024



		 No. of non-zero subcarriers

		52

		6817



		 Subcarrier modulation

		16-QAM

		16-QAM



		Transmit frequency

		2437 MHz

		670 MHz



		Bandwidth

		20 MHz

		8 MHz





The measured sensitivities are presented in Figure 7 (left) for DVB-T and in Figure 7 (right) for WLAN signal. DVB-T detection reaches 95% probability of detection when the received power is about -117 dBm, while for the WLAN detection received power of -102 dBm is required. Both figures are below the thermal noise floor. Figure 7also show ideal simulation results for the same signals. The differences between simulated and measured probability of detections almost entirely match and are accounted by the non-zero noise figures of the RF receivers. The primary reason that DVB-T detection outperforms WLAN detection by such a large margin is the longer detection time that can be utilized in DVB-T detection. WLAN detection time is limited on the other hand by implementation, where larger FFT would be required to keep the cyclic frequency under the Nyquist frequency for larger decimation ratios, and on the other hand by duration of WLAN signal bursts which is already on the same scale with the detection time.
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Figure 7.  Measured DVB-T (left) and WLAN (right) probability of detection compared to simulated performance. Simulation utilizes ideal receiver (NF=0dB).


A1.1.6 Platform Performance


Overall performance for the spectrum sensor hardware has been determined in the laboratory measurements. A 5 dB NF for UHF receiver path was measured at 660 MHz and it is only 1 dB more than NF of the pure UHF receiver. For dual-band 802.11a/b/g receiver, 5 dB and 6.5 dB NF at 2.427 and 5.130 GHz were measured, respectively. IIP3 of –10 dBm, -1 dBm and -1 dBm were measured for UHF, 2.4 and 5 GHz bands, respectively. 


When combined with antenna results the overall sensitivity of the signal detection for DVB-T signals at UHF band will be from –100 to –108 dBm depending on the channel of interest. This is significantly higher than FCC requirements but shows feasible values for small devices if the integration time of the detection is kept reasonable. IIP3 of the UHF receiver with antenna corresponds 8 - (-3) dBm compared to 0 dB antenna in the field tests, At some channels platform noise caused by processors and other noisy components in the device will further deteriorate the performance. However, those could be mostly avoided with proper design when UHF band requirements will be taken into account initially in the design of the device and its mechanics. For WLAN OFDM signal detection, the sensitivities using parameters given earlier in this paper will be –101 and –98 dBm (2.4 /5 GHz)  including the antenna.


A1.2 Field measurements

Two sets of field tests were carried out in capital area in Finland. First measurement set was done mostly outdoors in urban Ruoholahti area in Helsinki. Two sensors were used, both using internal antennas. The measurement set consists of spectral samples from 37 different locations, shown in Figure 8. One spectral sample includes detection time, GPS location, band, channel, received signal strength in dBm and DVB-T detection statistics from UHF channels 34 to 60 (578 – 784 MHz). Detection time was set to 460 ms and detection statistics positive detection threshold to produce constant false alarm rate of 1%. Measured signal strengths are shown in Figure 9. Corresponding estimated probabilities of DVB-T detections on different channels are shown in Figure 10. There is DVB-H repeater in the area, detected on channel 35. Espoo TV transmitter station is transmitting on channels 32, 35, 44, 46, and 53.


Table 2. DVB-T transmitter parameters.


		DVB-T transmitters

		Espoo

		Tallinn



		Latitude:

		60.1778

		59.4713



		Lognitude:

		24.6403

		24.8875



		Mast heigth:

		313 m

		272 m



		Transmission power:

		47 dBm

		42 dBm



		Occupied channels

		32, 35, 44, 46, 53

		45, 59, 64





TV transmissions on measurement range are detected with high probability. Channel 59 is occupied by Tallinn TV transmitter on average 78 km away. Open source Splat! [2] radio propagation calculation tool, using Longley-Rice Irregular Terrain Model [3] and NASA SRTM-3 Version 2 Elevation Models [4], was used for field strength estimation. Used transmitter parameters are shown in Table 2. , receiver was assumed to be 3m above sea surface. Estimated field strength, shown in Figure 11. in Ruoholahti area is 20-60 dBµV/m. Field strength has large variation within 1 km radius in urban area. With measured prototype antenna efficiency of -7.5 dB, it corresponds -123 – (-83) dBm signal input power at the receiver. Taking measured detector sensitivity into account we end up 0.6 to 1 detection probability of Tallinn TV transmitter in Ruoholahti, Helsinki. Tallinn transmission on channel 45, adjacent to much stronger Espoo TV transmitter on channel 44 and 46, is masked and it cannot be detected. One must remember that transmissions from Tallinn are out of the reach for typical TV reception setups in Helsinki households.
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Figure 8. Measurements results on UHF channel 44 (658 MHz) in Ruoholahti, Helsinki.
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Figure 9. Received signal strength (RSSI[dBm]) upper limit for 10%, 50% and 95% of measured samples in Ruoholahti.
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Figure 10. Measured probability of DVB-T detection, n = 37 per UHF channel, average distance to Espoo transmitter 15 km and 78 km to Tallinn transmitter.
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Figure 11. Simulated field strengths on UHF channel 59 (778 MHz) from Tallinn TV tower, distance to Helsinki 77 km.
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Figure 12. Results on UHF channel 44 (658 MHz) in Espoo, average distance to Espoo TV tower is 8 km.

Second set was measured outdoors in suburban Espoo and target was to evaluate performance of the spectrum sensor in the vicinity of strong TV transmitter. Measurements were done using two sensors one with internal antenna and another with external reference dipole. Measurement locations and results for occupied channel 44 (658 MHz) are shown in Figure 12. Measured signal power on occupied channels was from -65 dBm up to -32 dBm, when using external reference dipole, as shown in Figure 13. The RSSI[dBm] limits tell how many percent of measurement samples have smaller RSSI value than presented. Basically this presents values of observed cumulative distribution function with 10%, 50% and 95% probabilities. TV signal strength is from 10 to 30 dB more than in the Helsinki measurement set. Main difference between results measured using internal and external antennas is that antenna efficiency of internal antenna is on average 7.5 dB lower than external reference dipole. Results using internal antenna are shown in Figure 14. Difference in antenna efficiency means additional noise figure of 7.5 dB, which decreases sensitivity and increases linearity of receiver. In addition there is also device induced noise in internal antenna measurements. 


Figure 15 shows the detection results over all channels with external and internal antennas. The antenna performance difference is very clear. Overall it can be seen that a high number of false detections happen due to the IM-products. There is also clear tradeoff between sensitivity and linearity. This is evident with the lower false alarm rate of the internal (lower gain, less signal power) antenna.
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Figure 13. Received signal strength (RSSI[dBm]) with external antenna, upper limit for 10%, 50% and 95% of measured samples in Espoo.
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Figure 14. Received signal strength (RSSI[dBm]) with internal antenna, upper limit for 10%, 50% and 95% of measured samples in Espoo.
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Figure 15. Measured probability of DVB detection, number of detections is 26 per channel, average distance to Espoo transmitter 9km and 78 km to Tallinn transmitter.


Annex A2: Trade-off between ‘false-vacancy-detection’ and ‘false-occupancy-detection’ as a function of increasing detection thresholds

A2.1 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’.

A2.2 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’.

A2.3 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, ERP, ...);


- 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.

A2.4 DB errors


DB calculated field strength values may sometimes be erroneous (See doc. SE43(11)11). 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.

A2.5 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’.

A2.6 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 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 1b shows how the probability of ‘false-vacancy-detections’ will increase as the threshold is increased



[image: image35]

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’).


A2.7 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 2. 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 2, TH2 > TH1, and P2 < P1.


But as seen from Figure 1b, 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.



[image: image36]

A2.8 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 7” below). 


[image: image37.wmf]

“Figure 7.  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 1 to approximate “Figure 7”. 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’).



[image: image38]

Figure 1: Linear approximation to “Figure 7”


A2.9 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 2, 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’.)



[image: image39]

Figure 2: 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 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 2.


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).
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(3S)

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



<Pfn> = (.05 L + 18.4)/25



for -140 ≤ L ≤ -133 dBm
(4S1)



<Pfn> = (.0475 L2 + 12.685 L + 858.6275)/25
for -133 ≤ L ≤ -123 dBm
(4S2)



<Pfn> = (L + 140)/25



for -123 ≤ L ≤ -115 dBm
(4S3)


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 (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).
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(3M)

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
(4M1)



<Pfn> = (.0475 L2 + 12.115 L + 790.2275)/25
for -133 ≤ L ≤ -123 dBm
(4M2)



<Pfn> = (L + 140)/25




for -123 ≤ L ≤ -115 dBm
(4M3)


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)’).

A2.10 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 7”).


> 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 7”).


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:
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[

This relationship for Pfp is compared graphically with the relationship for <Pfn> in Figure 3.

Note: Several administrations expressed concern on the stated probability of false negatives (above 70 %) which is worse than a random detection (50 %)
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Figure 3: 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.


]

A2.11 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. 


Annex A3: Link budget calculations to derive fixed maximum permitted e.i.r.p. limits for white space devices

A3.1 WSDs parameters


The parameters assumed for outdoor and indoor WSDs are listed in Table 1. The parameters for outdoor WSDs are set by analogy with today’s cellular systems. Similarly, the parameters for indoor WSDs are set by analogy with today’s WiFi wireless communication systems.


Table 1. WSDs parameters


		Parameter

		Base station 
(outdoor)

		User equipment
(outdoor)

		Access point
(indoor)



		Date rate (Mbps)

		1

		0.128

		100



		Transmission bandwidth (MHz)

		8

		0.360

		22



		Noise figure (dB)

		5

		7

		7



		Antenna gain (dBi)

		8

		0

		0





(Ed. Note: These are initial proposals and inputs are sought) 


The Shannon formula was used to compute the signal-to-noise ratio as a function of the transmission bandwidth and the data rate. It was then assumed that the WSDs are performing 2 dB off from the Shannon capacity bound. 


A3.2 Propagation calculations


The Okumura-Hata model for open land was used to calculate the path loss in outdoor scenario. The base station and user terminal were assumed to be at 30 m and 1.5 m height, respectively.


For indoor path loss calculations the model described in Recommendation ITU-R P.1238-6 was applied. It should be noted that this model is adopted for the assessment of the propagation characteristics of indoor radio systems between 900 MHz and 100 GHz. However, as the path loss difference between the frequency 900 MHz and, for example, the frequency 600 MHz is only about 3.5 dB, the usage of Recommendation ITU-R P.1238-6 was considered acceptable, at least, to a 1st order approximation. The distance power loss coefficient of 33 was used. The access point and the user terminal were assumed to be on the same floor (i.e. no floor penetration loss was considered).


The outdoor and indoor shadow fading statistics were assumed to be log-normal with the standard deviation 
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of 5.5 dB. Gaussian confidence factor µ of 1.64 was used that relates to target location percentage of 95%. The shadowing margin related to the variation of the signal can be then calculated as 
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A3.3 Link budget assessment


Thermal noise power NT is calculated using Boltzmann's equation:


NT = kTB,

where k is the Boltzmann’s constant,
T is the temperature,
B is the receiver bandwidth.


Receiver inherent noise (noise figure) is used to compute the receiver noise floor N:


N = NT + F,


where F is the noise figure.


With signal-to-noise ratio SNR the receiver sensitivity C is determined: 


C = SNR + N.


In order to account for the increase in the thermal noise level caused by other interference sources an interference margin IM of 3 dB is further assumed. 


With the path loss calculated over the expected operation range it becomes then possible to determine the required transmitter e.i.r.p.:


e.i.r.p = C + Lb + IM – Gi,


where Lb is the path loss including the shadow fading statistics,
Gi is the receiver antenna gain.


A3.4 Results


The details of link budget calculations are given in Table 2



Table 2. Link budget calculations for different WSD categories


		Parameter

		Base station
(outdoor)

		User equipment
(outdoor)

		Access point
(indoor)



		Date rate (Mbps)

		1

		0.128

		100



		Transmission bandwidth (MHz)

		8

		0.360

		22



		Thermal noise (dBm)

		-104.9

		-118.4

		-100.5



		Receiver noise figure (dB)

		7

		5

		7



		Receiver noise floor (dBm)

		-97.9

		-113.4

		-93.6



		Signal-to-noise ratio (Shannon + 2 dB) (dB)

		-8.4

		-3.5

		15.5



		Receiver sensitivity (dBm)

		-106.4

		-116.9

		-78.1



		Interference margin (dB)

		3

		3

		3



		Maximum operational range (km)

		10

		10

		0.05



		Propagation loss (dB) 

		139.5

		139.5

		93.1



		Receiver antenna gain (dBi)

		0

		8

		0



		Required e.i.r.p. (dBm)

		36.2

		17.6

		18.0



		Required e.i.r.p. (mW)

		4'118

		57

		63





(Ed. Note: These numbers follow from Table 5.1 and, therefore, are initial proposals and inputs are sought) 

Annex A4: Calculations with SEAMCAT on interference assessment 


A4.1 Introduction 


The purposes of these analyses are: 


· to define the concept of ‘degradation of location probability’, (LP;


· to coordinate the basis of work, involving (LP, being carried out within SE43 and in particular to describe/define the calculation methodology for the relevant studies; 


· to carry out relevant (independent) technical studies (for SE43) and to provide results which can be compared with similar studies using the same calculation methodology. 


· to set the framework for future SE43 calculations and studies


· For sake of verification, the EBU TECHNICAL was asked to make calculations with a given set of parameters and the results were compared with the output of SEAMCAT using the same parameters, as shown in the tables throughout the document.


A4.2 Definitions


Pixel


A ‘pixel’ is a small area, about [50 m x 50 m] to [100m x 100m], within which DTT reception quality is to be evaluated.  Reception quality, ‘acceptable’ or ‘unacceptable’, is calculated/measured at a large number of sites/points within the pixel, 


Location Probability


The location Probability, LP, is the ratio of the number of sites/points/events within the pixel where an acceptable/agreed DTT reception quality is achieved to the total number of sites/points where calculations/measurements are carried out. It is emphasized that LP is a local parameter, pertaining to, and evaluated within, areas of the size of a pixel.

‘Degradation of Location Probability’


LP evaluated in a given interference situation will change when an additional interference (or set of interferences) is introduced. In particular, the LP will be reduced as additional interference is introduced. For example, if LPb is the LP in the original, given situation and LPa is the LP after the additional interference is introduced, the degradation in LP, (LP, is defined as:


(LP = LPb – LPa.

Example of Monte Carlo simulation (e.g. SEAMCAT).


Events are treated within a pixel. For each event, the wanted DTT power, Pw, is calculated at a (randomly chosen) point, as well as the equivalent noise power, N, the interfering WSD power, Pi. The noise nuisance field is defined as N´ = N + C/N and the nuisance power is defined as Pi´= Pi + PR. The total nuisance field is defined as the power sum of Pi´ and N´, N´ ( Pi´. The point is covered if



Pw ( N´, in the presence of noise only



Pw ( N´ ( Pi´(power sum), in the presence of noise and the interferer.


The location probability is the ratio of the number of trials where


·  Pw ( N´ 
(yielding the location probability ‘before’, LPb), and


·  Pw ( N´ ( Pi´ 
(yielding the location probability ‘after’, LPa),


respectively, to the total number of trials.


Interference Probability


Interference Probability, IP, is the ratio of the number of sites/points/events within an area (of any size) where an acceptable/agreed DTT reception quality is not achieved (due to noise, interference, etc) to the total number of sites/points where calculations/measurements are carried out within that area.


It is to be emphasized that IP is not necessarily a local parameter, and in particular may not necessarily be evaluated within areas the size of a pixel. Furthermore LP and IP have a meaningful relationship only when both are calculated within the context of a pixel.


‘Degradation of Interference Probability’


IP evaluated in a given interference situation will change when an additional interference (or set of interferences) is introduced. In particular, the IP will be increased as additional interference is introduced. For example, if IPb is the IP in the original, given situation and IPa is the IP after the additional interference is introduced, then the degradation in IP, (IP, is defined as:


(IP = IPa – IPb.

Example of Monte Carlo simulation (e.g. SEAMCAT).

Events are treated within a pixel. For each event, the wanted DTT power, Pw, is calculated at a (randomly chosen) point, as well as the equivalent noise power, N, the interfering WSD power, Pi, and the power sum of the nuisance fields Pi´ and N´, N´ ( Pi´. The point is interfered with if



Pw < N´, in the presence of noise only



Pw < N´ ( Pi´(power sum), in the presence of noise and the interferer.


The interference probability, IP, is the ratio of the number of trials where


·  Pw < N´ 
(yielding the interference probability ‘before’, IPb), and


·  Pw < N´ ( Pi´
(yielding the interference probability ‘after’, IPa),


respectively, to the total number of trials.


Relationship between Interference Probability and Location Probability (IP vs. LP)


In compatibility calculations, SEAMCAT calculates the IP in particular situations.


In compatibility calculations, broadcasters calculate the LP in particular situations.


It is seen in the 2 examples above, involving Monte Carlo simulation, that the calculation of LP and the calculation of IP are very similar, and in fact that LP = 100 – IP, expressed in percent.


In order for IP and LP calculations to be comparable, the areas where the respective calculations are carried out must be the same. This means that the area considered in SEAMCAT calculations must be restricted to areas the size of a pixel. LP calculations for areas significantly larger than a pixel have no meaning or relevance.


GOLDEN RULE: LP and IP calculations are to be carried out only for areas the size of a pixel (or smaller).


When IP and LP calculations are to be compared, the relationship between the two parameters must be kept in mind:



LP(%) = 100 – IP(%).


Just as the LP can be calculated before (LPb) and after (LPa) the introduction of additional interference, so can the IP, yielding IPb and IPa. Just as the LP decreases (‘degrades’) with additional interference, the IP increases (‘degrades’) with additional interference. Then the degradation in location probability (LP = LPb – LPa corresponds to the degradation in interference probability (IP = IPa – IPb. Expressed this way, both quantities are positive and equal.


Note that the calculation to determine LPb (and IPb) and LPa (and IPa) should be carried out in common Monte Carlo simulations.


A4.3 Description of the set-up for the first task


A4.3.1 Assumptions used in calculations


· Broadcast pixel: 100 m x 100 m


· Frequency: 600 MHz


· Environment: rural


· WSD antenna height: 10.1 m


· DTT receive antenna height: 10 m


· DTT receiver antenna gain: 0 dBi 


· Propagation model: JTG 5-6


Equivalence between loss L (dB) and field strength E (dB(V/m) for 1 kW erp:


· L = 139.3 + 20 log f(MHz) – E = 194.863 – E


Relationship between field strength and received power:


· Pr dBm = E dB(V/m - 20 log f MHz - 77.2 = E – 132.76 


A4.3.2 Protection requirements of DTT


· (C/N) = 20 dB
required C/N


· PRco = 20 dB
protection ratio


· Pmed = -77.1 dBm ( 55.663 dB(V/m: median receive power/field strength (median received power was used only for the task 1 and task 2)


· Initial Location Probability (LP): 95%


· ( = 1.645, σ = 5.5 dB
statistics


· Pmin = Pmed - (σ =  -86.148 dBm ( 46.615 dB(V/m
minimum receive power/field strength


· N = Pmin – (C/N) = -106.148 dBm ( 26.615 dB(V/m   equivalent noise power/field strength


Interference distance to be considered and corresponding propagation loss:


· 1 km: loss = 102.044 dB (102.05 dB in SEAMCAT);


· 13 km: loss = 145.011 dB (145.01 dB in SEAMCAT);


A4.3.3 Methodology


The LP within a pixel at the DTT coverage edge, in the presence of noise only, is LPb = 95%.


The interferer’s e.i.r.p is to be determined at each distance (1 km and 13 km) such that, in the presence of noise and the interference, the resulting LPa is either 94.9% or 94.5% or 94% (i.e., the degradation in LP is 0.1% or 0.5% or 1.0%). 


In SEAMCAT, the corresponding IPs are calculated to be IP = 5.1%, 5.5% or 6 % (i.e., the degradation in IP is 0.1% or 0.5% or 1.0%). 


For highest precision, 100’000 trials are used to determine the LP, or IP.


The degradation in LP, (LP is determined by (LP = LPb – LPa.


The degradation in IP, (IP is determined by (IP = IPa – IPb.


For SEAMCAT, 2 interfering transmitters (It) were used in the calculations:


1) The 1st It corresponds to the background noise i.e. degradation of location probability became 95% which corresponds to 5% interference probability in SEAMCAT. iRSS (interfering signal strength) in this case is -106.148 dBm. 


2) The 2nd It is a WSD device under consideration.  


Note that the standard deviation for the noise is 0 dB, whereas for the WSD it is 5.5 dB for the propagation distances under consideration.


A4.3.4 First set of results


There are two options to define background noise in SEAMCAT, the first one will be to define 2 interferers (1) and the second one is to use Noise floor as a background noise (2).


1. In SEAMCAT, 2 interfering transmitters (It) were used in the calculations:


· The 1st It corresponds to the background noise i.e. natural degradation of location probability became 95% which corresponds to 5% interference probability in SEAMCAT. iRSS (interfering signal strength) calculated by SEAMCAT in this case is -106.148 dBm. In order to simulate this noise interference at 1 km and at 13 km, a ‘noise transmit power’ Ntx was assumed for the 1st interferer: Ntx = -4.098 dBm for 1 km separation distance, and Ntx = 38.86 dBm for 13 km separation distance.


· The 2nd interferer is merely a WSD device.  


2. In this simulations Noise Floor (in tab Victim link) was set to -106.148 dBm (standard deviation = 0 dB). Such settings give user possibility to use Interference criterion C/(N+I) = 20 dB. See results of the calculations in the Table 1. 


		Separation distance (km) (JTG 5/6, 600 MHz, rural)

		Pwsd_max (dBm)



		

		IP = 5.1% (LPa=94.9%)

		IP = 5.5% (LPa=94.5%)

		IP = 6% (LPa=94%)



		

		SEAMCAT

		EBU

		SEAMCAT

		EBU

		SEAMCAT

		EBU



		1 km

		-26.5

		-26.71

		-19.8

		-19.78

		-16.7

		-16.80



		13 km

		16.3

		16.26

		23.0

		23.18

		26.2

		26.16





Table 1: Results for 1 WSD in the presence of noise power (-106.148 dBm)


For the SEAMCAT simulation, calibration has been done for an effective ‘noise transmit power’, Ntx, i.e. assuming that the noise is produced by a transmitting interferer (with standard deviation = 0 dB for the propagation statistics) with the derived power, Ntx, based on the loss for the distances 1 km and 13 km (see example in Table 2a). 


For the EBU simulations, the noise power was taken to be -106.148dBm at the DTT receiver input.


The Table 2a and b presents results of the calculations of noise power impact, WSD median power and Noise power + WSD median power on DTT reception, and the corresponding degradations, (IP and (LP, respectively.


		Separation distance (km)


(JTG 5/6, 600 MHz, rural)

		Ntx (Noise power only)


(std = 0.0 dB)

		WSD median power


(std = 5.5 dB)

		Noise power + WSD median power



		

		Ntx

dBm

		Interference probability


IPb %

		Power max


dBm

		Interference probability


IP %

		Interference probability


IPa %

		(IP =


IPa – IPb



		1 km


(SEAMCAT propagation)

		-4.098

		5.00

		-7.843

		5.01

		12.08

		7.08



		13 km


(SEAMCAT propagation)

		38.862

		5.00

		35.087

		5.00

		12.10

		7.10





Table 2a: SEAMCAT calibration results for Ntx noise power and WSD impact separately, (IP

		Separation distance (km)


(JTG 5/6, 600 MHz, rural)

		Noise power


(std = 0.0 dB)

		WSD median power


(std = 5.5 dB)

		Noise power + WSD median power



		

		Noise power


dBm

		Location probability


LPb %

		Power max


dBm

		Location probability


LP %

		Location probability


LPa %

		(LP = 


LPb – LPa



		1 km


(EBU propagation)

		-106.148

		94.99

		-7.850

		95.00

		87.98

		7.01



		13 km


(EBU propagation)

		-106.148

		94.99

		35.117

		95.00

		87.98

		7.01





Table 2b: EBU calibration results for noise power and WSD impact separately, (LP

Comparing the last column of Table 2a and Table 2b, it is seen that the degradation of LP and LP, respectively, correspond to each other (to within 0.1 %) as they should if the calculations have been carried out on the same basis.


A4.4 Description of the set-up for the second task.  


A4.4.1 Methodology


In this task the same assumptions as in the first one were considered. 


The LP within the pixel, in the presence of noise only, is LPb = 95%. From 1 to 40 equivalent interferers are considered (in addition to the noise).


Case 1:


N interferers with equal  e.i.r.p. were set at 1 km  distance . The Pwsd_max value is taken from Table 1 (for both EBU and ECO calculations). (LP was calculated such that, in the presence of noise and any WSD interference acting alone, the resulting LPa is either 94.9% or 94.5% or 94% (i.e., (LP is 0.1% or 0.5% or 1.0%). In SEAMCAT the calculation leads to IP 5.1%, 5.5% or 6 % (i.e. (IP is 0.1% or 0.5% or 1.0%). These results are as shown in the first row (‘1 WSD’) of Table 3. The succeeding rows show how the cumulative interference effects increase as the number of equivalent interferers increases.


		Separation distance (km) (JTG 5/6, 600 MHz, rural)

		(LP (=(LP) for N WSDs (with equal Pwsd) at 1 km distance. 



		

		SEAMCAT


-26.5 dBm

		EBU


-26.7 dBm

		SEAMCAT


-19.8 dBm

		EBU


-19.8 dBm

		SEAMCAT


-16.7 dBm

		EBU


-16.8 dBm



		1 WSD

		0.1%

		0.1%

		0.5%

		0.5%

		1.0%

		1.0%



		2 WSDs

		0.2%

		0.2%

		1.04%

		1.0%

		1.95%

		2.0%



		5WSDs

		0.47%

		0.5%

		2.5%

		2.5%

		5.2%

		5.0%



		10 WSDs

		1.0%

		1.0%

		5.1%

		5.1%

		10.2%

		10.0%



		20 WSDs

		2.2%

		2.1%

		5.1%

		10.2%

		19.5%

		19.4%



		40 WSDs

		4.4%

		4.2%

		19.3%

		19.5%

		34.7%

		34.1%





Table 3: (LP results for N WSDs with equal e.i.r.p. in the presence of noise power (-106.148 dBm)


Case 2: 


2 equivalent interferers are considered (in addition to the noise). The common e.i.r.p. of 2 WSD interferers is to be determined such that the (LP/(IP is 0.1%, 0.5%, 1.0%. 


The results are summarized in Table 4. It is seen that the EIRP of each of the WSDs must be  reduced by about 3 dB compared to the single-entry case (see Table 1) in order for the degradation to LP (and IP) reach the same value that was achieved for a single WSD interferer.


		Separation distance (km) (JTG 5/6, 600 MHz, rural)

		Pwsd_max (dBm) for each of 2 WSD’s



		

		IP = 5.1% (LPa=94.9%)

		IP = 5.5% (LPa=94.5%)

		IP = 6% (LPa=94%)



		

		SEAMCAT

		EBU

		SEAMCAT

		EBU

		SEAMCAT

		EBU



		1 km

		-29.6

		-29.71

		-22.7

		-22.79

		-19.8

		-19.81



		13 km

		13.2

		13.24

		20.2

		20.18

		23.2

		23.16





Table 4: Results for 2 WSDs, equal EIRP, in the presence of noise power (-106.148 dBm)


A4. 5 Conclusions


This contribution describes a methodology and the associated parameters involved in evaluating location probabilities and interference probabilities when calculations are to be performed to determine the interference potential to DTT reception.


The basic parameters so far established are:


- the definition and interconnection of location probability and interference probability, and their usage


- the propagation model (the JTG 5-6 model)


- the Monte Carlo techniques to be used to arrive at statistically meaningful conclusions


- the power sum of noise and interferers to determine total interference levels


Preliminary calculations have been carried out which show that:


- the propagation model used by EBU Technical and by ECO yield essentially the same results with very small variation (less than 0.1 dB),


- the Monte Carlo approaches to calculate interference to DTT reception require a minimum set of assumptions  (e.g. number of trials, interference criteria, calculation of noise levels, standard deviations, power summing of interference contributions, etc) 


- the calculation of location probabilities and interference probabilities within a pixel yield essentially the same results with very small variation (less than 0.1 %)


Further work needs to be performed on tasks which seem to be of relevance to the current work of SE43. Some of the elements, parameters, etc. for such future tasks are given in the Annex.


APPENDIX TO ANNEX A4

Assumptions that may be used in calculations


· Broadcast pixel: 100 m x 100 m


· Frequency:600 MHz


· Environment: rural


· WSD antenna height: 10.1 m


· Propagation model: JTG 5-6 (rural area, 50% time for the path between DTT transmitter (BS) and DTT receiver, clutter height = 0 m)


· Pmed = -77.1 dBm (at the edge of the coverage area)


· σ = 5.5 dB


DTT:


· DTT receive antenna height: 1.5 m, 10 m


· DTT receiver antenna gain: 0 dBi, 9.15 dBi 


· (C/N) = 20 dB
required C/N


· PRco = 20 dB
co-channel protection ratio


· PRadj
adjacent channel protection ratio


DTT BS powers (examples):


Case 1: 


· DTT ERP: 1kW 


· DTT transmit power: 62.15 dBm


· DTT transmitter antenna height: 150 m


· DTT transmitter antenna gain: 0 dB


· Coverage radius: 
(24.965  km 


Case 2: 


· DTT ERP: 10kW


· DTT transmit power: 72.15 dBm


· DTT transmitter antenna height: 300 m


· DTT transmitter antenna gain: 0 dBr.


· Coverage radius: ( 50.110 km


Case 3: 


· DTT ERP: 100kW


· DTT transmit power: 82.15 dBm


· DTT transmitter antenna height: 600 m


· DTT transmitter antenna gain: 0 dB.


· Coverage radius:( 86.490 km


WSD parameters


· Parameters are to be based on known (or likely) WSD technology. Two categories of WSD device will be considered: Fixed and mobile/portable


Interference scenarios


· The interference scenarios described in Report 159 will form the basis of (at least some of) the calculations.


· Interference calculation are to be carried out for pixels at the DTT coverage edge, as well as within the DTT coverage area.


Assumptions used for this task:


Calculation method


· Monte Carlo simulation


· Calculation to be done within pixels located at the DTT coverage edge, as well as within pixels located within the DTT coverage area.


WSD parameters


· FWSD = 600 MHz


· WSD is placed in the center: e.i.r.p. = 20 dBm


· Transmission mode: Htx fixed at 10 m agl (above ground level)


DTT parameters


· Pixel size: 100 m ( 100 m


· Frx is from 608 MHz


· Omnidirectional antenna


· Emed at coverage edge = 56.21 dBµV/m  (  P = -76.55 dBm, σ = 5.5 dB (corresponding to 95% LP)


· Reception mode: Hrx fixed at 10 m agl


· Receive antenna discrimination: Rec 419, if necessary


· Protection criteria  was defined as follows:


· PRco = 21 dB;


· 1st channel = -30 dB;


· 2st channel= -40 dB;


· 3st channel = -50 dB


Interference criterion was set up to C/(N+I) = 21 dB. Blocking mask defined in SEAMCAT in accordance with protection criteria described above. Blocking mode user defined was chosen. 


Extended Hata propagation model (outdoor, above roof) was considered in the calculations. 
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Figure 1. SEAMCAT scenario outline (R is a distance between DTT receiver and WSD)


Test scenario results: 


		Interferer frequency 

		Victim frequency

		R (distance between Vr and interferer) 

		(IP, %



		600 MHz 

		608 MHz

		0.02 km

		97.37% %



		600 MHz

		616 MHz

		0.02 km

		67.42%%



		600 MHz

		624 MHz

		0.02 km

		19.54 %





Annex A5: SEAMCAT simulations assumptions and results on interferences from WSD BS to LTE UEs

A5.1 SEAMCAT scenario description 


A5.1.1 Victim link description

For this first scenario, we consider as components of the victim DL link a single Base Station with a 2 km coverage radius surrounded by several randomly distributed 10 MHZ LTE terminal receivers. Some characteristics of the receivers are derived from the 3GPP technical specifications:


The first Adjacent Channel Selectivity according to 3GPP specifications is equal to 33 dB.


		

		

		Channel bandwidth



		Rx Parameter

		Units

		1.4 MHz

		3 MHz

		5 MHz

		10 MHz

		15 MHz

		20 MHz



		ACS

		dB

		33.0

		33.0

		33.0

		33.0

		30

		27





Adjacent channel selectivity


To calculate in-band and out-of band blocking, a calculation of the tolerable interference has to be done:


 EQ 
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Where 
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P


 is the Noise floor and D the acceptable degradation in receiver sensitivity or desensitization.


Then we can obtain the values of In-band and Out-of-band blocking:
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The values of 

[image: image51.wmf]Interferer
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for in-band and out-of-band blocking are given in the 3GPP TS 36.101 for a LTE UE receiver. The requirements in TS 36.101 are defined for an interfering 5 MHz LTE system. Considering a 5MHz interfering WSD, these requirements can match to the simulations.


With a 6 dB sensitivity degradation of the victim receivers and a 9 dB noise figure, the allowed interference power is 
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= -90.69 dBm . It should be noted that a 6 dB of sensitivity degradation is only used as a test parameter to define the blocking requirements, but can not represent an acceptable operational value to tolerate potentially interfering emissions, especially those coming from WSD. A lower value will be used to define the target I/N which will be used to calculate the probabilities of interference.

We can then compute the receiver blocking response of the victim which is represented in the graphical representation below:
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Receiver blocking response


The other parameters of the LTE UE victims are summarized in the table below:


		Parameter

		Value



		Frequency (MHz)

		796



		Noise figure (dB)

		9



		Noise floor (dB)

		-95.43



		Sensitivity (dB)

		-94



		Reception bandwidth (kHz)

		10000



		Antenna height (m)

		1.5



		Antenna Gain (dBi)

		0



		I/N threshold (dB)

		-20





Victim receivers parameters


The wanted transmitter is a LTE BS with the following parameters:


		Parameter

		Value



		Power (dBm)

		46                             



		Antenna Gain (dBi)

		17



		Feeder Loss (dB)

		3



		Antenna height (m)

		30





Wanted transmitter parameters


The propagation model used for the Wanted transmitter to Victim Receiver path is the Extended Hata model (in the example below for a rural area) as illustrated in the figure below:
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Example of  WT -> VR propagation model


A5.1.2 Interfering link description


We consider as components of the interfering link a WSD deployed as a wide area macro base station with a bandwidth of 5 MHz. A 3 degrees mechanical antenna downtilt is assumed.


   Since there is no considerable knowledge of the WSD characteristics, an assumption has been made on the baseline level which is considered to be -50dBm/10MHz. This value is taken from the report 159 (see annex 12 page 156).


The simulation will start by calculating the interferences with a WSD maximum output power of 46 dBm. To obtain the maximum permitted output power of the WSD, several trials will then be done decreasing the maximum output power until the probability of interference reaches a value under 1%.


Assuming a maximum output power of 46 dBm, the in-band emission mask can be  given by:


- From 2.25MHz to 2.5MHz (0.5% of the emission bandwidth), 0.5% of the maximum WSD e.i.r.p gives: 
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-23 dBi in 250 KHz


- The out-of-band emission mask is given by the baseline level: -50-46=-96 dBi in 10 MHz.


The emission mask of the WSD is then given below:
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Example of WSD emission mask for a 46 dBm transmitting power


The other parameters of the interfering transmitter are listed below:


		Parameter

		Value



		Frequency (MHz)

		787.5



		Antenna height (m)

		30



		Antenna maximum Gain (dBi)

		17





Interfering transmitter parameters


The wanted receivers have the following parameters:


		Parameter

		Value



		Antenna height (m)

		1.5



		Antenna gain (dBi)

		0



		Sensitivity (dBm)

		-94





Wanted receivers parameters


The propagation models used between the interfering transmitter and the wanted receivers is the same as the one used between the wanted transmitter and the victim receivers.


The BS WSD antenna vertical and horizontal patterns are derived from ITU-R F.1336-2 Recommendations for a 120 degrees sector antenna with a maximum gain of 17 dBi.
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Horizontal WSD antenna pattern
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Vertical WSD antenna pattern

A5.2 Simulation results

A5.2.1 Simulation description


Considering a cell radius of 2 km for the two networks, the next figure describes the considered scenario. The distance between the two BS is 2.02 km, which leads to a distances of 20 m between the interfering transmitter and the edge of the coverage area of the wanted transmitter.
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First scenario description


A5.2.2 Results for a Pbaseline=-50 dBm and for a 2 km cell radius


Assumptions for this first scenario :


· I/N=-20 dB


· Propagation model : Extended-Hata (rural)

· Pbaseline level : -50 dBm

· Cell radius : 2 km

		WSD max power (dBm)

		Interference probability
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First scenario simulation results (Hata model/rural & I/N=-20 dB)


[image: image72.emf]0


20


40


60


80


100


120


-60 -40 -20 0 20 40 60


WSD Power [dBm]


Interference probability [%]




First scenario simulation results (Hata model/rural & I/N=-20dB)


In this case, the lower interference probability found is 1.4 % which is above the 1% threshold. Therefore, this is not possible to find a WSD in-block power to fulfill the interference probability criterion.


A5.2.3 Results for a Pbaseline=-50 dBm and for a 500 m cell radius


The second scenario involves the same simulation components and parameters with a lower coverage radius (500 m):
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Second scenario description

Assumptions for this second scenario :


· I/N=-20 dB


· Propagation model : Extended-Hata (suburban)

· Pbaseline level : -50 dBm

· Cell radius : 500 m

		WSD max power (dBm)

		Interference probability
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Second scenario simulation results (suburban Hata model & I/N=-20 dB)
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Second scenario simulation results (suburban Hata model & I/N=-20 dB)


In this case, the lower interference probability is 1.5 % and as for the previous case, this is not possible to find a WSD in-block power able to fulfill the interference probability criterion.


A5.2.4 Results for a Pbaseline=-40 dBm and for a 500 m cell radius


Assumptions for this scenario :


· I/N=-20 dB


· Propagation model : Extended-Hata (suburban)

· Pbaseline level : -40 dBm

· Cell radius : 500 m

		WSD max power (dBm)

		Interference probability
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Second scenario simulation results (
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Second scenario simulation results (
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= -40 dBm)


Again, in this case, we can never reach an interference probability lower than 1 %. This means that we are not able to find a WSD power so that the quality of service of the LTE network would be acceptable. The explanation of this result is, as for the previous cases, that the Pbaseline is high enough to degrade the quality of service of the LTE network whatever the in-block transmitting power of the WSD.    


A5.2.5 Results for a Pbaseline=-30 dBm and for a 500 m cell radius


Assumptions for this second scenario :


· I/N=-20 dB


· Propagation model : Extended-Hata (suburban)

· Pbaseline level : -30 dBm

· Cell radius : 500 m

		WSD max power (dBm)

		Interference probability
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Second scenario simulation results (
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Second scenario simulation results (
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In this case, since the probability of interference becomes approximately constant (

[image: image108.wmf]»


20.3 %) for powers under -10 dBm, no maximum power can be tolerated to avoid interferences. Therefore from this simulation, a Pbaseline of -30 dBm is too high to be able to define a WSD BS which wouldn’t interfere the LTE UEs. As for the previous case, the Pbaseline is high enough to degrade the quality of service of the LTE network whatever the in-block transmitting power of the WSD.  


A5.3 Synthesis of results

The following table summarizes the maximum allowable WSD powers depending on baseline levels. 


		Baseline level

		WSD in-block powers from the ECC report 159 (dBm/5 MHz)

		WSD in-block powers deduced from SEAMCAT simulations (dBm/5 MHz)

		Lower Interference probability (%)



		-50 dBm/10MHz

		-11.33

		No permitted value

		1.5 %



		-40 dBm/10MHz

		-11.55

		No permitted value

		6.5 %



		-30 dBm/10 MHz

		-14.67

		No permitted value

		20.3  %





Maximum allowable in-block WSD powers and interferer probability


For the different Pbaseline levels, it’s not even possible to derive in-block powers in order to reach an acceptable quality of service of the LTE network (interference probability lower than 1 %). Indeed, the Pbaseline levels are high enough to decrease the quality of the network so that the probability would be higher than 1 %. For example, the interference probability is higher than 1 % (1.4 %) for a -50 dBm/10MHz and increases versus the Pbaseline level until 20.3 % for a -30 dBm/10 MHz Pbaseline value (see the table above).


The conclusion is that it seems difficult to define a WSD to transmit in the 60th channel without interfering LTE UE in the 800 MHz band as even with a WSD BS at the border of the LTE cell, it’s not possible to derive the in-block power of this WSD BS for the different Pbaseline levels considered.
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Figure 1a: as the threshold is increased, ambient DTT fields at low levels may, erroneously, miss being detected







Figure 1b: Increased probability of ‘false-vacancy-detections’ as the threshold increases
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Figure 2: % ‘false-occupancy-detections’ when a DTT field is not present as a function of WSD sensor threshold
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� In the European Union the technical conditions and the licensing regimes for equipment using the radio spectrum in the frequency range up to 3000 GHz are described in the “Radio Interface Specifications” (RIS). Most CEPT administrations not being part of the EU have meanwhile also introduced RIS. The available RIS are published in the European EFIS-database (see � HYPERLINK "http://www.efis.dk" �www.efis.dk�) where information field Nr. 7 defines the maximum allowed transmission power or power density.







1 “Characteristics of terrestrial IMT-2000 systems for frequency sharing/interference analyses”, Report ITU-R M.2039-2 (11/2010)



� The average is calculated as � EMBED Equation.3  ���.



� If an interference source is removed, the LP will increase, and the IP will decrease, and both ‘degradations’ will be negative.



� Because the results of a Monte Carlo simulation can vary slightly from simulation to simulation, the most accurate determination of the difference LPb – LPa (or IPa – IPb) would involve the calculation of LPb and LPa (IPa and IPb) using the same randomly generated values for the wanted field in the presence of noise and interference as those for the wanted field in the presence of noise only.
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