Annex 1 to
SE43(11)69
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. 
As already highlighted in ECC Report 159 the reliability of detection of the incumbent user signal in the close vicinity of the WSD can be improved by taking into account appropriate hidden node margins, i.e. by lowering the detection threshold. However, it remains an issue as to how to determine autonomously the absence of the incumbent user signal at any given distance  from an incumbent user coverage area. If the latter issue is solved (currently there is no indication about such a possibility) the WSD transmission area should not go beyond the area for which the sensing information is valid.
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. 
It needs to be further noted that the additive value of cooperative sensing is only realized when at least two devices of the cooperative sensing network are within the transmission zone of the incumbent user. If only one devices senses within the transmission zone, the cooperative sensor is acting as a single sensing devices and no gain in detection performance is realized. 
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).


[image: image1]
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 [W. Zhang, R. K. Mallik, and K. B. Letaief, “Optimization of Cooperative Spectrum Sensing with Energy Detection in Cognitive Radio Networks,” IEEE Trans. Wireless Commun., vol. 8, no. 12, Dec. 2009]. Different optimal values of p can be found according to the scenario. For example, in case a lower false-vacancy-detection is more important, the optimal value of p can be different from L/2, as well as from the optimal value that decreases the probability of false-occupancy detection.

[image: image2]
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 scenario. In these 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 the 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 the effect of 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 a dedicated channel is used, when L is too high there would be too much overhead introduced. A possible solution might be using a hybrid cooperative-distributed approach, in which WSDs cooperate among themselves in clusters, i.e. the decision is taken within the WSDs 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
[image: image5.emf]10

-2

10

-1

10

0

10

-2

10

-1

10

0

Probability of false-occupancy-detection

Probability of false-vacancy-detection

Rayleigh Channel N = 4

 

 

Single-Device - SNR=-3 dB

Optimum Cooperative - SNR=-3 dB

Single-Device - SNR=-6 dB

Optimum Cooperative - SNR=-6 dB

Single-Device - SNR=-9 dB

Optimum Cooperative - SNR=-9 dB

Single-Device - SNR=-12 dB

Optimum Cooperative - SNR=-12 dB


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
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


[image: image7]
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 sevice 

3.1 Identification of a common set of the parameters defined in the methodology described in § 4.3.2 and recalled in Annex 10 (§ A.10.4) to calculate location specific WSD power levels is required. 
(in response to Item B1)

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

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

Also, ECC Report 159 presents a methodology of calculating the WSD in-block, as well out-of-block, emission limits for a specific degradation in location probability.

For WSD in-block emission limit, the following approach was taken:
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(4.3-5)

Where:
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is the WSD-BS protection ratio for a given frequency offset

· coupling gain, [image: image20.wmf]G

, which includes path loss, receiver antenna gain, as well as receiver antenna angular and polarisation discrimination, and is typically modelled as a Gaussian random variable with a median value,  , and a standard deviation.
In Annex A3 the following equation was used:
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Where:

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

By definition, the maximum permitted WSD out-of-block emission level is given (in the logarithmic domain) as
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(4.3-7)

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

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

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

· The calculations are providing protection of DTT reception by considering worst case scenarios. If different margins are taken into account, by reflecting more realistic scenarios, do the conclusions differ so much in terms of power limits?

· What is the appropriate degradation in location probability (%)? Could this degradation be variable over the service area? What would be a reasonable degradation percentage taken the total service area and all receivers into account?

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

· The consideration of the probability of occurrence of spatial geometries between WSDs and DTT-Rxs for the definition of a reference configuration used to calculate the maximum WSD transmit power; in different morphological areas, different maximum WSD transmit power could be defined;

· The consideration of the effect of directional WSD antennas.

In response to the questions above, 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, and scenarios are presented at Annex A4. 

Proposals for relaxing the degradation probability (ΔLP) according to the quality of the DTT signal in a given location (see contribution SE43(11) 66) are also being discussed, given that increases the opportunities of operation of WSD . However, it should be noted that such relaxation needs to be carefully assessed.

The following figure presents the relation between I/N and the degradation of location probability (ΔLP), at the edge of the DTT coverage area (i.e. for LP = 95%). [Terry – check any clarification]
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It should be recalled that it is the incumbent service, in this case the broadcasting service, which determines what constitutes the required protection requirements. Specifically, Broadcasters consider an I/N greater than -3dB or a degradation of the noise limited location probability of more than 0.1% does not constitute the qualification ‘non-interference’ vis-à-vis a secondary, non-licensed service.

· 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. A revision of the contribution (document SE43(11)47) was received 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. 

· For the DTTB receive antenna (for fixed reception scenarios), ITU-R Rec. 419 has been used hitherto in SE43 studies to define the reference DTTB receive antenna pattern, for both horizontal and vertical radiation pattern:
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· In order to determine maximum EIRP levels for new (‘high tower’- see scenarios 6 and 7 of Annex A4) it is necessary to have suitable reference vertical antenna patterns for the WSD transmit antenna:

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

· Assuming that 3 equivalent WSDs are contributing to the interference to DTT coverage when adjacent channels are used (Annex A5 presents the basis of this assumption). However, considering the high importance of defining and/or modelling the cumulative effects in the calculation of the WSD power, it is recognized the difficulty to emulate/define a realistic scenario. Given this, a sensitivity analysis is performed, by considering the scenario where only 1 WSD is contributing to the interference of DTT coverage. Additionally, if no cumulative interference is assumed, based on Annex A6, there is evidence that, e.g., some protected distances between WSD is to be defined;

· 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, 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, can be operated with an EIRP in the range of -23 to -4 dBm depending on its location within the DTT coverage area.

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.

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

4.1 Use cases for 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. 

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. The use cases are categorized according to their intended functionality (internet access, machine-to-machine connectivity, etc) and operational range (short/mid/long). These use cases and related parameters are informative and do not prejudge future studies and real deployments. 

A number of potential, technology related use cases are under discussion in different European projects. The use cases differentiate according to the services (WiFi, LTE, PPDR, etc) to be provided via white space spectrum. Depending on the service its operational range could be varying from a few metres to a few kilometres viable for urban, suburban and rural coverage.

CEPT broadly classifies different use cases for WSDs into broadband and narrowband applications. Thus the following representative use cases can be considered:

· 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). Indoor access point can provide a limited outdoor coverage. Possible configurations are shown in Figure 4.1.
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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. This equipment is expected  to be installed by a professional. A possible configuration is shown in Figure 4.2.
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Figure 4.2 Outdoor wireless access
· WSDs to provide machine-to-machine or device-to-device communication for both short and long ranges. Some possible configurations are shown in Figure 4.3
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Figure 4.3 Machine-to-machine connectivity [from Figure 18 of ETSI TR 102 907]

4.2 Parameters of White Space Devices 

The parameters assumed for different WSD use cases considered by the CEPT as examples are listed in Table 4.1 and Table 4.2 for outdoor and indoor applications, respectively. 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. The link budget calculations to derive the power values are detailed in Annex A7. 

Table 4.1 Examples of outdoor WSDs parameters

	Parameter
	Base station 
	User equipment[the title may be changed
	M-to-M

	Date rate (Mbps)
	1-10
	0.128-2
	0.5

	Transmission bandwidth (MHz)
	5-8
	0.360-5
	1

	Receiver noise figure (dB)
	4-7
	5-7
	5-7

	Antenna gain (dBi)
	7-8
	0-14
	12

	Maximum range (m)
	10'000
	10'000
	20'000

	e.i.r.p. (dBm)
	up to 36
	up to 27
	14.7


Table 4.2 Examples of indoor WSDs parameters

	Parameter
	[Base station] [the title may be changed]
	[User equipment] [the title may be changed]
	Access point [the UE may need to be added]

	Date rate (Mbps)
	10
	4
	100

	Transmission bandwidth (MHz)
	8
	8
	22

	Receiver noise figure (dB)
	5
	5
	7

	Antenna gain (dBi)
	0
	-4
	[12] [to be checked]

	Maximum range (m)
	15
	15
	50

	e.i.r.p. (dBm)
	13.8
	4.8
	18


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 power limits for WSDs .
5.1 General thoughts 
It is understood that for a WSD controlled by a geo-location database, the power levels on which the device is allowed to transmit in a given geographical location, will be determined by the database taking into account the cross-border issues. 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
. The database can be used to communicate either of those values to the WSDs.
Some administrations have indicated their preference to set up fixed maximum power limits for WSD’s to ensure that the device power is bounded in case of a database malfunction resulting, for example, in the allowance to transmit with not justified high power levels. It is also believed that the device power limitation will also help different WSDs to access the spectrum in case when this access is not coordinated. [from EBU] Additional technical argument of setting a fixed power limit include the risk of overload of the DTT receiver in presence of a high interfering signal level and the EMC issue with DTT receivers and cable networks using the same channels as the WSD.
It needs to be noted that operational requirements to WSDs (see § 9.3 of ECC Report 159) define the situations when the device does not possess sufficient information regarding the frequencies and power levels to be used in a given geographical location.
1. Generally speaking, a WSD should be in compliance with one or a combination of the following requirements shown in options 1 - 3 below:It cannot transmit above the location specific power determined by the database on the basis of incumbent service/system protection in a particular geographical location; 

2. It cannot transmit above the maximum allowable power set by the regulation for secondary services/systems of a country the device operates;

3. It cannot transmit at a power level above the fixed maximum power for this device category.
Under a correct operation, the maximum power that a WSD will transmit will be determined by the choices made with respect to the options 1 – 3 listed above in the national regulations. 
The following considerations are important here to note:

· If regulators choose to implement the fixed maximum level(s) highlighted in option2 and 3 above, in some locations the allowed transmit power could be restricted by the fixed limit to a lower value than what would be possible from the incumbent protection point of view. The lower the fixed limit, the more often it dominates and restricts the WSD transmission and operational range. The higher the fixed level, the less it acts as a safety measure.

· Some thought will need to be given to how high to set the fixed maximum power limit, with regard to setting the optimum power level that does not restrict the operation of WSD’s in an unnecessary manner, but could still act as a safety measure.If the limits are decided based on some generic predefined device classes or categories there would be a risk that in the future there would need to be device categories that have not been taken into account, such categories that would require different limits. Furthermore, devices in different categories would in a certain location have different maximum power limits, whereas the incumbent protection requirements are the same for all devices in the same location.

When the geo-location databases are implemented, also their reliability and safety measures should be carefully considered. The correctness of the information to be sent to the WSD’s must be ensured. This relates the correctness of the input information to the database, correctness of the algorithms, reliability of the hardware, proper testing, chosen security measures etc.

5.2 Approaches to set the fixed maximum power for WSDs There could be three approaches foreseen to set the fixed maximum power for WSDs: 

· Database approach

Under this approach the fixed maximum power value for different WSDs categories is stored in the database, which is in charge to communicate this value to the WSD’s if it appears to be as an absolute minimum of three power levels listed above.

This approach gives freedom to administrations to adjust the fixed maximum power depending on national circumstances. Furthermore, it does not restrict the development of devices or applications as the devices could easily adapt to national restrictions and even their possible changes.

· Hardware approach
Under this approach the fixed maximum power limit is set at the hardware level by WSD manufactures. This could mean that either all devices would have one common maximum output power limit or per device category there would be a maximum limit, implemented by the hardware. Conformance guidance for devices to meet the requirements for maximum permitted e.i.r.p. levels for the different categories of WSD would need to be included in an appropriate harmonised standard.
One problem with this approach is the need to define and treat the device categories. Furthermore, if the requirement would have to be implemented by device hardware, it would have to be known during the device design and manufacturing. Thus changes to the limits could not be done afterwards. If this case would be country specific, it could not be implemented in devices in any economic manner as there would have to be different hardware implementations for each country that the device is going to operate in.

· Software approach

Some or all WSDs could have limits set by software. The overall limits could be fetched from a secure configuration database related to the spectrum management system. This approach might have secured access to modify the configuration data set and have checks of transmission parameters in several places both in the spectrum management system and white space devices. This kind of approach may be extended to have a network including terminals with hardware or software limitations. 

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

5.3.1 Statistical approach

One possibility to derive the limits could be that location specific max output power(s) are calculated for each device category, noting their foreseen characteristics, over a chosen representative area(s), using selected algorithms to implement defined incumbent protection levels. 

This would give representative WSD transmit power values in each pixel over a representative area. The cumulative distribution of the values could be determined. 

Based on this approach a fixed limit could be determined by an administration, either a general limit, or limits for the foreseen device categories, which do not restrict the operation of the WSD’s but would still act as an extra safety measure. 

5.3.2 Receiver overloading

The limit derived from the overload threshold of the DTT receiver is independent of the level of the wanted signal and therefore could be suitable as a general fixed limit. However, as it depends on the interference scenario, there would be specific limit for each WSD type.

Annex A8 shows a method to derive the WSD maximum power limit based on overload threshold of the DTT receiver. Table B of the annex contains an example of the calculated WSD maximum power limits based on the overload thresholds listed in the same annex. 
As the overload threshold depends on the offset between the WSD and the DTT channel, it results that the maximum power limit also depends on this offset. The geolocation database could be used to select the suitable figure depending on the actual channel usage at the WSD location.

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

It is possible to derive fixed maximum power limits for WSDs on the basis of their classification with related operational ranges. CEPT administrations may decide to use in this case the power values for different WSDs categories listed in Section 4 of the report (Tables 4.1 and 4.2). 

This method is simple from the value derivation point of view, but it is not based on the protection criteria for incumbents, and this may limit WSD use cases or technologies that may be able to share with incumbent services.

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 A9.

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.

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

7.1 Area-based power allocation method

[This section – 3.2.1.- is to be finalised and agreed]
A new approach by using an area-based power allocation method instead of pixel-by-pixel calculations based is being considered. It is proposed that inside the area, the power is defined by the EIRP density. This method 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.
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(a)







(b)

The allowable transmission power for each pixel is calculated by using the proposed approach. In (a) all secondary pixels are forced to use the same transmission power. In (b) the secondary pixels are grouped into square regions. In this example each region contains 25 pixels. The interference margin is equally allocated to all the regions. The same transmission power is used for pixels belonging to the same region.

The advantages and drawbacks are still to be analysed, namely:

· Size of the simulated cells/regions: it must be balanced since larger areas/regions could lead to a higher dispersion of the impact of each WSD;

· Analysis of the statistics of the average emitted power from a particular region compared with the statistics of the individual WSD emitted signal;
7.1.1 ‘Power allocation’ vs ‘interference allocation’

In principle, ‘power allocation’ and ‘interference allocation’ have the same intent: to limit the aggregate WSD interference potential to DTTB reception.

However, ‘power allocation’ per se is too simplistic as compared to ‘interference allocation’, as used in the present context. The ‘simplicity’ is due to the ‘one-dimensionality’ of the ‘power allocation’ parameter. The interference produced by a WSD depends both on its EIRP and on its transmit antenna height – it is not a question of simply ‘allocating’ power, but also taking the antenna heights into account. And other variable parameters may also play a role. Annex A3 demonstrates that an area-based power density allocation method, depending on a ‘one-dimensional’ parameter, is not sufficient to protect broadcasting.

With ‘interference allocation’ we deal with the actual nuisance field produced at the DTTB receive site. If a maximum limit for the total allowed aggregate median nuisance field is specified, a partitioning of that total nuisance field can be made, and each WSD can arrange its transmission parameters so that the allocated median nuisance field is not exceeded. Thus a trade off in ‘power’, transmit antenna height, etc.., can be made.

When the interference criterion is applied, it is applied to the interference from all sources of WSD interference; that is, we will be considering the cumulative effects of all relevant WSD interference sources (i.e. their nuisance fields). Usually, of course, it will be the co-channel interference which will be causing interference from WSD sources outside of the DTTB coverage area, but large nearby high-power networks of adjacent channel WSDs may also cause interference, and their aggregate median nuisance fields must also be taken into account.

Annex A3 presents the rationale of using the total (i.e. aggregate) median nuisance field to define the WSD maximum transmit power. Only the median interfering field strengths of the individual WSDs must be calculated with respect to each potential co-channel or adjacent channel DTTB reception area, at points along the coverage edge, then the corresponding median nuisance fields established, and finally the aggregate (power summed) median nuisance field. Limit aggregate median nuisance fields can be used for different areas if a partitioning of the interference (i.e. of the allowed aggregate median nuisance field, NUISTOT) is to be introduced between different WSD areas or WSD services.

7.2. Multiple interference assessment

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

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

(1) Fixed/Predetermined IM value setting based on the potential maximum number of interferes in each operational frequency in a given area at the same time which  is defined as follows:
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(2) Flexible IM value setting based on the maximum number of active/actual interferes in each operational frequency in a given area at the same time which   is defined as follows:
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(3) Minimized IM value setting based on the intrinsic feature of each active interferer in each operational frequency of WSD in a given area at the same time which is defined as follows:
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where: 
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: j-th operational frequency in all operational frequencies at a given area;
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–th WSD is chosen by the following criteria: 
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Annex A10 provides a detailed methodology explanation as well the results.

7.3. Location probability

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

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

[NOTE: other parts could be reviewed based on this material]
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� The reference sensitivity level of a receiver is the minimum wanted signal power for which the receiver can operate correctly in a noise-limited environment.


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


� 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)
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