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1. Introduction

The ECC Report 159 is using a method of calculating location specific maximum power for a WSD based on the idea of decreasing the DTT-reception location probability by a certain amount. The current version of the report does not specify any values for the degradation but this has been discussed in further contributions. Document SE43(11)12 (EBU Max EIRP calculation) proposed 0.1 % degradation of the location probability at the service edge.
In order to better understand the proposed method it has been analysed and field measurements have been conducted to see how it corresponds to the real WSD-interference in the field.

2. Comments on the SE43(11) 12 contribution
The contribution SE43(11)12 is based on the assumption of a 0.1% degradation of the location probability at the DTT-service area edge. It is shown that this corresponds roughly -20 dB I/N, which means that interfering power from the WSD should be 20 dB below the noise level. The 0.1% criterion is then used until the wanted DTT-signal median field strength has increased by 10 dB. From that point on towards the DTT-transmitter the I/N-value is kept constant roughly at I/N≈-3dB. 
This means that the method is in fact a two zone method, where the outer zone has a location specific power, but the inner zone has a fixed maximum power, the same as at the +10dB point. This would in principle deviate from the location specific power concept used so far in the ECC 159 report. The method is illustrated in Figure 1.
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Figure 1 The SE43(11)12 proposed method
The -20 dB I/N requirement is based on an ITU-R recommendation BT. 1895, which states that all emissions without a frequency allocation should be below that level. However, the recommendation BT. 1895 is stating of the -20 dB limit that “above which compatibility studies on the effect of radiations and emissions from other applications and services into the broadcasting service should be undertaken”. The recommendation is also partly based on recommendation SM. 1757 which considers the interference from UWB. Overall it can be argued that the -20 dB requirement is perhaps over specified for the case of cognitive radio in TV white space. 
The critical case for calculating the maximum WSD power is the case where the DTT-receiver and the WSD are at the same pixel. It is impossible to know in detail the distance and geometry between the DTT-receiver and the WSD as the locations of the DTT-receivers are not known. The ECC report 159 is assuming that based on some information from the WSD (WSD class, location etc.) and the DTT-reception conditions (roof top, portable), a reference geometry is used to define the path loss between the devices. Several reference geometries are analysed and used also in the SE43(11)12 contribution and these are then used to calculate the resulting maximum WSD power. The reference geometries are in a way the practical worst case scenarios. No consideration has been made in SE43(11)12 to the probability of how many receivers statistically will be in the conditions of the reference geometries. 
The SE43(11)12 contribution is also considering the case of aggregated interference from several WSDs operating in the same pixel. The assumption is that three devices can be exactly at the same position in front of the DTT-reception antenna operating at N+1, N-1 and N+9 channels where the protection ratio is at worst. It is then proposed that the WSD maximum calculated power is lowered accordingly to keep the I/N or Eimed at the level of only one interferer. This approach is adding another worst case scenario to the reference geometry without any analysis how probable this is.
Overall it can be concluded that especially in case of the three interferers, a worst case over worst case is considered and then the I/N=-20 dB requirement is applied to this scenario leading to additional 20 dB margin. 
3. Measurement campaign

A measurement campaign to study the WSD maximum power was organised as part of the Finnish WISE-project. WISE (White space test environment for broadcast frequencies) is a project with the aim to construct an open, cognitive radio geolocation database test bed for studying the use of cognitive radios in the UHF television broadcast bands. This includes simulations, test database, test network and measurement platform. The project partners are Aalto University, Digita, Fairspectrum, Ficora, Nokia, University of Turku, Turku University of Applied Sciences and it is funded by Tekes, the national technology funding organisation, as part of a larger cognitive radio Trial-program.

The main results of the WISE project measurements are summarised here, but a more detailed measurement report is provided as information document to the SE43.
3.1 Set Up
The target of the measurement campaign was to study first the path losses involved in the reference geometry and then using the reference geometry test the real WSD maximum power until DTT is interfered. 
A 8k 64 QAM 2/3 DTT-signal was received with the rooftop antenna at the wanted level and an interfering WSD-signal was set according the reference geometry. Power level of the WSD signal was then adjusted so that the DTT-reception was about 1 dB from the point where errors start to appear on the picture. The WSD power setting was then measured both at the transmitting side and on the receiving side.

For the measurement campaign a reference geometry for fixed rooftop DTT reception at 10m height and a portable WSD at 1.5 m height 22 m away was selected. The other reference geometries have very similar path losses around 55 dB except the portable to portable case, which might be studied by the WISE-project later on. The used reference geometry is shown in Figure 1
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Figure 2 Reference geometry used in the measurements

The practical measurements arrangement was based on using a measurement van with a 10 meter mast. The WSD was simulated with a signal source and a directional antenna to boost up the available power to the required level. The measurement set up is shown in Figure 2.
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Figure 3 Practical measurement set up
For the DTT signal a local test network operating at 610 MHz (ch 38) was used. This was essential as the WSD-power was increased until the DTT-picture was interfered and this can not be done with operational networks. The receiving antenna was a commercial TV Yagi-antenna (Triax Digi 10W) used normally for TV-reception. It had approximately the same gain as the antenna in the reference geometry. Two DTT-receivers were used, one was an integrated TV-set (Sony) and one a STB (Force). Most of the measurements were done with the TV-set, but the first set of measurements was repeated with the Set Top Box.
The WSD signal was simulated with a constant OFDM-signal from a Pro Television PT5780 DVB-T signal generator. This set up was chosen because we were interested especially in the uplink part and with a constant signal the power level measurements could be done very reliably with ETL TV-analyzer. Also the signal bandwidth was 7.6 MHz filling the whole channel. An additional power amplifier was used when the output power from the signal generator was not high enough. As the actual protection ratios with this signal were measured, it is easy to scale the results to any other type of signal with known characteristics.
Measurements were done first at co-channel 610 MHz and then on N-1, N-2, N-3, N-4 and N+9.

3.2 Path Loss Measurements

Path losses were measured using professional Completech CA610Y++++-N Yagi-antennas with specified gain of +12dBi. Later the Completech antenna at the Tx-side was replaced by the TV Yagi antenna and the gain of the TV Yagi-antenna towards the WSD transmitter was calculated.
Summary of the path loss measurements is shown in Table 1.

Table 1 Summary of the path loss measurements

[image: image5.emf]MeasurementCommentWSD Freq. Path loss Free space loss Delta measured-FSL

# [MHz] [dB] [dB] [dB]

1 CC 610 -58.2 -55.6 -2.6

2 N-1 602 -57.5 -55.5 -2.0

3 N-2 594 -57.7 -55.4 -2.3

4 N-3 586 -57.5 -55.3 -2.2

5 N-4 578 -57.4 -55.1 -2.3

6 N+9 682 -59.2 -56.6 -2.6


As can be seen the measured path losses were slightly higher that the ones calculated directly with the free space loss formula. The difference is fairly consistent over various channels.
One part of the path loss measurement was to study the effect of the WSD distance from DTT-receiver antenna. This was studied by moving the WSD transmitter from 12m to 26m and measuring the path loss. The result is shown in Figure 3. As can be seen the path loss is increasing if the distance is increased from 22m, but this seem to be not the worst distance as the loss is decreasing when decreasing the distance from 22m. However, it should be noted that the antenna in the 10m height was not shadowed by any buildings as would be the real case. The measurement was done at 594 MHz.
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Figure 4 Effect of the WSD distance to the path loss

Also the directional pattern of the TV Yagi-antenna was studied by rotating the antenna by 180 degrees and measuring the change in the path loss. The result is shown in Figure 4.
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Figure 5 Effect of the WSD direction

The front to back ratio of the TV Yagi-antenna is around 17 dB and 3 dB beam width around 50 degrees.
3.3 WSD Maximum Power Measurements

These measurements studied the maximum possible WSD power in the reference geometry before the received picture failed. The measurements were done at three different field strengths. The first one was close to the sensitivity limit corresponding the situation where the DTT-receiver is located at the edge of the service area. The second one was at +10 dB higher level than the first one and the last one +18 dB higher than the first one. The locations of the measurements were selected so that a suitable signal level was achieved with the TV Yagi-antenna at the 10m height. Small adjustments were done with attenuators so that the right level was achieved. This was compensated in the WSD power level.
Choosing the lowest field strength was based on the sensitivity measurement of the used TV set. It was found to be -83 dBm in Gaussian channel and a 3 dB higher level of -80 dBm was chosen for the measurements. In the reference DTT-reception configuration of the ECC 159 report the minimum median field strength at the cell edge is 56.2 dB(V/m. The location variation margin is 9.05 dB for the 95% location probability, so the worst case minimum field strength would be 47.15 dB(V/m. The chosen -80 dBm with a 9 dBi antenna gain corresponds -89 dBm or 43.9 dB(V/m field strength, which is 3 dB less than the minimum 47.15 dB(V/m in the ECC 159 report. This is illustrated in Figure 6. 
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Figure 6 Chosen minimum field strength
The measurements were done at co-channel, N-1, N-2, N-3, N-4 and N+9 in all three locations. The WSD Tx power was increased until errors were detected in the picture and then decreased by 1 dB step so that no errors were visible during an observation period of several tens of seconds (roughly the ESR5 criterion). After that the WSD power level was measured both at the transmitter side and on the receiver side. It was possible to compare the measured interference power with the calculated one, which was based on the measured path losses and true EIRP of the WSD Tx. They were always matching very well typically within 1 dB. Also from the measured interference power it was possible to calculate the protection ratio (PR). 
A summary of the maximum WSD power levels for different input levels and channel offsets are shown in Table 2. The corresponding interfering field strength at the DVB-T reception site is shown as well as the calculated protection ratio (PR). The shown values are corrected so that the down lead cable loss and additional attenuator used have been subtracted from the power levels. This would correspond a situation where the DTT-receiver is connected directly to a +9 dBi antenna with a low loss cable or the gain of the antenna with cable loss included would be +9 dBi.
Table 2 Maximum measured WSD power levels
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WSD PR WSD PR WSD PR

ChannelEIRP FS EIRP FS EIRP FS

[dBm] [dBuV/m] [dB] [dBm] [dBuV/m] [dB] [dBm] [dBuV/m] [dB]

N -50.0 24.7 19.7 -36.5 38.2 16.2 -30.0 44.7 17.7

N-1 1.7 77.0 -31.4 13.3 88.6 -33.2 12.8 88.1 -25.9

N-2 15.2 90.2 -44.1 18.7 93.7 -38.4 20.5 95.5 -33.2

N-3 18.3 93.4 -47.5 21.5 96.6 -40.6 23.0 98.1 -35.4

N-4 18.9 94.0 -48.4 32.5 107.6 -51.9 36.4 111.5 -49.0

N+9 20.9 95.6 -51.1 33.8 108.5 -53.7 38.5 113.2 -48.4


It should be noted that the ACLR of the WSD interfering signal has been varying from measurement to measurement as different power levels and configurations have been used. The ACLR of each field measurement case was later measured in the laboratory and the results can be found in the measurement report which is provided as information document to the SE43. 
3.4 Laboratory measurements
After the field measurements some complementary laboratory measurements were performed. These included the ACLR, sensitivity, C/N and overload measurements of the used WSD signal and the used receivers. More information can be found in the measurement report which is provided as information document to the SE43, but a short overview of the overload measurement for te used TV-Set is given here as the question of receiver overload is important also from WSD maximum power point of view.
A measurement method specified in the ECC report 148 was used. The protection ratio was measured at different input levels from -80 to -40 dBm. Results are shown in Figure 7.
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Figure 7 Overload threshold measurement result

In this case the overload threshold seems to be roughly at -5 dBm. The used WSD power levels were all well below the overload threshold even if the DTT-reception was interfered up to picture failure point.
3.5 Conclusions of the measurements
A few conclusions can be made from the measurements. First if the path losses are considered, it seems that the measured path losses are quite well in line with the simple free space path loss model, the measured path losses being 2.3 dB higher on average. Therefore it seems reasonable to use the free space model for short distances.
Secondly it is interesting to compare the measured maximum WSD power levels to the ones, which can be calculated for this case using the ECC 159 report and the SE43(11)12 contribution SE43(11)12. Using interfering median field strength Eimed of 5.7 dB(V/m at the coverage edge and Eimed of 22.6 dB(V/m at the +10 dB point and onwards and adding the calculated free space loss, the co-channel maximum WSD power for one interferer can be calculated. The maximum power levels for the adjacent channel can then be calculated using the actual measured protection ratios.

Table 3 Margin between calculated and measured WSD maximum powers
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WSD ch Freq. PWSD MeasuredMarginPWSD MeasuredMarginPWSD MeasuredMargin

[MHz] [dBm] [dBm] [dB] [dBm] [dBm] [dB] [dBm] [dBm] [dB]

N 610 -71.6 -50.0 21.6 -54.7 -36.5 18.2 -54.7 -30.0 24.7

N-1 602 -20.5 1.7 22.2 -5.3 13.3 18.6 -11.1 12.8 23.9

N-2 594 -7.8 15.2 23.0 -0.1 18.7 18.8 -3.8 20.5 24.3

N-3 586 -4.4 18.3 22.7 2.1 21.5 19.4 -1.6 23.0 24.6

N-4 578 -3.5 18.9 22.4 13.4 32.5 19.1 12.0 36.4 24.4

N+9 682 -0.8 20.9 21.7 15.2 33.8 18.6

Average margin [dB] 22.3 18.8 24.4


It seems that the calculated values are rather consistent with the measured ones so that the margin built into the calculation method seems to be around 20 dB. This is no surprise as the calculation method is based on the fundamental assumption of -20 dB I/N at the coverage edge. The margin at the edge is slightly larger than 20 dB, slightly lower at the +10dB point and 4.4 dB higher at the +18 dB point. The last one is very understandable as the calculation method does not increase the WSD power any more after the +10 dB point, but keeps the I/N constant (the differences seen in the table for the calculated values are due to different protection ratios for the signals). 
4. Proposal

Based on the findings above and in order to fulfil, on one hand, the need to boost the efficiency of spectrum use via white space approach and, on the other hand, to protect primary services in sufficient precision, we propose that the following actions would be taken:

1) Include chapter 3 of this document as annex into the working document SE43(11)18 Annex4.
2) We would propose the following text to the chapter 3 “
Technical considerations on the protection of the broadcasting service” of SE43(11)18 Annex4:

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

· What would be a realistic approach to the required interference protection taken statistics and likely scenarios into account? 

· Only a very small number of primary receivers would be affected by the worst case scenarios. Unnecessary margins over reasonable protection of the primary services should be avoided.
· What is the appropriate %-number of degradation in location probability?
· Should the degradation % be variable over the service area?
· What would be a reasonable degradation percentage taken the total service area and all receivers into account?

· How is the question of aggregated interference taken account in a realistic way, considering the number WSDs, their positions in the reference geometry, statistical distribution of locations and temporal variations?
· What is the required margin against overload? Variations in the tested receivers in ECC report 148 seem to be large and reasonable protection should be found. More information is needed on the overloading effects in DTT-receivers.”
N








