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1. Background


When considering the interference caused by a White Space Device (WSD) to the digital terrestrial television (DTT) reception two cases must be distinguished. Firstly the WSD and the victim DTT-receiver can be separated by a rather large distance. In this case the interference considered is probably a co-channel one and the distance between the WSD location and the DTT reception site is known as the later one is typically the nearest possible pixel of the DTT service area in question. The coupling loss between the devices can be calculated by using the distance and a suitable propagation model. 


Secondly the WSD and the victim DTT-receiver can be situated at the same pixel (same location). In this case the interference is typically adjacent channel type as the operation with co-channel is not possible within the DTT service area. Calculating the coupling loss in this case is problematic as nothing is known about the geometry between the WSD and the DTT-receiver, only that they may exist within the same pixel and thus the distance between is smaller than the pixel size. This problem is discussed in the ECC Report 159, prepared by the CEPT SE 43 group, and a proposed solution is to use a reference geometry in the calculations between the devices. In fact several reference geometries are proposed for different kind of situations like portable outdoor WSD and fixed roof top antenna DTT-reception or fixed WSD and fixed roof top antenna DTT-reception. It is understood that the WSD classification may help the data base to select a suitable geometry for the calculations.

In the ECC report 159 the path losses in the reference geometries are calculated as free space losses with certain assumptions of the used antennas. To better understand how the reference geometries work, a measurement was done with one basic reference geometry. The path loss was measured as well as the effect of some parameters were studied.

The CEPT SE 43 basic method for calculating a location specific maximum power for a WSD is 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 in further contributions this is discussed. One proposal is the document SE43(11)12 ( EBU - Max EIRP calculation). This proposal is assuming an 0.1% degradation at the DTT-service area edge and keeping this criteria 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. To better understand how the maximum WSD powers calculated with the CEPT SE43/ SE43(11)12 method relate to the real interference potential caused by the WSD a measurement using the same reference geometry was done. The WSD power was adjusted in different cases and frequencies until interference was seen in the DTT-picture and the maximum powers as well as the protection ratios were recorded.


2. MEASUREMENT SET UP

2.1 Reference geometry

The used reference geometry was the basic one for roof top antenna DTT-reception at 10 m height and a portable WSD at 1.5 m height 22m away from the DTT-site. The geometry is assuming an omnidirectional antenna for the WSD so that a polarization discrimination of 3 dB is possible, but in the measurement set up directional antenna with horizontal polarization for the WSD was used mainly due to the reason to increase the available WSD EIRP. The used reference geometry is shown in Figure 1. 
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Figure 1. The basic reference geometry used in the measurements


The original DTT-antenna in the geometry is having a gain of +9.15 dBi which is assumed to drop by 0.45 dB to the direction of the WSD 22m away. The antenna is described in the ITU-R BT 1368. The idea is that if the WSD becomes closer the antenna gain will drop and if the WSD is further away the free space loss will increase.

2.2 Test Network


It is rather easy to reproduce the reference geometry and conduct the path loss measurements, but the WSD maximum power measurements are requiring that the interference is increased until DTT-reception is interfered. Especially when co-channel is used it is not possible to do this with an operational DTT-signal. Therefore a special test network in Turku area was used for DTT-signal. The test network has altogether three transmitters (two in SFN), but for this case only one from the Pääskyvuori tower was used.
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Figure 2 Pääskyvuori transmitter

The Pääskyvuori transmitter with basic data is shown in Figure 2. A regular DVB-T transmission with parameters 8k FFT, 1/8 Guard interval, 64 QAM 2/3 modulation was used.

2.3 Licenses and used frequencies

Test license from Ficora was obtained for period of the measurements for the WSD-transmitter signals. The used frequencies, channel numbers and offsets from the DVB-T channel 610 MHz [ch 38] are shown in Table 1.

Table 1 Used frequencies


[image: image4.emf]Frequency Channel N


[MHz] number


578 34 -4


586 35 -3


594 36 -2


602 37 -1


610 38 0


682 47 9




The channel 47 is image channel for channel 38. This could be an important frequency for traditional superheterodyne tuner architecture.

2.4 Radio Equipment


2.4.1 Measurement van
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Figure 3 Digita measurement van with the mast and working spaces inside.

A Digita measurement van was used to establish the 10m antenna height required in the reference geometry. The van has an antenna mast, which can be hoisted by a motor to 10m height. The mast can also be rotated so that optimum direction for the reception can be achieved. The van has also good facilities inside for mains power, TV-receivers and measurement equipment, including the main measurement device used, R&S ETL TV-Analyzer.

2.4.2 DVB-Receivers

Two different DVB-receivers were used in the measurements. Most of the measurements were done with Sony Bravia KDL-32EX713 TV-set. This is rather modern integrated set with DVB-T2 capability. As comparison set a Force TeVeMaster T1 Set Top Box was used. Both receivers were also measured in the laboratory so that characteristics are known. The Sony set has a sensitivity of -83 dBm for 64QAM 2/3 signals at Gaussian channel. This sensitivity level was used as a reference for the measurement set up. More detailed information of the sets can be found in 3.2.1.

2.4.3 WSD Tx signal generation

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. The protection ratio of the simulated WSD-signal towards the DVB-T receivers was measured in all configurations as well as the ACLR of the signal so that the final measurement results of the campaign can be easily scaled to any other signal with known characteristics ( ACLR and PR towards DVB-T).

The used signal generator was able to provide output power levels up to +20 dBm, which was not enough for all measurement scenarios so an additional power amplifier was added to the set up. This had a gain of 40 dB and maximum output power of approximately 10W. 
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Figure 4 WSD signal generator block diagram and realisation in a car boot


As the thermal noise level of the power amplifier is rather high (high gain & high NF) attenuators were used at the output of the power amplifier so that full control of the WSD signal including the sideband noise was possible with the step attenuator in front of the power amplifier. This was important as the target was to keep constant ACLR for the signal during the power level setting. A block diagram is shown in Figure 4.

The set up was built at the back of a car including batteries and UPS for supplying the power. All the power levels were measured for each measurement at the input of the PA and at the feed point of the antenna. All level measurements were done with R&S ETL TV-Analyzer. Later the WSD signal ACLR was measured in the laboratory for each of the settings used for the measurements (see 4.1).


2.4.4 Receiving antennas


For the receiving antenna a typical Yagi antenna was used. The type was Triax Digi 10W. Nominal announced gain is 12.5 dBi, but the antenna is very wide band and it is not known what are the gain variations within the band. For the path loss measurements the antenna gain towards the WSD transmitter (20 degrees downwards) was calibrated with a professional antenna, Completech CA610Y++++-N. This has a gain of 12 dBi and a specified frequency range of 585 – 635 MHz. A similar comparison was done with the DVB-T signal and the Completech antenna in the main beam. This would indicate that the gain of the Triax Yagi is around 9.3 dBi at 610 MHz.
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Figure 5 Triax Yagi antenna

2.4.5 Transmitter antenna

The WSD transmitter power was enhanced with a directional antenna. This was a professional Yagi from Completech. Antenna type was CA610Y++++-N This has a gain of 12 dBi and a specified frequency range of 585 – 635 MHz. For some of the N+9 measurements another Completech antenna CA666Y++++-N was used to boost the power up as the gain of the 610 version of the antenna drops at 682 MHz to 8 dBi. The CA666 antenna has a full 12 dBi gain at 682 MHz.
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Figure 6 Transmitter Yagi antenna at the tripod

The transmitter antenna was attached to a short wooden mast, which was then attached to a wooden tripod. The antenna was at 1.5 m height and pointed toward the roof top antenna. The Tx-antenna set up is shown in Figure 6.

2.4.6 Measurement devices

All the power and spectrum measurements were done with Rohde&Schwarz ETL TV-Analyzer. With this device it is very easy to measure accurately the channel power of a DVB-T signal as well as make normal spectrum measurements. The device has separate inputs for 50 and 75 ohms. Two devices were available, one in the Digita measurement van and one in the car with the WSD Tx equipment. This arrangement made it possible to check the power levels fast in both Tx and Rx sides. ETL was used also for all laboratory protection ratio and ACLR measurements.
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Figure 7 WSD output spectrum measurement with R&S ETL

2.5 Accuracy of the measurements

In general the measurements were performed so that power levels and attenuations were adjusted with 1 dB steps. The power readings from the ETL were recorded with one decimal and the calculations were performed with same resolution. Overall it can be said that the true accuracy of the measurements and results is probably within a few dB.


3. Field measurements


3.1 Reference geometry measurements

The reference geometry measurements were done at an open field in Masku near Turku. The geometry described in chapter 2.1 was established with the measurement van and the WSD Tx antenna described in 2.4.5. The actual set up is shown in Figure 8. The purpose of the measurement was to measure the actual path loss with the real DTT reception antenna (Triax Yagi) and to investigate the effect of the distance and direction.
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Figure 8 Reference geometry measurements in Masku

3.1.1 Antenna calibration and path loss measurements

The measurements were started with calibrating the used antennas. First in the Tx and Rx similar Completech CA610 antennas were used. These have a specified gain of 12 dBi to the maximum direction. As the Rx antenna is set to level, the gain towards to WSD Tx site will be less. Information of the vertical radiation pattern is available from the data sheet, see Figure 9 and from this it can be seen that the gain towards the WSD Tx place (21 degree down tilt) is about 3.0 dB less than in the main direction, giving a gain of 9.0 dBi.

[image: image12.emf]

Figure 9 Completech CA610Y++++ vertical radiation pattern


Next the path loss at 610 MHz was measured/calculated by first measuring the power fed directly to the Tx antenna, then measuring the received power at the end of the down lead cable of the Rx antenna and taking the nominal gains of 12 dBi (Tx) and 9.0 dBi (Rx) of the Completech antennas. Also the cable loss of the Rx down lead cable was separately measured with a network analyzer (2.5 dB) and taken to account in the path loss calculation. This measurement was repeated for channels N-1, N-2 and N-3. The results are show in Table 2.

Table 2 Results of the path loss with Completech antennas
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Measurement  #ExplanationWSD dWSD angleWSD Freq. WSD Tx pwrWSD AntennaGain EIRP WSD Rx pwrCable lossRx AntennaGain Isotr. pwrPath loss


# [m] [deg] [MHz] [dBm]  [dBi][dBm][dBm] [dB]  [dBi] [dBm] [dB]


1 CC 22 0 610 -20 Completech 12 -8 -59.7 2.5 Completech 9 -66.2 -58.2


2 N-1 22 0 602 -20 Completech 12 -8 -59 2.5 Completech 9 -65.5 -57.5


3 N-2 22 0 594 -20 Completech 12 -8 -59.2 2.5 Completech 9 -65.7 -57.7


4 N-3 22 0 586 -20 Completech 12 -8 -59 2.5 Completech 9 -65.5 -57.5




As the Completech CA610Y antenna is specified for 585-635 MHz and the N-4 channel is 574-582 MHz the gain drop of the antenna was checked for this frequency. The Tx and Rx powers were measured, then the path loss was assumed to decrease like the free space loss is decreasing from 586 MHz (N-3) to 578 MHz (N-4) and the rest of the observed Rx power change was assumed to come from the two Completech antennas. Free space path loss drops by 0.12dB, the observed received power drop was 0.7 dB, so the decrease in the combined antenna gain is 0.7+0.12=0.82 dB. Assuming similar behaviour for both Completech antennas (similar antennas) the gain drop for one antenna is 0.41dB giving gains of 8.6 dBi for Rx and 11.6 for Tx. These gains were used for the rest of the measurements for N-4. This measurement is shown in

Table 3 Results of the N-4 channel with Completech antennas
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Meast Exple WSD d WSD angle WSD Freq. WSD Tx pwr WSD Ant Gain EIRP WSD Rx Cable Iass‘ Rx Ant/Gain Isotr. pwr Path loss
# [m] [deg] [MHz] [dBm] [dBi] [dBm] [dBm] [dB] [dBi] [dBm] [dB]

5 N-4 22 0 578 -20 Complete 11.6 -8.4 | -59.7 2.5 Compl(8.60 -65.8 -57.4






Next the previous procedure was repeated for 682 MHz (N+9). The free space path loss increases by 0.97 dB and the measured power drops by 9.3 dB and cable loss increases by 0.3 dB giving a total gain drop of 8.03 dB  for both antennas and for one antenna about 4.0 dB. Tx antenna gain is thus 8.0 dBi and Rx antenna gain 5.0 dBi.

Table 4 Results of the N+9 channel with Completech antennas
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Meast Exple WSD d WSD angle WSD Freq. WSD Tx pwr WSD Ant Gain EIRP WSD Rx Cable Iass‘ Rx Ant/Gain Isotr. pwr Path loss
# [m] [deg] [MHz] [dBm] [dBi] [dBm] [dBm] [dB] [dBi] [dBm] [dB]

6 N+9 22 0 682 -20 Complete 8 -12 -69 2.8 Compl(5.00 -71.2 -59.2






In the next phase the receiving antenna was changed to the Triax Yagi antenna, which was then used for all the actual DVB-T reception and WSD maximum power tests. In this calibration measurement the Rx power level was recoded for each of the channels and the results were compared with the ones obtained with the Completech antennas. By doing this it was possible to calculate the Triax Yagi antenna gain towards the WSD Tx at different frequencies. The results are shown in Table 5.

Table 5 The measured Triax Yagi antenna gains towards WSD Tx at different frequencies
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MeastExpl: WSD d WSD angle WSD Freq. WSD Tx pwr WSD Ant Gain EIRP WSD Rx Cable Iass‘ Rx Ant/Gain Isotr. pwr Path loss

# [m] [deg] [MHz] [dBm] [dBi] [dBm] [dBm]  [dB] [dBi] [dBm]  [dB]
7 VYagi, 22 0 610 20 Complete 12 -8 | 60225 | Yagi 850 -662  -58.2
8 N1 22 0 602 20 Complete 12 -8 | -60.3 25 | Yagi 770 655  -57.5
9 N2 22 0 594 20 Complete 12 -8 | -6L.1 25 | Yagi 7.10 -657  -57.7
10 N3 22 0 586 20 Complete 12 -8 | -60.7 25 | Yagi 7.30 655  -57.5
1 N4 22 0 578 20 Complete 12 -8 | -60.9 25 | Yagi 7.00 -654  -57.4
12 N+ 22 0 682 20 Complete 7.8 -12.2| -64.6 2.8 | Yagi 9.60 -71.4  -59.2






During these path loss and antenna measurements the DVB-T test network transmitter was turned off so that also the 610 MHz was clear of any other signals.

3.1.2 Path loss results compared to free space loss

When the measured path losses are compared to the calculated free space losses we see that measured losses are 2.0 to 2.6 dB higher. The results are shown in Table 6. 

Table 6 Measured path losses compared to FSL
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# [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




The reason for the difference is not exactly known, but can be due to the rather close proximity of the ground (reflections) and the fact that the antennas are operated very much in the near field.

3.1.3 Effect of the WSD distance


Next the effect of the distance between the DTT-receiver antenna and the WSD was studied. In the reference geometry there has been an assumption that the 22 m distance is somehow the worst case for the path loss between the DTT and WSD. The distance was varied from 12 to 26 m in 2m steps and the path loss was measured. The results are shown in Figure 10. 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 10 Effect of the distance to path loss


3.1.4 Effect of the WSD direction


In this measurement the effect of directional radiation pattern of the receiving Yagi antenna to the path loss was studied. This would correspond the WSD moving around the DTT reception site in a circle. The distance was kept at 22 m. In practise the measurement was conducted so that the WSD Tx was kept at a fixed place and the Yagi in the 10 m mast was rotated. The results are shown in Figure 11. The front to back ratio of the Yagi antenna is around 17 dB and 3 dB beam width around 50 degrees.
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# [deg] [dB]


20 0 0


21 10 -0.6


22 20 -2.1


23 30 -4.6


24 40 -7.9


25 50 -10.5


26 60 -12.1


27 70 -15.8


28 80 -23.4


29 90 -21.8


30 100 -22.3


31 110 -12.9


32 120 -10.6


33 130 -11.5


34 140 -13


35 150 -14.1


36 160 -14.8


37 170 -15.7


38 180 -16.8




Figure 11 Path loss delta in different directions


3.2 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 Triax Yagi antenna at the 10m height.

3.2.1 DTT-receiver sensitivity


To find suitable field strength for the measurements the used DTT-receiver sensitivity was measured at the laboratory. For the used Sony KDL-32EX713 TV-set this was found to be -83 dBm in Gaussian channel. Based on this it was decided to do the lowest level measurements at 3 dB higher level at -80 dBm. This is corresponding in practise almost a worst case situation as at the coverage edge the channel is probably requiring more C/N than in a Gaussian channel. 

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 corresponding an isotropic power of -85.8 dBm. The minimum signal level of -80 dBm selected for the measurements would correspond with 9 dBi antenna gain a power level of -89 dBm or 43.9 dB(V/m field strength, which is still 3 dB less than the minimum in the ECC 159 report.

Also the C/N requirement of the receiver for the DVB-T mode 1/8 8k 64QAM 2/3 was measured in the laboratory. The result is shown in Table 7. 

Table 7 DTT-receiver C/N performance
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1/8 8k 64QAM  2/3


Input level C/N GaussC/N RiceanC/N Rayleigh


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


-50 15.6 16.4 19.3


-60 15.6


-70 15.8


-80 17.8




As can bee seen, the required C/N is a bit below 16 dB in Gaussian channel and above in Ricean-channel. It is very probable that in the channel conditions of the field measurements the true required C/N was around 16 dB. It should be noted that the measured higher C/N at input level of -80 dBm is due to the thermal noise contribution in the measurement.

3.2.2 Measurements at sensitivity + 3dB


The first measurement location was selected so that the received signal power at the DTT-receiver input was -80 dBm, 3dB above the sensitivity level. To be able to do this precisely additional 2 dB attenuator was added before the receiver input. The WSD transmitter was set according the reference geometry 22 m away from the DTT-antenna location.


First interference measurement was done at the co-channel. The WSD Tx power was increased until errors were detected in the picture and then decreased by 1 dB step so that no error were visible during an observation period of several tens of seconds (roughly the ESR5 criterion). After that the power fed to the WSD Tx antenna was measured with the ETL.

Next the measurement was repeated at N-1, N-2, N-3, N-4 and N+9 channels. In these cases the received WSD interference power at the DTT-receiver input was also measured with the ETL. 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. Measurements were done with two different DTT-receivers, the Sony TV set and a Force STB. Results are shown in Table 8.

Table 8 WSD Maximum power results at sensitivity +3 dB
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Antenna WSD Antenna Cable Path Calculted WSD Calculted Measured Ratio


WSD Freq. WSD Tx pwr  gain EIRP Rcvr DVB Rx pwr gain loss Att.loss Isotr.pwr FS WSD pwr at DVB RxWSD at DVB Rx


# N [MHz] [dBm] [dBi] [dBm] [dBm] [dBi] [dB] [dB] [dB] [dBm] [dBuV/m] [dBm] [dBm] [dB]


39 N 610 -56.5 12 -44.5 Sony -80 8.5 3.5 2 -58.2 -102.7 30.2 -99.7 n/a 19.7


40 N-1 602 -4.8 12 7.2 Sony -80 7.7 3.5 2 -57.5 -50.3 82.5 -48.1 -48.6 -31.4


41 N-2 594 8.7 12 20.7 Sony -80 7.1 3.5 2 -57.7 -37.0 95.7 -35.4 -35.9 -44.1


42 N-3 586 11.8 12 23.8 Sony -80 7.3 3.5 2 -57.5 -33.7 98.9 -31.9 -32.5 -47.5


43 N-4 578 12.8 11.6 24.4 Sony -80 7.4 3.5 2 -57.4 -33.0 99.5 -31.1 -31.6 -48.4


44 N+9 682 18.7 8 26.7 Sony -80 9.4 3.8 2 -59.2 -32.5 101.4 -28.9 -28.9 -51.1


45 N 610 -58.7 12 -46.7 Force STB -80 8.5 3.5 2 -58.2 -104.9 28.0 -101.9 n/a 21.9


46 N-1 602 -7.9 12 4.1 Force STB -80 7.7 3.5 2 -57.5 -53.4 79.4 -51.2 -52.2 -27.8


47 N-2 594 7.7 12 19.7 Force STB -80 7.1 3.5 2 -57.7 -38.0 94.7 -36.4 -36.9 -43.1


48 N-3 586 12.6 12 24.6 Force STB -80 7.3 3.5 2 -57.5 -32.9 99.7 -31.1 -32 -48


49 N-4 578 15.7 11.6 27.3 Force STB -80 7.4 3.5 2 -57.4 -30.1 102.4 -28.2 -29.2 -50.8


50 N+9 682 16 8 24 Force STB -80 9.4 3.8 2 -59.2 -35.2 98.7 -31.6 -31.8 -48.2




The maximum WSD transmitting powers (EIRP) are emphasize with the red box on the left side and the corresponding maximum field strengths with the red box on the right. It should be noted that the values are 5.5 dB (N to N-4) or 5.8 dB (N+9) higher than the true values would be as the cable loss and additional attenuator of 2 dB has to be taken account.

The last column is the calculated protection ratio, which for the N-1 to N+9 cases is based on the measured WSD interfering and DVB-T wanted powers at the DTT-receiver input. In case of co-channel (610 MHz) the protection ratio is based on the calculated WSD power at the DTT-receiver input as it was not possible to measure the WDS power direct without turning the DVB-T test network off.

In the measurements 44, 48, 49 and 50 marked with orange the extra power amplifier was used in the WSD signal generation as the power directly from signal generator was not high enough to produce any errors.


3.2.3 Measurements at sensitivity + 13dB

The next measurement was done at location where it was possible set the received DVB-T signal power at the receiver input to a level of -70 dBm, which is +13 dB from the sensitivity level. As the +3 dB was selected to present the situation at the coverage edge, this +13 dB case is presenting reception at +10 dB from the coverage edge. To be able to set the input level to -70 dBm precisely additional 3 dB attenuator was added before the receiver input.

The measurement results are shown in Table 9. This time only the Sony TV-set was measured. In measurements 53 to 56, marked with orange, the additional power amplifier was used in the WSD signal generation so that adequate power was reached. Again the WSD maximum powers and field strength are shown with red emphasis. 


It should be noted again that the values are 6.5 dB (N to N-4) or 6.8 dB (N+9) higher than the true values would be as the cable loss and additional attenuator of 3 dB has to be taken account.

Table 9 WSD Maximum power results at sensitivity +13 dB
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Antenna WSD Antenna Cable Path Calculted WSD Calculted Measured Ratio


WSD Freq. WSD Tx pwr  gain EIRP Rcvr DVB Rx pwr gain loss Att.loss Isotr.pwr FS WSD pwr at DVB RxWSD at DVB Rx


# N [MHz] [dBm] [dBi] [dBm] [dBm] [dBi] [dB] [dB] [dB] [dBm] [dBuV/m] [dBm] [dBm] [dB]


51 N 610 -42 12 -30 Sony -70 8.5 3.5 3 -58.2 -88.2 44.7 -86.2 n/a 16.2


52 N-1 602 7.8 12 19.8 Sony -70 7.7 3.5 3 -57.5 -37.7 95.1 -36.5 -36.8 -33.2


53 N-2 594 13.2 12 25.2 Sony -70 7.1 3.5 3 -57.7 -32.5 100.2 -31.9 -31.6 -38.4


54 N-3 586 16 12 28 Sony -70 7.3 3.5 3 -57.5 -29.5 103.1 -28.7 -29.4 -40.6


55 N-4 578 27.4 11.6 39 Sony -70 7.4 3.5 3 -57.4 -18.4 114.1 -17.5 -18.1 -51.9


56 N+9 682 32.6 8 40.6 Sony -70 9.4 3.8 3 -59.2 -18.6 115.3 -16.0 -16.3 -53.7




The protection ratios were also calculated as in the +3 dB case. It is interesting to note that now the PR(0) (C/N requirement) is closer to the C/N value measured in the lab as the thermal noise has less impact at higher input level. The protection ratios at N-2 and N-3 are differing from the +3 dB results, but this is probably due to the different characteristics of the WSD-signal as the amplifier was used.

3.2.4 Measurements at sensitivity + 21dB

The next measurement location was selected so that an input power level of -62 dBm was possible. This is +21 dB over the sensitivity, but only 8 dB more than in the previous location. The reason to not go for higher levels was that it was not possible to generate enough WSD interfering power, even in this location the N+9 measurements were not reaching the error threshold.


Table 10 WSD Maximum power results at sensitivity +21 dB
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Antenna WSD Antenna Cable Path Calculted WSD Calculted Measured Ratio


WSD Freq. WSD Tx pwr  gain EIRP Rcvr DVB Rx pwr gain loss Att.loss Isotr.pwr FS WSD pwr at DVB RxWSD at DVB Rx


# N [MHz] [dBm] [dBi] [dBm] [dBm] [dBi] [dB] [dB] [dB] [dBm] [dBuV/m] [dBm] [dBm] [dB]


57 N 610 -36.5 12 -24.5 Sony -62 8.50 3.50 2 -58.2 -82.7 50.2 -79.7 n/a 17.7


58 N-1 602 6.3 12 18.3 Sony -62 7.70 3.50 2 -57.5 -39.2 93.6 -37.0 -36.1 -25.9


59 N-2 594 14 12 26 Sony -62 7.10 3.50 2 -57.7 -31.7 101.0 -30.1 -28.8 -33.2


60 N-3 586 16.5 12 28.5 Sony -62 7.30 3.50 2 -57.5 -29.0 103.6 -27.2 -26.6 -35.4


61 N-4 578 30.3 11.6 41.9 Sony -62 7.40 3.50 2 -57.4 -15.5 117.0 -13.6 -13 -49


62 N+9 682 36.3 8 44.3 Sony -62 9.40 3.80 2 -59.2 -14.9 119.0 -11.3 -13.6 -48.4


63 N+9 682 36.3 12 48.3 Sony -62 9.40 3.80 2 -59.2 -10.9 123.0 -7.3 -8.2 -53.8




The measurement results are shown in Table 10. Only the Sony TV-set was measured. In all measurements the additional power amplifier was used in the WSD signal generation so that adequate power was reached. Again the WSD maximum powers and field strength are shown with red emphasis and it should be noted that the values are 5.5 dB (N to N-4) or 5.8 dB (N+9) higher than the true values would be as the cable loss and additional attenuator of 2 dB has to be taken account. The measurement 62 and 63 are otherwise similar, but for 63 a 4 dB higher gain Tx-antenna was used to boost the power up, but still it was not possible to reach the errors. Therefore the true WSD powers and protection ratios are higher than shown for these measurements.


3.3 Summary of corrected WSD maximum power levels


A summary of the maximum WSD power levels for different input levels and channel offsets are shown in Table 11. Also the corresponding field strength at the DVB-T reception site is shown as well as the calculated protection ratio. The shown values are corrected so that the 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 +9dBi antenna with a low loss cable or the gain of the antenna with cable loss included would be +9 dBi.

Table 11 Corrected maximum 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




4. Laboratory Measurements

After the field measurements were completed some complementary laboratory measurements were made. These included the ACLR of the WSD-signal for each field measurement case as well as sensitivity, C/N and overload measurements of the TV receiver in the laboratory. The sensitivity and C/N are described in chapter 3.2.1.

4.1 ACLR measurements

4.1.1 Measurement system 

The purpose of the ACLR-measurement was to measure the ACLR for each of the WSD-signals used in the field measurement. Therefore exactly same set up was used and the power levels, amplifiers and attenuators were as in each of the field measurement to produce exactly the same signal. The WSD signal was set to the appropriate channel used also in the field and the ACLR was then measured at the 610 MHz (channel 38). All the power level measurements were done with the R&S ETL TV-Analyzer, which was especially suitable for the task as the interfering signal was also DVB-T. 


4.1.2 Results


 The results of the ACLR-measurements are shown in Table 11.

Table 12 ACLR results
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WSD Freq. WSD Tx pwr  610 MHz ACLR


# N [MHz] [dBm] [dBm] [dB]


39 N 610 -56.5 n/a n/a


40 N-1 602 -4.8 -55 50.2


41 N-2 594 8.7 -55 63.7


42 N-3 586 11.8 -58.7 70.5


43 N-4 578 12.8 -57.6 70.4


44 N+9 682 18.7 -54.4 73.1


45 N 610 -58.7 n/a n/a


46 N-1 602 -7.9 -57.8 49.9


47 N-2 594 7.7 -55.3 63


48 N-3 586 12.6 -58.4 71


49 N-4 578 15.7 -55.5 71.2


50 N+9 682 16 -55.9 71.9


51 N 610 -42 n/a n/a


52 N-1 602 7.8 -42.7 50.5


53 N-2 594 13.2 -44 57.2


54 N-3 586 16 -44.4 60.4


55 N-4 578 27.4 -43.6 71


56 N+9 682 32.6 -42.2 74.8


57 N 610 -36.5 n/a n/a


58 N-1 602 6.3 -36.1 42.4


59 N-2 594 14 -38.6 52.6


60 N-3 586 16.5 -39.4 55.9


61 N-4 578 30.3 -38.9 69.2


62 N+9 682 36.3 -40.3 76.6


63 N+9 682 36.3 -40.3 76.6




It should be noted that the ACLR-values are in general individual for each measurement case, so no direct comparison between for example N-2 cases should not be done. In some cases the additional power amplifier has been used and in some other not. More over the PA has been driven with different power levels, which results different IM-products and different ACLR-values.

4.2 Overload measurements

According to the ECC report 148 Measurements on the performance of DVB-T receivers in the presence of interference from the mobile service overloading threshold (Oth) is “the maximum interfering signal level expressed in dBm, where close to that level the receiver loses its ability to discriminate against interfering signals at frequencies differing from that of the wanted signal”. The measurement method presented in the report is based on measuring the protection ratio at different input levels and observing the point where the measured C(I) deviates from the ideal constant protection ratio curve. This interference input level is the overloading threshold. 

The protection ratio was measured at different input levels from -80 to -40 dBm. Results are shown in Table 12.

Table 13 Overload measurement results
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F=594


Pin Pwsd PR


-80 -35.5 -44.5


-70 -24.3 -45.7


-60 -14.5 -45.5


-50 -5.5 -44.5


-48 -4.5 -43.5


-45 -4.5 -40.5


-40 -2.5 -37.5




It can be seen that the protection ratio remains rather constant until the interferer level reaches -5 dBm, which is the overload threshold in this case. Graphically this is shown in Figure 12
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Figure 12 Overload threshold

5. Comparison of the measured maximum WSD power levels

Finally the measured maximum power levels are compared with the WSD maximum power levels obtained by the SE43 calculation method when the parameters proposed by the SE43(11)12 contribution are used. Obviously the numbers are not directly comparable as the measured values refer to the WSD power level just before the errors start to appear on the picture having basically no margin. The SE43(11)12 numbers indicate a maximum allowed level with margin, based on the I/N=-20 dB, built in to the system. However, this kind of comparison is useful as it can indicate how large the margin is in the calculation method.

5.1 Calculated maximum power levels


The calculation is based on the assumption that at the coverage edge the allowed degradation of the location probability is 0.1 %, resulting a total location probability of 94.9%. The wanted median reference field strength is 56.2 dB(V/m. This results a simulated interfering median field strength Eimed of 5.7 dB(V/m for one interferer, which is the case here. At the point where the wanted DTT field strength has increased by 10dB from the reference value at the edge of the coverage, the corresponding Eimed is 22.6 dB(V/m. These are roughly corresponding the measured cases of +3dB and +13 dB over the sensitivity level. The +3dB would correspond an isotropic power of -89 dBm with similar +9 dBi antenna as used also in the reference calculation. This is equivalent to 43.9 dB(V/m field strength, which is still 3 dB lower than the minimum field strength in the reference calculation 56.2-9.05 = 47.2 dB(V/m.

The result of the calculation at the coverage edge is shown in Table 14. 


Table 14 Calculation of the margin at the coverage edge
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WSD chFreq. Eimed Pi FSL PR PWSD MeasuredMargin


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


N 610 5.7 -127.2 -55.6 19.7 -71.6 -50 21.6


N-1 602 5.7 -127.1 -55.5 -31.4 -20.5 1.7 22.2


N-2 594 5.7 -127.0 -55.4 -44.1 -7.8 15.2 23.0


N-3 586 5.7 -126.9 -55.3 -47.5 -4.4 18.3 22.7


N-4 578 5.7 -126.7 -55.1 -48.4 -3.5 18.9 22.4


N+9 682 5.7 -128.2 -56.6 -51.1 -0.8 20.9 21.7




The WSD maximum powers are calculated by converting the Eimed to an isotropic power and by adding the free space loss to the value. No polarisation discrimination is assumed. The result obtained is valid for the co-channel case and for the adjacent channels it is corrected by PR(0)-PR(N-X). Real measured protection ratios were used.

The column PWSD shows the maximum calculated WSD power and the column Measured show the maximum measured close to the onset of errors. Margin is the difference between these. In general the margin seems to be a few dBs over 20 dB, average being 22.3 dB. 

A similar calculation at the +10 dB point gives results, which are shown in Table 15.


Table 15 Calculation of the margin at the +10 dB point
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WSD chFreq. Eimed Pi FSL PR PWSD MeasuredMargin


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


N 610 22.6 -110.3 -55.6 16.2 -54.7 -36.5 18.2


N-1 602 22.6 -110.2 -55.5 -33.2 -5.3 13.3 18.6


N-2 594 22.6 -110.1 -55.4 -38.4 -0.1 18.7 18.8


N-3 586 22.6 -110.0 -55.3 -40.6 2.1 21.5 19.4


N-4 578 22.6 -109.8 -55.1 -51.9 13.4 32.5 19.1


N+9 682 22.6 -111.3 -56.6 -53.7 15.2 33.8 18.6




In this case the calculated margins are slightly lower than 20 dB, average being 18.7 dB.


For the third set of measurements, which was done at a DVB-T power level of +18 dB over the threshold, the comparison is a bit different as the SE43(11)12 method is keeping the Eimed constant at 22.6 dB(V/m. Therefore the maximum calculated WSD power levels are in principle the same as in the +10 dB case. However the protection ratios were different due to the different WSD signal settings (amplifier and different powers) and therefore the true calculated values are different (lower in this case). The results are shown in Table 16.


Table 16 Calculation of the margin at the +18 dB point
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WSD chFreq. Eimed Pi FSL PR PWSD MeasuredMargin


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


N 610 22.6 -110.3 -55.6 17.7 -54.7 -30 24.7


N-1 602 22.6 -110.2 -55.5 -25.9 -11.1 12.8 23.9


N-2 594 22.6 -110.1 -55.4 -33.2 -3.8 20.5 24.3


N-3 586 22.6 -110.0 -55.3 -35.4 -1.6 23 24.6


N-4 578 22.6 -109.8 -55.1 -49.0 12.0 36.4 24.4




Now the margin is again few dBs more then 20 dB, average being 24.4 dB. Note that the N+9 case is not included in the calculations as the available WSD power was not enough to produce any errors.

5.2 Overload threshold


It is also possible to asses how much margin there was between the maximum measured WSD interference power and the measured overload threshold of the DTT-receiver used in the main measurements. The overload threshold was found to be around -5dBm. The maximum WSD power measured at the DVB-T receiver input was -8.2 dBm for the N+9 case in the +18dB measurement (#63). This gives a margin of only 3.2 dB, but the WSD EIRP was already as high as 42.5 dBm. The results of the measured WSD powers at the DVB-T receiver input are summarised in Table 17, with calculated margin towards the overload threshold.

Table 17 WSD power at the DVB-T receiver input compared to the Oth
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WSD at DVB Rx-5 dBm Oth


# [dBm] [dB]


40 -48.6 43.6


41 -35.9 30.9


42 -32.5 27.5


43 -31.6 26.6


44 -28.9 23.9


46 -52.2 47.2


47 -36.9 31.9


48 -32.0 27.0


49 -29.2 24.2


50 -31.8 26.8


52 -36.8 31.8


53 -31.6 26.6


54 -29.4 24.4


55 -18.1 13.1


56 -16.3 11.3


58 -36.1 31.1


59 -28.8 23.8


60 -26.6 21.6


61 -13.0 8.0


62 -13.6 8.6


63 -8.2 3.2




A measurement campaign to study the WSD maximum power was organized 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 organization, as part of a larger cognitive radio Trial-program.
















