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1. Introduction

An earlier contribution based on a Wise-project measurement campaign (documents SE43(11)36 and SE43(11) Info008) was studying the outdoor portable WSD to fixed rooftop DTT reference geometry. This contribution is continuation of the earlier work and is studying indoor portable to portable reference geometry. Like in the outdoor campaign both path loss and maximum WSD power to interfere DTT-reception were measured with some parameter variations. From the results it was possible to calculate the protection ratios for different offsets. Results are also compared to the calculated maximum WSD-power levels.
The studied reference geometry is shown in Figure 1.
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Figure 1 The basic reference geometry studied in the measurements
2. Summary of the measurement campaign
A summary of the measurement campaign is given here. Full report with more details is attached to this document as Appendix 1.
2.1 Setup and locations
All the measurements were done in two buildings located in Turku, Finland. This is an old school built in the 1960’s and 70’s and used currently by the Turku University of Applied Sciences. The construction is brick and concrete and the windows are without any metallised shielding, so DTT-transmissions penetrate much better in this type of building as in modern office building. The rooms were classrooms with some space available for the antennas and moving them. The buildings and the used rooms are shown in Figure 2.
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Figure 2 Measurement location and the used rooms
As it is not possible to interfere with operational DTT-signals, a signal from a local test network was used instead.  The “Vanha Studio” transmitter in the city centre was radiating DVB-T2 signals with two different set of parameters, one with 32k 256QAM and the second one with 16k 16QAM. Details of the parameters can be found in the full measurement report.
The used DTT-receiver was a modern integrated TV-set with the T2-capability. The same receiver was used in the previous outdoor campaign.

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-analyser. 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).
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Figure 3 Block diagram of the measurement setup

In the basic measurement setup similar professional 2 dBi were used for the WSD and DTT. These were set to 1.5 m height on wooden tripods with the feeding cables downwards from the bottom of the antennas. The setup is shown in Figure 4
[image: image6.emf]
Figure 4 Basic antenna setup

In a few measurements the receiving omnidirectional antenna was replaced with an active antenna. The type was a common cheap antenna available from a retail shop in Finland.
2.2. Antenna coupling

Antenna coupling was measured in four different rooms by feeding the WSD Tx-antenna with known fixed power and then measuring the received power at the Rx-antenna output connector. The measurement was repeated with the different frequencies in use. All the cable losses etc. were compensated and the coupling loss from Tx-antenna input to the Rx-antenna output was calculated. Results from different rooms at the distance of 2m are shown in Table 1 and in Figure 5.
Table 1 Antenna coupling loss at 2m
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Freq.  Coupling loss [dB] at 2m in room

[MHz] Muo L229 C20 L321

682 37.7 35.1 31.9 31.2

610 29.3 32.9 41.3 34.1

602 31.3 33.3 32.3 33.1

594 32.9 31.6 29.7 34.4

586 33.3 32.0 29.0 32.3

578 34.8 35.2 28.9 28.2
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Figure 5 Antenna coupling loss at 2m

Sweep measurements over the full UHF band were also done with a tracking generator. The results show very high variation and dependency of the frequency. An example of the result is shown in Figure 6.

[image: image9.emf]
Figure 6 Sweep coupling loss measurements in room C20 at 2m with 390 MHz span
The effect of the distance between the antennas was studied in one room with antenna separations of 2m, 4m, 6.45 m and 8.15m, the last being in a corridor just behind a wall. The results shown in Figure 7 show rather large variations from the simple free space loss model include in the picture.
[image: image10.emf] 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

0 2 4 6 8 10

Coupling

loss [dB]

Distance [m] 

Antenna Coupling in L229

L229

FSL -Ga


Figure 7 Antenna coupling at different distances between the antennas
Antenna coupling was also measured with the active antenna. This was done in room L320 at two different antenna separations 2m and 9.75m. In the longer distance the WSD Tx-antenna was changed from the 2dBi omni antenna to a 12dBi yagi mainly to boost the available WSD-power. Results are shown in Table 2 and Figure 8.

Table 2 Active antenna coupling
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Freq. Room L321

[MHz] 2m 2m Active 2m FSL-Ga 9.7m Active 9.7m FSL-Ga

610 34.1 24.5 30.2 26.3 33.9

602 33.1 21.4 30.1 26.5 33.8

594 34.4 20.7 29.9 26.8 33.7

586 32.3 21.5 29.8 24.3 33.6

578 28.2 18.4 29.7 27.2 33.5
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Figure 8 Active antenna coupling

In addition logs of the coupling were recorded while there was movement in the room to demonstrate how much moving people around the antenna can affect the coupling of the antennas.
The movement log is shown in Figure 9. Logging of the received power happened once in a second. First there was no movement in the room and then the number of people and activity level was gradually increasing and then slowing down before stopping. It is interesting to see that the movements are producing variations of more than 10 dB, mostly these are increasing the loss, but in some cases decreases happen.
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Figure 9 Log of received power vs. time with people moving around the antenna
2.3. WSD maximum power and protection ratios
The measurements were done at co-channel, N-1, N-2, N-3 and N-4 in all four rooms. In some cases also N+9 was tested, but in general the required WSD Tx-power to cause any errors was too high to be achieved as the receiver had very good performance at the image channel. For similar reason most of the results are with 256QAM.

In the maximum WSD-power measurement 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 should be noted that the measured WSD Tx-power must be corrected by the total attenuation of 13.2 dB of the TV-branch of the measurement set up (see Figure 3) to get the true corresponding WSD EIRP which would cause the same effect when the TV set is connected directly to the TV set. From the measured interference power it was possible also to calculate the protection ratio (PR) as the DTT-signal level was known.
Table 3 Maximum WSD EIRP for 256QAM
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Freq. Max WSD EIRP [dBm] in room 256QAM

[MHz] Muo L229 C20 L321 L321 Act Average

610 -64.6 -59.6 -54.6 -57.6 -58.6 -59.0

602 -15.6 -6.6 -6.6 -3.6 -8.6 -8.2

594 -1.5 3.5 -4.5 6.5 0.5 0.9

586 0.4 5.4 -1.6 6.4 2.4 2.6

578 2.5 6.5 -1.5 6.5 -0.5 2.7
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Figure 10 Maximum WSD EIRP for 256QAM

The basic results at the 2m reference geometry with 256 QAM T2 signal are shown in Table 3 and in Figure 10. Note that the figure does not have co-channel points included. In the table also an average value over all the rooms is included. It is interesting to note that the active antenna is close to the average, but if the active antenna performance is compared with passive antenna in the same room (L321), the results are about 5 dB worse. This is understandable as the coupling between the antennas is much higher (more than 10 dB) due to the amplifier. Points marked with red circles are minimum values, the true value can be higher as no errors were observed.
The protection ratios were calculated from the measured WSD and DTT powers at the TV set input. Results are shown in Table 4. Cells marked with grey background are points, where the available WSD-power was not enough to cause any errors, so the calculated PR-value is a minimum and the real value can be higher. The results are shown graphically in Figure 11. Here the unreliable data points are marked with red circles.
Table 4 Protection ratios with 256QAM

[image: image16.emf]Freq. Protection ratio with 32k 256QAM 3/5 in room

[MHz] Muo 2m L229 2m L229 2m +6dB C20 2m C20 6.8m L321 2m L321 2m Active L321 2m Active +10 dB L321 9.7m Active +10dB

610 -23.5 -23.6 -21.5 -22.8 -25.3 -23.8 -24.1 -20.9 -23.5

602 25.6 28.6 31.5 35.0 24.8 30.7 29.3 32.0 30.5

594 39.5 40.8 42.0 40.9 28.7 38.9 39.9 43.2 38.2

586 41.9 42.5 42.3 42.9 36.6 40.1 40.5 44.0 40.6

578 43.0 40.1 39.9 43.9 38.2 44.5 41.6 44.8 35.9
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Figure 11 Protection ratios with 256QAM
Some other studies like the effect of the DTT-level and antenna separation were also done and the results can be found in the full measurement report.

2.4 Comparison of the measured and calculated WSD-powers 
The measured WSD-power levels can be compared to the theoretically calculated maximum allowed WSD-power levels. The calculation can be based on the methods presented in the ECC report 159 and some further contributions under discussion in the CEPT SE43 group. However, one should note that the calculated power levels and the measured one are not directly comparable as in the measurements the WSD-power was increased to the point after which errors start to appear and the calculated maximum WSD power is supposed to have certain margin before errors. Comparison will give some insight to the practical margins and also to the validity of the assumed reference geometry and how it can be applied. 

In calculating the maximum power for the indoor to indoor case there are, however, some problems. In the ECC report 159 table 1 there is no directly similar reception variant as was used in the field test. Therefore there is no straightforward way of selecting a suitable minimum median field strength value from the table and to calculate or simulate the corresponding Eimed with a given (say 0.1%) location probability reduction. One possible way of getting an appropriate value is to use the value of Ewmed 61 dBµV/m for outdoor portable reception as a basis. Obviously the reference field strength for indoor reception is higher, but this is typically given as the outdoor planning field strength value and when taking into account building penetration losses the resulting indoor field strength is close to the outdoor value. The corresponding Eimed is 12.7 dBµV/m, which will correspond to an isotropic interference power of -120 dBm. In general the reception link budgets are typically calculated as noise limited and another way of assessing the allowed interference level at the coverage edge is to use the required I/N directly. If the -20 dB value is used the isotropic WSD power would be around -125 dBm. Both values can be used for comparison. 

The WSD maximum powers can be calculated by adding to the isotropic power the influence of free space loss. No polarisation discrimination is assumed here. The result obtained is valid for the co-channel case and for the adjacent channels it is corrected by the protection ratios PR(0)-PR(N-X). The used protection ratios are the average values obtained in the field measurements.
Table 5 Comparing the measured and calculated WSD maximum powers
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Coverage edge

WSD ch Freq. Pi 1 Pi 2 FSL PR P WSD 1 P WSD 2 Measured Margin 1 Margin 2

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

N 610 -120.0 -125.0 -34.2 23.2 -85.8 -90.8 -59.0 26.9 31.9

N-1 602 -120.0 -125.0 -34.1 -29.8 -32.9 -37.9 -8.2 24.8 29.8

N-2 594 -120.0 -125.0 -33.9 -40.4 -22.4 -27.4 0.9 23.3 28.3

N-3 586 -120.0 -125.0 -33.8 -41.9 -21.1 -26.1 2.6 23.7 28.7

N-4 578 -120.0 -125.0 -33.7 -41.9 -21.1 -26.1 2.7 23.8 28.8


The calculated margins are shown in Table 5. The 5 dB difference between margin 1 and margin 2 is self-evident as the allowed isotropic powers were differing by 5 dB. What is interesting is that the margins seem to be rather consistent on channels N-1 to N-4 the co-channel differing more. Margin 2, which is based on the -20 dB I/N requirement seems to be closer to the 30 dB mark than 20 dB. Overall it seems that the calculated maximum powers would have a large margin when compared to the practical case in the field. Still it should be noted that the resulting WSD-powers, even without any margin, are only in the order of 0 dBm and thus the practical powers for operating a WSD in close proximity of DTT indoor receiver is difficult.
3. Conclusions and proposal
The measurement campaign studied the 2m reference geometry between WSD and DTT-receiver in indoor conditions. 
It was shown that the coupling between the antennas is varying quite a lot due to the complex radio propagation indoors. This is affected by the antenna radiation patters, reflections from objects nearby, possible obstacles between the antennas, people moving in the room etc. All the components are frequency dependent, which means that there are also great variations in the coupling between channels. All this means that a simple model based on the antenna gains and free space loss will only give an approximation of the situation. Nevertheless in most of the cases the measured coupling was smaller (loss higher) than FSL-based coupling although at some points also higher coupling values were seen. This indicates that the reference geometry is useful even if not accurate to the detail. 

With maximum WSD-power measurement it was possible to estimate how the theoretically calculated WSD maximum power values, based on the reference geometry, match with the field experience. The measured values are obviously varying like the coupling between the antennas, but it seems that there is a good margin between the calculated value and measured vale (note that they are not directly comparable values, there should be a margin). The calculation in this case is more like estimation as accurate interference field strength values were not available.

Based on the measured powers the protection ratios were calculated and found to be rather consistent over the various locations and also match quite well with the laboratory measurements when bearing in mind the more difficult channel condition of the field case.

Overall the 2m reference geometry indoors may well be used in calculating the maximum power in case the WSD and the receiver are in the same room close by each other and can be seen verified. It is true that there are large variations, and other geometries could be used but on the other hand it can be said that this as good as any other one. In most cases the path loss seems to be higher than given by the reference geometry, only in few points lower loss was observed. Brief testing with an active antenna was not showing any alarming effects. Even if the distances were short the DTT-receiver overload threshold was not reached the protection ratios limiting the WSD-power before.
However, it has been pointed out by some comments, that in the case where both devices, WSD and the DTT-receiver, are in the same room, they are probably controlled by the same person. Therefore in case of any interference there is at least a possibility to relocate one of the devices. With this logic it would actually be more relevant to study a case where the WSD is located in the neighbouring apartment or outside close to the place where the DTT indoor reception is happening. In this case the WSD is not under the control of same person. This case is not covered at the moment by any reference geometry. Therefore we propose that in case the indoor DTT-reception is considered, suitable reference geometry for these cases is developed and studied. We also propose that the measurement report is included in the working document as annex.
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