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WISE project have performed a measurement campaign for better understanding the impact of WSD onto wireless microphone usage in the UHF-TV band. It was also tested, which WSD RF level would be feasible to use on co-channel and adjacent TV channels of the wireless microphone working frequency.

Below you will find a copy of the Conclusions and proposals drawn from the measurement campaign with our comments in blue.

*******

Conclusions and proposal
A measurement campaign studied PMSE (radio microphone) protection in a realistic environment in two different theatres in Helsinki. 

The tested microphones were installed and used like the operational microphones in theatres, but with somewhat more demanding conditions for the receivers as the diversity antennas were attached directly to the receivers and the receivers were placed in slightly worse places. Also the microphones were at the maximum distance. 

The microphone receivers were interfered with a simulated WSD-signal until interference was observed. This was repeated in several locations with both co- and adjacent channels.
Key findings:
· It was found that there is a major effect on how the microphones are used. An attached belt pack microphone with the person moving around can be 30 dB worse than a microphone alone with no movement or obstacles.

SE43 members have extensively discussed the propagation models for wireless microphones and PMSE devices in the UHF-TV band. It is clear that a range of other RF effects such as body absorption, costume, movement, fading and reflections are influencing the RF link path dramatically. In addition, the impact of an audience on propagation (especially reflections) has not been considered.

· The microphones in these applications were operating even with worst case signal conditions between -58 to -68 dBm, which is roughly 20 dB above the measured sensitivity level of -85dBm@200kHz. 
a) 
The sensitivity level of the receiver type Sennheiser EK3732 is typically -103 dBm. It is currently unclear where the WISE sensitivity level is coming from.
b)
The measured RF signal does not cover a range of other RF effects, especially fading margin. Some of these effects cannot be described easily and were discussed in input paper 81 from WISE.
Note: A spectrum analyser in a typical setup does not show the fading margin.
· The observed WSD-power level to cause interference within the theatre hall among the audience was found to be between -15 to +5 dBm@8Mhz in the co-channel case. For the first adjacent channel this was found to be about +30 dBm@8MHz and for the next adjacent +40 dBm@8MHz or more. The co-channel can still cause interference within the theatre building (lobby etc.) with a few + dBm levels. 

Please be aware that the radio microphone system used does not represent the majority of PMSE equipment used in the field. The model used is a very high cost product (~ € 4000 model). 
Neither do the measurements consider the use of RF distribution amplifiers and active antennas used extensively in the larger systems. An average of 40 channels of radio microphones are used in London theatres and other large productions. The issues of larger systems are under consideration by the BBC group.


Furthermore other modulation schemes currently in use (e.g. digital) are not represented with these measurements. 
We recommend reviewing the input paper presented by BBC and PMSE industry members.

· Outside the theatre building, but not more than around 100 m away, the observed interference levels for the co-channel case were around +30 to +35 dBm@8MHz. For the adjacent channel the levels are at least +42 dBm@8MHz, probably more, as the power was limited by available test set-up. At a distance of 560 m it was not possible to cause interference anymore with the available WSD-power.

Input paper SE43(10)83 shows that the variations in the wall attenuation of a building (example theatre in Berlin) can easily range up to 20 dB. The conclusion can be drawn that the WISE measurement campaign is a useful example of a basic radio microphone setup, however it does not provide a definitive view of PMSE usage in Europe or the world.

· In the Arena theatre also the path losses between the WSD-transmitter and microphone receiver were measured and this enabled to calculate the true WSD interference power at the microphone receiver input. In the normal case this was found to be around -60 dBm@8Mhz corresponding -76 dBm@200kHz. When the microphone was moved to a location where the path loss between the microphone and the receiver was increased by 14 dB also the WSD interference power decreased by 14 dB giving a linear dependency between microphone signal level and allowed interference level. 

The geometry used in this measurement setup will not necessarily be repeated in other situations which will result in changes in the calculation results. 
At least in the geometries studied in these measurements, it was possible to identify the microphone signals with a spectrum analyser in all measurement spots. This is at least an indication that sensing might have been possible in this case although not a proof as the practical aspects of sensor implementation were not considered.

In recent years, the SE43 group had several discussions about the sensing approach and there are many reasons why sensing seemed to be not feasible at that time. However we are looking forward to further studies which would enable local sensing to be used.
We are proposing to add a chapter on the PMSE-protection in the working document and include, as one case study, the key findings of the measurement campaign in the chapter. It is also proposed that the full measurement report will be added as an annex to the working document. 
This can be only accepted, if it is stated very clearly that the measurement campaign does not represent PMSE usage in general, i.e. it is a snapshot of one theatre in Helsinki using a minimal number of radio microphones. To avoid any misunderstanding, the SE 43 report should not attach the WISE measurement report.
We suggest to use the measurement report as information only.
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