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1. Introduction

PMSE is an important topic in Finland currently as the devices have been operating in the 800 MHz band in past and now it has been decided that the band 792-862 MHz will be used for mobile application with LTE. Therefore all the PMSE-devices will have to be moved to the lower UHF-band covering 470-792 MHz. The basic idea in the campaign was to use a few devices operating in the new lower band around 600 MHz and install them in a real environment where the PMSE-equipment is usually deployed and then try to cause interference to them by a simulated WSD operating in the same or adjacent frequency. The WSD was then be moved to different locations inside and outside the test building and power level was be adjusted to cause interference. Some qualitative spectrum measurements were also performed at the WSD-locations to get an understanding how feasible sensing of the microphones would be. 
.

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.
2.1 Locations
Two theatres in Helsinki were used for the measurement campaign. The Helsinki City Theatre, located in Kallio, is the biggest theatre in Helsinki. The main building has been built in the 1960’s and is traditional concrete/steel construction. It has two stages, a big one with 947 seats and a smaller one with 400 seats.  The Arena Theatre is a smaller 515 seat theatre nearby the main theatre. Arena is located in a larger brick building, which has been built in 1923. Figures of the theatres can be found in the measurement report.
2.2 Microphones

Two sets of analogue microphones were used in the measurements, altogether four microphones and two receivers. The purpose was to use microphones in real conditions and therefore the receivers were placed a realistic places in the theatres. In the main stage the receiver was placed in the centre of a light balcony above the audience. In the Arena theatre the receivers were placed on the balcony as well and close to the existing antennas. In both classes the microphone to receiver link was somewhat more demanding than with the existing installations. The microphone receivers were using small whip antennas attached directly to the receivers.
During the measurements it was found out that there is a big difference in the results depending how the microphones are used. The worst, but also realistic, case being the belt pack microphone attached to a person and the person moving in the stage. Therefore to get most realistic scenarios the microphones were attached to people and they were moving in the stage simulating the actors, even sometimes going behind the sets used for the plays.
2.3. WSD signals and measurement principle

The WSD signal was simulated with a constant OFDM-signal from a Pro Television PT5780 DVB-T signal generator and boosted with a power amplifier. This set up was chosen because we were interested especially in the uplink part. Also the signal bandwidth was 7.6 MHz filling the whole channel and covering all the microphone signals at once. WSD-signal generation principle is shown in Figure 1
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Figure 1 Block diagram of the WSD-signal generation
The measurements were done so that the WSD-power was increased until interference was heard in any of the used microphones, then the power level was decreased until no interference was observed and the attenuator reading was taken. Typical measurement situation is shown in Figure 2, where people can be seen on the stage with the microphones and other people observing the microphone receivers.
[image: image3.jpg]



Figure 2 Typical measurement situation in the Arena theatre
Co-channel and adjacent channel cases were measured and location of the WSD interferer was varied both inside and outside of the theatres. 
2.4 Spectrum measurements

To get better understanding of the microphone signals in a big theatre a spectrum measurement was done with the existing 800 MHz microphones during a musical where a large number of actors were performing simultaneously. Altogether 38 microphone channels were in use.
As can be seen the signals are not uniformly spread, but are in groups and even within the group not uniformly spaced. This is due to the performance optimization by minimizing the IM-products and internal interference. Typically the microphone signals are between -50 and -60 dBm when the players were at stage well placed, but dropping when moving out from the stage. Approximately 80 MHz of spectrum is used although not continuously.
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Figure 3 Spectrum measurement during the performance. Span is from 780 -870 MHz
2.5 Summary of the results

The results of the measurement in the Arena theatre are summarized in Table 1.
Table 1 Summary of the results in the Arena theatre
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# Place Spot Mic Ch N MicsDVB-T ChCaseMic to RcvrWSD to RcvrWSD to MicAtt [dB]EIRP [dBm] Note Type Path lossWSD pwr at Mic rcvrpwr/200kHz

1 Arena 1 618 1 618 N 19 7 13 25 26 LOS no movement BP 54.4 -28.4 -44.4

2 Arena 1 618 1 618 N 19 7 13 39 12 Body loss BP 54.4 -42.4 -58.4

3 Arena 1 618 1 618 N 19 7 13 55 -4 Attached, moving BP 54.4 -58.4 -74.4

4 Arena 1 626 1 618 N-1 19 7 13 11 36.3 LOS, no errors BP 54.4 -18.1 -34.1

5 Arena 1 626 1 618 N-1 19 7 13 20 31 Attached, moving BP 54.4 -23.4 -39.4

6 Arena 1 626 1 610 N-2 19 7 13 12 35.3 Attached, moving BP 54.4 -19.1 -35.1

7 Arena 1 618 4 618 N 19 7 13 55 -4 Attached, moving BP 54.4 -58.4 -74.4

8 Arena 1 618 4 618 N 19 7 13 30 21 Proper hold Hand 54.4 -33.4 -49.4

9 Arena 1 618 4 618 N 19 7 13 50 1 Worst hold Hand 54.4 -53.4 -69.4

10 Arena 2 618 4 618 N 19 2.5 19 55 -4 Attached, moving All 55.6 -59.6 -75.6

11 Arena 3 618 4 618 N 19 8 26 46 5 Attached, moving All 60.6 -55.6 -71.6

12 Arena 4 618 4 618 N 19 15 34 40 11 Attached, moving All 72 -61 -77.0

13 Arena 5 618 4 618 N 19 8 26 54 -3 Attached, moving All 56.8 -59.8 -75.8

14 Arena 6 618 4 618 N 19 22 42 33 28 Attached, moving All 78.2 -50.2 -66.2

30 Arena 1 618 4 618 N 19 7 13 55 -4 Attached, moving BP 54.4 -58.4 -74.4

31 Arena 1 618 4 610 N-1 19 7 13 21 30 Attached, moving BP 54.4 -24.4 -40.4

32 Arena 1 618 4 626 N+1 19 7 13 22 29 Attached, moving BP 54.4 -25.4 -41.4

52 Arena 1 618 1 618 N Spot 4 7 22 69 -18 Attached, moving BP 54.4 -72.4 -88.4

53 Arena 1 618 1 610 N-1 Spot 4 7 22 21 30 Attached, moving BP 54.4 -24.4 -40.4

54 Arena 1 618 1 626 n+1 Spot 4 7 22 21 30 Attached, moving BP 54.4 -24.4 -40.4


Location of the measurement spots in the Arena theatre are shown in Figure 4.
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Figure 4 Side and plan views of the Arena theatre and measurement spots

A more detailed description of the measurements can be found in the attached measurement report (Appendix 1).

Summary of the results from the main theatre is shown in Table 2 and the location of the measurement spots is shown in Figure 5.

Table 2 Summary of the results in the main theatre
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# Place Spot Mic Ch N MicsDVB-T ChCaseMic to RcvrWSD to RcvrWSD to MicAtt [dB]EIRP [dBm] Note Type Path lossWSD pwr at Mic rcvrpwr/200kHz

15 Main Stage 1 618 4 618 N 40 row 10 46 5 Mics alone All

16 Main Stage 1 618 4 610 N-1 40 row 10 18 32.4 Mics alone All

17 Main Stage 1 618 4 626 N+1 40 row 10 17 33.4 Mics alone All

18 Main Stage 2 618 4 618 N 40 row 2 up 66 -15 Mics alone All

19 Main Stage 2 618 4 610 N-1 40 row 2 up 23 28 Mics alone All

20 Main Stage 2 618 4 626 N+1 40 row 2 up 21 30 Mics alone All

21 Main Stage 3 618 4 618 N 40 lower lobby 28 33 Mics alone All 97 -64 -80.0

22 Main Stage 3 618 4 610 N-1 40 lower lobby Mics alone All

23 Main Stage 3 618 4 626 N+1 40 lower lobby Mics alone All

24 Main Stage out 1 618 4 618 N 40 60 12 45.3 Mics alone All 110.8 -65.5 -81.5

25 Main Stage out 2 618 4 618 N 40 35 30 31 Mics alone All 86.5 -55.5 -71.5

26 Main Stage out 3 618 4 618 N 40 62 26 35 Mics alone All 97.5 -62.5 -78.5

27 Main Stage out 4 618 4 618 N 40 120 28 33 Mics alone All 90.5 -57.5 -73.5

28 Main Stage out 5 618 4 618 N 40 560 12 45.3 Mics alone All 100.8 -55.5 -71.5

29 Main Stage out 6 618 4 618 N 40 105 31 30 Mics alone All
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Figure 5 Measurement spots outside the main theatre
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Figure 6 WSD interference and microphone spectrum at the microphone receivers

In both locations path losses between the WSD and microphone receiver were measured. In the Arena theatre this was done directly and in the main theatre based on the WSD Tx EIRP values and the power levels measured using R&S FSH spectrum analyser and biconical antenna close by the microphone receivers. An example of such a measurement is shown in Figure 6. Results are shown the respective places in Table 1 and Table 2.

During the measurements the microphone signals were monitored using the WSD antenna and spectrum analyser to get an understanding how difficult it would be to sense the microphones. In all locations the microphones were clearly visible in the spectrum.

3. 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.
· 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. 
· 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. 

· 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.

· 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. 

· 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.

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. 
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