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Annex A1: Example spectrum sensor implementation and field test results
A1.1 Spectrum sensor implementation

A1.1.1 Spectrum sensor embedded to a mobile device

In order to conduct field tests using a device with realistic form factor a spectrum sensor was embedded into a Nokia N900 mobile computer with all functionalities. The choice caused some extra challenges since the N900 has not been designed for a mobile TV receiver. Spectrum sensor hardware has been designed on a separate printed circuit board (PCB) and it has been equipped with hardware which enables to receive desired frequency bands and realize all spectrum sensor functionality, see Figure 1. Figure 2 shows the two complete signal paths that have been implemented on the PCB from an antenna element to a FPGA. Two separate RF frontend chips were required: one for UHF frequencies and one for IEEE802.11a/b/g (2.4/5.8 GHz). The used RF receivers are commercial RFIC and they are controlled by the FPGA. The analogue baseband data is digitized for the FPGA using two dual 10 bit AD converters operating at maximum rate of 80 MHz, depending on the system under detection.  Feature detector algorithms for spectrum sensing have been implemented on the FPGA.
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Figure 1. The spectrum sensor detector board inside N900 mobile phone.
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Figure 2. Blocks on the detector board.

Communication between sensor board and the mobile device is done using a universal asynchronous receiver/transmitter (UART). The data rate between the sensor board and mobile device is 1 Mbit/s.

The spectrum sensor board is located inside the display slider case of the device. A custom plastic riser, see Figure 3 was required between the display and the bottom of the case to allow sufficient space for the board. Sensor board is located just behind of the display and on top of the slider mechanic. The slider mechanic is made of metal, as is the background of the display element. To ensure sufficient antenna efficiency both antennas had to be placed to the fin of the plastic riser that is outside the metal frame. It should however be noted that this is only due to the fact that the device has not been designed for spectrum sensor use. 

 Antenna design, especially at UHF band, is the utmost challenge in a spectrum sensor design. Best efficiency can be achieved with external antennas but for consumer devices embedded antennas have become de facto solutions. Relative bandwidths of the both antennas, UHF and WLAN, are reasonably high. Size and the location of the antennas inside the mobile device limit their efficiency and matching as well as the surrounding mechanics. Sizes of the antennas has been tried to keep as small as possible without losing performance too much. Antenna miniaturization in a mobile device scale is more problematic for an UHF antenna due to its longer electrical (and physical) length compared to a WLAN antenna.
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Figure 3. Spectrum sensor prototype implementation on N900 mobile phone.
A1.1.2 System requirements related to spectrum sensing

Two very different kinds of target systems were addressed: DVB-T as an example of rather static TV primary system and 802.11a/g as an example of system having very dynamic traffic characteristics. Goal was to implement sensing strategy to measure both temporal and spectral characteristics of target systems. Another aspect was to measure spatial channel utilization in the field. We ended up in this phase to traditional channel numbering instead of generalized notation for cognitive radios in order to simplify control.

TV primary sensing requirement by FCC is -114 dBm sensitivity level averaged over a 6 MHz channel. This corresponds to -112.7 dBm averaged over a 8 MHz DVB-T channel. In order to measure UHF channel utilization, selected strategy is to make single detection per channel at each studied location. This requires quite low false alarm rate e.g. 1% and high probability of detection e.g. 99%. Excluding antenna losses, the sensor prototype presented in this work could reach these requirements with a sensing time of approximately 115 ms. However, for the longest detection time, i.e. 460ms, the headroom for antenna losses is only about 5dB.

In order to understand practical limitations of the platform and analyze filed test properly the prototype and its core entities were characterized both separately and as a complete system.

A1.1.3 Antenna

Two antennas were implemented inside the presented mobile spectrum sensing device. For UHF frequencies a commercial antenna based on planar technology has been used. Dimensions of the antenna are 45 mm x 5 mm and it has been designed to work at frequency range from 470 to 750 MHz (DVB-H EU). Antenna for 802.11a/b/g has been realized as a wideband structure which covers frequency range from 2 to 6 GHz. It has been implemented directly to the same PCB than the spectrum sensor. It requires slightly more area than the UHF antenna (32 mm x 8 mm). 

Both antennas were measured with and without the device mechanics to understand differences compared to conventional stand-alone antenna testing, and to evaluate actual performance in the field. Measurement results for the UHF antenna are presented in Figure 4 (left) and wideband antenna in Figure 4 (right). Deterioration of the efficiency of the UHF antenna due to mechanics is significant (6-8 dB) at low frequencies. The wideband antenna behaves better and its efficiency deterioration due to mechanics is only 1-2 dB over the whole band. The efficiencies of the antennas are -18-(-7)/-3/-6-(-4) dBs at UHF/2.4/5 GHz bands, respectively, depending on the specific channel. The results clearly indicate the issue of antenna performance at UHF band in small devices.
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Figure 4.  Efficiency of the UHF antenna (left) and for comparison the WLAN-antenna (right).

A1.1.4 RF-parts

The used RF receivers are commercial RFIC and they are based on a direct-conversion architecture. Baseband filters are adjustable and they support several bandwidths used in different standards. Block diagrams of the receivers are presented in Figure 5. Typical noise figure (NF) of all receivers without front-end filter is around 4 dB depending on the band. Typical insertion-losses of front-end filter are 1.8 dB at UHF/2.4 GHz bands and 1.4 dB at 5 GHz band.  
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Figure 5. Block diagram of the UHF (a) and 802.11 a/b/g (b) receiver.

A1.1.5 Detector 

Detector core on the FPGA is developed from the FFT-based cyclostationary feature detector formerly presented by the authors in [1]. The structure of the detector is shown in Figure 6. The fixed-size-FFT implementation utilizes decimation after autocorrelation to control the detection time. Test for the presence of cyclostationary at given cyclic frequency (α) is performed from the FFT of the decimated autocorrelation signal.

[image: image7.wmf]
Figure 6. Structure of the implemented cyclostationary feature detector.

In this implementation, the range of selectable decimation ratios is extended up to M=2048 to support longer detection times. Similarly, the maximum autocorrelation delay (τmax) is increased to 8192. The modifications were required to enable detection of very long OFDM symbols used in DVB-T signals. The detector implementation utilizes 16k logic elements, 406k memory bits and 84 9-bit multiplier elements. The figures are 10.2%, 13.7% and 14.6% of all available resources on the FPGA, accordingly.

Detector sensitivity was measured for a WLAN signal at 2.4 GHz ISM band and for a DVB-T signal at the UHF band. Parameters related to modulation, signal bandwidth and transmit frequency of both systems are summarized in Table 1. During the measurements, the antennas were bypassed and the signal generator was connected directly to the RF receiver inputs, therefore the results exclude any antenna effects. The RF receivers operate at maximum gain. Detection times for WLAN and DVB-T were set to 0.8 ms and 460ms, accordingly. False alarm rate is 5%.

Table 1. Specifications of the primary signals used in detector performance measurements.

	
	WLAN
	DVB-T

	Modulation:
	OFDM
	OFDM

	 FFT-size (NFFT)
	64
	8192

	 Length of cyclic prefix (NCP)
	16
	1024

	 No. of non-zero subcarriers
	52
	6817

	 Subcarrier modulation
	16-QAM
	16-QAM

	Transmit frequency
	2437 MHz
	670 MHz

	Bandwidth
	20 MHz
	8 MHz


The measured sensitivities are presented in Figure 7 (left) for DVB-T and in Figure 7 (right) for WLAN signal. DVB-T detection reaches 95% probability of detection when the received power is about -117 dBm, while for the WLAN detection received power of -102 dBm is required. Both figures are below the thermal noise floor. Figure 7also show ideal simulation results for the same signals. The differences between simulated and measured probability of detections almost entirely match and are accounted by the non-zero noise figures of the RF receivers. The primary reason that DVB-T detection outperforms WLAN detection by such a large margin is the longer detection time that can be utilized in DVB-T detection. WLAN detection time is limited on the other hand by implementation, where larger FFT would be required to keep the cyclic frequency under the Nyquist frequency for larger decimation ratios, and on the other hand by duration of WLAN signal bursts which is already on the same scale with the detection time.
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Figure 7.  Measured DVB-T (left) and WLAN (right) probability of detection compared to simulated performance. Simulation utilizes ideal receiver (NF=0dB).

A1.1.6 Platform Performance

Overall performance for the spectrum sensor hardware has been determined in the laboratory measurements. A 5 dB NF for UHF receiver path was measured at 660 MHz and it is only 1 dB more than NF of the pure UHF receiver. For dual-band 802.11a/b/g receiver, 5 dB and 6.5 dB NF at 2.427 and 5.130 GHz were measured, respectively. IIP3 of –10 dBm, -1 dBm and -1 dBm were measured for UHF, 2.4 and 5 GHz bands, respectively. 

When combined with antenna results the overall sensitivity of the signal detection for DVB-T signals at UHF band will be from –100 to –108 dBm depending on the channel of interest. This is significantly higher than FCC requirements but shows feasible values for small devices if the integration time of the detection is kept reasonable. IIP3 of the UHF receiver with antenna corresponds 8 - (-3) dBm compared to 0 dB antenna in the field tests, At some channels platform noise caused by processors and other noisy components in the device will further deteriorate the performance. However, those could be mostly avoided with proper design when UHF band requirements will be taken into account initially in the design of the device and its mechanics. For WLAN OFDM signal detection, the sensitivities using parameters given earlier in this paper will be –101 and –98 dBm (2.4 /5 GHz)  including the antenna.

A1.2 Field measurements
Two sets of field tests were carried out in capital area in Finland. First measurement set was done mostly outdoors in urban Ruoholahti area in Helsinki. Two sensors were used, both using internal antennas. The measurement set consists of spectral samples from 37 different locations, shown in Figure 8. One spectral sample includes detection time, GPS location, band, channel, received signal strength in dBm and DVB-T detection statistics from UHF channels 34 to 60 (578 – 784 MHz). Detection time was set to 460 ms and detection statistics positive detection threshold to produce constant false alarm rate of 1%. Measured signal strengths are shown in Figure 9. Corresponding estimated probabilities of DVB-T detections on different channels are shown in Figure 10. There is DVB-H repeater in the area, detected on channel 35. Espoo TV transmitter station is transmitting on channels 32, 35, 44, 46, and 53.

Table 2. DVB-T transmitter parameters.

	DVB-T transmitters
	Espoo
	Tallinn

	Latitude:
	60.1778
	59.4713

	Lognitude:
	24.6403
	24.8875

	Mast heigth:
	313 m
	272 m

	Transmission power:
	47 dBm
	42 dBm

	Occupied channels
	32, 35, 44, 46, 53
	45, 59, 64


TV transmissions on measurement range are detected with high probability. Channel 59 is occupied by Tallinn TV transmitter on average 78 km away. Open source Splat! [2] radio propagation calculation tool, using Longley-Rice Irregular Terrain Model [3] and NASA SRTM-3 Version 2 Elevation Models [4], was used for field strength estimation. Used transmitter parameters are shown in Table 2. , receiver was assumed to be 3m above sea surface. Estimated field strength, shown in Figure 11. in Ruoholahti area is 20-60 dBµV/m. Field strength has large variation within 1 km radius in urban area. With measured prototype antenna efficiency of -7.5 dB, it corresponds -123 – (-83) dBm signal input power at the receiver. Taking measured detector sensitivity into account we end up 0.6 to 1 detection probability of Tallinn TV transmitter in Ruoholahti, Helsinki. Tallinn transmission on channel 45, adjacent to much stronger Espoo TV transmitter on channel 44 and 46, is masked and it cannot be detected. One must remember that transmissions from Tallinn are out of the reach for typical TV reception setups in Helsinki households.
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Figure 8. Measurements results on UHF channel 44 (658 MHz) in Ruoholahti, Helsinki.
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Figure 9. Received signal strength (RSSI[dBm]) upper limit for 10%, 50% and 95% of measured samples in Ruoholahti.
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Figure 10. Measured probability of DVB-T detection, n = 37 per UHF channel, average distance to Espoo transmitter 15 km and 78 km to Tallinn transmitter.
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Figure 11. Simulated field strengths on UHF channel 59 (778 MHz) from Tallinn TV tower, distance to Helsinki 77 km.
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Figure 12. Results on UHF channel 44 (658 MHz) in Espoo, average distance to Espoo TV tower is 8 km.
Second set was measured outdoors in suburban Espoo and target was to evaluate performance of the spectrum sensor in the vicinity of strong TV transmitter. Measurements were done using two sensors one with internal antenna and another with external reference dipole. Measurement locations and results for occupied channel 44 (658 MHz) are shown in Figure 12. Measured signal power on occupied channels was from -65 dBm up to -32 dBm, when using external reference dipole, as shown in Figure 13. The RSSI[dBm] limits tell how many percent of measurement samples have smaller RSSI value than presented. Basically this presents values of observed cumulative distribution function with 10%, 50% and 95% probabilities. TV signal strength is from 10 to 30 dB more than in the Helsinki measurement set. Main difference between results measured using internal and external antennas is that antenna efficiency of internal antenna is on average 7.5 dB lower than external reference dipole. Results using internal antenna are shown in Figure 14. Difference in antenna efficiency means additional noise figure of 7.5 dB, which decreases sensitivity and increases linearity of receiver. In addition there is also device induced noise in internal antenna measurements. 

Figure 15 shows the detection results over all channels with external and internal antennas. The antenna performance difference is very clear. Overall it can be seen that a high number of false detections happen due to the IM-products. There is also clear tradeoff between sensitivity and linearity. This is evident with the lower false alarm rate of the internal (lower gain, less signal power) antenna.
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Figure 13. Received signal strength (RSSI[dBm]) with external antenna, upper limit for 10%, 50% and 95% of measured samples in Espoo.
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Figure 14. Received signal strength (RSSI[dBm]) with internal antenna, upper limit for 10%, 50% and 95% of measured samples in Espoo.
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Figure 15. Measured probability of DVB detection, number of detections is 26 per channel, average distance to Espoo transmitter 9km and 78 km to Tallinn transmitter.

Annex A2: Trade-off between ‘false-vacancy-detection’ and ‘false-occupancy-detection’ as a function of increasing detection thresholds
A2.1 General

The purpose of WSD sensing and of the geo-location Data Base (DB) is to ensure that incumbent services, including DTT transmissions, are not interfered with by WSD usage. To this end it may be necessary to be somewhat ‘overprotective’ because of the inherent limitations of the WSD sensor and of the DB information and calculation abilities.

DB determinations of the presence or absence of DTT signals in a given area can be based on ‘internal’ calculations or on additional ‘real time’ information obtained from external sources, for example based on the ‘actual’ (measured) field strength values prevailing within the given area.

If complete ‘real time’ knowledge of precise ‘actual’ DTT field strength values were available everywhere, then DB calculations for the wanted DTT field strength values would not be necessary. Neither would WSDs need to be equipped with a sensing capability.

However, a complete knowledge of the actual DTT coverage situation will probably not be available, so that reliance on DB calculations as well as on WSD sensory capabilities must be taken on board to ensure sufficient protection for DTT reception.

Because both DB facilities and WSD sensing are ‘imperfect’, there is the possibility, using either (or both) technique(s), of arriving at

i. a ‘false-vacancy-detection’, i.e. the indication that the DTT channel is not being used when in fact it is occupied, or

ii. a ‘false-occupancy-detection’, i.e. the indication that the DTT channel is occupied when in fact it is not being used.

We are more concerned with preventing ‘false-vacancy-detections’ than with preventing ‘false-occupancy-detections’ because the purpose of DB and WSD sensors is to avoid interference to DTT reception, and ‘false-vacancy-detections’ will lead to DTT interference, whereas ‘false-occupancy-detections’ will not lead to DTT interference. Of course, ‘false-occupancy-detections’ should be avoided to the extent possible, but not at the cost of increasing the likelihood of ‘false-vacancy-detections’.
A2.2 WSD sensing

WSD sensing is oriented towards the ‘actual’ values of the ambient field strength. That is, a DTT field strength is measured/detected (or not) but not calculated. The field strength value which the WSD measures/detects is that which is present at the WSD site, and it is usually not that which is actually present at nearby DTT reception sites. For example, a WSD may measure/detect a DTT field at street level (say 1.5 m) where the field may be very weak, whereas the DTT field of interest is much stronger, being received at rooftop height (say 10 m) 20 or 30 m away. Because of this ‘disconnect’, the WSD field strength sensor must be very sensitive, that is it must be able to detect field strengths at levels much lower than would be usable by a DTT receiver. Also, because of this disconnect, the WSD sensing is not really reliable with respect to predicting what the actual DTT signal strength is that may be receivable nearby. In other words, a WSD might not detect an ambient DTT signal, indicating (incorrectly) that either there is no DTT signal present or else that the field at the nearby DTT reception site would be too low for satisfactory reception. The WSD would register a ‘false-vacancy-detection’, although the DB with complete knowledge would register a ‘true positive’. To reduce this possibility of ‘false-vacancy-detections’ the WSD sensing threshold level must be very low. Of course, the lowering of the sensing threshold may increase the likelihood of ‘false-occupancy-detections’.
A2.3 DB calculations

DB calculations/determinations of the presence (or not) of a wanted DTT signal have yet to be defined. Such calculations/determinations could consist of some of the following ingredients.

Input:

- DTT transmitter characteristics (site, transmit antenna site and antenna pattern, ERP, ...);

- DTT Rx characteristics (site/area, Ewmed_ref, ...).

DTT coverage contours can be calculated using this information, or else;

DTT coverage contours can be specified/defined by external sources.

In addition, the WSD location would need to be known.

One potential drawback of calculating or defining the DTT coverage contour is that often it is possible to have a satisfactory DTT reception ‘beyond’ the calculated coverage contour. In other words, the ‘true’ coverage ‘edge’ may be ‘outside’ the calculated/defined coverage contour. Either this is taken into account when the ‘reference’ coverage contour is calculated/defined or else areas of actual DTT reception may be ‘overlooked’ by the DB; this type of occurrence would constitute a possibility of concluding a ‘false-vacancy-detection’ for the presence of a DTT signal being reported by the DB. Of course, the opposite effect may also arise sometimes, where a ‘false-occupancy-detection’ would be indicated.
A2.4 DB errors

DB calculated field strength values may sometimes be erroneous (See doc. SE43(11)11). For example, calculated wanted field strength values may be ‘too low’ (e.g. near the DTT coverage edge) compared to the actual values which, though low, may still be sufficiently high to be receivable, and thus the DB would register a ‘false-vacancy-detection’.

It may also happen that the DB calculated field strength values are ‘too high’ compared to the actual values which may not be high enough to provide satisfactory reception quality, and thus the DB would register a ‘false-occupancy-detection’.

Both these cases (‘false-vacancy-detection’ and ‘false-occupancy-detection’) would be most likely to occur where the DTT reception is near the coverage ‘edge’, i.e. where the wanted DTT signal strength is ‘marginal’. For example, in an area where the wanted field strength (measured or calculated) is very high, an error in the calculations of some dB, either way, will not change the conclusion that a DTT signal is present, i.e. it will usually not lead to a ‘false-vacancy-detection’ decision.
A2.5 WSD errors

On the other hand, even when the DB calculates the wanted field strength values incorrectly, and indicates a ‘false-vacancy-detection’, the WSD might detect an ‘actual’ field strength level at or above the threshold which, taking into account the difference in respective receiving heights (WSD at 1.5 m vs. DTT at 10 m) and other possible positional and topological/structural effects, would indicate that a receivable DTT signal could be available nearby. 

To ensure that the WSD sensor is sufficiently reliable, a 99.99% reliability factor is built into the sensor in terms of a low sensitivity threshold.

The 99.99% reliability factor ensures that even those channels providing nearby DTT receivers with a ‘weak’ field strength, around Emin (i.e. near the coverage ‘edge’), are marked as being ‘occupied’ with a very high probability. Because of the low value of the threshold, areas which are well within the DTT coverage area will be less prone to false WSD evaluations (‘false-occupancy-detection’ and ‘false-vacancy-detection’). That is, once again, the possibility of a WSD providing a ‘false-vacancy-detection’ or a ‘false-occupancy-detection’ evaluation would most likely occur where the DTT reception is near the coverage ‘edge’.
A2.6 WSD detection errors when DTT signal is present

WSD sensitivity threshold TH0.

Assuming that a DTT signal is present at various levels of field strength, Figure 1a indicates the number of detections that are made by a sensor having a threshold level TH0. Below TH0, signals may be present, but they are not detected because the threshold TH0 is not low enough: i.e. there may be some ‘false-vacancy-detections’.

The events between TH0 and TH1 will not be detected if the threshold is raised from TH0 to TH1. Those events will not be detected, i.e. they constitute ‘false-vacancy-detections’

The events between TH1 and TH2 as well as those between TH0 and TH1 will not be detected if the threshold is raised from TH1 to TH2. That is, additional ‘false-vacancy-detections’ will be registered.

Figure 1b shows how the probability of ‘false-vacancy-detections’ will increase as the threshold is increased


[image: image17]
Conversely, the probability of ‘false-occupancy-detections’ would decrease with increasing WSD sensing threshold (e.g. if the threshold were very, very high, there would be no ‘positives’ at all, ‘true’ or ‘false’).

A2.7 DTT signal is not present

If no DTT signal is present (or it is too weak to be usable), there is nevertheless a probability that a signal is erroneously indicated by the WSD as being present – a ‘false-occupancy-detection’: green curve in Figure 2. The lower the WSD threshold level, the more probable that a ‘false-occupancy-detection’ will be indicated (the green curve increases with lowering sensing threshold). If the WSD threshold level is high the probability of ‘false-occupancy-detections’ becomes smaller: In Figure 2, TH2 > TH1, and P2 < P1.

But as seen from Figure 1b, the ‘false-vacancy-detections’ will increase with increasing WSD threshold level, and it is most important that the ‘false-vacancy-detections be kept to a minimum, in order to keep interference to DTT reception to a minimum.


[image: image18]
A2.8 Demonstration with a practical case

We will base our discussion in part on the Figure 7 of Annex A1, in particular on the ‘measured’ and ‘simulated’ results (see a copy of “Figure 7” below). 

[image: image19.wmf]
“Figure 7.  Measured DVB-T probability of detection compared to simulated performance. Simulation utilizes ideal receiver (NF=0dB).”

For the sensor being simulated/measured, it is apparent that the probability of detecting an ambient signal increases as the ambient signal becomes stronger. This implies, of course, that there is a probability of not detecting a signal which is present at a frequency in the measurement range. For the sake of simplicity, we propose the corresponding linear models in Figure 1 to approximate “Figure 7”. The two approximations are parallel with a 6 dB shift. The corresponding equations for the probability of (correct) detection (“PROB”) are given as Eqn. 1S (‘simulated’) and Eqn. 1M (‘measured’).


[image: image20]
Figure 1: Linear approximation to “Figure 7”

A2.9 False-vacancy-detections
Those equations can be modified to equations for the probability, Pfn = 1 – PROB, of incorrect ‘non-detection’, i.e. a false-vacancy-detection. These are depicted in Figure 2, with the corresponding equations Eqn. 2S and Eqn. 2M. (We use the notation “Pfn” for the probability of a ‘false-vacancy-detection’, and “Pfp” for the probability of a ‘false-occupancy-detection’.)


[image: image21]
Figure 2: Linear approximation to Probability of False-vacancy-detections

We calculate the probability of false-vacancy-detections as the sensitivity level is raised from -140 dBm up to -115 dBm for both the ‘simulated’ and the ‘measured’ cases.

Simulated case:

If we have a wanted signal receive power somewhere in the interval [-140 dBm, -115 dBm] we can calculate the average probability of error (false-vacancy-detection) by integrating Pfn over [-140, ‑115]. We find the average probability of error <Pfn> = 45.6%. In other words, if the signal power lies somewhere in the interval [‑140 dBm, -115 dBm], there is a 45.6% probability that a false-vacancy-detection is registered.

We now raise the sensitivity threshold level from -140 dBm to L (≤ -115 dBm). This means that the ‘curve’ in Figure 1 gets ‘cut-off’ at L; in other words, for received power levels below L, the probability of detection becomes 0, and Pfn becomes 100% in Figure 2.

Then the equation for the probability, Pfn, of a false-vacancy-detection for a signal with a receive power occurring in the interval [-140 dBm, -115 dBm] can be written as Eqn. 3S as a function of L (note: there is a ‘jump’ in Pfn at L).
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(3S)
Integrating Eqn. 3S over the interval [-140, ‑115], we find the average
 probability of error, <Pfn>: 


<Pfn> = (.05 L + 18.4)/25



for -140 ≤ L ≤ -133 dBm
(4S1)


<Pfn> = (.0475 L2 + 12.685 L + 858.6275)/25
for -133 ≤ L ≤ -123 dBm
(4S2)


<Pfn> = (L + 140)/25



for -123 ≤ L ≤ -115 dBm
(4S3)

This is the average probability of error (i.e. of false-vacancy-detections) for a signal with power somewhere in the interval [‑140 dBm, ‑115 dBm], if the sensing threshold is raised to L. This relationship is plotted in Figure 3 (‘false-vacancy-detection (simulated)’).

Measured case:

If we have a wanted signal receive power somewhere in the interval [-140 dBm, -115 dBm] we can calculate the average probability of error (false-vacancy-detection) by integrating Pfn over [-140, ‑115]. We find the average probability of error <Pfn> = 68.4%. In other words, if the signal power lies somewhere in the interval [‑140 dBm, -115dBm], there is a 68.4% probability that a false-vacancy-detection is registered.

We now raise the sensitivity threshold level from -140 dBm to L (< -115 dBm). This means that the ‘curve’ in Figure 1 gets ‘cut-off’ at L; in other words, for received power levels below L, the probability of detection becomes 0, and Pfn becomes 100%.

Then the equation for the probability, Pfn, of a false-vacancy-detection for a signal with a receive power occurring in the interval [-140 dBm, -115 dBm] can be written as Eqn. 3M (note: there is a ‘jump’ in Pfn at L).
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(3M)
Integrating Eqn. 3M over the interval [-140, ‑115], we find the average probability of error, <Pfn>: 


<Pfn> = (.05 L + 24.1)/25



for -140 ≤ L ≤ -133 dBm
(4M1)


<Pfn> = (.0475 L2 + 12.115 L + 790.2275)/25
for -133 ≤ L ≤ -123 dBm
(4M2)


<Pfn> = (L + 140)/25




for -123 ≤ L ≤ -115 dBm
(4M3)

This is the average probability of error (i.e. of false-vacancy-detections) for a signal with power somewhere in the interval [‑140 dBm, ‑115 dBm], if the sensing threshold is raised to L. This relationship is plotted in Figure 3 (‘false-vacancy-detection (measured)’).
A2.10 False-occupancy-detections
Unfortunately, no information is given about the sensor’s reliability in terms of not ‘detecting’ a signal which is not present (i.e. an estimate of Pfp, the probability of indicating a false-occupancy-detection). To cover this deficiency, we will have to make some assumptions which may or may not be correct. We make assumptions which appear to be plausible.

We assume that the WSD sensor operating in its most sensitive mode will have a probability Pfp to falsely ‘detect’ a signal which is not present (i.e. a false-occupancy-detection). The probability Pfp cannot be too large, because otherwise the sensor would be ‘useless’. 

We wish to give an approximate value to the Pfp which is ‘plausible’. We give the following plausibility argument (“L” represents the sensitivity threshold level, which will be varied between ‑140 dBm and -115 dBm):

> If Pfp is the probability of registering the presence of a signal, when no signal is present, then the probability of registering the presence of a signal must increase when a signal is present, Prp, must increase. (“Prp” is the probability of detecting a signal.)

> Thus Prp > Pfp.

> The probability Prp is about 5% for a receive power down to about -133 dBm for simulated signals and about -127 dBm for measured signals(see “Figure 7”).

> Thus, Pfp < 5%. To be the ‘most pessimistic’, we assume Pfp = 5% down to -133 dBm, -127 dBm, respectively for simulated and measured signals.

> It has been claimed that the probability for a false-occupancy-detection decreases when the sensor sensitivity threshold level is relaxed.

> We assume that the probability of a false-occupancy-detection decreases from 5% to 0% as the sensitivity threshold level is raised by 10 dB from L = -133 dBm (-127 dBm) to L = -123 dbBm (-117 dBm) for the simulated (measured) signal case.

> With this same 10 dB increase of the sensitivity threshold level, the probability for detection of a signal increases from 5% (at -133 dBm, -127 dBm, respectively) to 100% (at -123 dBm, ‑117 dBm, respectively) (see “Figure 7”).

So, on the basis of “Figure 7” above, we assume that Pfp = 5% when the sensor is working at its most sensitive level (-140 dBm) up to -133 dBm for simulated signals (-127 dBm for measured signals) and that Pfp = 0% when the sensing threshold level is relaxed to -123 dBm for simulated signals (L = -117 dBm for measured signals). We write simple equations (Eqn. 4S and 4M) for this relationship:
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This relationship for Pfp is compared graphically with the relationship for <Pfn> in Figure 3.
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Figure 3: Average probability for false-vacancy-detections (for signals with receive power in the interval [‑140 dBm, ‑115 dBm]) compared with the probability for false-occupancy-detections as a function of the WSD sensitivity threshold level L
It is seen that the probability of false-occupancy-detections decreases much less that the average probability of false-vacancy-detections increases.
Thus, we might expect that the probability of false-occupancy-detections will be reduced from 5% to 0% if the sensitivity threshold level is increased, but, at the same time, the average probability of a false-vacancy-detection for signals in the -140 dBm to -115 dBm range raises from 45.6% to 100% in the simulated case and from 68.4% to 100% in the measured case.

A2.11 Conclusions

DB calculations/determinations of ambient DTT signals may produce ‘false’ decisions, either ‘false-occupancy-detections’ or ‘false-vacancy-detections’. ‘False-vacancy-detections’ are more serious than ‘false-occupancy-detections’ because they can lead to interference to DTT reception.

WSD sensors may also produce ‘false’ decisions.

Both DB and WSD decisions will have more likelihood of error in areas where the DTT field strength is low, and DTT reception is most likely to be degraded. Thus it is necessary to use both DB and WSD capabilities to their fullest extent.

Increasing the WSD sensing threshold can lead to an increased number of ‘false-vacancy-detections’, which would lead to an increased number of interference situations for DTT reception. Conversely, the probability of ‘false-occupancy-detections’ would decrease with increasing WSD sensing threshold. 
Using the practical implementation described in Annex 1, the increase in the average probability for false-vacancy-detections for receive signals in the lower power region (in our example, in the interval [-140 dBm, -115 dBm]) is greater than the decrease in probability for false-occupancy-detections.
It is most important that the ‘false-vacancy-detections be kept to a minimum, in order to keep interference to DTT reception to a minimum. Therefore the WSD sensor threshold level should be kept as minimum as possible. 

Portable outdoor WSD sensing levels should be very stringent. Because their location is ‘variable’ they must be able to detect ambient DTT signals under the most severe receiving conditions. 

ANNEX A3 Power allocation’ vs ‘interference allocation’
A3.1 Introduction
A new approach by using an area-based power allocation method instead of pixel-by-pixel calculations based is being considered. It is proposed that inside the area, the power is defined by the EIRP density. This method allows the flexibility offered by the geolocation approach to allocate power levels to multiple WSD deployed in a service area based on information on both location and deployment density. 
The concept behind is based on the following criteria:
“Since the aggregate interference is a function of the power density emitted from the area, the same interference distribution could be obtained with a different number of active WSD. The interference mean and variance can be met by a few high power WSD or by many low power WSD.”

Additionally, it is proposed that power allocation is defined in steps:
“The area-based power allocation has the following steps

1. The database identifies what power density, Pd, provides interference with given mean and variance. 

2. The power to each particular WSD is allocated based on the number of active WSD in the area, N. 

3. We compute the footprint of one transmitter as the service area A divided by the average number of WSD N, 
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4. The power to one WSD is PSU = PdAf.”

We wish to determine the interference impact of reducing the number of WSDs in a given area, at the same time keeping the power density the same within that area.

A3.2 THE MODEL

In Figure A.1 we have a WSD network consisting of 19 cells (small hexagons), each with a base station at the centre having an EIRP of 35 dBm, and a 30 m transmit antenna height. The receive antenna height is assumed to be 1.5 m.
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We will replace that 19-station small-cell network with 1 large-cell base station, covering the same total area having an EIRP of 35 dBm + 10 log 19 = 47.8 dBm, at the centre, with a transmit antenna height that will allow the same coverage. Because the total areas are the same, and the total EIRPs are the same, the power density is also the same.

According to the work in JTG 5-6 a 35 m base station with 30 m transmit antenna height will have a radius
 measuring r = 0.35 km. The radius of the cell that will encompass the 19 base station cells (and have the same area) will have a radius of R = (19 r ( 1.5 km; see the large red hexagon in Figure A.1.

Using the SEAMCAT
 Hata propagation loss model, we determine that

·  the loss at 0.35 km with a 30 m antenna is 105.9 dB, resulting in a receive power of 35 ‑ 105.9 = -70.9 dBm.

· The loss at 1.5 km with a 130 m antenna is 118.7 dB, resulting in a receive power of 47.8 ‑ 118.7 = ‑ 70.9 dBm.

Thus, with these characteristics, the large-cell and small-cell networks have equal power density, and equal receive power at the cell edges.

A3.3 THE INTERFERENCE POTENTIAL

We calculate the interference, resulting from the small-cell network, at the edge of a distant DTTB coverage area. The median field strength at the edge is taken to be Emed = 56.21 dBµV/m. It is assumed that the co-channel protection ratio is PR = 21 dB and that there is a front-to-back DTTB receive antenna discrimination, DIR = 16 dB.

A3.3.1 WSD Interference: NUISTOT limited

Then, using the notation of equation B.1 of Appendix 1, the nuisance field from each WSDi in the small-cell network is:
NUISi = FSi (di, 30 m, 10 m, 35 dBm) + PR – DIR = FSi (di, 30 m, 10 m, 35 dBm) + 5.

We also know that (assuming that the network under consideration is using the complete NUISTOT) 

∑(i NUISi ≤ NUISTOT.

As a first approximation we assume that the NUISi are all equal. (In fact there will only be very small differences between them, as will be seen later.) This means that (for simplicity, we round NUISTOT to 24.5 dBµV/m)
:

NUISi = NUISTOT – 10 log 19 = NUISTOT – 12.8 = 24.5 dBµV/m – 12.8 dB = 11.7 dBµV/m.

From this

FSi (di, 30 m, 10 m, 35 dBm) = NUISi – 5 = 6.7 dBµV/m
  (A.1)

is the limiting median field strength for an individual WSD in the small-cell network.

Using the ITU-R Rec. 1546 propagation prediction for the interference calculations to the DTTB edge we find

	Distance (km)
	Small cell network
	Large cell ‘network’

	
	1 small WSD
	19 small WSDs
	1 large WSD

	44.65
	7.3 dBµV/m
	20.1 dBµV/m
	-

	46.15
	6.7 dBµV/m
	19.5 dBµV/m
	30.6 dBµV/m

	47.65
	6.2 dBµV/m
	19.0 dBµV/m
	-

	TABLE 1: individual and aggregate field strength (power summed for 19 WSDs)


We see that the limiting median field strength, 6.7 dBµV/m (marked yellow), is reached at 46.15 km from the small-cell WSD.

We indicate also the field strength values at 46.15 ( 1.5 km, to correspond to the maximum and minimum distance to the DTTB edge from any point within the small-cell/large-cell network area. We see that the variation of the field strength around the limit is only about ( 0.6 dB.

The column “19 small WSDs” indicates the aggregate median field strength when the contributions from 19 WSDs are considered. Again, the variation about the limit aggregate median value is only about ( 0.6 dB.

Then the total nuisance field, NUISTOT, produced at the DTTB coverage edge is:

· small-cell network: 19.5 + 21 – 16 = 24.5 dBµV/m, the limiting value of NUISTOT,

· large-cell ‘network’: 30.6 + 21 -16 = 35.6 dBµV/m, 11.1 dB above NUISTOT.
A3.3.2 WSD Interference: NUISTOT – 10 dB limited

We consider the same case as in section A.2.1 with the difference that only a portion of the NUISTOT is allocated to the WSD network cell area. In particular we take NUISTOT – 10 dB as the ‘portion’ allocated to that network. And again, for simplicity (and knowing that the error will be about ( 0.6 dB, or less), we assume all the small-cell WSDs have the same EIRP. Then NUISi´ = NUISi – 10 dB
. 

Then Eqn. A.1 becomes


FSi (di, 30 m, 10 m, 35 dBm) = NUISi´– 5 = NUISi – 10 – 5 =  6.7 – 10 = -3.3 dBµV/m.   (A.1´)

That is, -3.3 dBµV/m is the limiting median field strength for an individual WSD in the small-cell network.

We repeat the calculations in section A.2.1 with this reduced median field strength.

Using the ITU-R Rec. 1546 propagation prediction for the interference calculations to the DTTB edge we find
	Distance (km)
	Small cell network
	Large cell ‘network’

	
	1 small WSD
	19 small WSDs
	1 large WSD

	83.35
	-3.0 dBµV/m
	9.8 dBµV/m
	-

	84.85
	-3.3 dBµV/m
	9.5 dBµV/m
	17.8 dBµV/m

	86.35
	-3.5 dBµV/m
	9.3 dBµV/m
	-

	TABLE 2: individual and aggregate field strength (power summed for 19 WSDs)


We see that the limiting median field strength, -3.3 dBµV/m (marked yellow), is reached at 84.85 km from the small-cell WSD.

We indicate also the field strength values at 84.85 ( 1.5 km, to correspond to the maximum and minimum distance to the DTTB edge from any point within the small-cell/large-cell network area. We see that the variation of the field strength around the limit is only about ( 0.3 dB, smaller than in section A.2.1.

The column “19 small WSDs” indicates the aggregate median field strength when the contributions from 19 WSDs are considered. Again, the variation about the minimum aggregate median value is only about ( 0.3 dB.

Then the total nuisance field, NUISTOT, produced at the DTTB coverage edge is:

· small-cell network: 9.5 + 21 – 16 = 14.5 dBµV/m, the limiting value of NUISTOT,

· large-cell ‘network’: 17.8 + 21 – 16 = 22.8 dBµV/m, 8.3 dB above NUISTOT.

A3.4 
Power density versus adjacent channel protection

As shown in the methodology of calculation of location-specific WSD in-block and out-of-block levels in Rep159 (section 4.3.2.3.1 of the Report), these levels should take into account the protection of the adjacent channels DTTB reception in the same pixel and the nearby pixels (The reference geometrical configuration for such protection consists in a WSD transmitting antenna and DTTB receiving antenna separated by 20 m).

As the local reception conditions of the DTTB service can vary considerably through the intended coverage area of the WSD network, there will be a specific power limitation on each of the WSD transmitters of the network. This location specific power limitation voids the concept of flexible distribution of power over an area as proposed by the power density allocation.

It is very unlikely to find an area where there are no adjacent channel restrictions and only co-channel is relevant.

A3.5
 Conclusion

It is seen that the power density alone is not sufficient as a protection criterion. The necessary protection criteria also involve the WSD transmit antenna heights, distance to victim site, portion of NUISTOT allocated, etc.

It is also not possible to apply the concept of power density when location specific protection of adjacent channels (non co-channel in general) is required.

APPENDIX 1 to Annex A3
A3AP1.1 INITIAL CONSIDERATIONS

We consider situations with 1, 10, 100, and 1000 WSDs. These situations will be divided into 2 sub-cases, one where all the powers are equal, and the other where the powers are not equal and are chosen randomly or non-randomly

The parameters are the following:

· Fw = 56.21 dBµV/m

· (w = (i = 5.5 dB

· NUISTOT is the total median nuisance field (power sum of the individual median nuisance fields)

· Number of WSDs for cases 1 to 4: N1 = 1, N2 = 10, N3 = 100, N4 = 1000.

· Equal individual median nuisance field for each WSDs for cases i = 1, 2, 3, 4: NUISi = NUISTOT – 10 log Ni.

In Figure B.1 the degradation in location probability, (LP, is plotted as a function aggregate median nuisance field, NUISTOT. NUISTOT ranges from 25 dBµV/m to 75 dBµV/m. The first simulations involved 100 000 trials (in steps of 1 dBµV/m).

It is seen that:
· the curves are ‘higher’ as the number of WSDs increases,

· the curves converge for sets of WSDs containing more than about 100 WSDs

· all the curves converge for total nuisance fields less than about 35 dBµV/m, i.e. for (LP values less than about 1% or 2%.

Because the protection criterion for protecting DTTB reception is (LP ≤ 0.1%, this convergence indicates that a simplification in WSD EIRP/nuisance field management might be possible.
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A3AP1.2 FURTHER CONSIDERATIONS

Since the curves seem to converge into a single curve at small values of (LP, this situation is considered more closely.  The case of 100 WSDs and at a narrower aggregate nuisance field region is considered: 15 dBµV/m to 35 dBµV/m. This is the region encompassing (LP = 0.1%. A situation with 100 WSDs and 5 variations is considered: 

· V1 (‘equal’) consists of all WSDs having the same individual median nuisance field, NUISi (whose power sum is NUISTOT)

· V2 (‘random’) consists a uniform random distribution of individual median nuisance fields (whose power sum is NUISTOT),

· V3 (‘slant’) consists a ‘stepped’ (i.e. evenly spaced in the linear domain) distribution of individual median nuisance fields (whose power sum is NUISTOT); 

· V4 (‘10 equal’) consists of 10 WSDs with equal median nuisance fields (whose power sum is NUISTOT), and 90 WSDs with no nuisance field (i.e. 0 mV/m in the linear domain)

· V5 (‘1 equal’) consists of 1 WSD with median nuisance field = NUISTOT, and 99 WSDs with no nuisance field (i.e. 0 mV/m in the linear domain).

In Figure B.2 the degradation in location probability, (LP, is plotted as a function of NUIStot. NUIStot ranges from 15 dBµV/m to 35 dBµV/m, for each of the 5 variations. The simulations again involved 100 000 trials (in steps of 0.5 dBµV/m).
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Again it is seen that the curves are nearly identical in this region. It is felt that the small variations in the curves are due to the fineness of the statistical distribution in this very low (LP region.

Notice that, for any given NUISTOT, the (LP is the ‘same’ for whatever combination of 100 WSD nuisance fields which add up to NUISTOT.

A still closer view around (LP = 0.1% is given in Figure B.3. To obtain more precision, 30 000 000 trials were used at 0.01 dB spacing.

It is seen that for (LP = 0.1%, NUISTOT = 24.545 dBµV/m ( 0.015 dB for all the curves.

Other things to note at the low end of NUISTOT are the following:

· (LP is higher for a smaller number of equal WSD contributors to the interference (see the dotted and dashed lines in Figure B.3 for ‘1 equal’, ’10 equal’, and ‘100 equal’ WSDs); this is in contrast to Figure B.1 where the ‘order’ is reversed,

· in the case of 100 WSDs, it is seen that a ‘slant distribution’ (solid red line) and a ‘random distribution’ (solid yellow line) of 100 individual interference contributions gives higher values of  (LP than 100 equal contributions (lowest dotted line), seeming to be close to the distribution for 10 WSDs (middle dot-and-dashed line) having equal interference contributions.

· for the case of 1 WSD interferer only, NUISTOT ( 24.53 dBµV/m, for 100 equal WSD interferers, NUISTOT ( 24.56 dBµV/m; the difference between these two values is 0.03 dB. NUISTOT = 24.53 dBµV/m is proposed as the single limit value which will protect against all WSD situations.

Thus, a single value of NUISTOT emerges to protect DTTB from all WSD configurations. This includes the possibility to take into account distant adjacent channel interference.
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A3AP1.3 CONCLUSIONS

It is proposed that a total aggregate nuisance field limit NUISTOT = 24.53 dBµV/m be used as the limiting value when considering all contributing sources of WSD interference.

For any given WSD and any given DTTB reception site (usually located at the DTTB coverage edge) the individual nuisance field, NUISi, is calculated as

NUISi = FSi (d, Hti, 10 m, EIRPi) + PR – POL – DIR 
(B.1)

where FSi (d,Hti,10m,EIRPi) is

· the field strength at the distance d (between the WSD and the DTTB receive site), at the DTTB receive height 10 m, resulting from a WSD with EIRPi, and antenna height Hti,

· and PR is the protection ratio, POL is the polarisation discrimination (if any) and DIR is the DTTB receive antenna discrimination
.

The aggregate median nuisance field NUISTOT is the power sum of all contributing individual median nuisance fields.

ANNEX A4 Interference scenarios
When extending the basic methodology of the ECC report 159 to calculate the WSD maximum power levels the following scenarios could be considered:

A4.1 Portable outdoor WSD transmission

A4.1.1 Mobile WSD transmission and fixed roof-top DTT reception

The model we use is shown in Figure 1. A mobile WSD at 1.5 m above ground level (agl) radiates into a rooftop DTT antenna. Taking account of the vertical DTT receive antenna pattern, the maximum loss and receive antenna discrimination from the WSD to the DTT antenna is 56.15 + 0.45 dB = 56.6 dB.
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Figure 1: Reference geometry for mobile WSD at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.

A4.1.2 Mobile WSD transmission at 10 m agl and fixed roof-top DTT reception

The model we use is shown in Figure 2. A mobile WSD at 10 m agl (e.g. from a window in a multi‑story house) radiates directly into a rooftop DTT antenna at 10 m agl. There is no receiving antenna or polarisation discrimination. The maximum loss from the WSD to the DTT antenna is 54.72 dB.
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Figure 2: Reference geometry for mobile WSD at 10 m agl.

The path loss shown is valid for a carrier at 650 MHz.

A4.1.3 Mobile WSD transmission at 1.5 m agl and mobile DTT reception at 1.5 m agl

The model we use is shown in Figure 3. A mobile WSD at 1.5 m agl radiates directly into a mobile DTT antenna at 1.5 m agl. There is no receiving antenna or polarisation discrimination. The maximum loss from the WSD to the DTT antenna is 34.72 dB.


[image: image34]
Figure 3: Reference geometry for mobile WSD and mobile DTT at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.

A4.2 Fixed WSD transmission

A4.2.1 Fixed WSD transmission and fixed DTT reception at 10 m agl

The model we use is shown in Figure 4. A fixed WSD at 10 m agl radiates directly into a fixed DTT antenna at 10 m agl. There is no receiving antenna discrimination. There would be 3 dB polarisation discrimination. The maximum loss from the WSD to the DTT antenna, including polarisation discrimination, is 54.72 + 3 = 57.72dB.
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Figure 4: Reference geometry for fixed WSD and fixed DTT at 10 m agl.

The path loss shown is valid for a carrier at 650 MHz.
A4.2.2 Fixed WSD transmission at 10 m agl and mobile DTT reception at 1.5 m agl

The model we use is shown in Figure 5. A fixed WSD at 10 m agl radiates directly into a mobile DTT antenna at 1.5 m agl. There is no receiving antenna or polarisation discrimination. We assume a 10 dB transmit antenna attenuation in the downward direction. The maximum loss from the WSD to the DTT antenna, including transmit antenna attenuation, is 55.45 + 10 = 65.45 dB.
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Figure 5: Reference geometry for fixed WSD at 10 m and mobile DTT at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.

A4.2.3

FIXED WSD AT 10 m INTERFERING WITH PORTABLE INDOOR DTTB AT 1.5 M

The geometry used to calculate the interference from a fixed WSD transmit antenna at 10 m to a portable indoor DTT receiver at 1.5 m height is shown in the Figure.

The relevant parameters are the following:
· Reference frequency: 650 MHz

· Horizontal separation between the WSD and the DTTB: 20 m

· Path loss: 55.45 dB

· WSD transmit antenna discrimination: 10 dB

· Polarization discrimination: 0 dB

· Wall loss 8 dB, standard deviation 5.5 dB

[image: image37]
Figure : Reference geometry for fixed WSD at 10 m and mobile indoor DTT at 1.5 m agl.

A4.2.4 Fixed WSD transmission at 30 m agl and fixed DTT reception at 10 m agl
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Figure 6: Scenario 6

If 30 m BS transmit antennas are foreseen, this type of usage should be restricted to rural areas. In urban environments, fixed DTTB receive antenna installations might also be foreseen at 30 m. In this case the WSD EIRP restrictions would be the same as that calculated for Scenario #4.
A4.2.5 Fixed WSD transmission at 30 m agl and mobile DTT reception at 1,5 m agl
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If 30 m BS transmit antennas are foreseen, this type of usage should be restricted to rural areas. In urban environments, when Portable Outdoor DTTB reception is to be protected, because of the portability of the mobile DTTB apparatus, such equipment can also be located at higher than 1.5 m (e.g. at 10 m or 20 m at the window of a high rise).
ANNEX A5 Number of WSD and Nuisance Power
White Space Devices (WSD) in the UHF bands do not have any regulatory status. Therefore, it is mandatory that they have to protect the incumbent services such as the broadcasting service. In order to assess whether protection is granted the protection criteria of the broadcasting service together with the planning principles of the broadcasting service have to be applied as laid down in GE06 for example.

At a given location more than one WSD can operate and these devices can use different channels available in this location. Some channels have the same interference impact on the wanted channel received in the corresponding location (example: channels N+1, N-1, N+9 have similar Protection Ratios (PR) with regard to channel N, therefore if they are used simultaneously in the same location their interference on channel N will add up correspondingly). Figure 1 sketches the situation. 
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FIGURE 1: example of geographical configuration and channel combination

Based on this simple but realistic configuration, a margin of 5 dB (corresponding to the difference between one single WSD and 3 WSDs with equal impact) has been initially proposed by the EBU. 

In order to further investigate this effect of cumulative interference from multiple WSDs, The Annex contains a detailed study showing that WSD adjacent channel usage, with a fixed antenna at 10 m height, within a DTTB coverage area can lead to cumulative interference effects with respect to DTTB fixed reception. The probability and the magnitude of the cumulative effect are shown to be functions of the density of WSDs used in a given area.

In order to properly take into account the impact of cumulative interference caused by several WSDs in the UHF band the following principles have to be considered:

1. Cumulative interference can result from (i) different WSDs using the same channel in different geographical locations or (ii) different WSDs using different channels in the same geographical locations. Two options exist: 
a- Option 1: Single WSD treatment: The maximum permissible output powers on the channels potentially available for a single WSD have to be derived  by applying a margin for each WSD (e.g. 5 dB for the adjacent channels configurations).
b- Option 2: Multiple WSDs treatment: The maximum permissible output powers on the channels potentially available for all relevant WSDs have to be derived in a calculation that takes into account the cumulative interference in a single step. The allocation of powers and the channels onto the WSDs, i.e. the underlying algorithm, rests with the data base management system. This Option 2 could imply continuous adjustment of the already allocated powers each time a new WSD comes into operation.
2. An alternative solution, yet to be proven implementable in practice, would consist in maintaining minimum separation distances between fixed WSD transmitters (using the same or different channels), in order to protect DTTB reception. Such distances are also calculated in the analysis shown in the Annex.

For simplicity, as an approximation, we consider only the interfering median nuisance powers from the WSDs (i.e. noise is not taken into account) and their power sum. Because of the short distances involved, we use the SEAMCAT Hata propagation model.

We consider explicitly only the case of non-co-sited adjacent channel WSD base stations. Otherwise the multiple interference margin would have to be increased by at least 10 log N, where N is the number of co-sited WSD transmissions (this is not considered to be a restriction, as it was insisted during the SE43 meeting that multiple frequencies would not be used at any individual WSD transmit antenna).

A5.1 Nuisance power and its application
As specified in section 2.1 we take

· Ptx_lim = -19 dBm (channel N(1, N + 9, PR = -30 dB),

· Ptx_lim = -9 dBm (channel N(2, PR = -40 dB),

· Ptx_lim = 1 dBm (channels N(3 and beyond, PR = ‑50 dB).

At 20 m distance from the fixed interfering WSD transmit antenna, the limiting median power present at the DTTB fixed receive antenna is Prx_lim = Ptx_lim – LFS(0.02) – POL, where LFS(0.02) = 54.73 dB is the free space loss at 20 m, and POL = 3 dB slant polarisation discrimination.

Thus, explicitly, at the DTTB coverage edge (56.21 dBµV/m) the limiting median received interfering powers are

· Prx_lim = ‑19 dBm – 57.73 dB = -76.73 dBm (channel N(1, N + 9, PR = -30 dB),

· Prx_lim = ‑9 dBm – 57.73 dB = -66.73 dBm (channel N(2, PR = -40 dB),

· Prx_lim = 1 dBm – 57.73 dB = -56.73 dBm (channels N(3 and beyond, PR = -50 dB).

Notice that, in each case Prx_lim + PR = -106.73 dBm. The quantity “Prx_lim + PR” is called the ‘limiting median nuisance power’, Pnuis_lim, and it has a single value for all adjacent channel configurations. Thus, the limiting median nuisance power must not be exceeded at the DTTB receive antenna in order to protect DTTB reception to the required extent. This approach allows us to treat all relevant adjacent channels simultaneously, on an equal footing.

More generally, the quantity Pnuis = “Prx + PR – [POL, DIR]” is called the median ‘nuisance power’.

If there are 2 or more interfering WSDs (WSD1, WDS2, etc) each will produce a median nuisance power (Pnuis_1, Pnuis_2, etc). The power sum of these nuisance powers will give rise to a total median nuisance power Pnuis_tot (= Pnuis_1 + Pnuis_2 +...), using power summation. In particular, in order to protect DTTB fixed reception, the total (summed) median nuisance power must not exceed the limiting median nuisance power: Pnuis_tot ≤ Pnuis_lim.

A5.2 Propagation loss: determination and usage

We use the SEAMCAT Hata propagation model to determine the loss, LOSS(d), at a distance d between the WSD transmit antenna and the DTTB fixed receive antenna, and thus the median receive power, Prx_med, at the DTTB receive antenna (including the slant polarisation discrimination)

Ptx – LOSS(d) – POL = Prx_med.

Knowing the median receive power, Prx_med, and the relevant adjacent channel protection ratio, PRi, the corresponding median nuisance power can be determined Pnuis_med_i = Prx_med + PRi.

In order for DTTB fixed reception to be protected from the WSD transmission, the median wanted power, Pw_med, at the DTTB receive antenna must satisfy Pw_med ≥ Pnuis_med_i for each relevant adjacent channel N(i. In particular, at a 20 m separation distance (and more) Pnuis_lim ≥ Pnuis_med_i.

In the presence of two (or more) adjacent channel interferences, N+i and N+j (and N+k,...) say, the individual median nuisance powers (Pnuis_i, Pnuis_j, Pnuis_k, ...) must not only not exceed the limiting median nuisance power, Pnuis_lim, but also the total median nuisance power Pnuis_tot = Pnuis_i + Pnuis_j + Pnuis_k + ..., must not exceed Pnuis_lim.

A5.3 WSD cumulative interference

In this section, we consider the possibility of multiple interference due to WSD transmitters, assuming a WSD transmitter density, (, of 1 to 10 WSD base stations per pixel as determined in section 2.3 above (and also ( = 17 to give a potential upper limit).

We consider a constellation consisting of 9 pixels (100 m x 100 m) as shown in Figure 1. For simplicity of explanation, in Figure 1 we simply consider ( = 5 WDS base stations per pixel (the same pictorial representation could be made for any number of WSDs by increasing or decreasing the number of points to ().

We choose a DTTB receive site at the centre of the central pixel (indicated by the star). We place a WSD 20 m in front of the star to represent a single WSD interferer. We choose ( - 1 = 4 other WSD sites within the central pixel in a random manor. WSD sites are chosen only if they are separated by 20 m or more from the DTTB receive site. To get ‘representative’ results, we consider 1 000 000 random distributions of the possible ( - 1 WSD sites.

For a given Monte Carlo trial, a random distribution of ( - 1 WSD transmitters is selected within the central pixel (see the small blue ‘circles’); the same relative distribution of the ( WSDs is positioned within each of the other 8 pixels (see the small red ‘circles’). This gives us an approximate WSD ‘network structure’ with which to do calculations. Interference calculations (power summing the individual contributions) are carried out for each ( WSD distribution to determine the cumulative interference effect of the WSDs. The 8 pixels (and their WSDs) surrounding the central pixel are included to ensure that the full effects of cumulative WSD interference are reflected.

The EIRPs of the WSDs are chosen so that the limiting median nuisance power, Pnuis_lim, at 20 m distance is Pnuis_lim = -106.73 dBm (from section 3.1 above). Recall that Pnuis_lim = Prx_perm + PRi – [POL, DIR]. Prx_perm is the limiting permissible power occurring 20 m away from the WSD at a potential DTTB receive antenna , PRi is the relevant adjacent channel protection ratio. 
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Figure 1: 9 pixels with ( = 5 WSD transmitters per pixel

The DTTB receive antennas are all assumed to point to the top of the diagram in Figure 1, the assumed direction of the ‘faraway’ DTTB transmitter. The Rec. 419 antenna pattern is used to determine the discrimination of the DTTB receive antenna relative to the interfering WSDs, including a 3 dB slant-polarisation discrimination (see Figure 2).
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Figure 2
1 000 000 Monte Carlo trials were carried out for each WSD density (i.e. 1 000 000 different random distributions of ( = 1 to 10, and ( = 17 WSDs, respectively, within the central pixel, with ‘clones’ placed in the surrounding 8 pixels). The distribution of the cumulative interfering nuisance powers occurring at the DTTB receiver site is shown in Figure 3a to 3c, in increasing ‘close-ups’.
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FIGURE 3a
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FIGURE 3b
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FIGURE 3c

In Table 1 are listed the ‘extremes’ of the distributions, according to the number of WSDs per pixel. It is seen that, as the WSD density increases,

· both the minimum and the maximum cumulative nuisance power increase,

· the percentage of incidents where the limiting nuisance power limit is exceeded increases,

· the allowable nuisance power limit is exceeded 0.02 dB to 7.73 dB depending on the density of the interfering WSD networks.

	WSD Density (
(# of WSDs/pixel)
	Cumulative Nuisance Interference Power
	% exceeding limit + X dB

X =
	Margin (dB) to ensure the single entry limit is observed

	
	Minimum (dBm)
	Maximum (dBm)
	
	

	
	
	
	1
	2
	3
	4
	5
	

	1
	-106.71
	-106.71
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.02  dB

	2
	-106.66
	-103.70
	6.49%
	1.35%
	0.02%
	0.00%
	0.00%
	3.03 dB

	3
	-106.61
	-102.02
	14.86%
	3.59%
	0.33%
	0.01%
	0.00%
	4.71 dB

	4
	-106.57
	-101.34
	25.10%
	6.74%
	0.99%
	0.04%
	0.00%
	5.39 dB

	5
	-106.52
	-100.95
	38.86%
	10.92%
	2.02%
	0.12%
	0.00%
	5.78 dB

	6
	-106.46
	-100.76
	49.82%
	16.24%
	3.60%
	0.29%
	0.01%
	5.97 dB

	7
	-106.40
	-100.60
	63.42%
	22.44%
	5.65%
	0.56%
	0.02%
	6.13 dB

	8
	-106.34
	-100.48
	76.24%
	29.62%
	8.30%
	1.00%
	0.04%
	6.25 dB

	9
	-106.27
	-100.14
	86.77%
	37.32%
	11.53%
	1.65%
	0.09%
	6.59 dB

	10
	-106.22
	-100.02
	93.95%
	45.38%
	15.28%
	2.59%
	0.18%
	6.71 dB

	17
	-105.69
	-99.00
	91.38%
	54.20%
	19.33%
	3.29%
	0.20%
	7.73 dB


In the scenario with ( = 1 WSD/pixel, the median nuisance power ‘limit’, -106.73 dBm, at the fixed DTTB receive antenna (at 10 m height) is exceeded by 0.02 dB by the cumulative interference compared to the single entry fixed WSD base station (at 10 m height).

It is seen from the Figures 3a to 3c and Table 1 that that ‘limit’ will be exceeded in the case of multiple WSD interferers by larger and larger percentages, as the density of WSDs/pixel increases. It is seen that the increase in the maximum cumulative nuisance power can be as much as 6 dB or more if the density is as large as ( = 7 WSDs/pixel. 

The final column in Table 1 indicate by how much the individual EIRP limits would have to be reduced in order that the single base station cumulative interference effect is not exceeded. It is seen that with a WSD density of ( = 3/pixel or larger, a margin between 4 dB and 6 dB would be appropriate (close to the 4.7 dB for 3 ‘equivalent’ WSDs as proposed in doc SE43(11) 12, and disputed in doc SE43(11) 32).

All in all, it is seen that cumulative interference effects due to ‘equivalent’ WSD base stations is indeed ‘probable’, with cumulative effects amounting to up to about 6 dB. In order for cumulative effects to be ignored, a ‘rule’ would have to be established that would allow only one adjacent channel (i.e. 1 adjacent channel between N – 8 to N + 9) WSD network to be operated within a given channel-N DTTB coverage area, and only one of the network’s base stations within each pixel.

ANNEX A6 THE ‘MULTIPLE-INTERFERENCE’ MODEL

As was stated before, if the technical characteristics and service conditions can not be known at the present time (and, thus, cumulative interference effects cannot be calculated) it is necessary to use other means to protect DTTB services. Possible ‘other means’ are considered in this section.

A6.1 Maximum power WSDs

We use the same modelling as proposed in Figure 8 of doc SE43(11) 32. See Figure 4 below. We again make the argument as general and as simple as possible. We consider only median interfering nuisance powers, and power summing, and do not perform Monte Carlo simulations.

We first consider WSD base stations operating at their maximum EIRPs, which still observe the fixed DTTB protection criterion at 20 m horizontal separation.
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Figure 4

We assume the following parameters (displayed, in part, in Figure 4):

· A single-entry interference limit, LIM dBm, has been established at the DTTB fixed antenna entry for the agreed protection (e.g. 0.1% degradation in location probability, or I/N = -20 dB at 20 m separation between WSD transmit antenna and DTTB fixed receive antenna)

· 3 fixed WSDs, “X”, “Y” and “Z”, are permitted on adjacent channels x, y and z (x, y and z could be different adjacent channels, but could also be the same adjacent channel)

· The WSDs have permitted powers X, Y, and Z (based on protecting DTTB fixed reception at 20 m distance to the nearest DTTB receive antenna, using the appropriate adjacent channel protection ratios, PRX, PRY and PRZ, respectively)

· the fixed WSD, “X”, on adjacent channel x with power X is situated 20 m from a DTTV fixed antenna (“X” pointing into the forward lobe of the DTTB receive antenna), and the interference limit is reached at the DTTB fixed antenna site

· “X”, “Y” and “Z” form an equilateral triangle with side length “D”, symmetric about the axis through the DTTB receive antenna and “X”

· the fixed WSD, “Y”, on adjacent channel y with power Y is situated at a distance “d” from the DTTB receive antenna and lies in the forward lobe of the DTTB receive antenna, just at the edge of that lobe)

· the fixed WSD, “Z”, on adjacent channel z with power Z is situated at a distance “d” from the DTTB receive antenna and lies in the forward lobe of the DTTB receive antenna,  just at the edge that lobe).

We assume the SEAMCAT Hata propagation model (see Appendix) to determine the loss, LOSS(d), at a distance d from the interfering source. We express the limiting nuisance power at 20 m as LIM.

We take into account a 3 dB slant polarization loss and ANT(() as the DTTB receive antenna discrimination (Rec. 419, as shown in Figure 2).

Then the X, Y, Z EIRPs are limited as follows, in terms of the single-entry nuisance power limit, LIM:
LIM = X – LOSS(.02) – 3 + PRX = Y – LOSS(.02) – 3 + PRY = Z – LOSS(.02) – 3 + PRZ.

At the DTTB receive antenna, the summed nuisance power from “X”, “Y” and “Z” is (power summing dBs indicated by “(”) is designated LIM´:

LIM´=[X – LOSS(.02) – 3 + PRX] ( [Y – LOSS(d) – ANT(() + PRY] ( [Z – LOSS(d) – ANT(()+ PRZ]

Then LIM´can be expressed in terms of LIM as:

LIM´ = LIM([LIM + LOSS(.02) – LOSS(d) + 3 – ANT(()]([LIM + LOSS(.02) – LOSS(d) + 3 – ANT(()]

We determine the distance, d, such that LIM is exceeded by .05 dB
, i.e. LIM´= LIM + .05. This is equivalent to 

[LIM + LOSS(.02) – LOSS(d) + 3 – ANT(()] ( [LIM + LOSS(.02) – LOSS(d) + 3 – ANT(()] = LIM – 19.363, or

[LIM + LOSS(.02) – LOSS(d) + 3 – ANT(()]= LIM – 19.363 – 3 = LIM – 22.373, or

LOSS(d) + ANT(() =  LOSS(.02) + 25.373 = 80.102

Then, using the formulas “U”, “S” and “O” in the Appendix for ‘urban’ loss, ‘suburban’ loss, and ‘open’ loss we find 


dU = 94.3 m, dS = 161.6 m, dO = 499.4 m.

Using this information, and the geometry of Figure 1 we can calculate the minimum permitted distances, D, between fixed WSD transmit antennas:

DU = 76.6 m, DS = 144.0 m, DO = 482.00 m.

In fact, we have only calculated for the 3 strongest potential WSD interferers. If more WSDs were to be included, the separation distances would become greater (see the next section).

This again means: if the cumulative, multiple interference effect cannot be taken into account in terms of a stricter single entry EIRP limit (using a ‘margin’), then minimum distances between fixed WSD transmit antennas must be mandated.
A6.2 Reduced power WSDs

In this section we consider what happens if the WSD network is operating at a reduced EIRP; that is, we investigate to what extent the mutual separation distances between the WSD base stations can be reduced if lower EIRPs are used. In particular, the WSD mutual separation distances calculated above (on the basis of 3 interferers) will be found in this situation to be too small for the case of 0 dB reduction in maximum permitted EIRP.

We use part of a WSD network as shown in Figure 5. Note that the network may not necessarily consist of a particular adjacent channel; there could be a ‘mixture’, as long as LIM is not exceeded at 20 m distance.
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are 39 WSD base stations in ‘front’ of the DTTB fixed receive antenna, and 9 ‘behind’. The limiting nuisance power will be taken to be LIM = ‑106.73 dBm (i.e. with 1 interferer at 20 m separation). We allow a 0.05 dB increase to LIM in the presence of multiple interferers (see footnote 1). We calculate the WSD mutual separation distances for maximum EIRPs, and for reductions of 1, 2, 3 and 4 dB. The results are given in Table 2.
	(: Reduction to Maximum EIRP (dB)
	Urban

(76.6 m)
	Suburban

(144 m)
	Open

(482 m)

	0
	99.8
	184
	607

	1
	41.4
	65.5
	245

	2
	31.9
	46.0
	195

	3
	26.6
	35.5
	167

	4
	22.7
	28.6
	148

	Table 2: Minimum WSD separation distances (m) with decreasing EIRP’max = EIRPmax – (


It should be noted that

· even if WSD EIRPs are reduced several dB below the allowable limit there will still be a cumulative effect if the separation distance between WSDs is too small, i.e. if the density of the WSDs is too large; this can be seen from Table 2.

· with the WSD mutual separation distances indicated, and the associated EIRPs, it may or may not be possible to have a full area WSD coverage using the network. In other words, a network which protects fixed DTTB reception may not be a practical network for full WSD area coverage.

· these WSD mutual separation distances are valid for ‘equivalent’ WSD network structures. In other words, the frequencies of any of the WSDs could be replaced by a different adjacent channel frequency, with corresponding EIRP’max, and the protection criteria would still hold. We call this a ‘generic’ network in the sense that each individual WSD can have any adjacent channel frequency (and corresponding EIRP’max). This means that only one ‘generic’ WSD network can be used within a DTTB coverage area: an additional WSD base station on any adjacent channel (with corresponding EIRP’max) would lead to excess interference potential somewhere.

A6.3 CONCLUSIONS

The concept of ‘nuisance power’ has been introduced to provide the basis for ‘generic’ interference calculations. This concept enables interference calculations to be carried out independently of the adjacent channel constellation: one calculation gives results which are valid for any adjacent channel network configuration.

The study was approached from two different directions:

· In sections 2 and 3, plausible WSD base station characteristics were used to estimate possible WSD network base station densities. Using these densities for multiple adjacent channel WSD usage, calculations were performed to derive cumulative WSD interference effects.

· In section 4.1, WSD minimum mutual WSD separation distances (and thus, implicitly base station densities) were derived on the basis of an assumed acceptable cumulative effect (i.e. a 0.05 dB increase in the assumed acceptable nuisance power limit at the fixed DTTB receive antenna). Only 3 interfering WSDs were assumed.

In section 4.2, a part of a regular hexagonal WSD network was used (48 base stations surrounding the DTTB receive antenna site) to determine how a relaxation in the WSD EIRP (below the single-entry ‘maximum permissible’ to protect fixed DTTB reception at 20 m distance) would decrease the minimum mutual WSD separation distances within the network.

It has been shown that:

· The cumulative interference effects of WSD base stations depend on the density of the base stations in the networks

· These cumulative effects can lead to total nuisance powers at fixed DTTB reception sites which exceed the limiting single-entry nuisance power limits by up to about 6 dB (see Figures 3a to 3c) at potential DTTB reception locations.

· These effects can cause the limiting nuisance power limits to be exceeded at more than 4 to 7 dB (see Figures 3a to 3c and Table 1).

· Cumulative interference effects must include the contributions of all adjacent channel WSD networks (i.e. those between N – 8 to N – 1 and between N + 1 to N + 9) operating in a given (channel N) DTTB coverage area. The reason for this is that each relevant WSD network contributes in approximate equal measure to the cumulative effects.

· If ‘cumulative’ margins cannot be introduced to protect against multiple interfering WSD base stations, then WSD base station mutual separation distances must be defined in order to insure protection of DTTB fixed reception. In particular, multiple adjacent channel frequencies cannot be used at a given WSD base station site (this is not considered to be a severe restriction, because it was said at the recent July, 2011 SE43 meeting that such a co-sited multi-frequency WSD transmission scenario is “improbable”). If in fact multiple adjacent channels, say N adjacent channels, can be transmitted for a single fixed WSD antenna, the limiting EIRP for each of the N frequencies must be reduced by 10 log N dB, in order for the interference limit to be respected.

· If cumulative margins are not to be introduced, then WSD base station separation distances must be introduced. The required WSD base station mutual separation distances may exceed 100’s of meters, depending on the DTTB reception environment

· Reduction of EIRP values below the maximum allow a greater density of WSD base stations, while still protecting the DTTB service according to the agreed (single-entry) protection criteria, however a cumulative effect will still occur which, if no other constraints are invoked, such as minimal separation distances, could lead to interference to DTTB reception.

Annex A7: Link budget calculations to derive e.i.r.p. values for white space devices
A7.1 WSDs parameters

The parameters assumed for outdoor and indoor WSDs are listed, respectively, in Table 4.1 and 4.2 of § 4.3. 
The Shannon formula was used to compute the signal-to-noise ratio as a function of the transmission bandwidth and the data rate. It was then assumed that the WSDs are performing 2 dB off from the Shannon capacity bound. 

A7.2 Propagation calculations

The Okumura-Hata model for open land was used to calculate the path loss in outdoor scenario. The base station and user terminal were assumed to be at 30 m and 1.5 m height, respectively.

For indoor path loss calculations the model described in Recommendation ITU-R P.1238-6 was applied. It should be noted that this model is adopted for the assessment of the propagation characteristics of indoor radio systems between 900 MHz and 100 GHz. However, as the path loss difference between the frequency 900 MHz and, for example, the frequency 600 MHz is only about 3.5 dB, the usage of Recommendation ITU-R P.1238-6 was considered acceptable, at least, to a 1st order approximation. The distance power loss coefficient of 33 was used. The access point and the user terminal were assumed to be on the same floor (i.e. no floor penetration loss was considered).

The outdoor and indoor shadow fading statistics were assumed to be log-normal with the standard deviation 
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of 5.5 dB. Gaussian confidence factor µ of 1.64 was used that relates to target location percentage of 95%. The shadowing margin related to the variation of the signal can be then calculated as 
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A7.3 Link budget assessment

Thermal noise power NT is calculated using Boltzmann's equation:

NT = kTB,
where k is the Boltzmann’s constant,
T is the temperature,
B is the receiver bandwidth.

Receiver inherent noise (noise figure) is used to compute the receiver noise floor N:

N = NT + F,

where F is the noise figure.

With signal-to-noise ratio SNR the receiver sensitivity C is determined: 

C = SNR + N.

In order to account for the increase in the thermal noise level caused by other interference sources an interference margin IM of 3 dB is further assumed. 

With the path loss calculated over the expected operation range it becomes then possible to determine the required transmitter e.i.r.p.:

e.i.r.p = C + Lb + IM – Gi,

where Lb is the path loss including the shadow fading statistics,
Gi is the receiver antenna gain.

A7.4 Results

Example The details of link budget calculations are given in Table A7.1 and A7.2 for outdoor and indoor WSDs, respectively. Note that in the outdoor link budget the data rate, signal to noise ratio and range can be traded so that with a higher data rate (for example 10 Mbps) a higher C/N is required and the range is reduced with the same e.i.r.p.  Alternatively, an increased EIRP figure and/or increased antenna gain, could enable higher data rates to be achieved.

Table A7.1 Link budget calculations for outdoor WSD categories

	Parameter
	Base station
	User equipment

	M-to-M


	Date rate (Mbps)
	1
	0.128
	0.5

	Transmission bandwidth (MHz)
	8
	0.360
	1

	Thermal noise (dBm)
	-104.9
	-118.4
	-114.0

	Receiver noise figure (dB)
	7
	5
	7

	Receiver noise floor (dBm)
	-97.9
	-113.4
	-107.0

	Signal-to-noise ratio (Shannon + 2 dB) (dB)
	-8.4
	-3.5
	5.0

	Receiver sensitivity (dBm)
	-106.4
	-116.9
	-102.0

	Interference margin (dB)
	3
	3
	3

	Maximum operational range (km)
	10
	10
	20

	Propagation loss (dB) 
	139.5
	139.5
	121.7

	Receiver antenna gain (dBi)
	0
	8
	12

	Required e.i.r.p. (dBm)
	36.2
	17.6
	19,7

	Required e.i.r.p. (mW)
	4'118
	57
	93.5



Table A7.2 Link budget calculations for indoor WSD categories

	Parameter
	Base station
	User equipment
	Access point

	Date rate (Mbps)
	10
	5
	100

	Transmission bandwidth (MHz)
	8
	4
	22

	Thermal noise (dBm)
	-104.9
	-108
	-100.5

	Receiver noise figure (dB)
	7
	7
	7

	Receiver noise floor (dBm)
	-97.9
	-101
	-93.6

	Signal-to-noise ratio (Shannon + 2 dB) (dB)
	10
	5
	15.5

	Receiver sensitivity (dBm)
	-87.9
	-96
	-78.1

	Interference margin (dB)
	
	
	3

	Maximum operational range (km)
	0.015
	0.015
	0.05

	Propagation loss (dB) 
	52
	52
	93.1

	Receiver antenna gain (dBi)
	0
	-4
	0

	Required e.i.r.p. (dBm)
	14.0
	2.0
	18.0

	Required e.i.r.p. (mW)
	25.1
	1.6
	63


Annex A8: WSD fixed maximum power limits’ calculation based on overload threshold
A8.1 INTRODUCTION

In doc. SE43(11)12 EBU has proposed a (LP = 0.1% criterion to limit the interference potential of WSDs to DTTB reception.

However this criterion is used with the location specific EIRP calculation taking into account the wanted signal level. This criterion allows the WSD EIRP to increase almost without limit as the WSD location is situated closer and closer to the DTTB transmitter.

Figure 1 shows how the allowed interfering field of a WSD can increase as we pass from the DTTB coverage edge (where the wanted field strength at 10 m receive antenna height for fixed reception is 56.21 dBµV/m) towards the DTTB transmitter (where the field strength may reach 100 dBµV/m or more), still limiting the degradation to location probability to 0.1% (ignoring the overload threshold, however).

Large increases in the interfering field will be due to high values of WSD transmit EIRPs which may lead to overloading effects in nearby DTTB receive installations. To avoid this type of situation, WSD EIRP limits must be set.
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Figure 1: Eimed vs. Ewmed to achieve (LP = 0.1% in the 1st adjacent channel (PR = -30 dB)

This contribution calculates the required limits for the various adjacent channel reception Scenarios. The parameters for these Scenarios are provided in Table 1. Schematic diagrams displaying the various Scenarios are given in Annex 0. Note that Scenarios #6 and #7 have not yet been approved within SE43.

	Scenario
	Emed
(dBµV/m)
	Pmed
(dBm)
	LOSS(d)

(dB)
	DISC/POL 

(dB)
	DISCwsd
(dB)
	PR

(dB)
	SCENARIO DESCRIPTION

	
	
	
	
	
	
	
	WSD
	DTTB
	d (m)

	#1
	56.21
	-77.25
	56.15
	0.45
	0
	21
	PO(1.5 m)
	F(10 m)
	22

	#2
	56.21
	-77.25
	54.72
	0
	0
	21
	PO(10 m)
	F(10 m)
	20

	#3
	61.21
	-72.25
	34.72
	0
	0
	19
	PO(1.5 m)
	PO(1.5 m)
	2

	#4
	56.21
	-77.25
	54.72
	3
	0
	21
	F(10 m)
	F(10 m)
	20

	#5
	61.21
	-72.25
	55.45
	0
	10
	19
	F(10 m)
	PO(1.5 m)
	20

	#6
	56.21
	-77.25
	62.87
	3
	13.55
	21
	F(30 m)
	F(10 m)
	47

	#7
	61.21
	-72.25
	60.59
	0
	18.1
	19
	F(30 m)
	PO(1.5 m)
	27

	Table 1: Characteristics of the 7 WSD interference Scenarios (see Annex 0 for more details)


A8.2 THEORETICAL ANALYSIS

We wish to calculate the suitable WSD EIRP limits on the basis of respecting the overload threshold for any given channel adjacency. In this section we use analytical calculations to get a feel for the magnitude to the problem. 

We use a simple model in which a fixed WSD transmit antenna, situated at 10 m height, interferes with a fixed DTTB receiver with fixed antenna at 10 m height. The separation between the WSD and the DTTB is 20 m. This corresponds to Scenario 4 in Table 1.

The wanted signal strength is only taken into account as a reference – we are only interested in the overloading threshold and its relationship to Pt_wsd, the transmit EIRP of the WSD transmitter.

We do not consider noise either for reasons explained in Annex 1.

The frequency considered is f = 650 MHz.

The interfering signal is assumed to have standard deviation (wsd = 3.5 dB.
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Figure 2: Explanatory diagram of the terminology used in the calculation

Referring to Figure 2, at the DTTB receive antenna  level, the field strength (median or stochastic
) and received power (median or stochastic) are related by:

Pr_dBm = EdBµV/m – 20 log fMHz – 77.2

The (median and stochastic) power entering the receiver, after having passed through the antenna system, will be:

Prec = Pr_dBm – POL + Ga,








(1)

where POL = 3 dB antenna polarisation discrimination, and Ga is the receive antenna gain (including feeder losses). Ga = 9.15 dBi for fixed DTTB reception, and Ga = 2.15 dBi for portable DTTB reception.

The WSD transmit EIRP, Pt, is related to the median Pr_dBm by 


Pt – LOSS (d) = Pr_dBm 








(2)

where ‘LOSS(d)’ is the median propagation loss over the distance dkm.

To protect against overloading the following must be satisfied:

Prec < Oth for the stochastic power entering the receiver, and

Prec < Oth – µx(wsd for the median power entering the receiver to protect at x% location probability
.

µx is the probability factor for x% of the locations; e.g. for 95%, µx = 1.6448, for 99.9%, µx = 3.0902. 

As mentioned, we ignore the effects of noise, and we make a simplifying assumption so that an analytical calculation can be carried out easily.

The assumption is explained in the following:

We want to protect DTTB to the extent that only a (LP = 0.1% degradation to the location probability is permitted. If we protect from overload by using

Prec < Oth – µx(wsd,






(3)

we would like to determine the value of “x” which will give a good approximation to a (LP = 0.1% degradation.

We combine equations (1), (2) and (3) as follows

Pt = Pr_dBm + LOSS(d) = 


Pt = Prec + POL – Ga + LOSS(d) =


Pt < Oth – µx(wsd + POL – Ga + LOSS(d) 






(4)

If there is DTTB receive antenna discrimination, DISCTV, then the term ‘POL’ should be replaced by ‘[POL,DISCTV]’ which can be taken as max(POL,DISCTV) if ITU-R Rec 419 is used for the receive antenna characteristic.

If there is WSD transmit antenna attenuation, DISCWSD, then an additional term ‘DISCWSD’ should be introduced into Equation (4).

Then we can rewrite Equation (4) as 


Pt < Oth – µx(wsd + [POL, DISCTV] + DISCWSD – Ga + LOSS(d)


          (4’)

Knowing the overload threshold value for any given situation, we can evaluate the maximum permitted WSD EIRP from Equation (4’).

For the fixed DTTB reception case we have


Pt < Oth – µx*3.5 + 3 + 0 – 9.15 + 54.72 = Oth – 3.5µx + 48.57 dBm



(5)

We can take an example from the overload threshold information provided in ECC Report 159. An extract of the relevant Tables is given in Annex 2. We see that the Oth values can be as low as ‑19 dBm for 10th percentile DTTB receivers (-26 dBm for silicon USB receivers). 

As an example we chose Oth = -20 dBm. Then Equation 5 tells us that

Pt_max =  Oth – 3.5µx + 48.57 dBm = 28.57 – 3.5µx dBm

should be the maximum fixed WSD power limit. It should be noted that no cumulative WSD interference effects have been taken into account. For example, if we had 3 co-sited WSDs transmitting from a single site, then the aggregate interference would exceed the OTH, unless of course, the power of each transmission were reduced by 10 log 3 = 4.77 dB. In this case, Pt_max = 28.57 – 3.5µx dBm would be reduced to Pt_max = 23.8 – 3.5µx dBm.

In order to determine the value of “x” to be used in this analytic calculation of the WSD EIRP restrictions due to DTTB overload, we calculate exact results in the following section, using Monte Carlo simulation.
A8.3 MONTE CARLO SIMULATION

The results in the previous section were based on approximations. In this section we carry out the interference calculation using Monte Carlo simulations, with no approximations, in order to determine what value the parameter “x” should be given.

The Monte Carlo simulations are carried out on the following basis, with respect to protection ratio (giving information for the smaller WSD EIRPs) and also with respect to Oth (giving information for the larger WSD EIRPs). For simplicity, we carry out the calculation using powers (and not field strengths).

At the DTTB coverage edge the median wanted field strength at the DTTB fixed receive antenna (at 10 m height) for 95% location probability is E = 56.21 dBµV/m. We convert this to median receive power (at the receive antenna) using: Pw = E – 20log f – 77.2 = ‑77.245 dBm.

The calculations are carried out for wanted DTTB receive powers (at the receive antenna) starting at the median value -77.245 dBm and increasing by 1 dB, step by step. This represents the increase in wanted field strength as reception approaches the DTTB transmitter.

The Monte Carlo trial for compatibility consists of the usual steps with one additional condition: the interfering power inside the receiver (i.e. including the receive antenna gain and polarization loss) must be less than the overload threshold.
A8.3.1 Fixed WSD (10 m) to Fixed DTTB (10 m) (1st adjacent channel interference)

The Monte Carlo simulation was carried out to repeat the analytical calculation presented in the previous section. The complete set of parameters is given in Annex 3. The results are shown in Figure 2. It is seen that as the wanted power at the DTTB receive antenna increases, the WSD allowed transmit power also increases (while maintaining (LP = 0.1%), similar to the behaviour shown in Figure 1 for the corresponding field strength values.

The curve which includes Oth in the protection criteria, however, rises only asymptotically to 17.75 dBm, and rises no further.
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Figure 2. WSD EIRP RESTRICTIONS:  Fixed WSD (10 m) to Fixed DTTB (10 m)

1st Adjacent channel (PR = -30 dB), Oth = -20 dBm

A8.3.1.1 Analytic approximation

We can substitute the previous result into Equqtion 4’ to determine the corresponding value of “x”.

Inserting all the relevant parameters, we find Pt_max = 28.57 – 3.5µx dBm = 17.75 dBm, which means that 3.5µx = 10.82, or µx = 3.091. This value of µx corresponds to x = 99.9%. This means that if we are trying to protect LP at the level (LP = 0.1%, we can use x = 99.9% in Equation 4’.
A8.3.2 Fixed WSD (10 m) to Fixed DTTB (10 m) (2nd adjacent channel interference)

The same Monte Carlo simulation has been carried out again, this time for the 2nd adjacent channel (PR = -40 dB). Other than the protection ratio, no other parameter has been changed. The results are shown in Figure 3. It is seen that the maximum WSD EIRP is again 17.75 dBm in this case, even though the protection ratio has decreased from -30 dB to -40 dB. This shows, as could be expected, that the overload effect is independent of the protection ratio (at least as long as the protection ratio is negative).

As shown in the previous subsection, the same result could have been obtained analytically using Equation 4’ and x = 99.9%.
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Figure 3. WSD EIRP RESTRICTIONS:  Fixed WSD (10 m) to Fixed DTTB (10 m)

2nd Adjacent channel (PR = -40 dB), Oth = -20 dBm
A8.3.2 Fixed WSD (10 m) to PO DTTB (1.5 m) (2nd adjacent channel interference)

We examine one more case using Monte Carlo simulation: Fixed WSD (10 m) to DTTB PO (1.5 m), corresponding to Scenario 5 in Table 1. We use 2nd adjacent channel interference, even though, as we have seen before, the result is independent of the value of the (negative) protection ratio. The results are shown in Figure 4. It is seen that the maximum WSD EIRP is 32.48 dBm.
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Figure 4. WSD EIRP RESTRICTIONS:  Fixed WSD (10 m) to PO DTTB (1.5 m)

2nd Adjacent channel (PR = -40 dB), Oth = -20 dBm

We now compare this result (Pt_max = 32.48 dBm) with the results of Equation (4’) of section 2:

Pt < Oth – µx(wsd + [POL, DISCTV] + DISCWSD – Ga + LOSS(d),


          (4’)

using the parameters of Scenario 5 of Table 1 (and Ga = 2.15 for PO).

Based on our determination of the value of the parameter “x” for (LP = 0.1%, we can evaluate Equqtion 4’ as follows. Then Pt_max = -20 – 3.09*3.5 + 0 + 10 – 2.15 + 55.45 = 32.485 dBm. This is precisely the result delivered by the previous Monte Carlo simulation.

We conclude that the arguments given in section 2 for the applicability of Equation 4’, and its accuracy, are valid. In particular, x = 99.9% for (LP = 0.1%. This allows a simplification in calculations determining permitted maximum EIRPs for WSDs.

A8.4 WSD EIRP LIMITS

Using Equation (4’) we now calculate the maximum WSD EIRP limits for the Scenarios given in Table 1. We use the overload threshold values given in Table 2.

	 Adjacent Channel
	DVB-T Oth for 64-QAM 2/3 DVB‑T signal (dBm)

	
	BS (constant average power)
	UE (TPC off)

	
	Fixed or Mobile DTTB reception
	Fixed or Mobile DTTB reception*

	1
	-13
	-23 (to -19)

	2
	-8
	-46 (to – 5)

	3
	-19
	-47 (to -26)

	4
	-13
	-44 (to -11)

	5
	-8
	-43 (to -7)

	6
	-6
	-41 (to -7)

	7
	-5
	-39 (to -5)

	8
	-5
	-35 (to -7)

	9
	-6
	-32 (to -10)

	Table 2: 10th percentile Oth values taken from Tables 5b and 7b of ECC Report 148 (see extract in Annex 2 below)

* For each adjacent channel, the values in parenthesis are the minimum of the maximum values for the ‘can’ receivers and the ‘silicon’ receivers in Table 7b.


The results are presented in Table 3. The minimum EIRP for each Scenario is marked in yellow in each Scenario row in the Table.

	Adjacent channel #
	SCENARIO #

	
	UE* WSD (dBm)
	BS WSD (dBm)

	
	#1
	#2
	#3
	#4
	#5
	#6**
	#7

	1
	13.6
	11.7
	-1.3
	24.8
	39.5
	40.3
	52.7

	2
	-9.4
	-11.3
	-24.3
	29.8
	44.5
	45.3
	57.7

	3
	-10.4
	-12.3
	-25.3
	18.8
	33.5
	34.3
	46.7

	4
	-7.4
	-9.3
	-22.3
	24.8
	39.5
	40.3
	52.7

	5
	-6.4
	-8.3
	-21.3
	29.8
	44.5
	45.3
	57.7

	6
	-4.4
	-6.3
	-19.3
	31.8
	46.5
	47.3
	59.7

	7
	-2.4
	-4.3
	-17.3
	32.8
	47.5
	48.3
	60.7

	8
	1.6
	-0.3
	-13.3
	32.8
	47.5
	48.3
	60.7

	9
	4.6
	2.7
	-10.3
	31.8
	46.5
	47.3
	59.7

	Table 3: WSD UE and BS maximum EIRP levels (dBm)

* The Oth values used relate to ‘TPC off’; with ‘TPC on’, the values of Oth become smaller and the corresponding values of ‘UE maximum EIRP’ become smaller by the same amount.

** Note: because the propagation path is greater than 40 m, (wsd = 5.5 dB was used.




A8.5 DTTB ADJACENT CHANNEL CONFIGURATIONS

We assume that most areas will have from 4 to 7 (or more) DTTB multiplex coverages.

It can thus be expected that any given WSD frequency could have as many as 4 to 7 (or more) nth‑adjacent channel ‘neighbours’. This means that the maximum WSD power would be subject to the minimum of the relevant power restrictions indicated in Table 3.

Thus, WSD power limits should be based on the minimum limit in each column/Scenario (or set of related columns/Scenarios, e.g. Scenarios #1 & #2 and possibly #3, Scenarios #4 & #5, Scenarios #6 & #7).
A8.6 CONCLUSIONS

The following conclusions refer to the results given in Table 3.

SCENARIOS #1 AND #2

Scenarios #1 and #2 correspond to WSD UE protection of fixed DTTB reception. Scenario #2 is about 2 dB more stringent than Scenario 1.To protect fixed DTTB reception in all adjacent channel configurations, a maximum ‑12.3 dBm UE power limit would have to be set.

SCENARIO #3

Scenario #3 corresponds to WSD UE protection of portable outdoor DTTB reception. Scenario #3 is about 15 dB more stringent than Scenario 2.To protect mobile DTTB in all adjacent channel configurations, a maximum ‑25.3 dBm UE power limit would have to be set.

SCENARIOS #4 AND #5

Scenarios #4 and #5 correspond to WSD BS (at 10 m height) protection of fixed and portable DTTB reception, respectively. Scenario #4 is up to 16 dB more stringent than Scenario #5.

To protect fixed DTTB reception in all adjacent channel configurations, a maximum 18.8 dBm BS power limit would have to be set.

To protect portable outdoor DTTB reception in all adjacent channel configurations, a maximum 34.5 dBm BS power limit would have to be set.

SCENARIOS #6 AND #7

Scenarios #6 and #7 correspond to WSD BS (at 30 m height) protection of fixed and portable DTTB reception, respectively. Scenario #6 is up to 12 dB more stringent than Scenario #7.

To protect fixed DTTB reception in all adjacent channel configurations, a maximum 34.3 dBm BS power limit would have to be set.

To protect portable outdoor DTTB reception in all adjacent channel configurations, a maximum 46.7 dBm BS power limit would have to be set.

A further restriction concernin Scenarios #6 an #7. Is the following. If 30 m BS transmit antennas are foreseen, this type of usage should be restricted to rural areas. In urban environments, fixed DTTB receive antenna installations might also be forseen at 30 m. In this case the WSD EIRP restrictions mentioned above for Scenario #6 would be the same as that calculated for Scenario #4.

Furthermore, with respect to Scenarios #5 and #7 when PO DTTB reception is to be protected, because of the portability of the mobile DTTB apparatus, the siting of such equipment can also be located at higher than 1.5 m (e.g. at 10 m or 20 m at the window of a high rise).

Another major concern is the overload situation in the channels outside of N ( 9. According to Tables 5b and 7b of ECC Report 159, for any given interference configuration, the overload threshold values are, in general, ‘relatively constant’ over the range N + 1 to N + 9 and N – 1 to N – 8. If this same behaviour extends much above channel N + 9 and/or below channel N – 8, then the adjacent channel WSD EIRP restrictions would have to cover this extended adjacent channel range as well. In other words, a WSD which wishes to use channel N + 12 within a channel N DTTB coverage area should be subject to the same EIRP limitations – at least this is a matter to be studied further.

Annex Ax

RELATIONSHIPS BETWEEN WANTED FS, I/N, LP, (LP and WSD EIRP LIMITS
1. INTRODUCTION

This annex considers the question of WSD eirp limits and related parameters.

It displays various relationships between the parameters of interest: wanted field strength (WFS), location probability (LP), degradation to LP ((LP), and I/N. It will be seen that if the WSD interfering powers are allowed to increase without limit, the resulting I/N values will be far in excess of I/N = 0 dB, that is, they will be far in excess of the I/N values accepted in general by primary services being protected against non-allocated services.
We take all DTT reception modes (F, PO, and PI) into account simultaneously to produce a ’complete’ WSD EIRP power ‘mask’ for fixed and UE WSD installations.  

2. RESULTS

2.1 Wanted Field Strength, Location probability, I/N and (LP
2.1.1 LP vs. Wanted Field Strength (WFS)
Figure 1 shows the relationship between the WFS and the corresponding LP, in the presence of noise only.
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Figure 1: LP vs. Wanted Field Strength (WFS)
It is seen that: if the wanted field strength is WFS = 56.21 dBµV/m in order to attain a 95% LP (in the presence of noise only), then 

· with a 10 dB increase (to WFS = 66.21 dBµV/m) the LP raises to 99.97%, and

· with a further 8 dB increase (to WFS = 74.21 dBµV/m), the LP rises to 100%.

2.1.2 Propagation Distance and I/N vs. Wanted Field Strength (WFS)
Figure 2 displays various other related relationships. The horizontal axis represents the WFS, ranging from 56.21 dBµV/m to 116.21 dBµV/m. The vertical axis represents either a propagation path distance (measured in km) or a value of I/N (measured in dB), as relevant.

2.1.2.1 Propagation Distance vs. Wanted Field Strength (WFS)
The dashed blue curve in Figure 2 shows the distance from a DTT transmitter as a function of the WFS. The vertical axis in this case represents the propagation distance, ranging from 0 km to 60 km.

In this example, for a land path, the frequency is 600 MHz, the wanted transmitter erp is 10.5 dBkW = 11.2 kW, and the transmit antenna height is 300 m; ITU-R Rec. 1546 is the propagation model used.

It is seen that, as the WFS increases, the distance to the wanted transmitter decreases.
 In particular, the propagation distance 50 km corresponds to WFS 56.21 dBµV/m, and the propagation distance
 0.9 km corresponds to WFS 116.21 dBµV/m.
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Figure 2: I/N and Propagation Distance vs. Wanted Field Strength (WFS)
2.1.2.2 I/N vs. Wanted Field Strength (WFS)
In order to calculate I/N vs. WFS, the following model was used. Within a given pixel having a given median WFS, the LP (in the presence of noise only) was calculated using Monte Carlo simulation. A second Monte Carlo simulation to determine LP was carried out after introducing an interfering field, with 3.5 dB standard deviation. Noise and interference were power summed in the simulations. I/N values were noted for specified (LP = 0.1% and WFS values. 106 trials were used in each simulation.
The solid curve in Figure 2 shows the relationship between I/N and the WFS for (LP. = 0.1%. The vertical axis in this case represents the values of I/N ranging from -25 dB to 50 dB.

2.1.3 Interpretation and use of the curves in Figure 2
Example 1
WFS = 56.21 dBµV/m: left-hand edge of the Figure 2.

The propagation distance is 50 km (where the blue dashed curve intersects the vertical axis).

Then I/N = -20.5 dB for (LP = 0.1% (i.e. where the solid curve intersects the vertical axis).

Example 2

DTT transmitter distance (i.e. propagation distance) is 35 km.

Using the blue dashed curve, it is seen that the corresponding WFS ( 66.21 dBµV/m.

Then I/N = -3.5 dB for (LP = 0.1% (i.e. where the solid curve intersects the vertical axis).

Example 3
DTT transmitter distance (i.e. propagation distance) is 5 km.

Using the blue dashed curve, it is seen that the corresponding WFS ( 96.21 dBµV/m.

Then I/N = 28.9 dB for (LP = 0.1% (i.e. where the solid curve intersects the vertical axis).

It is obvious that, as the distances become smaller than 5 km, the I/N values grow even larger.
2.1.4 Conclusions

The main investigations carried out have dealt with fixed WSD interfering with fixed DTT reception (with receive antenna located at 10 m height). The conclusions are summarised below.

Additional information is given in Annex 1 and Annex 2 concerning

- Annex 1: fixed WSD interfering with portable outdoor DTT reception (with receive antenna located at 1.5 m height), 

- Annex 2: fixed WSD interfering with portable indoor DTT reception (with receive antenna located at 1.5 m height).
2.1.4.1 ‘Central’ DTT coverage area 

It is seen from Figure 1 that the LP increases from 95% to 99.97% with a 10 dB increase in WFS. From Figure 2, it is seen that (within a 50 km radius DTT coverage area) 35 km is the distance at which a WFS = 56.21 dBµV/m + 10 dB = 66.21 dBµV/m. Thus, (35/50)2 ( 70% of the coverage area has ( 100% LP. This means that, in the central coverage area (i.e. less than 35 km distant from the DTT transmitter) I/N ranges from -3.5 dB at 35 km from the transmitter to 48.9 dB at 1 km from the transmitter for (LP = 0.1%.
2.1.4.2 Wanted field strength increase and I/N increase

It is seen from Figure 2 that the field strength can increase by as much as 50 dB or more as the wanted transmitter is approached. Correspondingly, I/N can increase by up to 50 dB or more.

2.1.4.3 Overload threshold: WSD Pt limitation

If the overload threshold is designated as Oth, then the median receive interference power must satisfy (Ga is the effective gain of the receive antenna, POL is the polarisation discrimination),

Pr + Ga – POL < Oth – µL(wsd, (wsd = 3.5 dB





(1).

Then

Pt = Pr + LOSS < Oth – µL(wsd – Ga + POL + LOSS

in order to protect broadcast reception at L% or the locations. Although the relevant value of Oth is a function of interferer frequency offset, this relationship is not dependent on the WFS or on the corresponding protection ratio.

As an example, if Oth = -8 dBm, µL = 3.09 (corresponding to 0.1%) and Ga = 9 dB, POL = 3 dB (for fixed DTT reception),and since the free space propagation loss at 20 m separation is about 54.8 dB, the maximum transmit power is

 Pt < Oth – µL(wsd – Ga + POL + LOSS = Oth – 10.8 – 9 + 3 + 54.8 = Oth + 38 dBm.

A range of limiting WSD EIRP values is given in Table 1 as a function of Oth. Note that these limits would be valid irrespective of ambient DTT field strength level.

	Oth
	(LP = 0.1% (µL = 3.090)

	  0 dBm
	38 dBm

	-5 dBm
	33 dBm

	-10 dBm
	28 dBm

	-15 dBm
	23 dBm

	-20 dBm
	18 dBm

	-25 dBm
	13 dBm

	-30 dBm
	  8 dBm

	-35 dBm
	  3 dBm

	-40 dBm
	 -2 dBm

	-45 dBm
	 -7 dBm

	-50 dBm
	 -12 dBm

	Table 1: FIXED WSD Pt limits with respect to Oth levels


2.1.4.4 Overload threshold, [I/N] limitation and Pt limitation.

It is to be expected that with these high values of WSD eirp, large values of I/N will be reached.

We have seen that overload threshold values will often determine WSD power limits. We can determine the limiting values of Pt using the formula in Annex 4, section B):

Pt = [I/N]med + Neff + LOSS + [POL,DIR]

2.2. FIXED WSD EIRP LIMITS

2.2.1 Overall results

The parameters for the fixed WSD eirp study are given in the Annex 3. The reference geometry for fixed WSD at 10 m interfering with portable indoor DTT at 1.5 m is giving in Annex 5.

Figure 3 shows the results for the case of 2nd adjacent channel WSD interference with the protection ratio, PR = -40 dB. The protection criterion is the 0.1% degradation of the location probability: (LP = 0.1%.
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Figure 3: Maximum WSD EIRP limits for 2nd adjacent channel WSD interference

The horizontal axis of Figure 3 corresponds to the wanted field strength level at a 10 m DTT receive antenna height. It runs from 56.21 dBµV/m (the median field strength at the DTT coverage edge for fixed reception) to 125.21 dBµV/m (which corresponds to the field strength levels very near to the DTT transmitter).

The vertical axis of Figure 3 corresponds to the maximum fixed (at 10 m antenna height) WSD eirp in order that the (LP = 0.1% limit is not exceeded (at 10 m for fixed, and at 1.5 m for portable outdoor/indoor).

2.2.2 Protection ratio constraints

In this section, only the protection ratio will be considered for determining potential WSD eirp limits. We assume PR = -40 dB (2nd adjacent channel interference) but not the overload threshold (see next sub-section).

The three solid lines (blue, green and red, respectively) in Figure 3, running upward from left to right, correspond to the DTT reception mode (F, PO and PI, respectively).

The blue curve (F) starts at 56.21 dBµV/m, the minimum median field strength required for fixed DTT reception (LP = 95%). The corresponding WSD eirp is -8.82 dBm.

The green curve (PO) starts at 78.21 dBµV/m at 10 m receive antenna height. This corresponds, at 1.5 m DTT receive antenna height to 61.21 dBµV/m, the minimum median field strength required for portable outdoor DTT reception at 1.5 m (LP = 95%). The corresponding WSD eirp is 3.91 dBm.
The red curve (PI) starts at 87.95 dBµV/m at 10 m receive antenna height. This corresponds, at 1.5 m DTT receive antenna height to 70.95 dBµV/m, the minimum median field strength required for portable indoor DTT reception at 1.5 m (LP = 95%). The corresponding WSD eirp is 7.40 dBm.

As the wanted field strength level increases, the allowed WSD eirp is also allowed to increase. Eventually the wanted field strength level is high enough (78.21 dBµV/m at 10 m height, 61.21 dBµV/m at 1.5 m) to allow PO DTT reception. If the WSD eirp is allowed to follow the blue curve, DTT PO reception would be interfered with, far above the (LP = 0.1% limit (green curve).

As the wanted field strength level increases still farther, the allowed WSD eirp is also allowed to increase. Eventually the wanted field strength level is high enough (87.95 dBµV/m at 10 m height, 70.95 dBµV/m at 1.5 m) to allow PI DTT reception. If the WSD eirp is allowed to follow either the blue curve or the green curve, DTT PI reception would be interfered with, far above the (LP = 0.1% limit (red curve).

Note that although Figure 3 relates to a protection ratio PR = -40 dB, it can be also used for other values of PR by ’translation’. For example, 

- if PR = -50 dB (3rd adjacent channel interference), then the vertical scale (WSD power) would be ‘translated by [-40] – [-50] = 10 dB (upward): then a value “X” (e.g. 10 dBm) in Figure 1 would ‘translate’ to “X + 10” (i.e. 20 dBm), 

- if PR = -30 dB (1st adjacent channel interference), then the vertical scale (WSD power) would be ‘translated by [-40] – [-30] = -10 dB (downward): then a value “X” (e.g. 10 dBm) in Figure 1 would ‘translate’ to “X – 10” (i.e. 0 dBm).

2.2.3 Overload threshold constraints

In this section, only the overload threshold, Oth, will be considered for determining potential WSD eirp limits. In the 2nd adjacent channel, Oth = -8 dB for fixed DTT reception (CAN and Silicon), and Oth = -22 dB for mobile (PO and PI) USB DTT reception. These values of overload threshold correspond to maximum WSD eirp levels 29.8 dBm (F), 30.5 dBm (PO), and 29.2 dBm (PI). (See the Annex 3 and 4 for the derivation.)
There are three horizontal dashed lines corresponding to eirp = 29.8 dBm, 30.5 dBm, and 29.2 dBm indicated in Figure 3.

Note that although Figure 3 relates to an overload threshold, Oth = -8 dBm (-7 dBm is also possible) (fixed DTT) and Oth = ‑22 dBm (portable DTT), it can be also used for other values of Oth.

Table 3 is taken from Report 159 for values of the overload threshold as a function of the interfering channel adjacency. These values of the overload threshold lead to fixed WSD eirp limits as shown in Figure 4.

	DVB-T Oth for 64-QAM 2/3 DVB‑T signal
(LTE BS, Constant Average Power)
Gaussian channel

	Channel edge separation (MHz)
	Oth (dBm)

	
	10th percentile

	
	Can
STB/iDTV
	Silicon
STB/iDTV
	Silicon
USB

	1
	-12
	-13
	-25

	9
	-8
	-7
	-22

	17
	-9
	-6
	-18

	25
	-10
	3
	-14

	33
	-7
	3
	-14

	41
	-7
	2
	-14

	49
	-6
	1
	-14

	57
	-7
	0
	-13

	65
	-3
	-5
	-17


Table 3: DVB-T Oth values in the presence of a time-constant LTE BS interfering signal in a Gaussian channel environment at the 10th percentile: can-tuners and silicon-tuners
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Figure 4 Fixed WSD eirp limited by Fixed (can and silicon tuners) and PO (USB) DTT receiver overload according to the frequency offset
2.2.4 2nd adjacent channel adjacency FIXED WSD eirp limits

In order to ensure that no DTT reception mode will be interfered with, the following restrictions (“mask”) on the maximum FIXED WSD eirp, shown in Figure 5, must be observed (derived from the eirp ‘envelope’ in Figure 3).
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Figure 5: FIXED WSD eirp limits as a function of wanted field strength (PR = -40 dB)

2.3 UE WSD EIRP LIMITS

2.3.1 Overall results

The parameters for the UE eirp study are given in the Annex 3.

Figure 6 shows the results for the case of 2nd adjacent channel WSD interference with the protection ratio, PR = -40 dB. The protection criterion is the 0.1% degradation of the location probability: (LP = 0.1%.
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Figure 6 EIRP limits for UE WSD for (LP = 0.1% (PR = -40 dB)

2.3.2 Protection ratio constraints

In this section, only the protection ratio will be considered for determining potential WSD eirp limits. We assume PR = -40 dB (2nd adjacent channel interference) but not the overload threshold (see next sub-section).

The three solid lines (blue, green and red, respectively) in Figure 6, running upward from left to right, correspond to the DTT reception mode (F, PO and PI, respectively).

The blue curve (F) starts at 56.21 dBµV/m, the minimum median field strength required for fixed DTT reception (LP = 95%). The corresponding WSD eirp is -11.3 dBm.

The green curve (PO) starts at 78.21 dBµV/m at 10 m receive antenna height. This corresponds, at 1.5 m DTT receive antenna height to 61.21 dBµV/m, the minimum median field strength required for portable outdoor DTT reception at 1.5 m (LP = 95%). The corresponding WSD eirp is ‑27 dBm.
The red curve (PI) starts at 87.95 dBµV/m at 10 m receive antenna height. This corresponds, at 1.5 m DTT receive antenna height to 70.95 dBµV/m, the minimum median field strength required for portable indoor DTT reception at 1.5 m (LP = 95%). The corresponding WSD eirp is ‑23 dBm.

As the wanted field strength level increases, the allowed WSD eirp is also allowed to increase. Eventually the wanted field strength level is high enough (78.21 dBµV/m at 10 m height, 61.21 dBµV/m at 1.5 m) to allow PO DTT reception. If the WSD eirp is allowed to follow the blue curve, DTT PO reception would be interfered with, far above the (LP = 0.1% limit (green curve).

As the wanted field strength level increases still farther, the allowed WSD eirp is also allowed to increase. Eventually the wanted field strength level is high enough (87.95 dBµV/m at 10 m height, 70.95 dBµV/m at 1.5 m) to allow PI DTT reception. If the WSD eirp is allowed to follow either the blue curve or the green curve, DTT PI reception would be interfered with, far above the (LP = 0.1% limit (red curve).

Note that although Figure 6 relates to a protection ratio PR = -40 dB, it can be also used for other values of PR by ’translation’. For example, 

- if PR = -50 dB (3rd adjacent channel interference), then the vertical scale (WSD power) would be ‘translated by [-40] – [-50] = 10 dB (upward): then a value “X” (e.g. 10 dBm) in Figure 1 would ‘translate’ to “X + 10” (i.e. 20 dBm), 

- if PR = -30 dB (1st adjacent channel interference), then the vertical scale (WSD power) would be ‘translated by [-40] – [-30] = -10 dB (downward): then a value “X” (e.g. 10 dBm) in Figure 1 would ‘translate’ to “X – 10” (i.e. 0 dBm).

2.3.3 Overload threshold constraints

In this section, only the overload threshold, Oth, will be considered for determining potential WSD eirp limits. In the 2nd adjacent channel, Oth = -31 dB and -47 dBm for fixed DTT can and silicon reception, and Oth = -49 dB for mobile (PO and PI) USB DTT reception. These values of overload threshold correspond to maximum WSD eirp levels 3.8 dBm (F can), -12.2 dBm (F silicon) -27.2 dBm (PO), and -28.5 dBm (PI). (See the Annex 3 and 4 for the derivation.)
There are four horizontal dashed lines corresponding to eirp = 3.8 dBm and -12.2 dBm for fixed (can and silicon), -12.2 dBm for PO, and ‑28.5 dBm for PI, as indicated in Figure 6.

Note that although Figure 6 relates to an overload threshold, Oth = -31 and -47 dBm (fixed DTT) and Oth = ‑49 dBm (portable DTT), it can be also used for other values of Oth.

Table 4 is taken from Report 159 for values of the overload threshold as a function of the interfering channel adjacency. These values of the overload threshold lead to fixed WSD eirp limits as shown in Figure 7.

Note that these values are valid for UE TCP off; with UE TCP on, these values may become even more stringent, perhaps by as much as [10 dB]. The corresponding UE eirp levels would then be reduced by [10 dB].
	DVB-T PR for 64-QAM 2/3 DVB‑T signal
(LTE UE TPC off)

	Channel edge separation (MHz)
	Oth (dBm)

	
	10th percentile

	
	Can
STB/iDTV
	Silicon
STB/iDTV
	Silicon

USB

	1.5
	-21 … -19
	-23 … -17
	-27

	9.5
	-18 … -4
	-46 … -5
	-47

	17.5
	-31 … -26
	-47 … -2
	-49

	25.5
	-19 … -11
	-44 … -6
	-42

	33.5
	-17 … -7
	-43 … -5
	-41

	41.5
	-18 … -7
	-41 … -7
	-37

	49.5
	-16 … -3
	-39 ... -5
	-37

	57.5
	-16 … -3
	-35 … -7
	-39

	65.5
	-9 … -3
	-32 … -10
	-40


Table 4: DVB-T Oth values in the presence of a LTE UE interfering signal without TPC in a Gaussian channel environment at the 10th percentile: can-tuners and silicon-tuners
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Figure 7 UE WSD eirp limited by Fixed (can and silicon tuners) & PO (silicon tuner) DTT receiver overload according to the frequency offset
2.3.4 2nd adjacent channel adjacency UE WSD eirp limits

In order to ensure that no DTT reception mode will be interfered with, the following restrictions (“mask”) on the maximum UE WSD eirp, shown in Figure 8, must be observed (derived from the eirp ‘envelope’ in Figure 6).
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Figure 8: UE WSD eirp limits as a function of wanted field strength (PR = -40 dB)

2.4 DTT coverage area considerations

Although DTT coverage areas are often planned for a specific reception scenario (e.g. fixed reception at 10 m receive antenna height), other reception scenarios (e.g. portable outdoor or portable indoor reception at 1.5 m) may also be available within the same area, or within sub-areas. Although not planned, per se, nevertheless such additional reception possibilities must not be interfered with by non-licensed WSD services. We consider this aspect and the required protection criteria in the next two sub-sections.
2.4.1 Fixed DTT reception

Figure 6 (and also Figures 3 and 5) shows WSD eirp limits as a function of median wanted field strength levels. Figures 9a), b), c) and d) give an indication of where those levels are reached within four different DTT coverage areas.

Figure 9a) displays the median wanted field strength levels (solid blue curve) as a function of distance from the DTT transmitter. In this case, the coverage area has a 50 km radius serving a rural district. The transmit antenna is 300 m, radiating with an erp = 10.6 dBkW, providing a 56.21 dBµV/m field strength at 50 km distance (and 10 m reception height).

The entire 50 km serves fixed antenna installations (F); portable outdoor (PO) reception at 1.5 m is possible within a 20 km radius of the DTT transmitter; portable indoor (PI) reception at 1.5 m, inside, is possible within a 10 km radius of the DTT transmitter.
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Figure 9a: Large area rural environment (50 km radius, F reception)

Figure 9b) displays the median wanted field strength levels (solid blue curve) as a function of distance from the DTT transmitter. In this case, the coverage area has a 25 km radius serving a suburban district. The transmit antenna is 150 m, radiating with an erp = 0.625 dBkW, providing a 56.21 dBµV/m field strength at 25 km distance (and 10 m reception height).

The entire 25 km serves fixed antenna installations (F); portable outdoor (PO) reception at 1.5 m is possible within a 7 km radius of the DTT transmitter; portable indoor (PI) reception at 1.5 m, inside, is possible within a 3.3 km radius of the DTT transmitter.
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Figure 9b: Large area suburban environment (25 km radius, F reception)
Figure 9c) displays the median wanted field strength levels (solid blue curve) as a function of distance from the DTT transmitter. In this case, the coverage area has a 10 km radius serving a suburban district. The transmit antenna is 150 m, radiating with an erp = -16.05 dBkW, providing a 56.21 dBµV/m field strength at 10 km distance (and 10 m reception height).

The entire 10 km serves fixed antenna installations (F); portable outdoor (PO) reception at 1.5 m is possible within a 1.9 km radius of the DTT transmitter; portable indoor (PI) reception at 1.5 m, inside, is possible within a radius of 0.8 km from the DTT transmitter.
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Figure 9c: Medium area suburban environment (10 km radius, F reception)
2.4.2 Portable outdoor reception

Figure 9d) displays the median wanted field strength levels (solid blue curve) as a function of distance from the DTT transmitter. In this case, the coverage area has a 5 km radius serving an urban district with PO reception. The transmit antenna is 75 m, radiating with an erp = 0.68 dBkW, providing a 78.21 dBµV/m field strength at 5 km distance (and 10 m reception height; i.e. 61.21 dBµV/m at 1.5 m reception height).

The entire 5 km serves portable outdoor (PO) reception at 1.5 m; portable indoor (PI) reception at 1.5 m, inside, is possible within a 2.5 km radius.
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Figure 9d: Small area urban environment (5 km radius, PO reception

3. CONCLUSIONS

3.1 General consideration of I/N limitations

In section 2.1 it has been shown that excessive values of I/N are reached within DTT coverage areas if adjacent channel WSDs are not subject to eirp limits. Setting a fixed (or variable, dependent on the existing LP) values of (LP leads to increased values of I/N potentially up to I/N = 60 dB, or more. It should be noted that the higher reception margin available for the DTT receivers located closer to the DTT transmitter are to a large extent consumed by the fact that the receiver installations have lower performances in these areas and that users make use of this margin to receive with portable outdoor and portable indoor receivers. It is not sensible to consider that this reception margin can be consumed to allow higher interfering levels.
A very stringent approach would consist in setting a fixed limit of I/N, as is done for other services in adjacent bands (e.g. I/N = -20 dB, or I/N = -10 dB, or I/N = -6 dB). The proposed approach in this contribution offers a flexible solution, by proposing a fixed value for the (LP, but considering nevertheless the real potential of portable outdoor and indoor reception and their protection requirements.
3.2 WSD EIRP limitation

The maximum WSD eirp limits have been derived in section 2.2 and 2.3 for the 2nd adjacent channel WSD interference case. They are determined in part by the relevant protection ratios, the ambient wanted field strength levels, and the overload thresholds. In particular, the protection of all modes of DTT reception have been considered: fixed outdoor reception, portable outdoor and portable indoor.

Similar calculations can be carried out for each channel adjacency configuration.

If multiple, say N, WSD transmissions are made from a common WSD transmit antenna, then the eirp limits indicated above must be reduced by a factor 10 log N.

DTT viewers will depend on the fixed means of reception in all parts of the DTT coverage area. DTT viewers in those parts of the DTT coverage area where portable outdoor or indoor reception is possible (i.e. where sufficiently high levels of wanted field strength occur) will also expect to have ‘interference free’ access to available DTT services whether administrations foresee the required protection or not.
In future, it is expected that the use of mobile DTT receivers will increase significantly. Potential DTT viewers of a primary service, by whatever means of delivery (fixed reception, portable outdoor reception, or portable indoor reception) must be assured an interference free reception possibility, with potential interference by a non-licensed non-allocated service not exceeding the (LP = 0.1% level.

Appendix 1 to ANNEX Ax
PORTABLE OUTDOOR RECEPTION

The field strength at the coverage edge, at 1.5 m, is FS = 61.21 dBµV/m to reach 95% location probability in the presence of noise only. C/N = 19 dB.

At 10 m FS = 61.21 dBµV/m + 17dB = 78.21 dBµV/m.

The coverage edge is taken to be 20 km from the transmitter. With an erp = 13.2 kW and a transmit antenna height = 300 m, the field strength at the edge, at 10 m receive antenna height, is 78.21 dBµV/m (and thus 62.21 dBµV/m at 1.5 m receive antenna height).

The standard deviation of the wanted signal is 5.5 dB, that of the interfering signal is 3.5 dB (short interfering distances are assumed).
[image: image66.emf]61.21 62.21 63.21 64.21 65.21 66.21 67.21 68.21 69.21 70.21 71.21 72.21 73.21 74.21 75.21

95

95.5

96

96.5

97

97.5

98

98.5

99

99.5

100

Wanted Field strength (dBV/m)

Location Probability (%)

LOCATION PROBABILITY vs. FIELD STRENGTH


Figure A1.1 Portable Outdoor reception: LP vs. Wanted field strength
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Figure A1.2 Portable Outdoor reception: I/N and Distance vs. Wanted field strength

Appendix 2 to ANNEX Ax
PORTABLE INDOOR RECEPTION

The field strength at the coverage edge, at 1.5 m, is FS = 70.95 dBµV/m to reach 95% location probability in the presence of noise only. C/N = 17 dB.

The standard deviation for the wanted signal is (5.52 + 5.52)0.5, and for the interfering signal is (3.52 + 5.52)0.5, taking account of the 5.5 dB building penetration standard deviation.
At 10 m FS = 70.95 dBµV/m + 17dB = 87.95 dBµV/m.

The coverage edge is taken to be 12 km from the transmitter. With an erp = 18 kW and a transmit antenna height = 300 m, the field strength at the edge is 87.95 dBµV/m at 10 m receive antenna height (and thus 70.95 dBµV/m at 1.5 m receive antenna height).
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Figure A2.1 Portable Indoor reception: LP vs. Wanted field strength
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Figure A2.1 Portable Indoor reception: I/N and Distance vs. Wanted field strength

Appendix 3 to ANNEX Ax
STUDY PARAMETERS

GENERAL

At the DTT antenna input, the median field strength and median (and instantaneous) received power are related by:

Pr_dBm = EdBµV/m – 20 log fMHz – 77.2 ; f = 650 MHz

Pt = Pr + LOSS(r) + POL + DISCr + ATTt
LOSS is the propagation loss, POL the polarization discrimination, if any, DISCr the receive antenna discrimination, and ATTt the transmit antenna attenuation.

Treating at the receive antenna input, we don’t need to take into account Ga (except when dealing with DTT receiver overload)
DETAILS

1) Fixed WSD (10 m) to fixed DTT (10 m), r = 20 m horizontal separation.

Free space loss (20 m) = 32.5 + 20 log f + 20 log r = 54.78 dB

POL = 3, ATT = 0, DISC = 0
Ew_med = 56.21 dBµV/m at antenna input at (10 m) coverage edge, (w = 5.5 dB.
[C/N] = 21 dB; µ = 1.645 for 95% LP

N effective noise at antenna input: N = Ew_med – [C/N] – µ(w 

Ei_med interfering field at antenna input, (wsd = 3.5 dB
For non-interference: Ei + PR < Ew
PR = -40 dB (2nd adjacent channel)

2) Fixed WSD (10 m) to PO DTT (1.5 m), 20 m horizontal separation, 21.73 m slant.

Free space loss (21.73 m) = 32.5 + 20 log f + 20 log r = 55.5 dB
POL = 0, ATT = 10, DISC = 0
Ew_med = 61.21 dBµV/m at antenna input at coverage edge, (w = 5.5 dB.
[C/N] = 19 dB; µ = 1.645 for 95% LP

N effective noise at antenna input: N = Ew_med – [C/N] - µ(w 

Ei_med interfering field at antenna input, (wsd = 3.5 dB

Height loss (10 m – 1.5 m): 17 dB

At 10 m: Ew_med_10 =  Ew_med_1.5 + 17 = 78.21 dBµV/m 

For non-interference: Ei + PR < Ew
PR = -40 dB (2nd adjacent channel)

3) Fixed WSD (10 m) to PI DTT (1.5 m), 20 m horizontal separation, 21.73 m slant.

Free space loss (21.73 m) = 32.5 + 20 log f + 20 log r = 55.5 dB
POL = 0, ATT = 10, DISC = 0
Ew_med = 70.95 dBµV/m 1.5 m outside at antenna input at coverage edge, (w = 5.5 dB.
Ew_med = 62.95 dBµV/m 1.5 m inside at antenna input at coverage edge, (w = 7.78 dB.

[C/N] = 17 dB; µ = 1.645 for 95% LP

N effective noise at antenna input: N = Ew_med – [C/N] – µ(w 

Ei_med interfering field at antenna input, (wsd = 3.5 dB

Height loss (10 m – 1.5 m): 17 dB

Wall penetration loss: 8 dB, (wall = 5.5 dB; (´wsd = ((5.52 + 3.52) = 6.52 dB
At 10 m: Ew_med_10 =  Ew_med_1.5 + 17 + 0 = 87.95 dBµV/m 

For non-interference: Ei + PR < Ew
PR = -40 dB (2nd adjacent channel)

4) UE WSD (10 m) to fixed DTT (10 m), r = 20 m horizontal separation.

Free space loss (20 m) = 32.5 + 20 log f + 20 log r = 54.78 dB

POL = 0, ATT = 0, DISC = 0
Ew_med = 56.21 dBµV/m at antenna input at (10 m) coverage edge, (w = 5.5 dB.
[C/N] = 21 dB; µ = 1.645 for 95% LP

N effective noise at antenna input: N = Ew_med – [C/N] – µ(w 

Ei_med interfering field at antenna input, (wsd = 3.5 dB
For non-interference: Ei + PR < Ew
PR = -40 dB (2nd adjacent channel)

5) UE WSD (1.5 m) to PO DTT (1.5 m), 2 m horizontal separation.

Free space loss (2 m) = 32.5 + 20 log f + 20 log r = 34.78 dB
POL = 0, ATT = 0, DISC = 0
Ew_med = 61.21 dBµV/m at antenna input at coverage edge, (w = 5.5 dB.
[C/N] = 19 dB; µ = 1.645 for 95% LP

N effective noise at antenna input: N = Ew_med – [C/N] - µ(w 

Ei_med interfering field at antenna input, (wsd = 3.5 dB

Height loss (10 m – 1.5 m): 17 dB

At 10 m: Ew_med_10 =  Ew_med_1.5 + 17 = 78.21 dBµV/m 

For non-interference: Ei + PR < Ew
PR = -40 dB (2nd adjacent channel)

6) UE WSD (1.5 m) to PI DTT (1.5 m), 2 m horizontal separation, wall between.

Free space loss (2 m) = 32.5 + 20 log f + 20 log r = 34.78 dB
POL = 0, ATT = 0, DISC = 0
Ew_med = 70.95 dBµV/m 1.5 m outside at antenna input at coverage edge, (w = 5.5 dB.
Ew_med = 62.95 dBµV/m 1.5 m inside at antenna input at coverage edge, (w = 7.78 dB.

[C/N] = 17 dB; µ = 1.645 for 95% LP

N effective noise at antenna input: N = Ew_med – [C/N] – µ(w 

Ei_med interfering field at antenna input, (wsd = 3.5 dB

Height loss (10 m – 1.5 m): 17 dB

Wall penetration loss: 8 dB, (wall = 5.5 dB; (´wsd = ((5.52 + 3.52) = 6.52 dB
At 10 m: Ew_med_10 =  Ew_med_1.5 + 17 + 0 = 87.95 dBµV/m 

For non-interference: Ei + PR < Ew
PR = -40 dB (2nd adjacent channel)

Overload threshold

For fixed WSD interfering with Fixed DTT, PO DTT, and PI DTT
Pt < Oth – µx%(wsd + [POL, DISCTV] + DISCWSD – Ga + LOSS(d)

Probability factor for 99.9%: µ99.9 = 3.091

1) Fixed DTT reception

Oth = - 8 dBm for fixed DTT reception; (wsd = 3.5 dB, POL = 3 dB, DISCwsd = 0 dB, Ga = 9.15 dB, propagation LOSS = 54.78 dB, wall LOSS = 0 dB

Pt_max = Oth – 3.09 x 3.5 + 3 + 0 – 9.15 + 54.78 = Oth + 37.8 dBm =

Pt_max = Oth + 37.8 dBm = -8 + 37.8 dBm = 29.8 dBm

2) Portable outdoor DTT reception

Oth = - 22 dBm for outdoor mobile DTT reception; (wsd = 3.5 dB, POL = 0 dB, DISCwsd = 10 dB, Ga = 2.15 dB, propagation LOSS = 55.5 dB, wall loss = 0 dB

Pt_max = Oth – 3.09 x 3.5 + 0 + 10 – 2.15 + 55.5 = Oth + 52.5 dBm =

Pt_max = Oth + 52.5 dBm = -22 + 52.5 = 30.5 dBm

3) Portable indoor DTT reception

Oth = - 22 dBm for indoor mobile DTT reception; (´wsd = 6.52 dB, POL = 0 dB, DISCwsd = 10 dB, Ga = 2.15 dB, propagation LOSS = 55.5 dB, wall LOSS = 8 dB

Pt_max = Oth – 3.09 x 6.52 + 0 + 10 – 2.15 + 55.5 + 8 = Oth + 51.2 dBm =

Pt_max = Oth + 51.2 dBm = -22 + 51.2 = 29.2 dBm

For PO WSD interfering with Fixed DTT and PO DTT ; for PI WSD interfering with PI DTT
1) Fixed DTT reception

Oth = - 31 & -47 dBm for fixed DTT reception; (wsd = 3.5 dB, POL = 0 dB, DISCwsd = 0 dB, Ga = 9.15 dB, propagation LOSS = 54.78 dB, wall LOSS = 0 dB

Pt_max = Oth – 3.09 x 3.5 + 0 + 0 – 9.15 + 54.78 = Oth + 34.8 dBm =

Pt_max = Oth + 34.8 dBm = -31 + 34.8 dBm = 3.8 dBm; = -47 + 34.8 dBm = -12.2 dBm

2) Portable outdoor DTT reception

Oth = - 49 dBm for outdoor mobile DTT reception; (wsd = 3.5 dB, POL = 0 dB, DISCwsd = 0 dB, Ga = 2.15 dB, propagation LOSS = 34.78 dB, wall loss = 0 dB

Pt_max = Oth – 3.09 x 3.5 + 0 + 0 – 2.15 + 34.78 = Oth + 21.8 dBm =

Pt_max = Oth + 21.8 dBm = -49 + 21.8 = -27.2 dBm

3) Portable indoor DTT reception

Oth = - 49 dBm for indoor mobile DTT reception; (´wsd = 6.52 dB, POL = 0 dB, DISCwsd = 0 dB, Ga = 2.15 dB, propagation LOSS = 34.78 dB, wall LOSS = 8 dB

Pt_max = Oth – 3.09 x 6.52 + 0 + 0 – 2.15 + 34.78 + 8 = Oth + 20.48 dBm =

Pt_max = Oth + 20.48 dBm = -49 + 20.48 = -28.52 dBm
Appendix 4 to ANNEX Ax
WSD eirp to I/N CONVERSIONS

A) WSD EIRPS LIMITED BY PROTECTION RATIO CONSTRAINTS

1) Calculate the ambient ‘effective noise’ field strengths and corresponding powers.

Ew = N + C/N + µ(
Pr_ dBm = EdBµV/m – 20 log fMHz – 77.2  

2) The median I/N is calculated as follows, to be general for differing protection ratios:

[I/N]med is the interfering nuisance field/power ‘divided’ by the noise nuisance field/power. Here we work with powers (dBm).

At the receive antenna input (i.e. the ambient field) the median interfering power is

Pr = Pt – LOSS – [POL, DISC] – DIR – wall loss

Interference nuisance power: Pr + PR 

Noise nuisance power: N + C/N

[I/N]med = (Pr + PR)/(N + C/N) = Pr + PR – C/N – N 

3) Reception modes

Fixed:

Ew = 56.21 dBµV/m, µ = 1.645 (95%), ( = 5.5 dB, C/N = 21 dB

Effective Nf = 26.16 dBµV/m ( -107.30 dBm

Noise nuisance power: Nf + C/N = Nf + 21

LOSS = 54.77 dB, [POL, DISC] = 3 dB, DIR = 0, wall loss = 0 dB
Pr = Pt – 54.77 – 3 – 0 – 0 = Pt – 57.77 

[I/N]med = Pt – 57.77 + PR – 21 – (-107.3) = Pt + PR + 28.5 

PO:

Ew = 61.21 dBµV/m, µ = 1.645 (95%), ( = 5.5 dB, C/N = 19 dB

Effective No = 33.16 dBµV/m ( -100.3 dBm

Noise nuisance power: No + C/N = No + 19

LOSS = 55.5 dB, [POL, DISC] = 0 dB, DIR = 10, wall loss = 0 dB
Pr = Pt – 55.5 – 10 – 0 – 0 = Pt – 65.5
[I/N]med = Pt – 65.5 + PR – 19 – (-100.3) = Pt + PR + 15.8 

PI:

Ew = 62.95 dBµV/m inside at 1.5 m, µ = 1.645 (95%), ( = 7.78 dB, C/N = 17 dB

Effective Ni = 33.16 dBµV/m ( -100.3 dBm

Noise nuisance power: Ni + C/N = Ni + 17
LOSS = 55.5 dB, [POL, DISC] = 10 dB, DIR = 0, (inside at 1.5 m, so) wall loss = 8 dB
Pr = Pt – 55.5 – 10 – 0 – 8 = Pt – 73.5
[I/N]med = Pt – 73.5 + PR – 17 – (-100.3) = Pt + PR + 9.8.

B) WSD EIRPS LIMITED BY [I/N] AND OVERLOAD CONSTRAINTS

In the case of overloading, [I/N]med is simply Oth/N, where N is the actual noise at the receiver input. In the preceding, it has been the ‘effective noise’ which has been used. The effective noise and the actual noise are related by Neff + Ga= N.

So at overload,

[I/N]med = Oth/N = Oth/(Neff + Ga) = (Oth – Ga)/Neff  = {Pt – LOSS – [POL,DIR] + Ga}/N =

[I/N]med = Pt – LOSS – [POL,DIR] + Ga – N = Pt – LOSS – [POL,DIR] – Neff.

If [I/N]med limits are set, this would imply that limits on Pt would also result, since at the limit,

Pt = [I/N]med + Neff + LOSS + [POL,DIR]
Annex A9: SEAMCAT simulations assumptions and results on interferences from WSD BS to LTE UEs
A9.1 SEAMCAT scenario description 

A9.1.1 Victim link description
For this first scenario, we consider as components of the victim DL link a single Base Station with a 2 km coverage radius surrounded by several randomly distributed 10 MHZ LTE terminal receivers. Some characteristics of the receivers are derived from the 3GPP technical specifications:

The first Adjacent Channel Selectivity according to 3GPP specifications is equal to 33 dB.

	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	30
	27


Adjacent channel selectivity

To calculate in-band and out-of band blocking, a calculation of the tolerable interference has to be done:

 EQ 
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Where 
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 is the Noise floor and D the acceptable degradation in receiver sensitivity or desensitization.

Then we can obtain the values of In-band and Out-of-band blocking:
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The values of 
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for in-band and out-of-band blocking are given in the 3GPP TS 36.101 for a LTE UE receiver. The requirements in TS 36.101 are defined for an interfering 5 MHz LTE system. Considering a 5MHz interfering WSD, these requirements can match to the simulations.

With a 6 dB sensitivity degradation of the victim receivers and a 9 dB noise figure, the allowed interference power is 
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= -90.69 dBm . It should be noted that a 6 dB of sensitivity degradation is only used as a test parameter to define the blocking requirements, but can not represent an acceptable operational value to tolerate potentially interfering emissions, especially those coming from WSD. A lower value will be used to define the target I/N which will be used to calculate the probabilities of interference.
We can then compute the receiver blocking response of the victim which is represented in the graphical representation below:
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Receiver blocking response

The other parameters of the LTE UE victims are summarized in the table below:

	Parameter
	Value

	Frequency (MHz)
	796

	Noise figure (dB)
	9

	Noise floor (dB)
	-95.43

	Sensitivity (dB)
	-94

	Reception bandwidth (kHz)
	10000

	Antenna height (m)
	1.5

	Antenna Gain (dBi)
	0

	I/N threshold (dB)
	-20


Victim receivers parameters

The wanted transmitter is a LTE BS with the following parameters:

	Parameter
	Value

	Power (dBm)
	46                             

	Antenna Gain (dBi)
	17

	Feeder Loss (dB)
	3

	Antenna height (m)
	30


Wanted transmitter parameters

The propagation model used for the Wanted transmitter to Victim Receiver path is the Extended Hata model (in the example below for a rural area) as illustrated in the figure below:
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Example of  WT -> VR propagation model

A9.1.2 Interfering link description

We consider as components of the interfering link a WSD deployed as a wide area macro base station with a bandwidth of 5 MHz. A 3 degrees mechanical antenna downtilt is assumed.

   Since there is no considerable knowledge of the WSD characteristics, an assumption has been made on the baseline level which is considered to be -50dBm/10MHz. This value is taken from the report 159 (see annex 12 page 156).

The simulation will start by calculating the interferences with a WSD maximum output power of 46 dBm. To obtain the maximum permitted output power of the WSD, several trials will then be done decreasing the maximum output power until the probability of interference reaches a value under 1%.

Assuming a maximum output power of 46 dBm, the in-band emission mask can be  given by:

- From 2.25MHz to 2.5MHz (0.5% of the emission bandwidth), 0.5% of the maximum WSD e.i.r.p gives: 
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- The out-of-band emission mask is given by the baseline level: -50-46=-96 dBi in 10 MHz.

The emission mask of the WSD is then given below:
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Example of WSD emission mask for a 46 dBm transmitting power

The other parameters of the interfering transmitter are listed below:

	Parameter
	Value

	Frequency (MHz)
	787.5

	Antenna height (m)
	30

	Antenna maximum Gain (dBi)
	17


Interfering transmitter parameters

The wanted receivers have the following parameters:

	Parameter
	Value

	Antenna height (m)
	1.5

	Antenna gain (dBi)
	0

	Sensitivity (dBm)
	-94


Wanted receivers parameters

The propagation models used between the interfering transmitter and the wanted receivers is the same as the one used between the wanted transmitter and the victim receivers.

The BS WSD antenna vertical and horizontal patterns are derived from ITU-R F.1336-2 Recommendations for a 120 degrees sector antenna with a maximum gain of 17 dBi.
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Horizontal WSD antenna pattern
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Vertical WSD antenna pattern
A9.2 Simulation results
A9.2.1 Simulation description

Considering a cell radius of 2 km for the two networks, the next figure describes the considered scenario. The distance between the two BS is 2.02 km, which leads to a distances of 20 m between the interfering transmitter and the edge of the coverage area of the wanted transmitter.
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First scenario description

A9.2.2 Results for a Pbaseline=-50 dBm and for a 2 km cell radius

Assumptions for this first scenario :

· I/N=-20 dB

· Propagation model : Extended-Hata (rural)
· Pbaseline level : -50 dBm
· Cell radius : 2 km
	WSD max power (dBm)
	Interference probability

	46
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First scenario simulation results (Hata model/rural & I/N=-20 dB)
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First scenario simulation results (Hata model/rural & I/N=-20dB)

In this case, the lower interference probability found is 1.4 % which is above the 1% threshold. Therefore, this is not possible to find a WSD in-block power to fulfill the interference probability criterion.

A9.2.3 Results for a Pbaseline=-50 dBm and for a 500 m cell radius

The second scenario involves the same simulation components and parameters with a lower coverage radius (500 m):
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Second scenario description
Assumptions for this second scenario :

· I/N=-20 dB

· Propagation model : Extended-Hata (suburban)
· Pbaseline level : -50 dBm
· Cell radius : 500 m
	WSD max power (dBm)
	Interference probability
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Second scenario simulation results (suburban Hata model & I/N=-20 dB)
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Second scenario simulation results (suburban Hata model & I/N=-20 dB)

In this case, the lower interference probability is 1.5 % and as for the previous case, this is not possible to find a WSD in-block power able to fulfill the interference probability criterion.

A9.2.4 Results for a Pbaseline=-40 dBm and for a 500 m cell radius

Assumptions for this scenario :

· I/N=-20 dB

· Propagation model : Extended-Hata (suburban)
· Pbaseline level : -40 dBm
· Cell radius : 500 m
	WSD max power (dBm)
	Interference probability

	46
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Second scenario simulation results (
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Second scenario simulation results (
[image: image118.wmf]Baseline

P

= -40 dBm)

Again, in this case, we can never reach an interference probability lower than 1 %. This means that we are not able to find a WSD power so that the quality of service of the LTE network would be acceptable. The explanation of this result is, as for the previous cases, that the Pbaseline is high enough to degrade the quality of service of the LTE network whatever the in-block transmitting power of the WSD.    

A9.2.5 Results for a Pbaseline=-30 dBm and for a 500 m cell radius

Assumptions for this second scenario :

· I/N=-20 dB

· Propagation model : Extended-Hata (suburban)
· Pbaseline level : -30 dBm
· Cell radius : 500 m
	WSD max power (dBm)
	Interference probability

	46
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Second scenario simulation results (
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Second scenario simulation results (
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= -30 dBm)

In this case, since the probability of interference becomes approximately constant (
[image: image130.wmf]»

20.3 %) for powers under -10 dBm, no maximum power can be tolerated to avoid interferences. Therefore from this simulation, a Pbaseline of -30 dBm is too high to be able to define a WSD BS which wouldn’t interfere the LTE UEs. As for the previous case, the Pbaseline is high enough to degrade the quality of service of the LTE network whatever the in-block transmitting power of the WSD.  

A9.3 Synthesis of results
The following table summarizes the maximum allowable WSD powers depending on baseline levels. 

	Baseline level
	WSD in-block powers from the ECC report 159 (dBm/5 MHz)
	WSD in-block powers deduced from SEAMCAT simulations (dBm/5 MHz)
	Lower Interference probability (%)

	-50 dBm/10MHz
	-11.33
	No permitted value
	1.5 %

	-40 dBm/10MHz
	-11.55
	No permitted value
	6.5 %

	-30 dBm/10 MHz
	-14.67
	No permitted value
	20.3  %


Maximum allowable in-block WSD powers and interferer probability

For the different Pbaseline levels, it’s not even possible to derive in-block powers in order to reach an acceptable quality of service of the LTE network (interference probability lower than 1 %). Indeed, the Pbaseline levels are high enough to decrease the quality of the network so that the probability would be higher than 1 %. For example, the interference probability is higher than 1 % (1.4 %) for a -50 dBm/10MHz and increases versus the Pbaseline level until 20.3 % for a -30 dBm/10 MHz Pbaseline value (see the table above).

The conclusion is that it seems difficult to define a WSD to transmit in the 60th channel without interfering LTE UE in the 800 MHz band as even with a WSD BS at the border of the LTE cell, it’s not possible to derive the in-block power of this WSD BS for the different Pbaseline levels considered.

ANNEX A10 MULTIPLE-INTERFERENCE

A10.1 Introduction

The calculation method of location specific WSD output power level in ECC REPORT159 could be considered the easiest one to implement for a database calculation. However, the communication opportunity of WSD(s) may decrease, when the number of actual active WSD(s) is smaller than the estimated value on the potential maximum number of active interferes which will be referred as multiple interference margin (IM). 

First, this document revisits the following extended calculation methods for REPORT159 approach which takes account of the number of active master WSDs in each available channels as shown in SE43(10) Info18.

· Flexible margin based calculation method (namely, flexible method)

· The calculation method is based on the equation (A.7.2-2) in ECC REPORT 159, but the IM value is assumed to be an adjustable value according to the number of active master WSDs in each available channel.

· Calculation method of maximized WSD output power level (namely, maximized method)

· The calculation method adopts a recursive calculation method to maximize the location specific WSD output power level.

Further study on WSD network capacity impact using computer simulation shows the importance of considering the number of active master WSDs in available channels when calculating the location specific WSD output power level.

This document is organized in the following sections. Section 2 and Section 3 revisit the location specific WSD output power level calculation method in REPORT159 and its extended methods, respectively. In section 4, the WSD network capacity comparison based on computer simulation is conducted and compared. Section 5 concludes this analysis considering the number of active master WSDs of each available channel to specify the output power level of WSDs.

A10.2 Calculation method of location specific output power level of WSD in ECC REPORT 159

Calculation method of location specific output power level of WSD as shown in equation (A.7.2-2) of ECC REPORT 159 is as follows:
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The definition of IM in ECC REPORT 159 is as follows:

The term is a safety margin which can be judiciously set by the database to provide an additional margin of protection to DTT services. The value of this margin might, for example, be increased in response to a proliferation of WSDs and an increase in the potential for aggregate interference to DTT services
However, ECC REPORT 159 did not describe how to define the IM value in detail, so this section defines the calculation method of IM. The following elements should be considered to determine the IM value for the WSD network capacity under the incumbent service protection. 

(1) Fixed/Predetermined IM value setting based on the potential maximum number of interferes in each operational frequency in a given area at the same time which  is defined as follows:
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(2)
(2) Flexible IM value setting based on the maximum number of active/actual interferes in each operational frequency in a given area at the same time which next section defines.
(3) Minimized IM value setting based on the intrinsic feature of each active interferer in each operational frequency of WSD in a given area at the same time which next section defines.

A10.3 Extended calculation methods

A10.3.1 Flexible margin based calculation method of output power level

Flexible margin calculation method is referred to the fixed margin calculation method as shown in equation (2), but the IM is assumed to be an adjustable value according to the number of active interferes in each available channel as follows:
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where:
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: Number of active interferes in each operational frequency of the target WSD;

The IM shall be defined based on the maximum number of active interferes in each available channel of the target WSD. This is because the calculation method based on equation (1) does not differentiate the total number of interferers on in-band emission from the total number of interferers on out-of-band emission, so a harmful interference for incumbent service receiver may occur. Therefore, although the redunduncy of the flexible margin value is smaller than that of the fixed margin value in equation (2), the value still has some redunduncy when there is a difference between/among numbers of active interferes in each operational frequency.

There are several possibilities in defining the active interferes. For example, the active interferes may be able to be defined by each master WSD due to the difference between the transmission antenna height of the master WSD and its slave WSDs. Alternatively, one of the closest slave WSDs or virtual slave WSD in its network coverage area for the protected contour of incumbent service in the WSD network managed by a master WSD may be able to be defined as the active interfere, if the interference signal in the reference point caused by the transmission of the slave WSD is larger than the interference signal caused by the transmission of the master WSD. The “virtual” means here that a slave WSD is assumed to be at the edge of network coverage area of the master WSD as shown in Figure 1. In these cases, the transmission parameters of the slave WSD will be used for this calculation step, the reference point of the slave node should be each closest point for the protected contour of the incumbent service.
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Figure 1. Example of a reference point on a potential interfering node.
Selection criterion of the interfere-victim reference points for the maximum power allocation for multiple WSDs.

A10.3.2 Calculation method of maximized output power level of WSD

An optimized solution to specify the output power of WSDs is explained in this section, which can reduce the redundancy caused by the fixed/flexible margin setting while satisfying the incumbent service protection in the calculation method based on the REPORT 159 approach. 

The calculation methods could be given in the following steps: 

(Step 0)

The intrinsic parameters for each active interferer of operational frequency of each WSD network managed by each master WSD in equation (1) are input.

(Step 1)

Calculation of location specific output power level of each WSD (
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) of the active interferers based on equation (2) or (3) as the temporal value for later calculation steps. The interfere-victim reference point is chosen based on the criteria to find the closest geo-location point for each WSD in the protected contour of BS receiver as shown in Figure 2.
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Figure 2. Interfere-victim reference point selection
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where:
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 (Step 2)

Redundancy of the multiple interference margin value due to the fixed/flexible multiple interference margin setting is generated in step 1 when the number of actual active WSD(s) is smaller than the estimated number of active interferes in the margin value. Therefore, the calculation engine will try to minimize the redundancy of the multiple interference margin value. This first step will try to find the most severe interfere-victim reference point in all the reference points of the calculation target WSDs. The point is chosen according to the following criteria:
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where:
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The first term of linear domain shows the threshold in addressing the aggregated interference power level due to the simultaneous transmission of multiple WSDs at a given area. The second term of linear domain shows the aggregated interference power level due to the simultaneous transmission of multiple WSD at a given area in a case where each WSD uses a temporal output power level (
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, the closest geolocation point in the protection contour is chosen as the interference-victim reference point (
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However, there would be difference between each aggregated interference power level and the threshold of each interference-victim reference point (
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). The difference can be defined as the aggregated interference margin, and this would decrease the output power level of WSDs when IM in equations (2) and (3) are adopted. Hence, most severe interference-victim reference point (
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) to the threshold is chosen in this step, in order to find a fine adjustment value of each WSD output power level for the aggregated interference margin which the most severe reference point 
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 (Step 3)

Calculation of adjustment value 
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) to reduce the redundancy of the margin value due to the fixed/flexible multiple interference margin setting while satisfying the incumbent service protection in the following criteria:
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(6)

To ensure the fairness for the communication opportunity among all the target WSDs, all the values of 
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could be obtained as follows:
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(Step 4)

The final results of local specific output power of WSDs are calculated based on the equation (1) with the modified 
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where:
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A10.4 Simulation methodology and its results

Figure 3 shows the simulation methodology. The simulation parameters based on REPORT 159 are shown in Table 1.  The simulation procedure is as follows:

· STEP 1. Set the incumbent service operation parameters

· The parameters in the Table 1 of Section 4.1 of REPORT 159 are adopted.

· STEP 2. Calculate the protection area of the incumbent service operation and the protection contour

· The protection contour is calculated based on the method in Section 4.1 of REPORT 159.

· STEP 3. Set the number of distributed master WSDs and its geolocation related parameters of the master WSDs

· The following parameters related to the geolocation information of the master WSD are considered in this simulation

· Protection distance (D1 [km])

· This parameter is required in considering the interference effects from the slave WSD in each WSD network managed by each master WSD.

· Separation distance (D2 [km]) of each master WSD.

· Each master WSD is located to a distributed point where is separation distance (D2 [km]) away from each other as shown in Figure 4.

· STEP 4. Set the WSD network operation parameters managed by each master WSD

· TRX configuration parameters such as antenna height and antenna gain are set to be here. The detail simulation parameters are shown in Table 1. 

· STEP 5. Calculate the location specific output power level of each master WSD

· Three kinds of calculation method in Sections 2 and 3 are adopted here. The detail simulation parameters are shown in Table 1.  

· STEP 6. Collect the simulation results on the SINR of the protection contour, the maximum output power level of WSD and its network area capacity [bits/Hz] in each WSD network by each master WSD

· The CDFs are also shown in Annex A.
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Figure 3. Simulation methodology
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Figure 4. Geolocation information related parameters

Table 1. Simulation parameters. 
	Parameter
	Value

	Frequency-related parameters

	Frequency
	600 MHz

	Number of channels
	1, 5 or 10

	Channel bandwidth
	7.6 MHz

	Channel separation 
	8 MHz

	ACLR (=
[image: image172.wmf]()

WSD

WSDBS

ACLRff

-

)
	Scenario #1

ACLR:

33 dB for the first adjacent channel, 

36 dB for the second and later adjacent channels(from 3GPP TS36.101)

ACS:

33 dB (from 3GPP TS36.101)

Scenario #2

ACLR:

36 dB for all adjacent channels 

ACS:

61 dB

	ACS (=
[image: image173.wmf]()

BS

WSDBS
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-

)
	

	Geolocation-related parameters

	Protection contour from incumbent transmitter
	59.2 km

	Protection distance (=D1)
	20, 40 km

	Separation distance (=D2)
	2 km

	Reference point selection criteria for  incumbent service protection
	Regarding the calculation step in fixed/flexible method, the closest point in the protection contour of the incumbent service should be chosen as the reference point of each target master WSD. Regarding the calculation step in maximized method, the closest point in the protection contour of the incumbent service should be chosen for the reference point of each target master WSD in the first calculation step. After that, the calculation engine will try to find the most severe interfere-victim reference point of each WSD to adjust the output power of WSDs while considering in-block/out-block interference effects from multiple WSDs.

	Number of active master WSDs
	300

	Range of angle where master WSD are distributed
	0 – 180 degrees

	Number of slave WSDs which is located in an area of (D2/2) [km] away from the geolocation point of each master WSD
	10,000

	Distribution of geolocation points of slave WSDs
	Uniform distribution on the radius of 0.5, 1, or 3
 [km] away from the geolocation point of master WSD

	Propagation-related parameters

	BS broadcaster antenna height
	200 m

	BS receiver antenna height
	10 m

	Master WSD antenna height
	20 m
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	Slave WSD antenna height
	10 m

	Propagation model 
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	ITU-R P.1546 (Rural, Time percentage = 1%)

	BS receiver antenna directivity discrimination with respect to WSD Ddir
	16 dB

	TV receiver antenna gain (=
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G

)
	12 dB

	TV receiver feeder loss (=
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L

)
	3 dB

	BS receiver polarization discrimination with respect to the WSD signal (
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D

) 
	0 dB

	Output power-related parameters

	WSD location specific output power calculation methods
	Fixed method (based on Eq.(2)),

Flexible method (based on Eq.(3)), and

Maximized method (based on Eq.(11))

	Limit of WSD output power
	36 dBm

	TV broadcaster transmission power
	79.15 dBm/channel

	Noise-related parameters

	Noise density
	-174 dBm/Hz

	Noise figure
	7 dB for all nodes

	Aggregated interference power level related parameters

	Multiple interference margin: 
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)

dB

IM

 (Fixed method)
	10*log10 (Potential maximum number of active master WSDs in each available channel which depends on the simulation parameter setting in allocating active WSDs in available channels)

	Multiple interference margin: 
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 (Flexible method)
	10*log10 (Maximum number of all the number of active master WSDs in each available channel)

	Incumbent service operation parameters

	Minimum incumbent service (BS) power @ receiver 
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	77.1 dBm

	Protection ratio 
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	Instead of location probability, shadowing margin 19 dB is adopted here.

(Referring SM value in Annex 6 of CEPT SE43 Report 159)


· Comparison of the location specific output power level of WSD

The location specific output power level of WSD is shown here. The results of 5% and 50% CDFs of the location specific WSD EIRP [dBm] when the number of master WSDs is 300 are highlighted
 in Table 2 to Table 4. The CDF graphs are also shown in Annex A.

Table 2. Comparison of output power level of WSD (Number of TVWS channels = 1).

	Number of master WSDs
	300

	Number of channels
	1

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	Output power level
of WSD [dBm]
	5% CDF
	11.5 
	11.5 
	20.4 
	24.2 
	24.2 
	31.2 

	
	50% CDF
	13.3 
	13.3 
	22.3 
	25.0 
	25.0 
	32.0 


Table 3. Comparison of output power level of WSD (Number of TVWS channels = 5).
	Number of master WSDs
	300

	Number of channels
	5

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	Output power level
of WSD [dBm]
	5% CDF
	11.5
	19.4
	25.1 (Scenario#1)

23.5 (Scenario#2)
	24.2
	32.2
	36.0

	
	50% CDF
	13.3
	21.6
	27.2(Scenario#1)

25.5(Scenario#2)
	25.0
	33.0
	36.0


Table 4. Comparison of output power level of WSD (Number of TVWS channels = 10).

	Number of master WSDs
	300

	Number of channels
	10

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	Output power level
of WSD [dBm]
	5% CDF
	11.5 
	22.0 
	26.8 (Scenario#1)

25.5 (Scenario#2)
	24.2 
	36.0 
	36.0 

	
	50% CDF
	13.3 
	23.9 
	29.0 (Scenario#1)

27.5 (Scenario#2) 
	25.0 
	36.0 
	36.0 


· Comparison of network capacity of WSD

The WSD network capacity
 [bits/Hz] in down link based on the three kinds of location specific output power level calculation methods is shown here. Table 5 shows the network capacity calculation related parameters. As shown in this table, no detail network access protocol and no uplink performance of WSD network is considered here, because there is no impact on the objective of this report to analyse the differences among different calculation methods for location specific WSD output power level. 

Table 5. Network capacity calculation related parameters

	Network capacity calculation related parameters

	Definition of the network coverage in calculating network capacity of each master WSD
	Calculating the down link network capacity between each master WSD and its slave WSDs which are distributed on the radius of 0.5, 1, or 3 [km] away from the geolocation point of master WSD itself

	Resource allocation method for each slave WSD in an area of (D3/2) [km] away from the geolocation point of master WSD itself
	Centric resource allocation method via TDD-TDMA (No access collision is considered)

	Network coexistence protocol (i.e. coexistence beacon mechanism of IEEE 802.22) among neighbour networks managed by each master WSD
	N/A

	Channel selection method of each master WSD
	Random selection

	Reference node of potential interferes for incumbent service receiver in each WSD network
	Each master WSD

	Interference among WSD networks
	Considered

	Transmission power level of slave WSDs
	N/A (Because the downlink transmission is only simulated here)


The results of 5% and 50% CDFs of SINR [dB] and network area capacity [bits/Hz] in each WSD network by each master WSD when the number of master WSDs is 300 are highlighted in Table 6 to Table 14. The CDF graphs are also shown in Annex A.

Table 6. Comparison of network capacity of WSD (Number of TVWS channels = 1, Distance between master and slave WSDs = 0.5 km)
	Number of master WSDs
	300

	Number of channels
	1

	Master-Slave WSD distance [km]
	0.5

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	SINR of WSD [dB]
	5% CDF
	-1.2
	-1.2
	5.2 (Scenario#1)

5.2. (Scenario#2)
	11.2
	11.2
	12.1 (Scenario#1)

12.1.(Scenario#2)

	
	50% CDF
	7.9
	7.9
	13.6 (Scenario#1)

13.6. (Scenario#2)
	18.4
	18.4
	19.4 (Scenario#1)

19.4. (Scenario#2)

	Network capacity of 
WSD [bps/Hz]
	5% CDF
	0.8
	0.8
	2.1 (Scenario#1)

2.1. (Scenario#2)
	3.8
	3.8
	4.1(Scenario#1)

4.1. (Scenario#2)

	
	50% CDF
	2.9
	2.9
	4.6 (Scenario#1)

4.6. (Scenario#2)
	6.2
	6.2
	6.5 (Scenario#1)

6.5.(Scenario#2)


Table 7. Comparison of network capacity of WSD (Number of TVWS channels = 1, Distance between master and slave WSDs = 1 km).
	Number of master WSDs
	300

	Number of channels
	1

	Master-Slave WSD distance [km]
	1

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	SINR of WSD [dB]
	5% CDF
	-15.3
	-15.3
	-8.2 (Scenario#1)

-8.2 (Scenario#2)
	-2.4
	-2.4
	-1.3 (Scenario#1)

-1.3 (Scenario#2)

	
	50% CDF
	-3.3
	-3.3
	2.5 (Scenario#1)

2.5 (Scenario#2)
	6.7
	6.7
	7.6 (Scenario#1)

7.6 (Scenario#2)

	Network capacity of 
WSD [bps/Hz]
	5% CDF
	0.0
	0.0
	0.2 (Scenario#1)

0.2 (Scenario#2)
	0.7
	0.7
	0.8 (Scenario#1)

0.8 (Scenario#2)

	
	50% CDF
	0.6
	0.6
	1.5 (Scenario#1)

1.5 (Scenario#2)
	2.5
	2.5
	2.8 (Scenario#1)

2.8 (Scenario#2)


Table 8. Comparison of network capacity of WSD (Number of TVWS channels = 1, Distance between master and slave WSDs = 3 km).
	Number of master WSDs
	300

	Number of channels
	1

	Master-Slave WSD distance [km]
	3

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	SINR of WSD [dB]
	5% CDF
	-26.2
	-26.2
	-17.2 (Scenario#1)

-17.2 (Scenario#2)
	-10.3
	-10.3
	-5.5 (Scenario#1)

-5.5 (Scenario#2)

	
	50% CDF
	-8.4
	-8.4
	-1.3 (Scenario#1)

-1.3 (Scenario#2)
	1.0
	1.0
	3.0 (Scenario#1)

3.0 (Scenario#2)

	Network capacity of 
WSD [bps/Hz]
	5% CDF
	0.0
	0.0
	0.0 (Scenario#1)

0.0 (Scenario#2)
	0.1
	0.1
	0.4 (Scenario#1)

0.4 (Scenario#2)

	
	50% CDF
	0.2
	0.2
	0.8 (Scenario#1)

0.8 (Scenario#2)
	1.2
	1.2
	1.6 (Scenario#1)

1.6 (Scenario#2)


Table 9. Comparison of network capacity of WSD (Number of TVWS channels = 5, Distance between master and slave WSDs = 0.5 km).
	Number of master WSDs
	300

	Number of channels
	5

	Master-Slave WSD distance [km]
	0.5

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	SINR of WSD [dB]
	5% CDF
	-1.1
	5.2
	10.6 (Scenario#1)

10.6 (Scenario#2)
	14.6
	17.4
	17.9 (Scenario#1)

17.9 (Scenario#2)

	
	50% CDF
	8.3
	14.4
	19.5 (Scenario#1)

19.5 (Scenario#2)
	23.1
	26.8
	28.1 (Scenario#1)

28.1 (Scenario#2)

	Network capacity of 
WSD [bps/Hz]
	5% CDF
	0.8
	2.1
	3.6 (Scenario#1)

3.6 (Scenario#2)
	4.9
	5.8
	6.0 (Scenario#1)

6.0 (Scenario#2)

	
	50% CDF
	3.0
	4.9
	6.5 (Scenario#1)

6.5 (Scenario#2)
	7.7
	8.9
	9.3 (Scenario#1)

9.3 (Scenario#2)


Table 10. Comparison of network capacity of WSD (Number of TVWS channels = 5, Distance between master and slave WSDs = 1 km).
	Number of master WSDs
	300

	Number of channels
	5

	Master-Slave WSD distance [km]
	1

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	SINR of WSD [dB]
	5% CDF
	-15.2
	-8.2
	-2.9 (Scenario#1)

-2.9 (Scenario#2)
	0.4
	3.3
	3.8 (Scenario#1)

3.8 (Scenario#2)

	
	50% CDF
	-2.9
	3.8
	8.6 (Scenario#1)

8.6 (Scenario#2)
	11.8
	16.0
	17.0 (Scenario#1)

17.0 (Scenario#2)

	Network capacity of 
WSD [bps/Hz]
	5% CDF
	0.0
	0.2
	0.6 (Scenario#1)

0.6 (Scenario#2)
	1.1
	1.7
	1.8 (Scenario#1)

1.8 (Scenario#2)

	
	50% CDF
	0.6
	1.8
	3.0 (Scenario#1)

3.0 (Scenario#2)
	4.0
	5.3
	5.7 (Scenario#1)

5.7 (Scenario#2)


Table 11. Comparison of network capacity of WSD (Number of TVWS channels = 5, Distance between master and slave WSDs = 3 km).
	Number of master WSDs
	300

	Number of channels
	5

	Master-Slave WSD distance [km]
	3

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	SINR of WSD [dB]
	5% CDF
	-26.2
	-17.7
	-12.2 (Scenario#1)

-12.3 (Scenario#2)
	-9.9
	-2.2
	-1.6 (Scenario#1)

-1.6 (Scenario#2)

	
	50% CDF
	-8.1
	-0.2
	4.7 (Scenario#1)

4.7 (Scenario#2)
	5.0
	11.1
	11.6 (Scenario#1)

11.6 (Scenario#2)

	Network capacity of 
WSD [bps/Hz]
	5% CDF
	0.0
	0.0
	0.1 (Scenario#1)

0.1 (Scenario#2)
	0.1
	0.7
	0.8 (Scenario#1)

0.8 (Scenario#2)

	
	50% CDF
	0.2
	1.0
	2.0 (Scenario#1)

2.0 (Scenario#2)
	2.1
	3.8
	3.9 (Scenario#1)

3.9 (Scenario#2)


Table 12. Comparison of network capacity of WSD (Number of TVWS channels = 10, Distance between master and slave WSDs = 0.5 km).
	Number of master WSDs
	300

	Number of channels
	10

	Master-Slave WSD distance [km]
	0.5

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	SINR of WSD [dB]
	5% CDF
	-1.1 
	7.7 
	12.8 (Scenario#1)

12.8 (Scenario#2) 
	15.4 
	20.2 
	20.2 (Scenario#1)

20.2 (Scenario#2) 

	
	50% CDF
	8.4 
	17.0 
	21.8 (Scenario#1)

21.7 (Scenario#2) 
	24.1 
	30.5 
	30.5 (Scenario#1)

30.5 (Scenario#2) 

	Network capacity of 
WSD [bps/Hz]
	5% CDF
	0.8 
	2.8 
	4.3 (Scenario#1)

4.3 (Scenario#2) 
	5.2 
	6.7 
	6.7 (Scenario#1)

6.7 (Scenario#2) 

	
	50% CDF
	3.0 
	5.7 
	7.3 (Scenario#1)

7.3 (Scenario#2) 
	8.0 
	10.2 
	10.2 (Scenario#1)

10.2 (Scenario#2) 


Table 13. Comparison of network capacity of WSD (Number of TVWS channels = 10, Distance between master and slave WSDs = 1 km).
	Number of master WSDs
	300

	Number of channels
	10

	Master-Slave WSD distance [km]
	1

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	SINR of WSD [dB]
	5% CDF
	-15.2
	-5.8
	-0.9 (Scenario#1)

-1.0 (Scenario#2)
	1.0
	6.1
	6.1 (Scenario#1)

6.1 (Scenario#2)

	
	50% CDF
	-2.8
	6.6
	11.0 (Scenario#1)

11.0 (Scenario#2)
	12.8
	19.6
	19.6 (Scenario#1)

19.6 (Scenario#2)

	Network capacity of 
WSD [bps/Hz]
	5% CDF
	0.0
	0.3
	0.9 (Scenario#1)

0.9 (Scenario#2)
	1.2
	2.4
	2.4 (Scenario#1)

2.4 (Scenario#2)

	
	50% CDF
	0.6
	2.4
	3.8 (Scenario#1)

3.8 (Scenario#2)
	4.3
	6.5
	6.5 (Scenario#1)

6.5 (Scenario#2)


Table 14. Comparison of network capacity of WSD (Number of TVWS channels = 10, Distance between master and slave WSDs = 3 km).
	Number of master WSDs
	300

	Number of channels
	10

	Master-Slave WSD distance [km]
	3

	Protection distance [km]
	20
	40

	Output power calculation method
	Fixed
	Flexible
	Maximized
	Fixed
	Flexible
	Maximized

	SINR of WSD [dB]
	5% CDF
	-26.1 
	-15.2 
	-10.4 (Scenario#1)

-10.4 (Scenario#2) 
	-9.7 
	-0.9 
	-0.9 (Scenario#1)

-0.9 (Scenario#2) 

	
	50% CDF
	-8.1 
	2.3 
	6.9 (Scenario#1)

6.9 (Scenario#2) 
	5.5 
	13.6 
	13.6 (Scenario#1)

13.6 (Scenario#2) 

	Network capacity of 
WSD [bps/Hz]
	5% CDF
	0.0 
	0.0 
	0.1 (Scenario#1)

0.1 (Scenario#2) 
	0.2 
	0.9 
	0.9 (Scenario#1)

0.9 (Scenario#2) 

	
	50% CDF
	0.2 
	1.4 
	2.6 (Scenario#1)

2.6 (Scenario#2) 
	2.2 
	4.6 
	4.6 (Scenario#1)

4.6 (Scenario#2) 


A10.5 WSD network capacity comparison and its analysis
The results in previous section show that the consideration of the number of active WSDs of each available channel in the calculation engine will bring us the highest communication opportunity of WSDs, according to the performance differences among fixed, flexible and maximized method. In this simulation, the potential maximum number of active WSDs in each available channel is fixed, so we can just see no performance difference between the fixed method and flexible method in a case where the number of available channel is in case of single available channel. However, in actual operation, the geolocation database does not know the potential maximum number of active WSDs in each available channel, so an excessive value should be adopted. Hence, we can see more performance differences between fixed method and flexible/maximized method in actual TVWS operation.

The maximized method can show the highest performance in three methods, because there will be some redundancy in calculating output power level of WSDs in cases where the fixed and flexible margin based calculation methods are adopted. This may be due to the fact that the fixed and flexible margin based calculation methods cannot differentiate between the path loss condition of a target WSD from one of the other potential interferers in calculating output power level of a target WSD as shown in equation (1).

Table 15 shows the comparison of different calculation methods from viewpoints of the calculation overhead, the system overhead and the WSD network capacity. One can see that the calculation overhead for the calculation engine and its system overhead will increase due to the consideration of the number of active master WSDs in each available channel, so some additional study on this issue will be necessary.

Table 15. Comparison of different calculation methods
	
	Calculation overhead
	System overhead
	WSD network capacity

	Fixed margin based method
	Low
	Small
	Low

	Flexible margin based method
	Moderate
	Moderate
	Moderate

	Maximized method
	High
	Large
	High


There will be several possible deployment scenarios for the calculation engine of location specific output power level. For example, the calculation engine may be a part of geolocation database controlled by a regulatory body, or a separate engine (namely advanced geolocation engine) from the geolocation database managed by regulatory body as shown in Figure 5. In a case where it is a separate engine, a third party should take a responsibility to protect the incumbent service receivers from an aggregated interference problems, and the operation should be kept under surveillance by regulatory body. The merit will be to enable the processing load of the geolocation database managed by regulatory body to offload to the third party engine. Such third party engines may be also provide other services, such as coexistence services (which will be standardized in specifications such as  ETSI TS102 908[2] Cognitive radio network coexistence for white space or IEEE P802.19.1[1] (TVWS network coexistence system) to the WSDs operating in the same area.
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Figure 5. Network deployment scenario
A10.6 Conclusions

This document introduces the WSD network capacity comparison and analysis between the location specific WSD output power level calculation method for database approach in ECC REPORT159 and its extension methods which consider the number of active master WSDs of each available channel in WSD master-slave operation. This result shows that the consideration of the number of active master WSDs of each available channel will have large impact for the network capacity of WSDs while satisfying the incumbent service protection. 

Further study will be necessary in SE43 and/or ETSI, specifically for the feasibility of the interface between the geolocation database and WSDs allowing for the number of active master WSDs to calculate the location specific WSD output power level in a geolocation database.
APPENDIX 1 TO ANNEX A10
CDF results of SINR of incumbent receiver, output power level of WSD, SINR of WSD, and network capacity of WSD

· Ap1.1. Number of channels = 1
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(a) Scenario 1 /  (b) Scenario 2
Figure Ap1.1.
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km).
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(a) Scenario 1 /  (b) Scenario 2
Figure Ap1.2. 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 1 km).
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(a) Scenario 1 /  (b) Scenario 2
Figure Ap1.3. 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 20 km, Master-Slave WSD distance = 3 km).
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(a) Scenario 1 /  (b) Scenario 2
Figure Ap1.4. 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).
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(a) Scenario 1 /  (b) Scenario 2
Figure Ap1.5. 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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(a) Scenario 1 /  (b) Scenario 2
Figure Ap1.6. 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 1, Protection distance = 40 km, Master-Slave WSD distance = 3 km).

· A.2. Number of channels = 5
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(a) Scenario 1
Figure Ap1.7.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km).
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(b) Scenario 2
Figure Ap1.7.2
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km).
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(a) Scenario 1
Figure Ap1.8.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 1 km)
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(b) Scenario 2

Figure Ap1.8.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 1 km).
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(a) Scenario 1

Figure Ap1.9.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 3 km).
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(b) Scenario 2
Figure Ap1.9.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 20 km, Master-Slave WSD distance = 3 km).
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(a) Scenario 1

Figure Ap1.10.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).

[image: image237.emf]0 10 20 30 40 50 60

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR of incumbent receiver on protection contour edge [dB]

CDF

Number of channels = 5, Protection distance = 40 km

 

 

w/o WSD

Fixed

Flexible

Maximized

[image: image238.emf]-20 -10 0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Output power level of WSD [dBm]

CDF

Number of channels = 5, Protection distance = 40 km

 

 

Fixed

Flexible

Maximized


[image: image239.emf]-40 -30 -20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR of WSD [dB]

CDF

Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km

 

 

Fixed

Flexible

Maximized

[image: image240.emf]0 1 2 3 4 5 6 7 8 9 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Network capacity of WSD [bps/Hz]

CDF

Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km

 

 

Fixed

Flexible

Maximized


(b) Scenario 2
Figure Ap1.10.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).
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(a) Scenario 1

Figure Ap1.11.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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(b) Scenario 2
Figure Ap1.11.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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(a) Scenario 1

Figure Ap1.12.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 3 km).
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(b) Scenario 2

Figure Ap1.12.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 5, Protection distance = 40 km, Master-Slave WSD distance = 3 km)
· A.3. Number of channels = 10
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(a) Scenario 1
Figure Ap1.13.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km).
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(b) Scenario 2

Figure Ap1.13.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 0.5 km)
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(a) Scenario 1

Figure Ap1.14.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 1 km).
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(b) Scenario 2
Figure Ap1.14.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 1 km).

[image: image273.emf]0 10 20 30 40 50 60

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR of incumbent receiver on protection contour edge [dB]

CDF

Number of channels = 10, Protection distance = 20 km

 

 

w/o WSD

Fixed

Flexible

Maximized

[image: image274.emf]-20 -10 0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Output power level of WSD [dBm]

CDF

Number of channels = 10, Protection distance = 20 km

 

 

Fixed

Flexible

Maximized


[image: image275.emf]-40 -30 -20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR of WSD [dB]

CDF

Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 3 km

 

 

Fixed

Flexible

Maximized

[image: image276.emf]0 1 2 3 4 5 6 7 8 9 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Network capacity of WSD [bps/Hz]

CDF

Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 3 km

 

 

Fixed

Flexible

Maximized


(a) Scenario 1

Figure Ap1.15.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 3 km)
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(b) Scenario 2
Figure Ap1.15.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 20 km, Master-Slave WSD distance = 3 km)
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(a) Scenario 1

Figure Ap1.16.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).
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(b) Scenario 2

Figure Ap1.16.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 0.5 km).
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(a) Scenario 1

Figure Ap1.17.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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(b) Scenario 2
Figure Ap1.17.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 1 km).
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(a) Scenario 1

Figure Ap1.18.1 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 3 km).
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(b) Scenario 2
Figure Ap1.18.2 
CDF of SINR of incumbent receiver (upper-left), 
output power level of WSD (upper-right), 
SINR of WSD (bottom-left) 
network capacity of WSD (bottom-right) 
(Number of channels = 10, Protection distance = 40 km, Master-Slave WSD distance = 3 km).
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Annex A11: Calculations with SEAMCAT on interference assessment 

A11.1 Introduction 

The purposes of these analyses are: 

· to define the concept of ‘degradation of location probability’, (LP;

· to coordinate the basis of work, involving (LP, being carried out within SE43 and in particular to describe/define the calculation methodology for the relevant studies; 

· to carry out relevant (independent) technical studies (for SE43) and to provide results which can be compared with similar studies using the same calculation methodology. 

· to set the framework for future SE43 calculations and studies

· For sake of verification, the EBU TECHNICAL was asked to make calculations with a given set of parameters and the results were compared with the output of SEAMCAT using the same parameters, as shown in the tables throughout the document.

A11.2 Definitions

Pixel

A ‘pixel’ is a small area, about [50 m x 50 m] to [100m x 100m], within which DTT reception quality is to be evaluated.  Reception quality, ‘acceptable’ or ‘unacceptable’, is calculated/measured at a large number of sites/points within the pixel, 

Location Probability

The location Probability, LP, is the ratio of the number of sites/points/events within the pixel where an acceptable/agreed DTT reception quality is achieved to the total number of sites/points where calculations/measurements are carried out. It is emphasized that LP is a local parameter, pertaining to, and evaluated within, areas of the size of a pixel.
‘Degradation of Location Probability’

LP evaluated in a given interference situation will change when an additional interference (or set of interferences) is introduced. In particular, the LP will be reduced as additional interference is introduced. For example, if LPb is the LP in the original, given situation and LPa is the LP after the additional interference is introduced, the degradation in LP, (LP, is defined as:

(LP = LPb – LPa.
Example of Monte Carlo simulation (e.g. SEAMCAT).

Events are treated within a pixel. For each event, the wanted DTT power, Pw, is calculated at a (randomly chosen) point, as well as the equivalent noise power, N, the interfering WSD power, Pi. The noise nuisance field is defined as N´ = N + C/N and the nuisance power is defined as Pi´= Pi + PR. The total nuisance field is defined as the power sum of Pi´ and N´, N´ ( Pi´. The point is covered if


Pw ( N´, in the presence of noise only


Pw ( N´ ( Pi´(power sum), in the presence of noise and the interferer.

The location probability is the ratio of the number of trials where

·  Pw ( N´ 
(yielding the location probability ‘before’, LPb), and

·  Pw ( N´ ( Pi´ 
(yielding the location probability ‘after’, LPa),

respectively, to the total number of trials.

Interference Probability

Interference Probability, IP, is the ratio of the number of sites/points/events within an area (of any size) where an acceptable/agreed DTT reception quality is not achieved (due to noise, interference, etc) to the total number of sites/points where calculations/measurements are carried out within that area.

It is to be emphasized that IP is not necessarily a local parameter, and in particular may not necessarily be evaluated within areas the size of a pixel. Furthermore LP and IP have a meaningful relationship only when both are calculated within the context of a pixel.

‘Degradation of Interference Probability’

IP evaluated in a given interference situation will change when an additional interference (or set of interferences) is introduced. In particular, the IP will be increased as additional interference is introduced. For example, if IPb is the IP in the original, given situation and IPa is the IP after the additional interference is introduced, then the degradation in IP, (IP, is defined as:

(IP = IPa – IPb.
Example of Monte Carlo simulation (e.g. SEAMCAT).
Events are treated within a pixel. For each event, the wanted DTT power, Pw, is calculated at a (randomly chosen) point, as well as the equivalent noise power, N, the interfering WSD power, Pi, and the power sum of the nuisance fields Pi´ and N´, N´ ( Pi´. The point is interfered with if


Pw < N´, in the presence of noise only


Pw < N´ ( Pi´(power sum), in the presence of noise and the interferer.

The interference probability, IP, is the ratio of the number of trials where

·  Pw < N´ 
(yielding the interference probability ‘before’, IPb), and

·  Pw < N´ ( Pi´
(yielding the interference probability ‘after’, IPa),

respectively, to the total number of trials.

Relationship between Interference Probability and Location Probability (IP vs. LP)

In compatibility calculations, SEAMCAT calculates the IP in particular situations.

In compatibility calculations, broadcasters calculate the LP in particular situations.

It is seen in the 2 examples above, involving Monte Carlo simulation, that the calculation of LP and the calculation of IP are very similar, and in fact that LP = 100 – IP, expressed in percent.

In order for IP and LP calculations to be comparable, the areas where the respective calculations are carried out must be the same. This means that the area considered in SEAMCAT calculations must be restricted to areas the size of a pixel. LP calculations for areas significantly larger than a pixel have no meaning or relevance.

GOLDEN RULE: LP and IP calculations are to be carried out only for areas the size of a pixel (or smaller).

When IP and LP calculations are to be compared, the relationship between the two parameters must be kept in mind:


LP(%) = 100 – IP(%).

Just as the LP can be calculated before (LPb) and after (LPa) the introduction of additional interference, so can the IP, yielding IPb and IPa. Just as the LP decreases (‘degrades’) with additional interference, the IP increases (‘degrades’) with additional interference. Then the degradation in location probability (LP = LPb – LPa corresponds to the degradation in interference probability (IP = IPa – IPb. Expressed this way, both quantities are positive and equal.

Note that the calculation to determine LPb (and IPb) and LPa (and IPa) should be carried out in common Monte Carlo simulations.

A11.3 Description of the set-up for the first task

A11.3.1 Assumptions used in calculations

· Broadcast pixel: 100 m x 100 m

· Frequency: 600 MHz

· Environment: rural

· WSD antenna height: 10.1 m

· DTT receive antenna height: 10 m

· DTT receiver antenna gain: 0 dBi 

· Propagation model: JTG 5-6

Equivalence between loss L (dB) and field strength E (dB(V/m) for 1 kW erp:

· L = 139.3 + 20 log f(MHz) – E = 194.863 – E

Relationship between field strength and received power:

· Pr dBm = E dB(V/m - 20 log f MHz - 77.2 = E – 132.76 

A11.3.2 Protection requirements of DTT

· (C/N) = 20 dB
required C/N

· PRco = 20 dB
protection ratio

· Pmed = -77.1 dBm ( 55.663 dB(V/m: median receive power/field strength (median received power was used only for the task 1 and task 2)

· Initial Location Probability (LP): 95%

· ( = 1.645, σ = 5.5 dB
statistics

· Pmin = Pmed - (σ =  -86.148 dBm ( 46.615 dB(V/m
minimum receive power/field strength

· N = Pmin – (C/N) = -106.148 dBm ( 26.615 dB(V/m   equivalent noise power/field strength

Interference distance to be considered and corresponding propagation loss:

· 1 km: loss = 102.044 dB (102.05 dB in SEAMCAT);

· 13 km: loss = 145.011 dB (145.01 dB in SEAMCAT);

A11.3.3 Methodology

The LP within a pixel at the DTT coverage edge, in the presence of noise only, is LPb = 95%.

The interferer’s e.i.r.p is to be determined at each distance (1 km and 13 km) such that, in the presence of noise and the interference, the resulting LPa is either 94.9% or 94.5% or 94% (i.e., the degradation in LP is 0.1% or 0.5% or 1.0%). 

In SEAMCAT, the corresponding IPs are calculated to be IP = 5.1%, 5.5% or 6 % (i.e., the degradation in IP is 0.1% or 0.5% or 1.0%). 

For highest precision, 100’000 trials are used to determine the LP, or IP.

The degradation in LP, (LP is determined by (LP = LPb – LPa.

The degradation in IP, (IP is determined by (IP = IPa – IPb.

For SEAMCAT, 2 interfering transmitters (It) were used in the calculations:

1) The 1st It corresponds to the background noise i.e. degradation of location probability became 95% which corresponds to 5% interference probability in SEAMCAT. iRSS (interfering signal strength) in this case is -106.148 dBm. 

2) The 2nd It is a WSD device under consideration.  

Note that the standard deviation for the noise is 0 dB, whereas for the WSD it is 5.5 dB for the propagation distances under consideration.

A11.3.4 First set of results

There are two options to define background noise in SEAMCAT, the first one will be to define 2 interferers (1) and the second one is to use Noise floor as a background noise (2).

1. In SEAMCAT, 2 interfering transmitters (It) were used in the calculations:

· The 1st It corresponds to the background noise i.e. natural degradation of location probability became 95% which corresponds to 5% interference probability in SEAMCAT. iRSS (interfering signal strength) calculated by SEAMCAT in this case is -106.148 dBm. In order to simulate this noise interference at 1 km and at 13 km, a ‘noise transmit power’ Ntx was assumed for the 1st interferer: Ntx = -4.098 dBm for 1 km separation distance, and Ntx = 38.86 dBm for 13 km separation distance.

· The 2nd interferer is merely a WSD device.  

2. In this simulations Noise Floor (in tab Victim link) was set to -106.148 dBm (standard deviation = 0 dB). Such settings give user possibility to use Interference criterion C/(N+I) = 20 dB. See results of the calculations in the Table 1. 

	Separation distance (km) (JTG 5/6, 600 MHz, rural)
	Pwsd_max (dBm)

	
	IP = 5.1% (LPa=94.9%)
	IP = 5.5% (LPa=94.5%)
	IP = 6% (LPa=94%)

	
	SEAMCAT
	EBU
	SEAMCAT
	EBU
	SEAMCAT
	EBU

	1 km
	-26.5
	-26.71
	-19.8
	-19.78
	-16.7
	-16.80

	13 km
	16.3
	16.26
	23.0
	23.18
	26.2
	26.16


Table 1: Results for 1 WSD in the presence of noise power (-106.148 dBm)

For the SEAMCAT simulation, calibration has been done for an effective ‘noise transmit power’, Ntx, i.e. assuming that the noise is produced by a transmitting interferer (with standard deviation = 0 dB for the propagation statistics) with the derived power, Ntx, based on the loss for the distances 1 km and 13 km (see example in Table 2a). 

For the EBU simulations, the noise power was taken to be -106.148dBm at the DTT receiver input.

The Table 2a and b presents results of the calculations of noise power impact, WSD median power and Noise power + WSD median power on DTT reception, and the corresponding degradations, (IP and (LP, respectively.

	Separation distance (km)

(JTG 5/6, 600 MHz, rural)
	Ntx (Noise power only)

(std = 0.0 dB)
	WSD median power

(std = 5.5 dB)
	Noise power + WSD median power

	
	Ntx
dBm
	Interference probability

IPb %
	Power max

dBm
	Interference probability

IP %
	Interference probability

IPa %
	(IP =

IPa – IPb

	1 km

(SEAMCAT propagation)
	-4.098
	5.00
	-7.843
	5.01
	12.08
	7.08

	13 km

(SEAMCAT propagation)
	38.862
	5.00
	35.087
	5.00
	12.10
	7.10


Table 2a: SEAMCAT calibration results for Ntx noise power and WSD impact separately, (IP
	Separation distance (km)

(JTG 5/6, 600 MHz, rural)
	Noise power

(std = 0.0 dB)
	WSD median power

(std = 5.5 dB)
	Noise power + WSD median power

	
	Noise power

dBm
	Location probability

LPb %
	Power max

dBm
	Location probability

LP %
	Location probability

LPa %
	(LP = 

LPb – LPa

	1 km

(EBU propagation)
	-106.148
	94.99
	-7.850
	95.00
	87.98
	7.01

	13 km

(EBU propagation)
	-106.148
	94.99
	35.117
	95.00
	87.98
	7.01


Table 2b: EBU calibration results for noise power and WSD impact separately, (LP
Comparing the last column of Table 2a and Table 2b, it is seen that the degradation of LP and LP, respectively, correspond to each other (to within 0.1 %) as they should if the calculations have been carried out on the same basis.

A11.4 Description of the set-up for the second task.  

A11.4.1 Methodology

In this task the same assumptions as in the first one were considered. 

The LP within the pixel, in the presence of noise only, is LPb = 95%. From 1 to 40 equivalent interferers are considered (in addition to the noise).

Case 1:

N interferers with equal  e.i.r.p. were set at 1 km  distance . The Pwsd_max value is taken from Table 1 (for both EBU and ECO calculations). (LP was calculated such that, in the presence of noise and any WSD interference acting alone, the resulting LPa is either 94.9% or 94.5% or 94% (i.e., (LP is 0.1% or 0.5% or 1.0%). In SEAMCAT the calculation leads to IP 5.1%, 5.5% or 6 % (i.e. (IP is 0.1% or 0.5% or 1.0%). These results are as shown in the first row (‘1 WSD’) of Table 3. The succeeding rows show how the cumulative interference effects increase as the number of equivalent interferers increases.

	Separation distance (km) (JTG 5/6, 600 MHz, rural)
	(LP (=(LP) for N WSDs (with equal Pwsd) at 1 km distance. 

	
	SEAMCAT

-26.5 dBm
	EBU

-26.7 dBm
	SEAMCAT

-19.8 dBm
	EBU

-19.8 dBm
	SEAMCAT

-16.7 dBm
	EBU

-16.8 dBm

	1 WSD
	0.1%
	0.1%
	0.5%
	0.5%
	1.0%
	1.0%

	2 WSDs
	0.2%
	0.2%
	1.04%
	1.0%
	1.95%
	2.0%

	5WSDs
	0.47%
	0.5%
	2.5%
	2.5%
	5.2%
	5.0%

	10 WSDs
	1.0%
	1.0%
	5.1%
	5.1%
	10.2%
	10.0%

	20 WSDs
	2.2%
	2.1%
	5.1%
	10.2%
	19.5%
	19.4%

	40 WSDs
	4.4%
	4.2%
	19.3%
	19.5%
	34.7%
	34.1%


Table 3: (LP results for N WSDs with equal e.i.r.p. in the presence of noise power (-106.148 dBm)

Case 2: 

2 equivalent interferers are considered (in addition to the noise). The common e.i.r.p. of 2 WSD interferers is to be determined such that the (LP/(IP is 0.1%, 0.5%, 1.0%. 

The results are summarized in Table 4. It is seen that the EIRP of each of the WSDs must be  reduced by about 3 dB compared to the single-entry case (see Table 1) in order for the degradation to LP (and IP) reach the same value that was achieved for a single WSD interferer.

	Separation distance (km) (JTG 5/6, 600 MHz, rural)
	Pwsd_max (dBm) for each of 2 WSD’s

	
	IP = 5.1% (LPa=94.9%)
	IP = 5.5% (LPa=94.5%)
	IP = 6% (LPa=94%)

	
	SEAMCAT
	EBU
	SEAMCAT
	EBU
	SEAMCAT
	EBU

	1 km
	-29.6
	-29.71
	-22.7
	-22.79
	-19.8
	-19.81

	13 km
	13.2
	13.24
	20.2
	20.18
	23.2
	23.16


Table 4: Results for 2 WSDs, equal EIRP, in the presence of noise power (-106.148 dBm)

A11. 5 Conclusions

This contribution describes a methodology and the associated parameters involved in evaluating location probabilities and interference probabilities when calculations are to be performed to determine the interference potential to DTT reception.

The basic parameters so far established are:

- the definition and interconnection of location probability and interference probability, and their usage

- the propagation model (the JTG 5-6 model)

- the Monte Carlo techniques to be used to arrive at statistically meaningful conclusions

- the power sum of noise and interferers to determine total interference levels

Preliminary calculations have been carried out which show that:

- the propagation model used by EBU Technical and by ECO yield essentially the same results with very small variation (less than 0.1 dB),

- the Monte Carlo approaches to calculate interference to DTT reception require a minimum set of assumptions  (e.g. number of trials, interference criteria, calculation of noise levels, standard deviations, power summing of interference contributions, etc) 

- the calculation of location probabilities and interference probabilities within a pixel yield essentially the same results with very small variation (less than 0.1 %)

Further work needs to be performed on tasks which seem to be of relevance to the current work of SE43. Some of the elements, parameters, etc. for such future tasks are given in the Annex.

APPENDIX 1 TO ANNEX A11

Assumptions that may be used in calculations

· Broadcast pixel: 100 m x 100 m

· Frequency:600 MHz

· Environment: rural

· WSD antenna height: 10.1 m

· Propagation model: JTG 5-6 (rural area, 50% time for the path between DTT transmitter (BS) and DTT receiver, clutter height = 0 m)

· Pmed = -77.1 dBm (at the edge of the coverage area)

· σ = 5.5 dB

DTT:

· DTT receive antenna height: 1.5 m, 10 m

· DTT receiver antenna gain: 0 dBi, 9.15 dBi 

· (C/N) = 20 dB
required C/N

· PRco = 20 dB
co-channel protection ratio

· PRadj
adjacent channel protection ratio

DTT BS powers (examples):

Case 1: 

· DTT ERP: 1kW 

· DTT transmit power: 62.15 dBm

· DTT transmitter antenna height: 150 m

· DTT transmitter antenna gain: 0 dB

· Coverage radius: 
(24.965  km 
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Case 2: 

· DTT ERP: 10kW

· DTT transmit power: 72.15 dBm

· DTT transmitter antenna height: 300 m

· DTT transmitter antenna gain: 0 dBr.

· Coverage radius: ( 50.110 km
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Case 3: 

· DTT ERP: 100kW

· DTT transmit power: 82.15 dBm

· DTT transmitter antenna height: 600 m

· DTT transmitter antenna gain: 0 dB.

· Coverage radius:( 86.490 km
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Probability of False-vacancy-detections


x = received power 
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Probability of Detection: signal present


x = received power 
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Figure 2: % ‘false-occupancy-detections’ when a DTT field is not present as a function of WSD sensor threshold
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Figure 1b: Increased probability of ‘false-vacancy-detections’ as the threshold increases





Figure 1a: as the threshold is increased, ambient DTT fields at low levels may, erroneously, miss being detected
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FIGURE A.1: small 19-cell WSD network
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Figure 5


DTTB fixed antenna site (red square)


39 WSDs in ‘front’ (blue dots)


9 WSDs ‘behind’ (green dots)








Pr = EdBµV/m – 20 log fMHz – 77.2





EdBµV/m





Ga (including feeder loss)





Prec = Pr + Ga





Giso = 0 dBi (isotropic antenna)





Pt





Loss(d) = Pt-Pr�Loss between isotropic antennas





10 m





20m





1.5 m





Fixed WSD





- 55.45 dB





-





IB





P





Mobile DTT reception








� The average is calculated as � EMBED Equation.3  ���.


� The radius of the WSD cell is taken to be the length of the cell side.


� SEAMCAT is often used when modelling cellular networks.


� The range of NUISTOT to ensure (LP = 0.1% in Figure B.1 is 24.53 to 24.56 dBµV/m which covers all interference scenarios between 1 to 1000 WSD interferers (as shown in Annex B to the present main document).


� A reduction in allowed median nuisance field means the same reduction in the individual median nuisance fields.


� For example, in an extreme case, around NUISTOT = 32 dBµV/m in Figure YYY.2, it is seen that the difference between the maximum and minimum (LP is about 0.57% – 0.56% = 0.01%. In 100 000 trials this would mean a difference of about 10 events, which in this ‘rarefied’ region, is probably due to the imprecision of the random number generator. 


� Note that ‘POL’ and ‘DIR’ are combined in ITU-R Rec. 419, detailing DTTB receive antenna discrimination.


� Recall that LIM is chosen to afford an agreed degree of interference to fixed DTTB reception. Any increase in this limit implies additional interference to the DTTB reception, above the agreed level.


� Note: the ‘stochastic’ values referred to represent the statistical fluctuations of the log-normal variable involved.


� Note that (w does not appear in this expression, because there is no dependence on the wanted power when considering DTTB receiver overloading.


� We use free space loss for 20 m separation distance: LOSS(.02) = 32.45 + 20log f + 20log .02 = 54.72 dB.


� Note: this is a slightly unusual way of representing this relationship. Usually the field strength is plotted as a function of distance. The present representation is convenient for the purposes of this contribution.


� Note: we have extrapolated Rec. 1546 below 1 km to 0.9 km in order to ‘finish’ the curve.


� If a selected slave WSD in master WSD#1 is located close to the other master WSD#2, this slave WSD will be the slave node of the network managed by the master WSD #2. In the master WSD#2 network, either the selected slave WSD or a selected slave WSD in master WSD#2 itself is selected as the slave node of the network managed by the master WSD#2 in a random manner. Alternatively, if a selected slave WSD in master WSD#1 is not located close to any other master WSD, this slave WSD will be the slave node of the network managed by the master WSD #1.


� See Annex A.


� Shannon theorem is adopted here.


� If an interference source is removed, the LP will increase, and the IP will decrease, and both ‘degradations’ will be negative.


� Because the results of a Monte Carlo simulation can vary slightly from simulation to simulation, the most accurate determination of the difference LPb – LPa (or IPa – IPb) would involve the calculation of LPb and LPa (IPa and IPb) using the same randomly generated values for the wanted field in the presence of noise and interference as those for the wanted field in the presence of noise only.
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