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Summary:
Doc SE43(11) 23 rev proposes to use “an area-based power allocation method” in order to simplify the co-channel power assignment to WSD networks operating outside of co-channel DTTB coverage areas.


It is demonstrated in this contribution that an ‘area-based power allocation’ is not sufficient to protect DTTB. It is felt more appropriate to use a calculated total median nuisance field (i.e. directly interference related) at the DTTB coverage edge to define the WSD powers that can be used inside the distant WSD area. The WSD powers would be defined on an individual basis, with the only restriction being that the total reference median nuisance field is not exceeded by the simple power sum of the individual nuisance fields.
A detailed calculation is shown on how to derive the total median nuisance field strength for the case of protection of DTTB fixed reception at the edge of coverage from distant interference.
Proposal:
To consider the described concept of total median nuisance field strength as alternative to the concept of power density, as a suitable approach to deal with aggregate interference from distant multiple WSD.
Background: 
SE43 has been tasked by WGSE to continue the work on definition of technical and operational requirements for the operation of White Space Devices in the band 470-790 MHz taking into account Chapter 11 of ECC Report 159. Among others, WG SE requested to address the possibility to set up fixed maximum permitted EIRP limits for WSDs. It may be appropriate to consider simplifying approaches to the partition of interference potential amongst large numbers of co-channel WSD base stations (e.g. operating in a network, or in separate networks).
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1. INTRODUCTION

Doc SE43(11) 23 rev was presented to the July meeting of SE43. That contribution dealt with “Control of aggregated interference from WSDs”. It proposed “an area-based power allocation method. Inside the area, the power is defined by the EIRP density”. However, it is demonstrated that an ‘area-based power allocation’ is not sufficient to protect DTTB (see Annex A).
Here, in the present contribution, it is felt to be more appropriate to use a calculated total median nuisance field (i.e. directly interference related) at the DTTB coverage edge to define the WSD powers that can be used inside the distant WSD area. The WSD powers would be defined on an individual basis, with the only restriction being that the total reference median nuisance field is not exceeded.
 It is also proposed in doc SE43(11) 23 rev “to split the WSD into multiple areas and control the aggregate interference that each area generates”. That proposed approach would also be applicable to the partition of ‘total median nuisance field’.
Also in doc SE43(11) 23 rev, the area based power allocation which is proposed includes
· a function, f, which “calculates the mean (in dBm) of the total unwanted signals including unwanted TV signal”.
It is thought to be more appropriate to use a noise limited protection criterion;
· a function g which “calculates the standard deviation of the total unwanted signals in dB”.
In other words, the mean and the standard deviation of the aggregate unwanted signal are treated as if they represented a gaussian distribution, which is only an approximation.
In the calculation of the total median nuisance field, as proposed herein, this type of approximation is not used. Instead, calculation results and proposals are based on Monte Carlo simulations using only the assumed statistical properties of the individual wanted and interfering signals.
These points are discussed in more detail below, with proposals for an ‘area based interference allocation’ method. The general ‘philosophy’ of the ‘allocation’ is not explicitly provided here because it follows closely that of doc SE43(11) 23 rev, although with some differences. In particular, there is a difference between ‘power allocation’ and ‘nuisance field (i.e. interference) allocation’ which will be elucidated.

In short, it is thought that using median nuisance fields calculated at the DTTB coverage edge, and an allowed ‘total median nuisance field’ has more meaning in terms of DTTB protection than a specified EIRP density over a WSD network area.
2. NUISANCE FIELDS AND GENERIC INTERFERENCE CALCULATIONS
For ease of understanding the following discussions, we first recapitulate the meaning, significance and utility of the concept ‘nuisance field’. Introducing ‘nuisance field’ allows a generalised discussion of the interference, co-channel and/or adjacent channel, without becoming enmeshed in the details of the underlying characteristics (e.g. EIRP, antenna height, location, protection ratios, receive antenna directivity, etc) of the DTTB and interference sources. 

· In the presence of an interfering signal, Ei, and ignoring the noise for a moment, a wanted signal, Ew, is considered to be protected if it is ‘sufficiently’ strong compared to the interfering signal.
· If the wanted and interfering signal are using the same channel, then ‘sufficiently’ strong means

Ew ≥ Ei + PRco









(1)
where ‘PRco’ is the co-channel protection ratio.

· If there is polarisation discrimination, POL, or receive antenna discrimination, DIR, then the ‘sufficiency’ condition becomes
Ew ≥ Ei + PRco – POL – DIR 







(2)

· If the wanted and interfering signals are using adjacent channels then the ‘sufficiency’ condition becomes
Ew ≥ Ei + PRadj – POL – DIR 







(3)

where ‘PRadj’ is the co-channel protection ratio.

· We can generalise the ‘sufficiency’ condition to cover all interference situations by defining the nuisance field, Enuis,

Enuis = Ei + PR – POL – DIR 







(4)

where ‘PR’ is the relevant co-channel or adjacent channel protection ratio. Then the ‘sufficiency’ condition becomes

Ew ≥ Enuis. 









(5)
· If we have two or more nuisance fields, Enuis_1, Enuis_2, ..., then the ‘sufficiency’ condition becomes

Ew ≥ Enuis_1 ( Enuis_2 ( ... 







(6)
where “(” represents power summing for the nuisance fields. The nuisance fields can be defined for any combination of co-channel or any adjacent channel interference.
· Noise also constitutes a source of interference, and will thus be attributed an associated noise nuisance field. This is used in some of the preliminary calculations (as mentioned in the next bullet), but not incorporated in the to-be-defined limit aggregate median nuisance field.
· We are interested in protecting DTTB reception using a (LP = 0.1% criteria. This means that the interference level is to be controlled in terms of the degradation in location probability (LP) in the presence of noise only. In other words, if LP = 95% in the presence of noise only, then in the presence of an additional (aggregate) interference source(s), including noise, LP´ = 94.9% would represent a 0.1% degradation in LP. The interference median nuisance field (due to the WSD interferers alone) will be limited so that this 0.1% degradation will not be exceeded.
In this way we can
· discuss and calculate for all possible interference situations with a single set of equations without having to specify co-channels or adjacent channels or any combinations thereof. 
· perform ‘generic’ interference calculations.
3. ‘POWER ALLOCATION’ vs. ‘INTERFERENCE ALLOCATION’

In principle, ‘power allocation’ and ‘interference allocation’ have the same intent: to limit the aggregate WSD interference potential to DTTB reception.

However, ‘power allocation’ per se is too simplistic as compared to ‘interference allocation’, as used in the present context. The ‘simplicity’ is due to the ‘one-dimensionality’ of the ‘power allocation’ parameter. The interference produced by a WSD depends both on its EIRP and on its transmit antenna height – it is not a question of simply ‘allocating’ power, but also taking the antenna heights into account (see Annex A). And other variable parameters may also play a role.
With ‘interference allocation’ we deal with the actual nuisance field produced at the DTTB receive site. If a maximum limit for the total allowed aggregate median nuisance field is specified, a partitioning of that total nuisance field can be made, and each WSD can arrange its transmission parameters so that the allocated median nuisance field is not exceeded. Thus a trade off in ‘power’, transmit antenna height, etc can be made.
Below, we show how ‘total median nuisance field’ can be assessed for the case of protecting fixed co-channel (or adjacent channel) DTTB reception, and how a single limit can be established for the allowed total median nuisance field.
4. DTTB PROTECTION CRITERION WITH RESPECT TO WSDs
We can define the protection at the DTTB coverage edge in terms of the increase in noise or in terms of the decrease/degradation of the location probability (LP) at the edge; that is, either in terms of a 1% increase in the noise, which is equivalent to I/N = -20 dB, or else in terms of a (LP = 0.1% decrease in LP which means LP = 95% at the edge decreasing to LP = 94.9%. It has been shown elsewhere that these two criteria are nearly equivalent. We will use only the (LP = 0.1% criterion.
When the interference criterion is applied, it is applied to the interference from all sources of WSD interference; that is, we will be considering the cumulative effects of all relevant WSD interference sources (i.e. their nuisance fields). Usually, of course, it will be the co-channel interference which will be causing interference from WSD sources outside of the DTTB coverage area, but large nearby high-power networks of adjacent channel WSDs may also cause interference, and their aggregate median nuisance fields must also be taken into account.
In Annex B it is shown that, by using the (LP = 0.1% criterion, a single aggregate median nuisance field, NUISTOT, can be found which is applicable to any size WSD network. This limit is NUISTOT = 24.53 dBµV/m. If multiple networks are involved, then the same limit can be partitioned and ‘distributed’ amongst those networks, for example as proposed in doc SE43(11) 23 rev. 
A pictorial example is shown below in Figure 1. There are four sources of WSD interference (red hexagons): Networks A, B and D are co-channel, and Network C is adjacent channel. Their respective ‘portions’ of NUISTOT are NUISA, NUISB, NUISC and NUISD.


[image: image3]
FIGURE 1: Distribution of NUISTOT – simple case

· At the red point on the DTTB coverage edge (green circle), the individual median nuisance field, NUISXi, of each WSD in each WSD network (X = A, B, C or D) is calculated. Note that these calculations must be carried out at many test points along the DTTB coverage edge, to determine at which point the aggregate interference is the greatest. That point may shift as the distribution of the WSDs changes.

· Then ∑(i NUISXi ≤ NUISX for X = A, B, C, D, would be required for each WSD Network, where NUISA(NUISB(NUISC(NUISD ≤ NUISTOT for the networks taken together indicates an allowed network partition of NUISTOT.

· The same procedure is carried out at each point
 on the DTTB coverage edge.

[image: image4]
FIGURE 2: Distribution of NUISTOT – complicated case

A more complicated case is shown above in Figure 2. The part contained in the blue ellipse corresponds to the interconnections shown in Figure 1. It is seen that there might be a vast network of DTTB coverages (green circles) and WSD networks (red hexagons), all interconnected in the manner shown.

The easiest way to treat this web of interconnections is the following:

· We define the DTTB co-channel coverage areas Di, i = 1, ..., n, and the WSD networks Wj, j = 1, ..., m.

· With respect to each Di, each Wjis allocated a specific portion of NUISTOT, Nji. For example, the overall restriction with respect to coverage area DI and networks WJ , j = 1, ..., m, is

N1I ( N2I ( ... NJI ( ... ( NmI = ∑(j Nji ≤ NUISTOT.

· As many individual WSDs, wJp, can be introduced into network WJ as desired, as long their individual maximum nuisance fields, nJIp, vis-à-vis the coverage area DI satisfy ∑(p nJIp ≤ NJI.

· If the previous condition is not met for one of the DI, then the relevant characteristics of the individual WSDs must be modified so that the interference condition is met (of course, the interference conditions with respect to the other Di must not be violated in making the necessary changes. In other words, WSD network WJ may not be able to attain its maximum apportioned NJk with respect to every DTTB coverage area Dk; reaching a specific NJk may mean there is no possibility to also reach NJp with respect to other Dp.
5. CONCLUSIONS
A method is proposed to protect DTTB against cumulative WSD interference which is based on the (LP = 0.1% criterion, relative to LP = 95% in the presence of noise only.
Monte Carlo simulations have been carried out to show that, at the percentages of degradation of location probability, (LP = 0.1%, used to protect DTTB services against non-allocated services (e.g. WSD) the aggregate median nuisance field can be used as a criterion for full DTTB protection, including all effects due to protection ratio, polarisation discrimination, DTTB receive antenna discrimination, etc.

The total (i.e. aggregate) median nuisance field is an easy parameter to calculate: no further statistics (Monte Carlo simulation or analytic calculations) are involved once the allowed (limiting) total median nuisance field has been established (as has been done using Monte Carlo simulations in Annex B). Only the median interfering field strengths of the individual WSDs must be calculated with respect to each potential co-channel or adjacent channel DTTB reception area, at points along the coverage edge, then the corresponding median nuisance fields established, and finally the aggregate (power summed) median nuisance field. Limit aggregate median nuisance fields can be used for different areas if a partitioning of the interference (i.e. of the allowed aggregate median nuisance field, NUISTOT) is to be introduced between different WSD areas or WSD services.
In this contribution, the value of NUISTOT has been calculated (24.53 dBµV/m) for the protection of fixed DTTB reception at 10 m antenna height. 

Other values of NUISTOT can be calculated in the same way for other DTTB reception modes. Just as one example, we consider the case where mobile DTTB wanted field strength to be protected. At 1.5 m receive antenna height the median wanted field strength to be protected is 61.21 dBµV/m, and at 10 m height it is 79.21 dBµV/m (a 23 dB increase compared to 56.21 dBµV/m). This means that NUISTOT_mobileTV = 24.53 + 23 dB = 47.53 dBµV/m. On the other hand, when calculating the individual nuisance fields, the 0 dB DTTB receive antenna discrimination (compared to perhaps as much as 16 dB for fixed reception) will not allow increased WSD power levels; there is however  an improved protection ratio (19 dB instead of 21 dB) that will help a little.
Although we have only considered fixed WSD networks outside of relevant DTTB coverage areas, the same principles would apply to mobile WSDs either outside or inside the to-be-protected DTTB coverage area.
ANNEX A
POWER DENSITY AND INTERFERENCE POTENTIAL

It is stated in section 3 of doc SE43(11) 23 that

“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.”

And then in section 3.1 (“Power allocation inside an area A”), the 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.

A.1 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.

 
[image: image6]
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.

A.2 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.

A.2.1 WSD Interference: NUISTOT limited

Then, using the notation of equation B.1 of Annex B, 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 A.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.
A.2.2 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 A.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.
A.3
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.
A.4
 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.
ANNEX B
DETERMINATION OF NUISTOT
In this Annex we show how NUISTOT, the maximum aggregate median nuisance field, can be determined.
B1. 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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Figure B.1: (LP vs. NUISTOT (equal partition of total nuisance field)
B2. FURTHER CONSIDERATIONS
Since the curves seem to converge into a single curve at small values of (LP, we consider this situation more closely. We look at the case of 100 WSDs and at a narrower aggregate nuisance field region: 15 dBµV/m to 35 dBµV/m.  This is the region encompassing (LP = 0.1%. We consider a situation with 100 WSDs and 5 variations: 
· 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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Figure B.2: (LP vs. NUISTOT (100 WSDs, various partitions of total nuisance field)
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. We propose NUISTOT = 24.53 dBµV/m 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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Figure B.3: (LP vs. NUISTOT (various partitions of total nuisance field)
B.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.
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FIGURE A.1: small 19-cell WSD network
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� In terms of practicality, these points may be located, say, every 100 m along the border.


� 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 B.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.
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