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Summary:
Doc SE43(11) 32 asserts that “the assumption of 3 equivalent WSDs interferers in doc SE43(11) 12 is too severe” and that “the spatial composition of 3 WSDs interferers in the worst case interference configuration is improbable in the case of fixed outdoor WSDs and DTT reception”.
This contribution first reviews the basic justification of proposing a 5 dB margin to take into account the effect of cumulative interference. It also provides a detailed technical analysis which establishes, on a technical basis, 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.

Alternatives to the application of a ‘cumulative margin’ to take into account the cumulative effect of interference are also discussed in the contribution. 

Proposal:
It is proposed to include this material concerning the cumulative interference of multiple WSDs in the working document being developed by SE43.
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.

One important aspect concerning the establishment of WSD EIRP limits is the potential occurrence of multiple WSD interference sources.
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	EBU TECHNICAL

	
	


The Relevance of Cumulative Interference from WSD in 

the UHF Band

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. 

FIGURE 1: example of geographical configuration and channel combination
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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.
Annex

The Occurrence of Multiple WSD Interfering Sources and the Aggregate Effect
1. INTRODUCTION

Doc SE43(11) 32 was presented to the July meeting of SE 43. One of the topics treated concerned ‘multiple WSD interferers’.
It is stated in that contribution that “the spatial composition of 3 WSDs interferers in the worst case interference configuration is improbable in the case of fixed outdoor WSDs and DTT reception”. Obviously the authors of doc SE43(11) 32 have misunderstood the intent of using ‘three equivalent WSDs’: the idea was to simulate the cumulative effect of all adjacent channel interferers, at whatever relative positions, with a single interference (at 20 m separation) equal to ‘three equivalent WSDs’.

It is further stated in Doc SE43(11) 32 that “there will be a media access control for WSD transmission and for this reason multiple WSDs in the same location (pixel) do not use simultaneously the same available channel to avoid mutual interference”.
The misunderstanding in this latter statement concerns the use of the term “the same available channel”. Doc. SE43(11) 12 deals with ‘3 equivalent WSDs’ contributing to the interference. In this case the authors of doc SE43(11) 32 have obviously misunderstood the meaning of the word ‘equivalent’ in the expression ‘three equivalent WSDs’. ‘Equivalent’ did/does not necessarily mean the WSDs use “the same available channel” – the possibility that the WSDs can use various different channels adjacent to that of the wanted DTTB receiver was meant by ‘equivalent’, with the ‘equivalence’ being in terms of the same effective nuisance power contributed by each WSD.

Figure 8 of doc SE43(11) 32 was the ‘justification’ for the claim of “improbable” in first quote above. However, in questioning this “improbability”, it was pointed out that the characteristics of WSDs and the possible uses are not well defined and that the word “improbable” was not necessarily appropriate at the present time, if at all.

On the other hand, the possibility of multiple (adjacent) frequencies being used at a single fixed WSD transmitter site, or even within the same area, was said to be “impossible”, again with no supporting justification.

The word “improbable” as used in Doc SE43(11) 32 is not quantitative and therefore it is not very useful in providing a basis for calculating or comparing cumulative WSD interference. In section 2 below we examine hypothetical WSD networks in order to calculate approximate minimum mutual separation distances for WSDs providing a ‘full-area’ coverage, and in consequence, the possible densities of base stations in such networks. The cumulative interference effect of such WSD networks is considered in section 3.
Figures 9 and 10 of doc SE43(11) 32 are supposed to show how improbable multiple ‘closest encounters’ would be. Unfortunately the Figures don’t address the actual problem of cumulative interference: multiple interferers and summed interference. It seems that Figures 9 and 10 don’t have any significance or bearing on the question at hand.
Although the claims above, made in doc SE43(11) 32, are not considered to have been demonstrated, let alone proved, the following can be concluded: if it is not possible to explicitly indicate the ‘density’ of the fixed WSDs, with respect to their mutual proximity in either location or frequency, and if therefore a ‘multiple interference margin’ cannot be determined, then a different method must be used to limit multiple WSD interference effects which are shown below to occur.

Because it is implied in doc SE43(11)32 that a reduction in EIRP should not be used to account for cumulative multiple interference effects in the way the EBU has proposed in doc SE43(11) 12, it will be necessary to define instead a minimum WSD mutual minimum separation distance limit (i.e. a minimum distance to be exceeded between fixed WSD antennas) to ensure that multiple interference effects are kept to a minimum.

In section 4 below, a method is proposed to determine a minimal fixed WSD base station mutual separation distance (for both single-frequency WSD networks using a single adjacent channel and for WSD networks using a mixture of adjacent channels) to limit the extent of possible multiple WSD interference within a DTTB coverage area. This minimal distance would apply to all fixed WSD transmit installations, operating on any channel adjacent to the DTTB channel N, between N – 8 to N – 1 and between N + 1 to N + 9; furthermore no multiple adjacent-channel usage would be allowed on any of the WSD fixed transmit installations.
Using these criteria, it would be necessary to set only a single entry EIRP limit for WSDs – no assumptions are required with respect to the number of potentially interfering fixed WSDs.
2. WSD NETWORKS
If we assume a regular hexagonal lattice structure for the WSD service, we can estimate the density of WSDs within any given area. We realize that an actual lattice structure depends on many parameters, but all we need here is an order-of-magnitude estimate.
Since little to nothing is known about the technical characteristics of WSD technology, it will be necessary to make some ‘educated guesses’. Some of these ‘guesses’ will be based on technical characteristics used for other fixed/mobile services.

2.1 Basic assumptions

The assumptions are:

· A fixed WSD transmitter with antenna at 10 m will be used to serve UEs at 1.5 m
· UE sensitivity: -93 dBm

· UE receive antenna gain & feeder loss: 0 dB

· UE body loss: 6 dB

· Pr = Power at UE: (-93 dBm + 6 dB =) -87 dBm

According to Table 6 of doc SE43(11)12 the maximum limiting WSD transmit EIRPs, Ptx_lim, to protect fixed DTTB reception (at 20 m separation distance) at the DTTB coverage edge (56.21 dBµV/m) are:

· Ptx_lim = -19.0 dBm (channel N(1 , N + 9, protection ratio = -30 dB),

· Ptx_lim = -9.0 dBm (channel N(2, protection ratio = -40 dB),

· Ptx_lim = 1.0 dBm (channels N(3 and beyond, protection ratio = ‑50 dB) 

2.2 WSD cell structure

The SEAMCAT Hata propagation model is used to determine path loss, LOSS(d), as a function of distance, d, and thereby with the help of some of the above information, the WSD cell size.
To find the WSD transmitter ‘useful range’, we use Ptx_lim – LOSS(d) = -87 dBm, which gives LOSS(d) = 68, 78 and 88 dBm for the 3 Ptx_lim cases.

These losses correspond to the WSD ‘ranges’ r = 47.8 m, 61.6 m, and 79.3 m, respectively. Assuming a slight overlap of the individual WSD coverages (to avoid coverage ‘holes’), the minimum distance between WSD transmitters (in a hexagonal network structure) is s = (3*r. A hexagon of side s has area Ahex = 3(3*s2/2, containing [1 + 6(1/3)] = 3 WSD transmitters. Thus, in an area 1000 m x 1000 m, there would be Nwsd = 3*(1000)2/Ahex WSD transmitters.
This gives Nwsd = 169, 101, per 1000 m x 1000 m area, respectively for the adjacent channel cases N ( 1, N ( 2, and 61 per 1000 m x 1000 m area for the adjacent channel cases N ( 3 to N ( 8, and 169 per 1000 m x 1000 m area for the N + 9 adjacent channel case.

2.3 WSD density
As shown in the preceding section, with respect to a given adjacent channel WSD network, the density of WSD transmitter sites at or near the DTTB coverage edge, using a particular adjacent channel, can range from about 61/km2 to 169/km2.
However, the possibility exists that multiple adjacent channel networks could be implemented in any given area. The potential adjacent channels could range from N(1 to N(8 and N+9; that is 17 adjacent channels to choose from.
A modest usage might include, say,
a) N(2, N(4, N(6, N(8,
resulting in, ‘at worst’, an N(2 interference relationship between the WSDs and the DTTB and also between the WSDs themselves, or
b) N(1, N(3, N(5, N(7, N+9
resulting in, ‘at worst’, an N(1 interference relationship between the WSDs and the DTTB and an N(2 interference relationship between the WSDs themselves.
Considering the adjacent channel usage:

a) N(2, N(4, N(6, N(8, with transmitter densities 101, 61, 61, and 61/km2, the total density would add up to 2x101 + 2x61 + 2x61 + 2x61 = 568/km2; 
b) N(1, N(3, N(5, N(7, N+9 with transmitter densities 169, 61, 61, and 169/km2, the total density would add up to 2x169 + 2x61 + 2x61 + 2x61 + 1x169 = 873/km2.
If we consider 100 m x 100 m pixels, this would mean up to about 8 or 9 WSD transmitter sites per pixel. To ensure that we haven’t under/over-estimated these densities, in our later calculations we will consider a range of densities from 1 to 10 (and also 17) WSDs/pixel.
3. INTERFERENCE CALCULATIONS

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 (see the Appendix).
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). 
3.1 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.
3.2 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.
3.3 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. 

[image: image4]
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.
4. 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.

4.1 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.


[image: image9]
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.
4.2 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.


[image: image10]
There 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.
5. 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.
APPENDIX
HATA MODEL

f = 650 MHz
Ht = 10 m

Hr = 10 m

Hb = max (Ht, Hr) = 10 m

Hm = min (Ht, Hr) = 10 m
d ≤ 0.040 km

Loss(d) = 32.45 + 20 log freq + 20 log d = 88.708 + 20 log d

d ≥ 0.1 km

a(Hm) = (1.1 log f – .7 ) min(10, Hm) – (1.56 log f – .8) + max[0,10 log(Hm/10)] = 23.942 – 3.588 + 0 = 20.354
b(Hb) = min[0,20 log(Hb/30)] = -9.542
Urban loss
LossU = 69.6 + 26.2 log f –13.82 log [max(30, Hb)] + {44.9 – 6.55 log [max(30, Hb)]} log d – a(Hm) – b(Hb) =
        = 122.885 + 35.225 log d – 10.812 = 112.073 + 35.225 log d





(U)
Suburban loss
LossS = LossU – 2{log[min{max(150, f), 2000}/28]}2 – 5.4 = LossU – 9.131 = 102.942 + 35.225 log d


(S)
Open loss
LossO = LossU – 4.78 {log[min{max(150, f), 2000}]}2 + 18.33 log[min{max(150, f), 2000}] – 40.94 = LossU – 27.201

= 84.872 + 35.225 log d









(O)
0.1  ≥ d ≥ 0.04 km

Loss = Loss40 + log(d/.04)*(Loss100 – Loss40)/log(.1/.04)
(
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Figure 5


DTTB fixed antenna site (red square)


39 WSDs in ‘front’ (blue dots)


9 WSDs ‘behind’ (green dots)














WSD channel N+9


PR = -30 dB





WSD channel N-1


PR = -30 dB








WSD channel N+1


PR = -30 dB








d = 20 m
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DTT receiving location, channel N








� 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.
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