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Formula 4.3-4 in section 4.3.2.2 of ECC document 159 defines the probability for broadcast reception in the absence of interference from systems other than DTT at a given pixel by:



Any broadcaster performing coverage calculations has all or at least a subset of the parameters available, e.g. (PS, q), (ES, q) or (PS, U)…

The different contributions PS,min , rU,kPU,k are summed in the linear domain (in dB the contributions are power summed denoted by ⊕).

By introducing the nuisance field concept (ECC report 159, Annex 6, A.6.1) all the different contributions can be referenced to the wanted signal level PS:

Noise:	   (where PRco = co channel protection ratio)
kth interferer:	
PU,k is the power caused by the interferer k at the location of broadcast reception antenna in channel ch’
rU,k is the protection ratio for an interferer operating in channel ch’ to an incumbent receiver in channel ch

In the absence of interference from systems other than DTT the total nuisance field becomes:


and  


Any additional transmitter operated in the broadcast bands at a given location (x,y) increases the nuisance power and hence reduces the location probability: 



Δq describes the acceptable degradation to broadcast reception at the location of a broadcast receiver (u,v), caused by a WSD. By fixing Δq (e.g. Δq = 0.1%) the maximum acceptable nuisance field for the White Space Device can be determined.

If the signals are log normal distributed the system can be modeled with medians ms[dBm] and mu[dBm] and standard deviations σs[dBm] and σu[dBm] (ECC report 159, Annex 7, A.7.1)




Now with e.g. E ( =E50,mean = ms) and q from the coverage calculations calculate:
· μ0 for the case of interference causes by broadcast signals only (q)
· μ1 for the case of additional WSD interferer (q-Δq)
· mU,0 = Nutotal,0 and mU,1 = Nutotal,0 ⊕ Nuwsd 
· Nuwsd = mU,1 ⊝ Nutotal,0  

Example: fixed reception, noise limited case, 70 % coverage area (“acceptable reception”)
Nutotal,0 = Nunoise = -98.15 dBm + 21 dB = -77.15 dBm
µ(70%) = 0.5244; Δq = 1%  µ(69%) = 0.4959; σ = 5.5 dB (noise limited case)
f = 650 MHz; G = 9.15 dB

 mS,70% = ms,70% = Nunoise + µ70* σ =
-77.15 dBm + 0.5244*5.5 dB = -74.27 dBm

Now the wanted signal strength remains the same but higher interference is accepted:

ms,70% = Nunoise + µ70* σ = Nutotal + µ69* σ
Nutotal = -76.99 dBm

Nuwsd = Nutotal ⊝ Nunoise = -91.40 dBm 

With E[dBµV/m] = P[dBm] + 77.21 dB + 20*log10(f[MHz]) – G[dB]: 

 at the edge of 70% coverage area (in the noise limited case) the field strength becomes Emean = 50 dBµV/m. Inside the coverage area when approaching the transmitter the mean field strength may increase up to 100 dBµV/m or even more. 

Figure y shows the WSD nuisance field strength versus the wanted signal strength (incumbent signal) for the values of a 70% coverage area (50…120 dBµV/m).
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Figure y

The dotted lines are linear interpolations for the Nuwsd(Ew) curves. E.g. for Δq = 1% the linear interpolation is Nuwsd[dBµV/m] = Ew[dBµV/m] -18 dB; 

Figure x shows that starting from Nuwsd by taking several assumptions the maximum acceptable transmit power of a WSD at location (x,y) can be determined.
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The assumptions cover:
· Coverage area: only broadcast receivers within the coverage area are protected (e.g. 70% for acceptable reception or 95% for good reception, according to GE06)
· Outside coverage area the minimum distance to broadcast receiver is the minimum distance to the coverage area
· Inside coverage area the minimum distance is determined by the considered scenario
· Adjacent channels are taken into account up to N±9
· Values for Protection Ratio and Overloading are taken from corresponding documents, e.g. ECC #148 for the case of LTE like interferers 

Example: ECC report 159, figure 61: fixed rooftop DTT reception and mobile CRD
· LTE like interferer, f = 650 MHz
· Inside 70% coverage area of the considered channel
· Acceptable degradation Δq = 1%
· Coupling loss: -56 dB (ECC report 159, figure 61)
· Protection ratios (ECC report 148, ECC report 159 Annex A.6 Table 41, Config. 1 + 5, Table 53):
· PRco 	= +23,1 dB
· PRn+1 	= -31,9 dB
· PRn+2 	= -38,9 dB
· PRn+3 	= -42,9 dB



Using Nuwsd = -91.4 dBm from above for edge of 70% coverage area (50 dBµV/m):

Pwsd,co 	= -58.5 dBm
Pwsd,n+1 	= -3.5 dBm
Pwsd,n+2 	= +3,5 dBm
Pwsd,n+3 	= +7.5 dBm

With the linear approximation from above (Nuwsd = Ew -18 dB):






	Ew[dBµV/m]


	

PR [dB]
	50
	60
	70
	80
	90
	100

	co channel
	+23
	-59
	-49
	-39
	-29
	-19
	-9

	n±1
	-32
	-4
	6
	16
	26
	36
	46

	n±2
	-39
	3
	13
	23
	33
	43
	53

	n±3
	-43
	7
	17
	27
	37
	47
	57



Overloading
A very strong signal on any channel of a TV broadcast receivers operational range (channels 21…69) may cause nonlinear behavior of the amplifier:
·  A strong out-of-band interfering signal may deteriorate the receiver’s ability to detect a low-level wanted signal (receiver blocking). The receiver blocking response (or performance level) is defined as the maximum interfering signal level expressed in dBm reducing the specified receiver sensitivity by a certain number of dB's (usually 3 dB). In this situation the receiver is still able to decode strong broadcast signals. 
· If interfering signal is stronger than the overload threshold then the receiver loses its ability to decode any incumbent signal, no matter how strong this will be (overloading).
The overload threshold for the LTE user terminal signal (Config 1+5 of ECC report 159, Annex A.6) according to ECC report 148 is between -47 dBm and -2 dBm. Assume Oth ≈ -25 dBm for the considerations here.
In most of the European countries it can be assumed that there is at least one broadcast coverage within n±9 of each channel at any location. Under this assumption the overload threshold in combination with the shortest possible distance between TVWS device and TV antenna determines an upper limit for the possible transmission power for TVWS device according to the following equation. With the coupling loss for configurations 1/5 being 56 dB and 99.9% of the locations (µX=3.1) the limitation caused by overloading is:



Conclusions:
· Maximum WSD transmit power depends on signal strength of wanted signal
· For co channel operation maximum WSD transmit power is too low 
· If WSD operates within the coverage area of n+i incumbent channel, then this wanted signal has to be considered
· 
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