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1. WINNER Propagation models 

Source WINNER Phase I Deliverable D5.4 v1.4 (page 26)

Path-loss models at 5 GHz for considered scenarios have been developed based on measurement results or from literature. The developed path models are presented in Table 1 including the shadow fading values.

Table 1: Path-loss models

	Scenario
	Path loss [dB]
	Shadow fading standard dev.
	Applicability

range

	C1
	LOS
	23.8 log10 (d) + 41.6

40.0 log10 (d/dBP) + 41.6 +


23.8 log10(dBP)  ****) +)
	σ = 4.0 dB

σ = 6.0 dB,
	30 m < d < dBP
dBP < d < 5 km

	
	NLOS
	40.2 log10 (d[m]) + 27.7 **)
	( = 8 dB
	50 m < d < 5 km

	C2 
	NLOS
	35.0 log10 (d[m]) +38.4  ***)   
	( = 8 dB
	50 m < d < 5 km

	D1
	LOS
	21.5 log10 (d[m]) + 44.6

40.0 log10 (d/dBP) + 44.6 +


21.5 log10 (dBP)  ****) +)
	( = 3.5dB

( = 6.0dB
	30 m < d < dBP
dBP < d < 10 km

	
	NLOS
	25.1 log10 (d[m]) + 55.8 
	( = 8.0dB
	30 m < d < 10 km


**) Validity beyond 1 km not confirmed by measurement data.

***)  Validity beyond 2 kms not confirmed by measurement data.
****)  dBP is the break-point distance: dBP = 4 hBS hMS / λ, where hBS is antenna height at BS, hMS is antenna height at MS, and λ is the wavelength. Validity beyond dBP not confirmed by measurement data. 

+)  BS antenna heights in the measurements: C1 LOS: 11.7 m, D1: 19 – 25 m.
Note C1 – SUBURBAN, C2 – URBAN, D1 – RURAL

2. ITU P 452 model

This includes the implementation of equation 8(b). This is the summation of line of sight model, addition losses due to clutter loss models and sub path diffraction models.  

Table 2: Methods of deriving overall predictions

	Path type
	Model description 

	Line-of-sight
	The prediction is obtained by summing the losses given by the line-of-sight and clutter loss models, i.e.:




Lb ( p) = Lb0 ( p) + Aht + Ahr           dB

(8a)

where:

Lb0 ( p) :

predicted basic transmission loss not exceeded for p% of time given by the line‑of‑sight model

Aht, Ahr :

appropriate additional losses due to height‑gain effects in local clutter

	Line-of-sight with sub-path diffraction
	The prediction is obtained by summing the losses given by the line-of-sight and (sub‑path) diffraction models and clutter models, i.e.:



Lb ( p) = Lb0 ( p) + Lds ( p) + Aht + Ahr

dB
(8b)

where:

Lds ( p):

prediction for p% of time given by the sub-path diffraction loss element of the diffraction model


2.1 Line-of-sight propagation (including short-term effects) source ITU P452 

The basic transmission loss Lb0 ( p) not exceeded for time percentage, p%, due to line-of-sight propagation is given by:

Lb0 ( p) = 92.5 + 20 log f + 20 log d + Es ( p) + Ag                dB


where:


Es ( p) :
correction for multipath and focusing effects:

Es ( p) = 2.6 (1 – e– d / 10) log ( p / 50)                dB


Ag :
total gaseous absorption (dB): 
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Where: γo, γw(ρ) :
specific attenuation due to dry air and water vapour, respectively and ρ is water vapour density.

Calculation of attenuation due to atmosphere: source ERC Report 68 page 22
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Note: the water vapour density ( is a variable. In the model set to 3 g/m3 (ERC Report 68 page 22)

2.2 Clutter loss calculation: source height-gain model (ITU – R P452 page 15)

The additional loss due to protection from local clutter is given by the expression:
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 where:

dk :
distance (km) from nominal clutter point to the antenna (see Fig. 3)

h :
antenna height (m) above local ground level

ha :
nominal clutter height (m) above local ground level.

Table 3 - Nominal clutter heights and distances

	Clutter (ground-cover) category
	Nominal height, ha
(m)
	Nominal distance, dk
(km)

	Category 1

High crop fields

Park land

Irregularly spaced sparse trees

Orchard (regularly spaced)

Sparse houses
	4
	
0.1

	Category 2

Village centre
	5
	
0.07

	Category 3

Deciduous trees (irregularly spaced)

Deciduous trees (regularly spaced)

Mixed tree forest
	15
	
0.05

	Category 4

Coniferous trees (irregularly spaced)

Coniferous trees (regularly spaced)
	20
	
0.05

	Category 5

Suburban
	9
	
0.025

	Category 6

Dense suburban
	12
	
0.02

	Category 7

Urban
	20
	
0.02

	Category 8

Dense urban
	25
	
0.02

	Category 9

Industrial zone
	20
	
0.05


Note: in the clutter loss model the clutter category is a variable that needs to be initialised according to the scenario. In the model set to clutter category 2

2.3 Sub path diffraction model source: ITU P526 page 13

The diffraction loss (A) in terms of the first Fresnel zone radius, R1 is given as the following. 
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 Where h is path clearance and Ah is the diffraction loss at the horizon

[image: image4.png]where;

m=—9
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The diffraction loss at the horizon (Ah) is calculated using diffraction field length formulae given in section 3.1.1.2 (page 7) of ITU – R P526. In this case (diffraction loss at horizon) the path length d (km) is given as 
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 where h1 and h2 are transmitter and receiver heights, ae is the  effective radius of the Earth, ae is considered as 8500km (ERC report 68, page 23), h1, h2, h  and d are in self consistent units.

When calculating Ah the value of ( = 1 (this parameter allows for the type of ground and polarization, ITU P526 page 7), the value of K = 10-5 (Normalized earth surface admittance factor, ERC report 68 page 23)

3. ITU Winner path loss models – Results comparison

The following results comparisons are made between SC Java Plug-in Modules and the Matlab Implementation 

Source Document: Winner Phase I Deliverable D5.4 Version 1.4 – page 26

Selected models: C1 (LOS and NLOS), C2 (LOS and NLOS), D1

C1 LOS – distances between 30m to 5km

C1 NLOS – distances between 50m to 5km

C2 – distances between 50m to 5km

D1 – distances between 30m to 10km 

Breakpoint distance is assumed as 1000m in the case of following test results
3.1 Scenario WINNER C1 
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Matlab Implementation
	[image: image10.png]pathloss dB

200

180

160

140

120

100

il

60
0

i
05 1 15 2 25 3 35 4 45
distance (krn)





Seam Cat Java Plug-in Module


3.2 Scenario WINNER C2
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Matlab Implementation
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Seam Cat Java Plug-in Module


3.3 Scenario WINNER D1          
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Matlab Implementation
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Seam Cat Java Plug-in Module


4. ITU P452model 

4.1 Results comparison

The following results comparisons are made between SC Java Plug-in Modules and the Matlab Implementation 

4.1.1 Scenario 1 
Clutter category = 1 (ha = 4m, dk = 0.1 km)

Tx height = 10m

Rx height = 1.5m
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Matlab Implementation
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Seam Cat Java Plug-in Module


4.1.2 Scenario 2

[image: image17.bmp]Clutter category = 1 (ha = 4m, dk = 0.1 km)

Tx height = 10m

Rx height = 1.5m

P = 50%
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Matlab Implementation
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Seam Cat Java Plug-in Module


4.1.3 Scenario 3

Clutter category = 1 (ha = 4m , dk = 0.1 km)

Tx height = 10m

Rx height = 1.5m

P = 20%
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Matlab Implementation
	[image: image21.png]P=20%
20

200~ — P52 Los
—— P452 vith clutter loss

—— P452 with sub path and clutter

180

160

140

120

100 L

10 10 10
distance (krn)





Seam Cat Java Plug-in Module


4.2 Comparison between P452-12plug-in module implemented in SEAMCAT and ITU-R P.452-12 excel model
4.2.1 ITU-R P.452-12 loss

FIGURE 1: Path loss attenuation with respect to percentage time
Calculations are based on a flat terrain model with sub path and without any clutter[image: image22.emf]ITU-R P452-12
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Tx height = 10m

Rx height = 1.5m

P = 20%
4.2.2 Conclusion

When comparing ITU-R P.452-12 model and the plug in module based on the same set of input parameters of Tx /Rx, frequency, and considering sub path without clutter, it can be observed some dB difference in the loss results.
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