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7.2
Pathloss, LOS probability and penetration modelling
7.2.1
Pathloss models
The pathloss models can be applied in the frequency range of 2 – 6 GHz and for different antenna heights. The pathloss models are summarized in Table 7.2-1 and the distance definitions are indicated in Figure 7.2-1 and Figure 7.2-2. 
Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 7.2-1.
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Figure 7.2-1: Definition of d2D and d3D 
for outdoor UEs




Figure 7.2-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs
Note that
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Table 7.2-1: Pathloss models

	Scenario
	Pathloss [dB], fc is in GHz and distance is in meters
	Shadow 

fading 

std [dB]7)
	Applicability range, 

antenna height 

default values 

	3D-UMi LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc)

PL = 40log10(d3D)+28.0+20log10(fc) –9log10((d'BP)2+(hBS - hUT)2)
	σSF=3

 σSF =3
	10m < d2D < d'BP1)
d'BP < d2D < 5000m1)
hBS = 10m1), 1.5m ≦ hUT≦ 22.5m1) 

	3D-UMi NLOS
	For hexagonal cell layout:

PL = max(PL3D-UMi-NLOS, PL3D-UMi-LOS),

PL3D-UMi-NLOS = 36.7log10(d3D) + 22.7 + 26log10(fc) – 0.3(hUT - 1.5)
	σSF =4
	10 m < d2D < 2000m2)
hBS = 10m

1.5m ≦ hUT≦ 22.5m

	
	




	
	




	3D-UMa LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc)

PL = 40log10(d3D)+28.0+20log10(fc) –9log10((d'BP)2+(hBS - hUT)2)
	σSF =4

σSF =4
	10m < d2D < d'BP4)
d'BP < d2D < 5000m4)
hBS = 25m4), 1.5m ≦ hUT ≦ 22.5m4) 

	
	




	
	




	3D-UMa NLOS
	PL = max(PL3D-UMa-NLOS, PL3D-UMa-LOS),

PL3D-UMa-NLOS = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) + (43.42 – 3.1 log10 (hBS)) (log10 (d3D)-3) + 20 log10(fc) – (3.2 (log10 (17.625)) 2 - 4.97) – 0.6(hUT - 1.5)
	σSF =6
	10 m < d2D < 5 000 m
h = avg. building height, W = street width
hBS = 25 m, 1.5m ≦ hUT≦ 22.5m, W = 20m, h = 20 m

The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1.5 m ≦ hUT ≦ 22.5 m

Explanations: see 6)

	NOTE 1:
Break point distance d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In 3D-UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT  are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m.

NOTE 2:
PL3D-UMi-LOS = Pathloss of 3D-UMi LOS outdoor scenario. 


NOTE 4:
Break point distance d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In 3D-UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. The function C(d2D, hUT) is defined in  Table 7.2-2.

NOTE 6:
PL3D-UMa-LOS = Pathloss of 3D-UMa LOS outdoor scenario.

NOTE 7:
The shadow fading values are reused from [4] for simplicity.



7.2.2
LOS probability
The Line-Of-Sight (LOS) probabilities are given in:

Table 7.2-2: LOS probabilities

	Scenario
	LOS probability (distance is in meters)

	3D-UMi
	Outdoor users:

PLOS = min(18/d2D,1)(1-exp(-d2D/36))+exp(-d2D/36)

Indoor users:

Use d2D-out in the formula above instead of d2D



	3D-UMa
	Outdoor users:

PLOS = (min(18/d2D,1)(1-exp(-d2D/63))+exp(-d2D/63)) (1+C(d2D, hUT))

where
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and
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Indoor users:

Use d2D-out in the formula above instead of d2D


7.2.3
O2I penetration loss
	3D-UMi O-to-I
	PL = PLb + PLtw + PLin
For hexagonal cell layout:

PLb = PL3D-UMi (d3D-out + d3D-in)

PLtw = 20

PLin = 0.5d2D-in
	σSF =7
	10m < d2D-out + d2D-in < 1000m

0m < d2D-in < 25m

hBS = 10m, hUT=3(nfl – 1) + 1.5, nfl = 1, 2, 3, 4, 5, 6, 7, 8.

Explanations: see 3)


	3D-UMa O-to-I
	PL = PLb + PLtw + PLin
For hexagonal cell layout:

PLb = PL3D-UMa(d3D-out + d3D-in)

PLtw = 20

PLin = 0.5d2D-in
	σSF =7
	10m < d2D-out + d2D-in < 1000m

0m < d2D-in < 25m

hBS = 25m, hUT=3(nfl – 1) + 1.5, nfl = 1, 2, 3, 4, 5, 6, 7, 8.

Explanations: see 5)


NOTE 3:
PLb = basic path-loss, PL 3D-UMi = Loss of 3D-UMi outdoor scenario, PLtw = Loss through wall, PLin = Loss inside, d2D-in is assumed uniformly distributed between 0 and 25 m. 
NOTE 5:
PLb = basic path-loss, PL 3D-UMa = Loss of 3D-UMa outdoor scenario, PLtw = Loss through wall, PLin = Loss inside, d2D-in is assumed uniformly distributed between 0 and 25 m.

7.2.4
Autocorrelation of shadow fading

The long-term (log-normal) fading in the logarithmic scale around the mean path loss PL (dB) is characterized by a Gaussian distribution with zero mean and standard deviation. Due to the slow fading process versus distance x 
(x is in the horizontal plane), adjacent fading values are correlated. Its normalized autocorrelation function R(x) can be described with sufficient accuracy by the exponential function ITU-R Rec. P.1816 [5]
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(7.2-1)

with the correlation length dcor being dependent on the environment, see the correlation parameters for shadowing and other large scale parameters in Table 7.3-6 (Channel model parameters).
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