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7.4
Pathloss, LOS probability and penetration modelling

7.4.1
Pathloss
The pathloss models are summarized in Table 7.4.1-1 and the distance definitions are indicated in Figure 7.4.1-1 and Figure 7.4.1-2. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 7.4.1-1.
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	Figure7.4.1-1: Definition of d2D and d3D 
for outdoor UTs
	Figure 7.4.1-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UTs. 


Note that 
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(7.4-1)
Table 7.4.1-1: Pathloss models

	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 

fading 

std [dB]
	Applicability range, 

antenna height 

default values 

	RMa
	LOS
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h = avg. building height

W = avg. street width

The applicability ranges: 
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	UMa
	LOS
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Explanations: see note 3
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	UMi - Street Canyon
	LOS
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Explanations: see note 4
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[image: image47.wmf](

)

(

)

3D

10

10

log

9

.

31

log

20

4

.

32

PL

d

f

c

+

+

=


	
[image: image48.wmf]2

.

8

SF

=

s


	

	InH - Office
	LOS
	
[image: image49.wmf])

(

log

20

)

(

log

3

.

17

4

.

32

10

3D

10

LOS

InH

c

f

d

PL

+

+

=

-


	
[image: image50.wmf]3

SF

=

s


	
[image: image51.wmf]m

150

m

1

3D

£

£

d



	
	NLOS
	
[image: image52.wmf])

,

max(

NLOS

InH

LOS

InH

NLOS

InH

-

-

-

¢

=

L

P

PL

PL



[image: image53.wmf](

)

(

)

c

f

d

L

P

10

3D

10

NLOS

InH

log

9

.

24

30

.

17

log

3

.

38

+

+

=

¢

-


	
[image: image54.wmf]03

.

8

SF

=

s


	
[image: image55.wmf]m

150

m

1

3D

£

£

d



	
	
	Optional 
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	InD
	LOS
	FFS
	FFS
	FFS

	
	NLOS
	FFS
	FFS
	FFS

	Note 1:
Breakpoint 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. 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 hE is the effective environment height. For UMi hE = 1.0m. For UMa 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. With C(d2D, hUT) given by
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Note that hE depends on d2D and hUT and thus needs to be independently determined for every link between BS sites and UTs. A BS site may be a single BS or multiple co-located BSs.
Note 2:
The applicable frequency range of the PL formula in this table is 0.5 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.

Note 3:
UMa NLOS pathloss is from TR36.873 with simplified format and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.

Note 4:
PLUMi-LOS = Pathloss of UMi-Street Canyon LOS outdoor scenario.

Note 5:
Break point distance dBP = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0 ( 108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:
fc denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.


[Editor’s note: Further sub-scenarios for InD is FFS]

7.4.2
LOS probability
The Line-Of-Sight (LOS) probabilities are given in Table 7.4.2-1.
Table 7.4.2-1 LOS probability
	Scenario
	LOS probability (distance is in meters)

	RMa
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	UMi - Street canyon
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	UMa
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	Indoor - Mixed office
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	Indoor - Open office
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	InD
	FFS

	Note:
The LOS probability is derived with assuming antenna heights of 3m for indoor, 10m for UMi, and 25m for UMa


[Editor’s note: Further sub-scenarios for InD is FFS]

7.4.3
O2I penetration loss
7.4.3.1
O2I building penetration loss

The pathloss incorporating O2I building penetration loss is modelled as in the following:
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where 
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 is the basic outdoor path loss given in Subclause 7.4.1, where 
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 is the building penetration loss through the external wall, 
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 is the inside loss dependent on the depth into the building, and σP is the standard deviation for the penetration loss. 
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(7.4-3)


[image: image75.wmf]npi
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 is an additional loss is added to the external wall loss to account for non-perpendicular incidence; 
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, is the penetration loss of material i, example values of which can be found in Table 7.4.3-1; 
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; and N is the number of materials.
Table 7.4.3-1: Material penetration losses

	Material
	Penetration loss [dB]

	Standard multi-pane glass
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	IRR glass
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	Concrete
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	Note:
f is in GHz


Table 7.4.3-2 gives 
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, 
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 and σP for two O2I penetration loss models. The O2I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
Table 7.4.3-2: O2I building penetration loss model

	 
	Path loss through external wall:
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	Indoor loss:
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	Standard deviation:
σP in [dB]

	Low-loss model
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	High-loss model
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 is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi-Street Canyon, and between 0 and 10 m for RMa. 
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 shall be UT-specifically generated.

Both low-loss and high-loss models are applicable to UMa and UMi-Street Canyon. 

Only the low-loss model is applicable to RMa. 
[Editor’s note: Model for InD is for further study]
The composition of low and high loss is a simulation parameter that should be determined by the user of the channel models, and is dependent on the use of metal-coated glass in buildings and the deployment scenarios. Such use is expected to differ in different markets and regions of the world and also may increase over years to new regulations and energy saving initiatives. Furthermore, the use of such high-loss glass currently appears to be more predominant in commercial buildings than in residential buildings in some regions of the world (see note). 

Note:
One example survey for the US market can be found in [5]. The survey does not necessarily be representative for all the scenarios. Other ratios outside of the survey should not be precluded.

For backwards compatibility with TR 36.873 [3], the following building penetration model should be used for UMa and UMi single-frequency simulations at frequencies below 6 GHz. 

Table 7.4.3-3. O2I building penetration loss model for single-frequency simulations <6 GHz

	Parameter
	Value
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with 
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 being a single, link-specific, uniformly distributed variable between 0 and 25 m
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	7 dB (note: replacing the respective value in Table 7.4.1-1)


--- Unchanged parts are omitted ---
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