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Outdoor to indoor pathloss modelling 

• Cost231 Hata [COST231] for edge of macro cell cases + 
Wall/Window loss 

• ITU P.1411 [ITU1411] for near Node B cases+ 
Wall/Window loss 
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22.2 Path Loss Models 
Several path loss models are used within the study to calculate the signal attenuation as it propagates 

within different environments. These have been chosen from the range of models in the public domain 

that are widely accepted within the industry. They are therefore not ‘tuned’ to a specific environment or 

set of measurements. The models should, however, be indicative of the realistic range of path loss values 

that are likely to be encountered in a realistic deployment. The path loss models are described in this 

section. 

22.2.1 COST231-Okumura-Hata  

This model is derived from the original Okumura model [Oku68] and was extended by COST231 to 

cover the UMTS frequency range. Although the Okumura-Hata (OH) model is a fully empirical model, 

entirely derived from the best fit of measurement data without real physical basis, the model remains 

widely used and is well-accepted by the mobile cellular community. It is the most widely implemented 

model and is available as the main model in most radio planning tools.  

The expression of COST231-OH for built-up areas is as follows: 
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Equation 22-11 

The clutter correction factor is given by: 
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Where the parameters in the above expressions are as follows: 

[km] station base from distance  :

[m] ground aboveheight  station mobile  :

[m] level ground aboveheight  station base   :  

[MHz] frequency    :
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h
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In order for the result of the COST231-OH model to be valid, the parameters must fall within the 

following range of values: 

 

The expressions above refer to the extended model that covers the frequency range up to 2GHz and 

for this study it is assumed that they remain valid at the downlink UMTS frequencies (~2.1GHz). In 

addition, the COST231 extension to the model does not attempt to correct the model expression for the 

rural clutter category so it is assumed that this also remains valid at the DL frequencies of UMTS. 

22.2.2 ITU P.1411 

This model was designed for the planning of short range outdoor systems, with ranges not exceeding 

5km and a recommended maximum range of 1km. Although not explicitly stated in the ITU document, 

this model is valid for base station heights at or below average rooftop level. The P1411 Line-Of-Sight 

(LOS) street canyon method is recommended which applies to situations where the two terminals are in 

LOS but are surrounded by buildings.  

The LOS-street canyon model provides an upper and a lower bound for the path loss using the 

following expressions: 
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Equation 22-12 

for the lower bound, and 
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Equation 22-13 

for the upper bound, where the breakpoint distance is given by  and the basic transmission 

loss at the breakpoint distance is given by: 

 

Equation 22-14 

The breakpoint distance is the distance, which has been observed by measurement, beyond which the 

rate of change in path loss increases. The path loss is modelled by a dual slope function resulting in the 

two formulas in the above equations. 

The other parameters in the above expressions are: 

, the wavelength (m) 

hb and hM, the base station and the mobile unit’s height above street level respectively. 

d, the distance from base station (m) 

22.2.3 ITU-R P.1238 

This model predicts path loss between two indoor terminals assuming an aggregate loss through 

furniture, internal walls and doors represented by a power loss exponent N that depends on the type of 

building (residential, office, commercial, etc.) Unlike other site-specific models, such as Keenan and 

Motley[Kee90], this method does not require the knowledge of the number of walls between the two 

terminals. ITU-R p1238 therefore offers a more simple implementation. 

The expression for the path loss is given by: 

 

Equation 22-15 
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where: 

1)  (n  terminalportable and station base between floors ofnumber    :   n

(dB)factor  loss npenetratiofloor    :L

1m)d (where  terminalportable and station base  thebetween (m) distance separation distance  :

(MHz)frequency    :   

tcoefficien losspower  distance   :
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In the frequency range 1.8-2GHz, ITU-R P.1238 suggests using the following power loss coefficients 

N: 

 

Residential:  28 

Office:  30 

Commercial: 22 

 

and the following values for the floor penetration loss factor Lf: 

Residential: 4n 

Office:  15 + 4(n – 1) 

Commercial:  6 + 3(n – 1) 

 

22.2.4 System Simulation (Section 17) Path Loss Models 

In sections 17.1 and 17.2, the following simplified path loss models were used 

The free-space component for the micro-urban model is given by 

ddBPL microfs 10, log4028)( +=
 

Where d is the distance in m. 

Other models used in this section are similar to those in [R4-071617]. 

 

22.2.5 Comparison of Path Loss Models 
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Figure 22-63 plots the path loss resulting from the outdoor models, i.e. COST231 Hata and ITU-R 

P.1411, for comparison. The path loss is plotted against frequency for the case of hb=30m and hM=2m. 

 

Figure 22-63: Output from COST231-OH model with hb=30m and hM=2m 
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23 Contact Information 

The Radio and Physical Layer working group (WG2) of the Femto Forum would be pleased to 

respond to further queries on the aspects examined in this paper. 

 

Contact details: 

Email: rf@femtoforum.org 

Web: www.femtoforum.org 

Postal: 

 

The Femto Forum 

PO Box 23 

GL11 5WA 

UK 

 




