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1. Introduction

In WG4#12 meeting in Turku a propagation model and a scenario for mixed indoor and outdoor environment was presented /1/. In this paper similar scenarios and models are discussed. This paper takes approach in which the simulated scenario and propagation and mobility models are closer to those presented in UMTS30.03 documentation /2/. UMTS30.03 models are preferred since they have been widely accepted in conjunction of UMTS evaluation process.

2. Simulation scenario and propagation model

In /1/ it was proposed a scenario with inner and outer circle of rooms. Such scenario, however, makes it very difficult to use statistical propagation methods. In fact, ray tracing techniques that was used as an example in /1/ is forced to be used. With ray tracing techniques propagation has to be calculated before actual simulation and stored to memory. In case of TDD propagation has to be calculated between each pixel in the simulated area. This implies massive memory usage and is thus not practicable. 

In the scenario proposed in /1/ the lowest pathloss is not necessary obtained via the shortest path. This means that pathloss has to be calculated via several routes from which the lowest is selected. In addition, different propagation model has to be used for different paths (one through walls, one via corridors) This problem does not occur if the scenario proposed in UMTS30.03 is used.

To overcome above-mentioned problems a counter proposal is made. It is proposed to use UMTS30.03 Manhattan scenario in outdoors and UMTS30.03 pico cell scenario in indoors so that the size of building is stretched to fit building in the Manhattan model. Alternatively, both Manhattan building block could be reduced and indoor building stretched so that their sizes correspond each other

Distance attenuation inside a building is a simple Motley-Keenan model as defined in UMTS30.03. In outdoors UMTS30.03 model is used. Parameters for both models are as defined in UMTS30.03. Attenuation from outdoors to indoors is sketched in Figure 1 below. In figure star denotes receiving object and triangle transmitting object. Coordinates of receivers (stars) are projected to places denoted by black dots that act as "virtual" transmitters. First, attenuation is calculated by using Manhattan propagation model between transmitter and each projected coordinate. Next wall attenuation (e.g. 10 dB) is added to the calculated distance attenuation. Then indoor attenuation is calculated between virtual transmitters and the receiver. Finally, lowest pathloss is selected for further calculations. In UMTS30.03 indoor model no wall attenuation for inside wall is considered. If inside walls need to be considered COST indoor model, for example, can be used instead of Motley-Keenan model. Since propagation between outdoors and indoors is modeled, it is not feasible to model more than one floors in the building.

An example calculation of propagation model is shown in Figure 2. Wall attenuation inside building is not taken into account.

Propagation from indoors to outdoors would be symmetrical with above models.
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Figure 1. Simulation scenario and propagation model. Arrows denote entrance points. Black triangle denotes transmitter and star receiver. Black dots denote virtual transmitters.
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Figure 2. An example of propagation.

In the proposed scenario users may go inside/outside only through defined entrance points. In those entrance points attenuation is defined as a linear combination of outside propagation and inside propagation so that sudden drop in the signal is avoided. There is defined area inside a building in which propagation indoor to outdoor is calculated as 
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, where w(r) is weight for indoor and outdoor propagation,  Lindoor is propagation calculated between receiver and transmitter by using mixed indoor-outdoor model, Loutdoor is corresponding pathloss calculated by using outdoor model and r is distance to wall.

Weight is defined as
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, where R is size of area in which entrance propagation is calculated, r distance from wall and getting values [0, R].

Slow fading is time correlated as in UMTS30.03 model. Decorrelation length of slow fading shall be 5 meters in both environments. Standard deviation of slow fading shall be 10 dB and 12 dB for outdoors and indoors, respectively.

Parameters related to propagation models are gathered in Table 1.

Table 1. Parameters related to mixed indoor/outdoor propagation model

Parameter 
value

Inside wall loss
5 dB

Outside wall loss
10 dB

Slow fading correlation length in indoors
5 meters

Slow fading deviation in indoors
12 dB

Slow fading correlation length in outdoors
5 meters

Slow fading deviation in outdoors
10 dB

Building size
110 x 110 meters

Street size
110 x 15 meters

Room size
22 x 25 meters

Number of rooms
5 rooms in 4 rows

Corridor size
110 x 5 meters

Number of corridors
2

Size of entrance point
5 meters

Number of base stations
4 .. 6

BS coordinates
tba

3. Mobility model

The proposed mobility model is UMTS30.03 model for indoors and Manhattan. To the indoor model a possibility to leave building is added. Correspondingly, outdoor users may enter indoors. Four entrance points are defined through which users may enter indoors or outdoors. Entrance points are seen as continuation of corridors inside building. An outdoor user may go inside with certain probability (10 %) when it locates in street aligned with entrance point. An indoor user may go outside with certain probability if it locates at one of the corridors. Parameters of mobility model should be set so that system remains stable or load in indoors and outdoors is not affected due to users going inside/outside, i.e., number of users going inside should equal to number of users going outside.

Table 2. Parameters for mobility model

Parameter
Value

Probability to go inside(outside)
10 %
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