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1. sUmmary
Based on recent discussions, the case of an urban micro-cell with indoor coverage is of interest, including specific effects related to the outdoor to indoor transition.  A model for this scenario is described here.

2. Introduction

The outdoor to indoor propagation environment is defined here as one in which outdoor access points are used to serve indoor subscriber units.  This type of environment presents a number of specific challenges for propagation modeling, which are discussed in some detail below.   The goal of this model is to adequately quantify the signal and interference behavior seen in a micro-cell environment with an outdoor to indoor coverage scenario.  

3. Building Directivity

Figure 1, illustrates a set of buildings with coverage from a micro-cell transmitter located on a nearby building top.  The propagation is primarily down the streets since the buildings shown are generally taller than the transmitting site, so over-rooftop paths would not be expected.  The measured signal strengths are narrow band measurements in the 870 MHz band and local mean estimates were take over a 40 lambda moving average.  Multiple transmitter locations were evaluated, although Figure 1 only reports the results from a single transmitter location.  Although this data is taken at 870 MHz, similar results have been observed at 1.9 GHz, and the models proposed here are believed be adequate for either frequency, or parameter selections may be used for fine tuning.    

The building directivity in this experiment is defined by the ratio of the signal on the strongest side to that of the other sides.  

Note that the largest Front to Back (F/B) ratios correspond to the locations where the signal strength is greatest.  These are the locations where a strong direct unobstructed or line-of-sight path is present.  When the direct path is blocked by the building, this blockage causes a more significant reduction in the mean signal strength than the blockage of a weak signal in a more distant location, which is characterized by a significantly delayed path.   

Figure 2, illustrates that there is a strong correlation between signal strength and the signal levels present on the strong and weak sides.  The F/B ratios are obtained by comparing the signal strength on the strongest side of each building with the signal strength on the three weaker sides.  The F/B ratios are separated into groups according to the ranking of the weak side signal strength, and each group is plotted using a different color. 

The F/B ratios will be used in the next section where a proposed model is developed based on the correlation with signal strength.
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Figure 1, Signal Strength Distribution illustrating the Effect of Buildings
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Figure 2, Building F/B ratio as a function of signal strength

Based on the results in Figure 2, an abstraction of the data is developed as a model of the F/B ratio.  This model is uses the regression lines with an X-axis converted to path loss.  The calculations are presented in Appendix B and some example values are shown in the table below. 
Table 1 Front-to-Back Ratio as a function of path loss.

	PL dB
	FTBR 1st dB
	FTBR 2nd dB
	FTBR 3rd dB
	FTBR 4th dB

	60
	0
	10.57
	19.2
	28.31

	70
	0
	9.57
	17.4
	25.61

	80
	0
	8.57
	15.6
	22.91

	90
	0
	7.57
	13.8
	20.21

	100
	0
	6.57
	12
	17.51

	110
	0
	5.57
	10.2
	14.81

	120
	0
	4.57
	8.4
	12.11


4. Building Penetration Loss

Penetration loss is part of the outdoor-to-indoor transition, and must be carefully considered.  In noise limited cells, it is only important to obtain a statistical loss for a given user so penetration loss can be modeled statistically as a mean value and a sigma.  Several authors have proposed models like this [1][2][3].   In order to include the effects of signals from more than one site, i.e. for the purposes of modeling SINR, or macro-diversity in a cellular system, a more complete modeling of the penetration loss is necessary.

Several recent models have proposed a linear loss versus distance inside a building. [4][5]  In Figure 3, results for an isolated building (a building in a non-cluttered area) are shown which exhibits a linear loss versus distance.  An isolated building is used here to separate the effects of the building from the outside environment.  As seen in the figure, there is a very linear loss versus distance for each of the “Paths” or Routes through the buildings that are illustrated.  

The measurements shown in this figure were taken at 850 MHz, on the first floor of a two story building.  Similar or slightly higher losses were observed for signals at 1.9 GHz.  The building is primarily populated with of cubicles, typically 5’ high, and the measurement was taken at about 1.5m which is slightly below the height of the cubicle walls.  The penetration loss was approximately 1/3 dB per foot, while on the second floor of the facility the penetration loss was somewhat less being approximately 1/4 dB per foot.   
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Figure 3, Building Penetration Loss Example

5. Combining Building Directivity and Penetration loss

By combining the concepts of building directivity and penetration loss, a relatively simple model can be described, which is capable of including the outdoor-to-indoor transition.  This model will be formed by the following procedure.

Steps in the Procedure that will be added to the SCM Micro-cell model:

1. Randomly Drop building with a user located randomly in the building as shown in Figure 4. 

2. Calculate the SCM bulk parameters, including path loss and log normal shadowing) to a user as in the standard SCM, (i.e. without including the effects of the building.)
For each path:

a. Determine the strongest side of the building for the path based on angle of arrival.  
b. Based on the path loss of the path, estimate the loss at each outer wall using the F/B ratio function.  

c. The sides closest in angle to the arriving path are identified as the 2nd, 3rd and 4th strongest sides, or if arriving perpendicular to the building wall, both adjacent sides can be the 2nd strongest side.

d. Use a linear loss model to calculate the additional loss to the user based on distance from each wall to the indoor user. (SCME mid-paths within the path have the same loss)
e. Choose the lowest total loss as the loss for that path.  This path now defines the new angle of arrival at the user.
3. Repeat for each cell.


[image: image4.emf] 

Randomly Dropped  Building, with User  

Micro - cell  Environment  


Figure 4, Illustration of the Proposed Model

6. Results 
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In this section, the results of the geometry distribution are presented. The results for a simplified model using a 20dB building penetration loss are also presented for comparison.

Figure 5, Comparison of the F/B model compared to a 20dB fixed pad

The results shown in Fig. 5 indicate that the F/B model consistently produces a several dB improvement in the user geometry even at high geometry regions.  

7. Summary

By using the concept of building directivity a Front-to-Back ratio is obtained for a subscriber that is inside a building, wherein the ratio is a function of the signal strength arriving at the strongest side of the building.  Thus, when the building is close to the base and receives an unobstructed signal, the difference between the strongest side and the weaker side is significant.

This building directivity model is combined with a simple linear path loss versus distance to represent the signal that enters the building.  The resulting model is thus able to include the directional effects of being on different sides of a building, with the loss incurred from the indoor environment.  

By using this model, we account for differences in desired and interfering base stations which affect both the SINR of a receiver as well as the possible macro diversity gain.

Note that the model consists of only a few steps, and no building grid or site specific modeling is required.  Further, building sizes, user distributions, and loss parameters are easily changed.

In addition, this model produces much better geometry than the simplified model using a fixed building penetration loss of 20dB. In the fixed loss model, a fixed loss is used no matter the location within the building, wherein the desired and interference signals would be affected in different ways.  The building directivity model captures this effect.
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9. AppENDIX A Simulation parameters

Table 2 Simulation parameters.

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 1 sector per site

	cell radius
	500m 

	Shadowing standard deviation
	10 dB



	Shadowing correlation
	0

	Antenna pattern
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	Carrier Frequency / Bandwidth
	CF= 2GHz

BW= 10MHz

	Total BS TX power (Ptotal)
	38 dBm 

	Hard handoff hysterisis margin
	2dB

	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 10m 


Propagation Models

SCM urban Micro-cell NLOS with Building Directivity

PL=34.53+38*log10*(d) d in meters

Building directivity with indoor linear loss of 1/3 dB/m and ¼ dB/m, with the distance measured perpendicular to the building walls.

SCM urban Micro-cell NLOS with Fixed 20dB building penetration loss

PL=34.53+38*log10*(d) d in meters.

All signals (desired and interferers) get a fixed 20dB loss. 

10. APPENDIX B SIGNAL STRENGTH TO PATH LOSS CONVERSION

The x axis in Figure 2 is presented in units of signal strength. If we use the parameters of the measurement setup, given the path loss, solving for the front-to-back ratio is trivial. Those parameters are listed in Table 3.

	Parameter
	Value
	Units

	Transmitted Power
	43
	dBm

	Tx Antenna Gain
	12
	dB

	Cable Losses
	2
	dB

	Rx Antenna Gain
	0
	dB


Table 3 Measurement Setup Parameters.

With these parameters the front-to-back ratio (FTBR) as a function of signal strength is given by:
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As an example of how the model works, Table 1 presents the results for a path loss range of 60 to 120 dB.

Front-to-Back Ratios Separated in Groups by Weak-side RSSI Ranking, Dense Urban Area
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* Strongest-2nd strongest


slope =  0.10





intercept = 11.27 dB





sigma =  3.38 dB





# samples = 336 





* Strongest-3rd strongest


slope =  0.18





intercept = 20.46 dB





sigma =  4.26 dB





# samples = 336





* Strongest-4rd strongest�slope =  0.27





intercept = 30.2 dB





sigma =  4.91 dB





# samples = 336





Fraction of Positions with Geometry < X
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