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1 Introduction

This contribution presents some radio channel measurement results from indoor environments. The purpose is to investigate whether the power azimuth spectrum in indoor environments is close to uniform. 
2 Discussion
This section shows the measurement results for three different propagation scenarios, namely indoor, indoor-to-outdoor, and outdoor-to-indoor. The measurement results are from European IST-WINNER II project [2].
2.1 Indoor

Scenario A1 denotes indoor office/residential environment. LOS denotes line-of-sight condition with a direct path from receiver and receiver, and NLOS denotes non-LOS condition.

The percentiles of azimuth and elevation spreads for the A1 LOS and NLOS are shown in Table 2-1. Histograms and cumulative distribution functions of the measurement results are plotted in Figure 2‑1 and Figure 2‑2 respectively. The mean rms azimuth spread at MS side is 48( LOS scenario and 49( in NLOS scenarios. The mean rms elevation spread at MS side is 10( LOS scenario and 14( in NLOS scenarios.
Due to other results from literature, e.g. [3] and COST 273 the final numbers in WINNER II Channel model [4] are: the mean rms azimuth spread at MS side is 45( LOS scenario and 49( in NLOS scenarios, and the mean rms elevation spread at MS side is 9( LOS scenario and 13( in NLOS scenarios.

Table 2‑1: Percentiles of the RMS azimuth and elevation spreads. 
	A1 angular spread
	LOS
	NLOS

	
	Azim. 
	Elev.
	Azim.
	Elev.

	BS, 
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	10%
	32
	5
	42
	6

	
	50%
	44
	8
	53
	11

	
	90%
	59
	14
	66
	22

	
	mean
	45 
	8
	53
	13

	MS, 
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	10%
	26
	4
	34
	8

	
	50%
	45
	10
	49
	12

	
	90%
	70
	15
	66
	22

	
	mean
	48
	10
	49
	14


The sub-scenario A1 room to room NLOS (through wall) are assumed to have the same characteristics as the sub-scenario corridor to room NLOS in Table 2-1.
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Figure 2‑1 Azimuth spread of the indoor LOS (left) and NLOS (right).
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Figure 2‑2 All indoor azimuth spreads combined.
2.2 Indoor-to-outdoor

Scenario A2 denotes urban micro cellular environment where a transmitter (BS) is indoors at office premises and a receiver (MS) is outdoors. The propagation condition is always non-line-of-sight (NLOS). In the tables and figures below the results at BS side are for the indoor environment.

The percentiles for the CDF functions of the azimuth spreads are shown in the table Table 2‑2. Histograms of the azimuth spreads of the first and fourth floor are presented in Figure 2‑3 a) and b), respectively. The cumulative distribution functions of the all data combined are shown in Figure 2‑4 for the base station and mobile terminals.  
Based on literature and WINNER measurements the final parameter values in WINNER II Channel model [4] are: the mean rms azimuth spread at indoor terminal is 58( and the mean rms elevation spread at indoor terminal is 10(. The same parameter values are applied at indoor terminal both in outdoor-to-indoor and indoor-to-outdoor scenarios. The reciprocity is justified in [5].
Table 2‑2. Percentiles of the RMS azimuth spread. 

	Azimuth spread
	Percentiles
	1st floor
	4th floor
	All combined

	BS (indoor), 
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	10%
	39.4
	26.5
	32.2

	
	50%
	58.9
	42.9
	54.8

	
	90%
	74.5
	67.6
	73.0

	
	mean / std
	57.4 / 14.4
	44.9 / 15.5
	53.6 / 15.8

	MS (outdoor), 
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	10%
	4.5
	2.3
	4.1

	
	50%
	24.0
	21.3
	22.9

	
	90%
	48.4
	38.5
	46.4

	
	mean / std
	26.0 / 16.9
	21.4 / 14.1
	24.6 / 16.3
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Figure 2‑3. Azimuth spread of the indoor-to-outdoor scenario. First floor (a) and fourth floor (b).
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Figure 2‑4. RMS azimuth spread of the indoor-to-outdoor scenario. Both floors combined. Histogram a) and CDF b).

2.3 Outdoor-to-indoor

Scenario B4 denotes urban micro cellular environment where a transmitter (BS) is outdoors and a receiver (MS) is indoors at office premises. The propagation condition is always non-line-of-sight (NLOS). In the tables and figures below the results at MS side are for the indoor environment.

Azimuth angle spread values for the terminals averaged over all routes are shown in Table 2‑3. The CDF curves are shown in Figure 2‑5.

Table 2‑3: RMS azimuth angle spread averaged over all routes.
	Stat (degrees) \ Terminal
	Tx (outdoor)
	Rx (indoor)

	
	
	

	Mean
	16.5
	59.7

	Std
	12.4
	18.3

	10%
	2.0
	35.6

	50%
	12.7
	60.9

	90%
	27.3
	82.6
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Figure 2‑5: Cdf for RMS azimuth spread for both terminals.
3 Conclusion

The rms angular spread resulting from uniform 2-dimensional power spectrum is about 104(. The measurement results show that the power distribution in an indoor environment is far from uniform. Thus radio channel model for MIMO OTA tests in indoor scenarios should include non-uniform AoA.
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