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1. Introduction
Spatial channel models, [1], [2], are typically used for modelling MIMO scenarios since they include the necessary spatial and temporal characteristics of typical wide-band cellular channels.  These wide-band channels consist of paths (clusters) that are characterized by their narrow Angle Spread (AS) at a given Angle-of-Arrival (AoA) and delay.  The multiple paths lead to a frequency selective channel with delay spread and a non-uniform power azimuth spectrum (PAS). Both outdoor and indoor channels exhibit narrow angle spreads and non-uniform PAS.  
This contribution extends the investigation in [3] and now includes realistic coupled antenna patterns and throughput estimates for the evaluation of various channel modelling assumptions for MIMO OTA.  The antenna configurations include a measured pattern from Agilent [4], and also a coupled dipole, which is often used in evaluations.  Spatial correlation, Branch Balance, and an estimate of capacity (throughput) is used to evaluate the characteristics for each channel model with the goal of being able to measure the antenna effects on throughput and user experience.
2. Channel Model Evaluation

In the analysis below, three channel models are evaluated using two unique antenna configurations. These channel models are:

1.) SCME Urban Micro

2.) One SCME Cluster arriving from 45º

3.) Uniform Arrival Model
For each channel model, the DuT is simulated with the specified antennas to determine and quantify the effects of the antennas on performance.   
Two different realistic antenna configurations are used to evaluate the differences between the three channel models.  These antenna configurations include an example pattern measured by Agilent in [4] and a typical coupled dipole array with λ/2 spacing.  These antenna patterns are shown in Figure 1.  To enable fair comparisons, each antenna pattern is normalized so that the total received power from each array is the same when averaged across azimuth.

The phase response for each antenna array is shown in Figure 2. The phase response of the measured antennas in Figure 2 (a) was estimated from the gain and spatial correlations in [4].  Some of the phase variation in this estimate may be due rounding errors in reading points off the published curves.  For this reason, there may also be similar variations present in the spatial correlation data shown in the following plots for this antenna array.   
[image: image1.emf]  0.5

  1

  1.5

  2

  2.5

30

210

60

240

90

270

120

300

150

330

180

0

Agilent Antennas, Normalized, Linear Scale, D=0



[image: image2.emf]  0.5

  1

  1.5

  2

30

210

60

240

90

270

120

300

150

330

180

0

Omni with Antenna Coupling, Normalized Linear Scale, D=0.5





Figure 1  (a) Measured Antenna Pattern, (b) Coupled Dipoles
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Figure 2  Phase Response of the two Antenna Arrays, (a) and (b)
3. SCME Urban Micro

For the SCME Urban Micro model, the Spatial Channel is simulated per the SCME specification using a 20 sub-path model.  Mid-paths were ignored in this evaluation since they are designed to be independent of the spatial correlation. 

Figure 3 (a) illustrates the spatial correlation obtained from the measured antenna patterns and Figure 3 (b) describes the coupled dipoles case.
The results for both antenna configurations produce significant variation versus AoA.  This will present a varying degree of correlation between antenna branches, which will affect the MIMO throughput as a function of AoA.  
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Figure 3  SCME Urban Micro Spatial Correlation
Figure 4, describes the received Branch Power that is observed by each antenna as a function of AoA.  Note that there is a significant Branch Imbalance at almost every AoA in plot (a) and (b).  This effect, in combination with the spatial correlation will impact the MIMO capacity, which will vary with AoA.  
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Figure 4  Branch Power Received for SCME Urban Micro
An estimate of the average capacity is shown in Figure 5 for each handset AoA, based on the following equation, where a time evolved fading waveform was generated for the channel matrix.  The SNR was set to 10dB for the evaluation.    
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Figure 5 shows the throughput performance estimated, which varies significantly with angle of arrival.  
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Figure 5  Throughput vs Angle for SCME Urban Micro

4. SCME Single Cluster

A single cluster model with an angle spread of 
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 is modelled based on the SCME channel model.  This is a simplified model, but also an important case since some percentage of nearly all environments will exhibit angle spreads in this range.  It is also commonly found in Urban Canyons, where one or more clusters arrive from a similar AoA.
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Figure 6  SCME Single Cluster Model Spatial Correlation
Figure 6 (a) and (b) illustrates the spatial correlation obtained from a single cluster model using the antenna patterns shown in Figure 1.  The spatial correlation is slightly larger in this model due to the narrow angle spread. 
Figure 7 describes the received power that is observed by each antenna for the single cluster model as a function of AoA.  A significant Branch Imbalance can be observed across AoA.  This effect, in combination with the spatial correlation will impact the MIMO capacity, which will vary with AoA.
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Figure 7  Power Received per Antenna from Single SCME Cluster
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Figure 8  Throughput vs Angle for SCME Single Cluster
Figure 8 shows that there is a dramatic effect from the device antennas on the user’s throughput, and user experience, especially in (a).  Note that in this case, if the user knew to adjust his orientation, the throughput could be more than doubled. 
5. Uniform Model

In this section, we evaluate the effect of the uniform model on the DuT.  To implement a uniform model, each signal arrives with equal power and is distributed uniformly in AoA from 0-2pi.  This model is equivalent to the Classical Doppler model.  

Figure 9 illustrates the spatial correlation obtained from a Uniform Channel model using (a) the measured antenna pattern and (b) the coupled dipole patterns, as shown in Figure 1.  The results show low correlation for both antennas and do not vary with AoA.    
In all cases, the effect of the uniform model has essentially removed the antenna patterns from the evaluation.  Since there is no variation with AoA, there is no ability to evaluate the effect of the antenna pattern, and only an average result is obtained.  
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Figure 9  Uniform Channel Model Spatial Correlation

Figure 10 illustrates the effect of evaluating the Uniform Channel for received power per antenna.  No variations are observed and only the average result is obtained in Figure 10.  Since the antennas were normalized to the same total receive power, the gain differences in (a) are evident by the average branch imbalance in this example.  It is clear that pattern effects are not measurable with the uniform channel model.
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Figure 10  Uniform Channel Received Power per Antenna
Figure 11 indicates the expected throughput for each antenna configuration.  It is clear that the uniform channel model has eliminated the possibility of observing differences between the antennas.  Furthermore, the throughput estimated in Figure 11 indicates that each antenna configuration would be measured with nearly identical performance, even though the performance in Figure 8(a) resulted in more than 2.5:1 variation in throughput.  The goal of MIMO OTA measurements is to tell the difference between the performance of various antenna configurations, and clearly the use of a uniform model obscures the ability to measure these differences.
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Figure 11  Throughput vs Angle for a Uniform Channel

Table 1 summarizes the variations in capacity observed for each of the antennas as a function of the channel model.  It is clear that some antennas produce high throughput variations in typical non-uniform PAS environments; however these variations are missed by assuming the uniform model.  
Table 1  Throughput Variation Summary (Max/Min) vs AoA
	Antenna Type
	SCME Urban Micro
	Single Cluster SCME
	Uniform

	Measured Antenna [4]
	1.85
	2.52
	~ 1

	Coupled Dipoles
	1.13
	1.25
	~ 1


With the average results produced by the uniform model, it is impossible to tell the difference between the throughput performance of the two antenna configurations.  
For the Uniform Model, Table 2 summarizes the average throughput obtained for each antenna configuration, and it is clear that these two cases are nearly indistinguishable.  Thus, the large throughput variations observed in typical channel conditions would be missed by using the uniform channel.

Table 2  Uniform Model Average Throughput (bps/Hz)

	Antenna Type
	Uniform

	Measured Antenna [4]
	5.4

	Coupled Dipoles
	5.5

	Performance Difference
	0.1


6. Conclusions

1.) With the Spatial Channel Model, significant throughput differences are observed in the two antenna configurations, which are measurable and useful in quantifying the device performance in realistic channels.

2.) With the Uniform Channel Model, the two vastly different antenna configurations are indistinguishable.  
Therefore Spatial Channel Models are required for MIMO OTA testing to observe the antenna effects.  

It is also recommended that a Max/Min throughput ratio versus AoA be used as a metric to quantify the device performance.
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