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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).

This contribution investigates the behaviour of various channel modelling assumptions for use in MIMO OTA evaluations.  For the purposes of illustration, a two element hypothetical antenna is used, having different pattern shapes, to evaluate the effect of the different channel modelling assumptions. 

2. Channel Model Evaluation

In the analysis below, three channel models are evaluated for the resulting spatial correlation and received power as a function of Angle of Arrival.  These channel models are:

1.) SCME Urban Micro

2.) One SCME Cluster arriving from 45º

3.) Uniform Arrival Model

In each case, the 20 sub-path SCME model is evaluated, along with an 8 component model, which represents the channel mapping necessary to reproduce the channel inside an anechoic chamber with 8 equally spaced probes.  For case 3), the 20 sub-paths are distributed uniformly rather than in a cluster.

For the purposes of comparison, a hypothetical antenna pattern is used to evaluate the differences between the three channel models.  This antenna pattern is shown in Figure 1, where the pattern shape is shown to vary with each antenna having a different gain and pattern shape.  For simplicity, each antenna pattern is normalized so that it represents unity gain when averaged across azimuth.

The phase response of the hypothetical antenna is assumed to match the ideal phase of a λ/2 spaced array.  Thus the phase has a response:  
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Figure 1  Hypothetical Antenna Pattern used for Evaluating Channel Models

3. SCME Urban Micro

For the SCME Urban Micro model, the Spatial Channel was mapped to an 8 probe chamber layout, which is called an 8 component model in the following figures.  For the purposes of comparison, an ideal implementation of the SCME, which is called the 20 sub-path model is also compared.  

Figure 2 illustrates the spatial correlation obtained from both an ideal omni and the hypothetical antenna patterns shown in Figure 1.  The results are similar for both pattern shapes and vary with 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 2  SCME Urban Micro Spatial Correlation

Figure 3, describes the received power that is observed by each antenna as a function of AoA.  Note that there is a significant Branch Imbalance at almost every AoA.  This effect, in combination with the spatial correlation will impact the MIMO capacity, which will vary with AoA.
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Figure 3  Power Received per Antenna from SCME Urban Micro

4. SCME Single Cluster

For the SCME channel model, each cluster has an angle spread of 
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.  In this section, we evaluate the effect of a single cluster on the device.  This could be considered to approximate the Urban Canyon environment, where one or more clusters arrive from a similar AoA.  

Figure 4 illustrates the spatial correlation obtained from a single cluster model using both the ideal omni and the hypothetical antenna patterns shown in Figure 1.  The results are similar for both pattern shapes and are observed to vary with AoA.  This model produces a slightly larger range of correlation, which will affect the MIMO channel behavior as a function of AoA.
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Figure 4  SCME Single Cluster Model Spatial Correlation

Figure 5 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 5  Power Received per Antenna from Single SCME Cluster

5. Uniform Model

In this section, we evaluate the effect of the uniform model on the device.  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 6 illustrates the spatial correlation obtained from a Uniform Channel model using both the ideal omni and the hypothetical antenna patterns shown in Figure 1.  The results are the same for both antennas and do not vary with AoA.    
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 6  Uniform Channel Model Spatial Correlation

Figure 7 illustrates the effect of evaluating the Uniform Channel for received power per antenna.  No variations are observed and only the average result is obtained.  Since the antennas were normalized to unit power across azimuth, no average branch imbalance is obtained in this example.  An average branch balance difference would be observable with this channel, but pattern effects would not be measurable with the uniform channel model.

[image: image9.emf]0 50 100 150 200 250 300 350

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Receive Powers vs AoA, Spacing = 0.5



, Hypothetical Antenna

AoA in degrees from boresight

Received Power per Antenna

 

 

Uniform 20 & 8 Probe Models

20 sub-path Ant 1

20 sub-path Ant 2

8 component Ant 1

8 component Ant 2


Figure 7  Uniform Channel Received Power per Antenna

6. Conclusions

Three different channel models were compared to determine their ability to discern differences in MIMO performance using a Hypothetical Antenna with an ideal phase response
.  

With Spatial Channel Models, including the SCME Urban Micro, and a Single Cluster model we can:

Observe Differences in Performance based on the Antenna Characteristics

1.) Significant Differences in Spatial Correlations at each AoA

2.) Significant Differences in Branch Balance at each AoA

With Simplified Uniform Channel Models we can:


No Longer observe Differences in Performance based on Antenna Characteristics

1.) No Differences observed in Spatial Correlation at each AoA

2.) No Differences in Branch Balance at each AoA (only average value can be observed)

Therefore, Spatial Channel Models are required to observe the device antenna characteristics and corresponding MIMO performance in an OTA measurement.  

The user experience will vary with device orientation for most channel conditions, thus OTA evaluations should include the sensitivity to orientation when comparing MIMO devices.  This requires a spatial channel for measuring and comparing MIMO devices.
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� Non ideal phase responses were checked for some different antenna configurations and did not change the conclusions.
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