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1 Introduction

This contribution discusses how power is normalized in a channel model for cases where polarized BS antennas and XPR introduce powers changes from nominal.  Each of these effects are described below along with a method to normalize the total power in the channel.  This is necessary in order to have an accurate reference level for throughput measurements.  Correlated BS antennas are also described.
2 Cross polarized power ratio XPR
A number of common channel models, including SCME and WINNER interpret XPR coupled power as added power.  
This is also described in [1], where XPR is defined as:
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and
•
SVV is the coefficient for scattered/reflected power on V-polarization and incident power on V-polarization

•
SVH is the coefficient for scattered/reflected power on V-polarization and incident power on H-polarization

•
SHV is the coefficient for scattered/reflected power on H-polarization and incident power on V-polarization

•
SHH is the coefficient for scattered/reflected power on H-polarization and incident power on H-polarization

However, this definition does not reference the total power after XPR is included in the channel.  When these channel models were developed, most of the drive test data available at that time was V to V, and some measurements included an H element at the receiver.  In this case, there would be some extra power received by the H antenna, which doesn’t diminish the power received by the V antenna.  Thus it was considered extra power.

The SCME and WINNER channel models used this same concept of added power.  These models were designed to produce lots of channel realizations in a system simulation, where every parameter and variable was observed over its entire distribution.  Thus the result of the system simulation was an average throughput across a cell.  In this context, it was entirely reasonable to allow extra power from some random draws of the XPR in conjunction with the propagation loss changing with location, shadow fading variation, and antenna effects.  All of these were combined to produce a composite spatial channel at the system level.
For evaluating a single device, which is a link level measurement, the random processes in these channel models were replaced by predefined cluster powers and delays, along with a constant XPR.    What was missing in this step was to normalize the power at the receiver to unit power.  
2 Polarized Antennas
Polarized BS antennas are another source of power variation in the channel model.  Since the spatial channel specifies the AoDs for each path leaving the Base Station to enable a specific correlation to be defined, a secondary effect is also observed, i.e. the AoD defines the amount of power that is coupled in each polarization based on the cluster model.  

In the case of the “X” cross polarized base station antennas, paths that have an AoD of approximately 90 degrees will have a greatly diminished horizontal component.  The SCME Urban Macro model is a case in point, because the AoDs are all nearly 90 degrees as shown in Figure 1.  In Figure 2, the geometry of the “X” antenna can be seen with a front view, top view and side view, as a means to help visualize the antenna’s polarization characteristics.  

When the SCME Urban Macro model is used with the “X” BS antenna, two specific effects are observed.  

1. The effective radiation observed in space for each of the paths is close to that of the side view, being dominated by the vertical polarization.  Therefore a significant drop in power is observed in this channel.  

2. The SCME Urban Macro model will observe very high correlation between BS antennas because both BS antennas are approximately co-located and signals appear primarily vertically polarized due to the approximate 90 degree AoDs with small variations due to the low angle spread.  
The effect of the BS polarization with the SCME Urban Macro channel model results in a reduction in the Horizontal power observed in the test volume by nearly 3dB.  The total power presented to the test volume should be normalized so that this 3dB change in power does not produce an improper shift in the receiver performance of 3dB.  
With normalization, a constant unit power would be presented to the test volume, having a variety of spatial, temporal, correlation, XPR, and Polarization properties as defined by the channel.  Thus the different channel models uniquely exercise these parameters, at a normalized power level. 
For device evaluation, we need to normalize the power after the complete channel is generated, which include the XPR and BS Antennas effects so that the devices are evaluated based on the total power available in the test volume.
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Figure 1, SCME Urban Macro departure angles affecting the power before normalization
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Figure 2, Front View (X), Top View (-) and Side View (|) of the “X” cross polarized BS antenna
3 Normalization

XPR and polarized Base Station antennas each change the total power observed by the receiver, thus the power at the device needs to be normalized to account for these potential power offsets.  i.e. the link-level power used to measure a test device should be independent of the channel model.  
It is a valid and useful test for the channel model to emphasize one or both polarizations, with particular spatial properties and correlation.  For the particular channel model, the total power presented to the test volume should be normalized to insure the proper reporting of the power supplied to the device. 
The following is a simple power normalization that produces unit power in the test volume to be evaluated by the device under test.  This normalization may be part of the calibration procedure, or a separate step in setting the output powers.  
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, prior to adjusting to the reference signal strength.

4 Conclusion

With the simple normalization above, the power presented to the device will be independent of the channel model and the reference level will represent the device performance for that channel.  
With normalization, a constant unit power will be presented to the test volume, having a variety of spatial, temporal, correlation, XPR, and Polarization properties as defined by the given channel model.  Thus the different channel models uniquely exercise these parameters, at a normalized power level. 
Base Station correlation is an important part of the spatial channel models and with some models, such as SCME Urban Macro, it provides a more difficult MIMO channel for evaluation.  Base Station Correlation is part of the SCME/WINNER modelling assumptions and is the purpose for defining a specific AoD and angle spread for each path.  This is an important channel parameter for evaluating device performance.
Base Station Polarization varies with the signal geometry and is part of any spatial channel.  This behaviour is useful as a means to exercise the test device.

Based on this discussion, we believe the following clarifications need to be made in the polarized channel model section of TR37.976:

1.) Dual Polarized Base Station antennas are assumed to be 45 degrees slanted ideal dipoles, with signals that are path-wise correlated based on the spatial channel including the specific path angle spread and angle of departure.
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