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1.
Abstract

This contribution defines the concept of DUT rotation relative to the SCME channel model origin, shares simulation results of the impact of DUT rotation on spatial correlation, Shannon capacity, and channel matrix condition number;  recommends inclusion of the DUT rotation concept into the conducted portion of the absolute data throughput framework.

2.
Introduction

Companies participating in the specification of MIMO OTA testing methodologies [1] have discussed the absolute data throughput comparison framework, which has been presented in [2-4] during the October, 2012 MOSG meeting and during the RAN4 #64bis meeting.  The text proposal in [4] for TR 37.977 [5] was approved during the RAN4 #64bis meeting.  The MOSG Inter-Lab Inter-Technique test plan in [6] includes the absolute data throughput comparison framework as well.
This contribution elaborates on the aspect of device under test (DUT) rotation for the purpose of performing the conducted portion of the framework.  It presents simulated results of fading conditions expected from the agreed channel models as a function of DUT rotation and proposes a methodology of emulating DUT rotation in the presence of a spatial channel model.
3.
Discussion
The conducted portion of the absolute data throughput comparison framework is described in detail in [4].  To further elaborate the concept of DUT rotation, we refer to Section 9.3.3 and consider the emulation of antenna pattern rotation, as illustrated in Figure 3-1 below.
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Figure 3-1: Rotation of antenna pattern over azimuth positions

The rotation is specified to be performed over 360ᵒ in 30ᵒ steps (12 total positions).  However, this spatial filtering operation alone does not capture the behaviour of the SCME fading channel as a function of DUT rotation.  Figure 3-2 below illustrates the geometric parameters of the SCME channel model [7] for two DUT rotations.
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Figure 3-2: (a) SCME geometric parameters for MS array direction = 0o; (b) MS array direction = 60o
For a given rotation of the DUT, the angle of the MS array relative to the cluster angles of arrival changes.  Thus, MS array rotation together with the spatial filtering operations described above is necessary to emulate the conducted portion of the framework properly.  Doppler spread, which is a function of the MS direction of travel relative to the channel model clusters’ angles of arrival, must remain the same for all rotations of the DUT in order to represent the conditions we have assumed for the OTA test.
We have set up simulations of the SCME fading coefficients under the geometric conditions described above for the UMi and UMa channel models.  In this iteration of the analysis, we assume only Vertical polarization of the wave fronts, ideal isotropic elements at the BS and MS arrays, and a 10-wavelength element spacing at the BS array.  Table 3-1 below lists the simulation settings.
Table 3-1: Simulation settings

	Test case
	Ant Cfg
	Channel Model
	UE dir
	Tx ant
	Tx ant spacing
	Rx ant
	Rx ant spacing

	1
	2x2
	UMi
	[0:30:360]
	Ideal iso
	10λ
	Ideal iso
	[0.1:0.1:0.7] λ

	2
	2x2
	UMa
	[0:30:360]
	Ideal iso
	10λ
	Ideal iso
	[0.1:0.1:0.7] λ

	3
	2x2
	UMi single cluster*
	[0:30:360]
	Ideal iso
	10λ
	Ideal iso
	[0.1:0.1:0.7] λ

	4
	2x2
	UMa single cluster*
	[0:30:360]
	Ideal iso
	10λ
	Ideal iso
	[0.1:0.1:0.7] λ

	*Note: single cluster angle spread parameter set to 35o


Figure 3-3 below illustrates the simulated spatial correlation curve for the UMi channel model for the MS array direction = 0o.
[image: image4.png]Spetial corelation magnitude

Spetial carelation SOVE LMI-VS3 DIR= 0 deg

01 02 03 04 05 06 07
LE artennia seperation (1)




Figure 3-3: SCME UMi spatial correlation, MS array array direction = 0 degrees
Figure 3-4 below summarizes the impact of DUT rotation on the spatial correlation coefficients for UE antenna separation values of 0.2, 0.5, and 0.7 λfor UMi and UMa channel models.
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Figure 3-4: Impact of DUT rotation on the spatial correlation; (a) UMi; (b) UMa; (c) UMi single cluster; (d) UMa single cluster
Setting up 2x2 MIMO channel simulations across the DUT rotations, we compute the average Shannon capacity and condition number of the channel matrices.  Figure 3-5 below illustrates the Shannon capacity variability with DUT rotation.
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Figure 3-5: Impact of DUT rotation on the average Shannon capacity (for the case of Rx separation = 0.5 λ); (a) UMi; (b) UMa; (c) UMi single cluster; (d) UMa single cluster
For each rotation of the DUT in our simulations, we construct the cumulative distribution of the channel matrix eigenvalues, as shown in Figure 3-6 below.
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Figure 3-6: Eigenvalue distribution for UMi with DUT direction of 0 degrees

Collecting the ratio of eigenvalues (the matrix condition number) across DUT rotations, we observe the impact of DUT rotation on the channel matrix as shown in Figure 3-7 below.
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Figure 3-7: Impact of DUT rotation on the channel matrix condition number; (a) UMi; (b) UMa; (c) UMi single cluster; (d) UMa single-cluster
As the spatial correlation and condition number results have shown, rotation of the DUT relative to the spatial channel model origin impacts these throughput performance predictors.
4.
Conclusion

We have described a formulation for emulating DUT rotation relative to the SCME channel model origin for the purposes of running simulations and performing the conducted portion of the absolute data throughput framework.  Simulation results indicate that there is an impact on throughput performance predictor metrics as a result of DUT rotation.  It is this paper’s recommendation to amend the conducted portion of the absolute throughput framework with the DUT rotation formulation presented in Section 3.
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