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1 Introduction
We present 64QAM LTE link-level simulations with the transmitters and receivers modeled in SystemVue and the over-the-air portion of the simulation, including the transmitting and receiving antennas, modeled with Matlab. The good and bad Band-13 CTIA reference antennas are employed. Reference [1] gives a detailed description of the simulation procedure. Two channel models are use: (i) the geometrical formulation of the isotropic channel model with SCME temporal characteristics [2], and (ii) the standard 2D SCME model [3]. Final throughput curves are obtained by averaging over isotropic states in the case of the isotropic model with SCME temporal characteristics (Section 3). In the case of the standard 2D SCME model, the final throughput curves are obtained by either averaging over azimuthal DUT rotations (Section 4), or averaging over 3D DUT orientations (Section 5). The 3D DUT orientation includes tilting the DUT and can be described with the Euler angles. After averaging, the difference between good and bad reference antenna are roughly the same for the three evaluation methods considered. This is in agreement with a previous study of capacity curves [4]. The results of the present contribution are preliminary. Ideally one should use a larger number of DUT orientations and subframes to get more accurate averages. 
2 SystemVue implementation

The simulation set-up is shown in Figure 1 where the LTE transmitters and receivers are modeled in SystemVue [2], and the fading channel (including the transmitting and receiving antennas) is modeled in Matlab. Specifically, SystemVue provides the inputs to the base station antennas and Matlab computes the outputs of the DUT antennas. Agilent provided the template SystemVue workspace shown in Figure 2 where Matlab is accessed through a Matlang block. Noise is added after the signal has reached the output of the DUT antennas. The contribution [1] gives further details of this implementation. The 64QAM payload parameter was set to 21384 in the SystemVue template provide by Agilent, resulting in a maximum throughput of 38.5Mbps.
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Figure 1: Schematic of the implementation of SystemVue link-level LTE simulation of a 2X2 MIMO system. The fading model and transmitting and receiving antennas are implemented in Matlab. The rest is implemented in SystemVue.
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Figure 2: Screen capture of SystemVue’s work-space architecture. The Matlab code that computes the fading channel and accounts for transmitting and receiving antennas is incorporated into a Matlang block. Noise is added after the signal has reached the output of the DUT antennas.
3 Isotropic model with SCME temporal characteristics
Figure 3 shows the schematic for the isotropic channel model with SCME temporal characteristics [2]. The channel model has the temporal characteristics of the SCME model and is spatially isotropic after the DUT has been exposed to all the isotropic states. The full specification of the SCME model can be found in [3]. 
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Figure 3: Schematic of the isotropic channel model with SCME temporal characteristics. A base station broadcasts into a standard 2D SCME model environment. A set of relay antennas provide the output of the SCME model. The relay antennas broadcast into an isotropic environment in which the DUT is placed.
An SCME channel model is connected to the isotropic test environment through a set of relay antennas. On the input side, the SCME channel model is connected to a base station. On the output side, the SCME model is connected to a set of uncorrelated relay antennas. With the base station antennas and the relay antennas selected, the SCME model specification [3] allows us to compute the output of the relay antennas from the base-station input signals. These outputs are broadcast into the isotropic environment in which the DUT is located. The output of the DUT antennas are obtained by adding the contribution of each of the plane waves in the isotropic environment. Thus we compute the output of the DUT antennas given the input to the base station antennas.
The results of a 64QAM LTE simulation for the good and bad Band 13 CTIA reference antennas are shown in Figure 4. We transmitted 1000 subframes for each noise level and each isotropic state. The isotropic model with SCME temporal characteristics uses the UMi SCME model. A thin dotted line in Figure 4 corresponds to a particular isotropic state. The two fat lines in Figure 4 are obtained by averaging over isotropic states for the good and bad reference antenna. The two averaged throughput curves (fat lines) show a 9dB separation between good and bad reference antenna at the 25Mbps level.
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Figure 4: Throughput curves obtained with a 64QAM LTE simulation for the good and bad Band 13 CTIA reference antennas. 1000 subframes were transmitted for each noise level and each isotropic state. The isotropic model with SCME temporal characteristics uses a UMi model. Each thin dotted line corresponds to a particular isotropic state. The fat lines are obtained by averaging over isotropic states. For the averaged throughput curves, we observe 9dB separation between the good and bad reference antenna at the 25Mbps level.
4 Standard 2D SCME with azimuthal DUT rotation

Figure 5 shows a 2D configuration for evaluating the DUT using the standard 2D SCME multicluster method [3] with DUT rotation. The evaluation is repeated for different DUT orientations indicated by the azimuthal angle . Hence, no tilt is included here. Each DUT orientation is analogous to an isotropic state in the isotropic channel model described above in Section 3.
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Figure 5: Configuration for evaluating the DUT using the standard 2D SCME model. The DUT orientation is determined by the angle . A throughput curve is computed for a discrete set of  values. These throughput curves are averaged to get the final result of the evaluation.
Figure 6 shows result of a 64QAM LTE simulation for the good and bad Band 13 CTIA reference antennas. Again, the UMi version of the SCME was used. A thin dotted line in Figure 6 corresponds to a particular value of The two fat lines are obtained by averaging over  For the averaged curves, we observe 8dB separation between the good and bad reference antenna at the 25Mbps level. 
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Figure 6: Throughput curves for a 2D SCME UMi model obtained with a 64QAM LTE simulation for the good and bad Band 13 CTIA reference antennas. The thin dotted curves correspond to fixed values of the DUT rotation angle . 1000 subframes were transmitted per point. We observe 8dB separation between good and bad reference antenna at the 25Mbps level for the averaged throughput curves (fat lines).
5 Standard 2D SCME with 3D DUT rotation
We now extend the procedure of Section 4 to include full 3D rotation (including titling) of the DUT. To this end, we employ the Euler angles [5], which are made for describing the 3D rotation of a physical object such as an antenna. Figure 7 shows a pictorial definition of the Euler angles denoted here by (). 
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Figure 7: The three Euler angles () used to define the 3D DUT orientation when the DUT experiences standard 2D SCME channel conditions. The final result of the DUT evaluation is achieved by averaging the throughput curves obtained with the DUT in different 3D orientations as defined by Euler angles.
The results of a 64QAM LTE simulation for the good and bad Band 13 CTIA reference antennas with 3D orientations are shown in Figure 8. As before, we transmit 1000 subframes per point and use the UMi SCME model. A thin dotted line in Figure 8 corresponds to a particular 3D orientation of the DUT. Due to time constraints, we did not vary the third Euler angle  The two fat lines in Figure 8 are obtained by averaging over 3D DUT orientations. These two averaged throughput curves show 8dB separation between good and bad reference antenna at the 25Mbps level. 
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Figure 8: Throughput curves obtained with a 64QAM LTE simulation using the good and bad Band 13 CTIA reference antennas experiencing 2D SCME UMi channel conditions. The 3D orientation of the DUT is determined by a set of Euler angles with  constant. Each thin dotted line corresponds to a particular 3D orientation. 1000 subframes were transmitted for each point. The averaged throughput curves (fat lines) are obtained by averaging over 3D orientations. For the averaged throughput curves, we observe about 8dB separation between the good and bad reference antenna at the 25Mbps level.
6 Observations

We have demonstrated that roughly the same separation between the good and bad reference antennas can be achieved through averaging in three different ways.

· Averaging over isotropic states in an isotropic channel model with SCME temporal characteristics.

· Averaging over azimuthal DUT rotation angle in a standard 2D SCME model.

· Averaging over 3D DUT orientations in a standard 2D SCME model.

In this presentation we only used two of the three Euler angles due to time constraints. Also, more accurate averages should be obtained by increasing the number of subframes as well as the number of 3D DUT orientations.
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