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1. Introduction

3GPP and other organizations are evaluating different OTA test methodologies for MIMO UE devices [1], [2].  Part of the evaluation has been based on channel conditions and their impact on a device’s performance.  Different OTA test methodologies can represent these channel conditions in different ways, either through digital processing or mechanical means.  These differing channel conditions can impact a device’s performance.

Spatial Channel Models such as SCME Urban Macro and Urban Micro model different clusters that scatter the signal between a nodeB and a UE.  Each cluster occurs at a specific excess delay and spatial correlation.  Across multiple clusters, these delays combined with correlation will impact a UE’s performance.  Longer delays and higher correlation, such as the Urban Macro model, will affect the DUT more than shorter delays and lower correlation.  However, they will not necessarily impact each device the same way.

This contribution demonstrates the impact different channel conditions can have on different antenna designs.  The tests will use a single UE with two different antenna designs: the native antennas and two dipoles placed orthogonally to each other.  The tests will show how the channel conditions can affect the throughput performance due to the different designs, but also how a more stressful channel can better detect antenna design issues.

2. Description

Throughput results were run in a reverberation chamber joined to a channel emulator which was calibrated and configured as described in [3].  Two channel models were chosen: SCME narrow (8 deg RMS AS) Urban Macro (UMa) and SCME Urban Micro (UMi).  The correlation matrices of the channel models were computed as described in [3].  Each model was run with a velocity of 30km/h.

One device was run for all the tests, a commercially available smart phone that runs LTE on Band 13.  The device was configured with two different antenna designs: the native antennas of the device itself and two orthogonal dipoles placed one half wavelengths apart.  The two orthogonal dipoles were placed in such a way as to represent a good antenna design.  The dipole antennas, when used, were attached to the device via the antenna connection ports on the underside of the UE.  A picture of the antenna configuration for the orthogonal dipoles is shown here:
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Figure 1. Phone with dipole antennas connected
The Base Station Emulator (BSE) used was a Rhode and Schwarz CMW500 with LTE Signaling version 2.1.25.  All tests used the same BSE configuration.  The Transmission Mode was set to 2x2 MIMO Open Loop Spatial Multiplexing.  Band 13 was used (751MHz center frequency) with a 10MHz bandwidth.  The Modulation Scheme for all Resource Blocks (RB) was 64QAM with a TBS Index of 21.  All RB’s were allocated, which gives a maximum theoretical throughput of 50.912 Mbps.

Each test run consisted of gathering MAC layer throughput results over a range of power levels to produce a curve of throughput versus signal strength.  For each point along the curve, 40,000 subframes were collected.  For each channel model and each antenna configuration, one full curve was run from the minimum path loss of the system until the throughput dropped below 3% of the max throughput.

3. Results

Figure 2 shows the results of the two channel models with the orthogonal dipoles.  These results represent the UE with the good antenna design.  The UMa channel model performs worse than the UMi which is to be expected as UMa has taps that extend to 4.6uSec and has an overall higher correlation than UMi.
Figure 3 shows the results of the two channel models with the UE’s native antenna design.  The characteristics of these antennas are unknown, but given the size restraints of placing antenna on a UE, they should be considered worse than the orthogonal dipoles.  Again, UMa was worse than UMi, but here in a much larger way.  Figure 4 shows both sets of results on the same graph.
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Figure 2.  Throughput results when operating with the orthogonal dipole pair.
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Figure 3.  Throughput results when operating with the DUT internal antennas.
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Figure 4.  All data on one graph.
It should first be noted how similar the two designs were in performance when it came to the UMi model.  There was a slight shift to the graphs at lower powers where the throughput started to fall, roughly 2dB at most power levels.  However, both antenna designs were able to reach max throughput and had similar performance at most power levels.

What should be noted next is the dramatic difference UMa has on the different antenna designs.  While the dipole antenna performance was reasonably comparable to UMi, the native antenna design fared much worse.  Not only did the gap between the throughput values grow beyond 2dB, but the native antenna design was not even able to achieve maximum throughput.

To investigate this further, two extra channel models were created by swapping the power delay profiles and correlations of the original UMa and UMi. The first was created with the shorter delays of UMi but with the higher correlation of UMa. The second was created with the longer delays of UMa but with the lower correlation of UMi. The purpose was to help identify the source of the degradation seen by the UMa model, whether it was the delay profile or the correlation. The results for the dipole antenna, shown with the original UMa and UMi results, are shown in Figure 5.
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Figure 5.  Results for dipole antennas with two new channel models.
The results for the native antenna, shown with the original UMa and UMi results, are shown in Figure 6.  It is clear from the results that the delay profile of the channel model alone does not seem to make a significant difference, as noted by the nearly identical results when run with UMi and the UMa model with UMi correlation. However, it is also clear that the correlation alone does not cause the full degradation seen by UMa, as noted by the results of the UMi model with UMa correlation. Therefore, it is a combination of the high correlation and the long delays that degraded the performance as seen with UMa.
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Figure 6.  Results for native antennas with two new channel models.

4. Conclusions

From the original results, two conclusions can be drawn.  First, the two antenna designs were similar in performance with a simple and less stressful channel model, UMi.  While there was a shift in the sensitivity of roughly 2dB, both were able to achieve maximum throughput.  Second, the UMa channel model impacted the different designs in different ways.  The dipole antenna design, made to represent a good antenna system, had similar performance with only a minimal impact from UMa.  However, the native antenna design was much worse, increasing the difference in performance and not ever achieving maximum throughput with UMa. Therefore, it can be shown that testing with a simple and less stressful channel model will not always show the difference in performance between antenna designs.  
Upon further investigation, we were able to see that the root cause of the performance degradation was a combination of the delay profile and the correlation. One element alone was not enough to degrade the performance fully, and in fact the delay profile by itself had no noticeable impact. Therefore, to fully understand the capability of an antenna system, it must be tested across multiple, and challenging, channel conditions.
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