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1. Introduction
In [1] the results from the ongoing Round Robin LTE MIMO measurement campaign, initiated by the 3GPP RAN4 sub working group MIMO OTA, are presented. This contribution aims to analyze the results in terms of DUT instability and varied test conditions, such as host laptop used and the positioning of the DUT relative to the host computer. The analysis is performed for measurement results obtained in a Bluetest reverberation chamber, but is applicable for all measurement methodologies. The measurements are conducted in accordance to the test plan [2] and the measurement setup and procedure is presented in [1]. The following dongles and host computers were used as DUTs.

Pool 1
· DUT 1: Huawei E398 (LTE band 7, downlink channel 3100 (2.655 GHz))

· DUT 2: Samsung GT-B3740 (LTE band 20, downlink channel 6300 (806 MHz))

· DUT 3: Huawei E398, different unit than DUT 1 (LTE band 7, downlink channel 3100 (2.655 GHz))

· DUT 4: Samsung GT-B3710 (LTE band 7, downlink channel 3100 (2.655 GHz))
· Host computer: DELL Latitude E6400
Pool 2

· DUT 1: Huawei E398, different unit than in Pool 1 (LTE band 7, downlink channel 3100 (2.655 GHz))

· DUT 2: ZTE AL621 (LTE band 7, downlink channel 3100 (2.655 GHz))

· Host computer: DELL Latitude D430
2. Measurement Uncertainty Due to DUT Instability and Varied Test Conditions
This section first show the instability observed for one particular DUT provided in the measurement campaign. This is followed by an analysis of the uncertainties associated with varied test conditions.
2.1 Instability of Pool 1 DUT 1
It was observed during the measurements that Pool 1 DUT 1 was instable. An example is shown in Figure 1, where results from repeated measurements of this device can be studied. It can be seen that the results differ approximately 1 dB. This difference is most probably due to instability of the DUT, referring to the analysis of the measurement methodology and eNodeB repeatability shown in [1]. Due to this instability the ranking of devices might be different among labs, especially if two devices have similar performance. An example is shown in Figure 2 and Figure 3, where a comparison between two of the Pool 1 devices is shown. The two figures show results from measurements performed at two different times. DUT 3 is seen to have similar performance both times, however, the performance of DUT 1 is seen to change about 1 dB. This causes the ranking of the two devices to change.
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Figure 1   Repeated measurements of Pool 1 DUT 1, which show a 1 dB difference due to the DUT instability. Measurements are performed with Agilent eNodeB PXT.
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Figure 2   Comparison of the throughput performance between Pool 1 devices DUT 1 and DUT 3. DUT 1 is somewhat better than DUT 3. Measurements are performed with R&S eNodeB CMW500.
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Figure 3   Comparison of the throughput performance between Pool 1 devices DUT 1 and DUT 3. DUT 3 is somewhat better than DUT 1. Measurements are performed with Anritsu eNodeB MT8820C.
2.2 Positioning of Pool 2 DUT 2
One source of error is the positioning of Pool 2 DUT 2. This device is attached to the host laptop with an external USB cable and gives the user a freedom of placing it arbitrarily manner. In order to investigate the uncertainty associated with the placement of this DUT relative the computer, measurements were performed with this dongle in three different positions. One measurement was also performed, where the whole laptop-dongle3 system was turned, in order to rule out performance variations due to the absolute positioning in the reverberation chamber. For this setup the DUT position relative the laptop is the same as in the standard position. The DUT positions can be studied in Figure 4. The position shown in the upper left photo is referred to as the standard position, which is used for the Round Robin measurements. Figure 5 show the throughput measured for these four positions. As can be seen in that figure, the performance is neither significantly affected by placing the DUT upside-down, nor by re-positioning the complete laptop-dongle system. However, by turning the dongle 90 degrees relative the standard position, the performance is 1 – 2 dB degraded. 
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Figure 4   Photos of the four different DUT positions for Pool 2 DUT 2 when analyzing the variations due to the positioning. The photos show the standard position (upper left), the dongle upside-down relative the standard position (upper right), the dongle turned 90 degrees relative the standard position (bottom left) and laptop-dongle system turned (bottom right). In the last position the DUT position relative the laptop is the same as in the standard position.
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Figure 5   Comparison of the throughput performance for Pool 2 DUT 2 when the positioning of the device is varied.

2.3 Different Host Laptops and DUT Units
Another important contribution to the uncertainties of the measurement campaign is the use of different laptops and units of DUTs. The measurement plan specifies the combination of dongles and host laptops, however, the host laptops and DUTs tend to be mixed between the pools. Figure 6 show a comparison between using dongles of different units and host computers of different models. Pool 1 DUT 1 and DUT 3 are different units of the same model, using the same host laptop. Pool 2 DUT is yet another unit and also uses a different host laptop. As the figure shows, there is a difference of up to 1 dB when changing DUT unit. When also changing host laptop (and DUT unit), the performance is about 2 dB different compared to Pool 1 DUT 1.
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Figure 6   Comparison of the throughput performance for different units of the same DUT model. Pool 1 and Pool 2 DUTs uses different host laptops.

2.4 Host Laptop Interference

As shown in [3], the host laptop interference is important for the performance of laptop mounted equipment. Thus, it is of interest to see how this affects the performance of the Round Robin devices. Measurements were performed where a laptop test fixture was used. This fixture and the measurement procedure are described in [3], but this is basically a way to remove the laptop noise without removing the part of the laptop that is important for the optimized performance of the DUT. The laptop fixtures used in these measurements were of the same model as provided in the measurement campaign (DELL Latitude D430 and DELL Latitude E6400). In Figure 7 and Figure 8 the results for Pool 1 and Pool 2 devices are shown, respectively. The results for the laptop fixture are compared to the results using the normal host computer. As can be seen in the figures, the host laptop noise affects the DUTs differently. For the devices in Pool 1, DUT 1 is seen to be affected more by the laptop noise (however, recall that this is the unstable DUT). Adding the laptop interference changes the ranking of the devices. For Pool 2 devices, DUT 1 is more affected than DUT 2 and in this case the devices show no difference in performance when the noise is added. 
Furthermore, the same comparison was performed for Pool 1 DUT 3 using a higher modulation, which shows an even larger performance difference. This can be concluded from Figure 9, where the measurements have been performed for 64-QAM. The difference in performance in this case is seen to be about 5 dB. 
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Figure 7   Comparison of the throughput performance for different units of the same DUT model. Pool 1 and Pool 2 DUTs uses different host laptops.
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Figure 8   Comparison of the throughput performance for different units of the same DUT model. Pool 1 and Pool 2 DUTs uses different host laptops.
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Figure 9   The throughput performance for Pool 1 DUT 3 connected to a laptop fixture compared to the case when it is connected directly to the host laptop.

2.5 SCME UMi and UMa 3 vs. 30 km/h

Another uncertainty factor in the measurement campaign is the implementation of the SCME channel models Urban Micro (UMi) and Urban Macro (UMa). One parameter that is set in these models is the speed of the DUT, which defines the Doppler spread. In Figure 10 and Figure 11 the effect of changing this speed can be studied. As can be seen in these figures, for DUT 2 there is no difference between using 3 or 30 km/h. For DUT 1 only a small difference of 0.5 – 1 dB is observed, which might also be due to the instability of this DUT.
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Figure 10   The throughput performance for Pool 1 DUT 1 and 2 for the SCME Urban Micro channel model, using different DUT speeds.
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Figure 11   The throughput performance for Pool 1 DUT 1 and 2 for the SCME Urban Macro channel model, using different DUT speeds.
3. Conclusions
This contribution highlighted some of the uncertainties associated with the DUTs provided in the 3GPP Round Robin LTE MIMO measurement campaign and with varied test conditions. This is true for all measurement methodologies evaluated in the Round Robin campaign, thus making comparison between labs more difficult. One DUT was shown to be instable and the positioning of another DUT relative the host laptop is seen to affect the performance. Also, the noise from the host laptop degrades the performance differently and makes ranking of the DUTs more difficult. Furthermore, it was shown that different laptop models and units of the same DUT model have a varying performance. Finally, different implementation of the SCME channel models might be a source of error, however, it is seen that the implemented DUT speed has no or very small impact on the performance.
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