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1. Introduction
A Round Robin LTE MIMO measurement campaign has been initiated by the 3GPP RAN4 sub working group MIMO OTA with the aim to evaluate MIMO LTE measurement methodologies. Four different pools of LTE MIMO enabled devices has been sent to labs all over the world utilizing different methodologies.

This contribution provides a summary of the data obtained by labs utilizing the reverberation chamber methodology. Data from five different labs is included in the analysis. These labs are listed below.

· Bluetest

· NTT Docomo

· Ericsson

· Azimuth

· Emite

The focus will be on comparing the results obtained by the different labs. The data presented in this contribution has been provided in a spreadsheet to the MIMO OTA sub working group.

2. Measurement setup
The measurement setup used in the assessment of the radiated performance of the devices is the reverberation chamber alone, as well as the reverberation chamber combined with a channel emulator. The setup with the reverberation chamber alone is used to simulate the NIST indoor-urban channel model and the setup where the reverberation chamber is combined with a channel emulator is used to achieve the SCME Urban Micro (UMi) and Urban Macro (UMa) channel models.
2.1 Devices and Host Computers

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))

· DUT 4: Samsung GT-B3710 (LTE band 7, downlink channel 3100 (2.655 GHz))

· Host computer: DELL Latitude D430

Pool 3

· DUT 1: Huawei E398 (LTE band 7)

· DUT 2: ZTE AL621 (LTE band 7)
· Host computer: DELL Latitude D430

Pool 4

· DUT 3: Pantech (LTE band 13)
· DUT 4: Pantech (LTE band 13)
· Host computer: DELL Latitude D430

3. Data Comparison

This section compares the MAC layer throughput data obtained by different labs utilizing the reverberation chamber methodology. The first subsection identifies similar and comparable setups giving repeatable results and the second subsection analysis discrepancies in the setups and the results.
3.1 Devices with good repeatability between the labs
Figure 1 shows that the throughput characteristics of Pool 1 DUT 3 can be reproduced regardless of lab using the NIST channel model. The maximum throughputs do however differ between the labs, which have been shown to be due to differences between the communication testers [1]. The Bluetest measurement setup for this device using the CMW500 and PXT both give higher maximum throughput than when using the MT8820C. Both Ericsson and NTT DCM are using the MT8820C, which gives a lower maximum throughput similar to the Bluetest measurement setup with the same eNodeB. This is due to a known issue in the firmware used during the Round robin with unwanted DTX:s and results in the throughput reaching only 95% of maximum even at very high power levels. In addition there is also a difference in the calculated maximum throughput between the communication testers. 
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Figure 1: Pool 1 DUT 3 comparison for NIST channel model (RC alone).

Figure 2 clearly shows that the throughput characteristics of Pool 1 DUT 3 can be reproduced in different labs with different RC manufacturers, and when a more advanced channel model is applied (Umi). 
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Figure 2: Pool 1 DUT 3 comparison for Umi channel model (RC + CE).
As seen in Figure 3, Pool 1 DUT 3 shows the same characteristics between the labs also for Uma. Some differences in the throughput curves are visible, but within expected and tolerable levels. The small difference in the slope of the curve might be due to different chamber delay spreads. 
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Figure 3: Pool 1 DUT 3 comparison for Uma channel model (RC + CE).

Pool 2 DUT 2 is another device that has shown good repeatability between the different labs and channel models. Figure 4 shows the throughput curves for the NIST channel model. The measurement from Emite is not comparable with the other two labs, and this is due to different settings than specified in the test plan and the use of a multi cavity chamber (the other two labs use a single cavity chamber). The discrepancies from the test plan in the Emite setup are listed below:

· Laptop lid closed
· HARQ 8
· MCS Index-DL 15
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Figure 4: Pool 2 DUT 2 comparison for NIST channel model (RC alone). The Emite result is not comparable to the other labs, since they used another setup and settings of the eNodeB.
The Pool 2 DUT 2 also shows very good agreement when a more advanced channel model is applied – see Figure 5 and Figure 6. The Azimuth measurement setup has one discrepancy from the test plan with the laptop lid being tilted 20° instead of the specified 110°. The effects on the measurement due to this are unknown. As described earlier for Pool 1 DUT 3, the NTT DCM measurement deviates at maximum throughput due to an unwanted DTX issue in the MT8820C that is not present when using the CMW500. Note also that the device was specified to be connected using a USB cable and was not plugged in directly to the laptop. 
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Figure 5: Pool 2 DUT 2 comparison for Umi channel model (RC + CE).
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Figure 6: Pool 2 DUT 2 comparison for Uma channel model (RC + CE).

3.2 Devices with discrepancies between the labs

For the NIST channel model, Pool 1 DUT 1 shows good repeatability between the labs that have used the same setting/setup. Measurements from the Emite lab are not comparable with the other labs due to setup and settings being different than what is specified in the test plan. This is true for other DUTs also. The four measurements from Emite are numbered with setup ID’s, and the description of the settings that deviated from the test plan can be found in the complete spreadsheet.
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Figure 7: Pool 1 DUT 3 comparison for NIST channel model (RC alone). The Emite result is not comparable to the other labs, since they used another setup and settings of the eNodeB.
Figure 8 and Figure 9 shows a comparison for Umi and Uma respectively. The difference in average available power at a specific throughput rate is here up to 2 dB for Umi and slightly better for Uma. A big part of this difference is probably due to device instability. Device variations for Pool 1 DUT 1 were shown in [2] and such variations have not been observed for any other device included in the Round Robin measurement campaign. It could also be due to differences in the RMS Delay Spread of the chambers.
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Figure 8: Pool 1 DUT 1 comparison for Umi channel model (RC + CE).
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Figure 9: Pool 1 DUT 1 comparison for Uma channel model (RC + CE).

Similar small differences in the throughput curves are observed for the advanced channel models for Pool 2 DUT 1 – see Figure 10 and Figure 11. The measurement provided from Emite is not comparable to those from the other labs due to different settings than specified in the test plan. Note also that Azimuth used a different host laptop than specified (E6410 instead of D430) which can explain the difference between the labs. Again, measurements provided by the NTT DCM lab shows a lower maximum throughput due to the use of the MT8820C with DTX issue.
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Figure 10: Pool 2 DUT 1 comparison for Umi channel model (RC + CE). The Emite result is not comparable to the other labs, since they used another setup and settings of the eNodeB.
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Figure 11: Pool 2 DUT 1 comparison for Uma channel model (RC + CE).

Pool 4 DUT 4 showed large differences between measurements performed in the Azimuth lab and the Bluetest lab. There are a number of possible explanations to this that should be investigated:

· Difference in settings/setup: The Azimuth lab measured with the laptop lid closed, whereas Bluetest measured with the laptop lid in tilted 110 degrees.

· DUT4 setup: According to the commercial manual which was included with the device, the part of the DUT4 that includes the antennas should be rotated 90 degrees for best performance. Bluetest used this specific setup. Information about this specific part of the setup was not available for the Azimuth measurements. Since the Bluetest measurements were performed with the dongle in the intended user position, it is expected that it should show the best performance. This is also what the results show.

· Reverberation chamber size: Since this device was measured at 751 MHz the size of the RC can be of importance. The dimensions of the Azimuth chamber were not available when this document was written and therefore this effect could not be analyzed further.

· RMS Delay spread of chamber: Differences in RMS delay spread between the chambers can affect throughput results.
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Figure 12: Pool 4 DUT 4 comparison for Umi channel model (RC + CE).

4. Conclusions

The data from the Round Robin measurement campaign obtained by labs utilizing the reverberation chamber methodology has been analyzed. It can be concluded that there are a lot of variations in the measurement setups and deviations from the test plan in TR 37.976, thus making it very difficult to compare the results between the labs. An analysis of the discrepancies and instabilities showing up as variations in the results has been provided. However, similar and comparable setups have also been identified, with identical DUT configuration and eNodeB settings. These all show that the throughput characteristics of a specific DUT can be reproduced regardless of the lab implementation. This is valid for the NIST channel model, as well as for the UMi and UMa channel models. All in all, this indicates that there is a good agreement between reverberation chamber labs using similar setups and settings of the eNodeB.
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