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1. Introduction
3GPP RAN4 has organized the round robin test for MIMO OTA method evaluation. In this contribution, the two-stage test results are compared with the two-stage results from other companies. In addition the two stage results are also compared to the other test methods.  The devices chosen for this comparison are limited to the seven devices which support the two-stage method, namely Pool1Dev1, Pool1Dev3, Pool2Dev1, Pool2Dev2, Pool3Dev1, Pool3Dev2, Pool4Dev1. 
The measurement channel models used are MC-UMi and MC-UMa. 

The measurement results for the full anechoic chamber method are from Nokia, NTT DoCoMo, SATIMO are chosen in the comparison, wherever there are the test results for the specific device under the channel model from the specific Lab.
The measurement results for the reverberation chamber method are from Bluetest, Azimuth and NTT DoCoMo (for Pool3 Dev1 and Dev2) are chosen in the comparison, wherever there are the test results for the specific device under the channel model from the specific Lab.

The measurement results for the two-stage method are from Agilent and Nokia.
2. Results
Two-stage results comparison

The two-stage comparison is only for Pool4 device with the multiple cluster UMi channel model.


Two-stage results comparison

It can be seen from the comparison that Nokia’s two stage results and Agilent two-stage result are comparable with a 3dB difference. One possible reason for the difference related to measurement setup is that the Nokia setup selected cross polarized BS antennas and the Agilent setup selected uncorrelated BS antennas. Apart from this difference the setups should be comparable and any difference in results likely to be due to the achievable accuracy of calibration between two separate labs.

The Nokia test results with different HARQ are not directly comparable but are shown here for completeness. These results show the expected improvement in performance at lower power due to HARQ=4. 
Both the Agilent and Nokia two stage results are significantly better than the Nokia multiple prove results for the same device. It is assumed this difference is down to the fact that the two stage method performed at a receive power well above reference sensitivity is immune to the degrading effect of noise generated by the laptops. 
Results for Multiple Cluster UMi channel model
The following figures compare the Agilent two-stage multiple cluster UMi results for the seven two-stage capable devices against measurements made using other methods for the same device.
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Results for multiple cluster UMa channel model  
The following figures compare the Agilent two-stage multiple cluster UMa results for the seven two-stage capable devices against measurements made using other methods for the same device.
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Pool4 Dev1, Dev2 & Dev3

Ranking sequence for different methods per device
Multiple cluster UMi channel model
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Reverberation Method Ranking Sequence
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Multiple Probe Method Ranking Sequence
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Two-stage method ranking sequence

Multiple Cluster UMa Channel Model
[image: image18.png]ThroughputMb/s

—+—Pool1Dev1-BlueTest
i Pool2Dev1-Bluetest
Pool2Dev2-Bluetest

415 410 05 100 85 20
Power/15KHz (dBm)

—#=PoolaDevs-slustest





Reverberation method ranking sequence
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Multiple probe method ranking sequence
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Two-stage method ranking sequence

Single Cluster UMi
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Ranking sequence: Multiple probe & two-stage method

3. Analysis
The Agilent two-stage results and Nokia two-stage results have similar throughput curve shape for the same device and a 3dB offset.  The offset is likely due to the difference in BS antenna configuration and small calibration differences between labs.
The test results for different devices under different models for different methods are not consistent in all cases. However, from the test results, it seems that less deviation has been observed for the test results for devices in Pool1 and Pool2 than the test results for devices in Pool3 and Pool4.

For Pool1 Dev1, all three different methods have comparable results for MC UMi channel model. For MC UMa channel model, it seems that two-stage results have a better agreement with the results for multiple probe antenna based method.

For Pool1 Dev3, it seems that two-stage method has good agreements with reverberation chamber based method for both MC UMi and MC UMa.
For Pool2 Dev1 and Dev2, the two-stage method results have good agreement with reverberation chamber based method.  There is about 2-3dB offset between the two-stage test results and the results of multiple probe antenna based methods.
There is quite a large deviation among the test results for multiple probe antenna based methods. For example the test results for Pool2 Dev1.
For Pool3Dev1 and Pool3Dev2, the test results difference is quite large between the two-stage results and the reverberation chamber results. What makes it hard to understand is why the reverberation chamber based method has much higher throughput as compared with the test results of the two-stage method.

For Pool4 devices, the test results difference is larger and the reverberation chamber based method has much worse performance as compared with two-stage method. However, the test results between the multiple probe antenna based method and the two-stage method under this case have much less difference (2-3dB) as compared the difference between the two-stage method results and the reverberation chamber based method, which is a little bit less than 10dB.
From the comparison of the ranking sequence of different test methods of the 4 chosen devices, namely, Pool1 Dev1, Pool2 Dev1, Pool2 Dev2, Pool4 Dev1 (Dev2 and Dev3 ), we have the following observations:
Firstly, the best and worst performing devices (Pool1 Dev1 and Pool4) are identified in the same performance ranking sequence for all the methods.  However, different test methods have different performance differences. For the reverberation chamber based method, the performance difference between those two devices is significantly larger than that of the two-stage method and that of the multiple probe based method. It seems that Pool4 device performance is more sensitive to the reverberation chamber based method.

Secondly, for the devices Pool2 Dev1 and Pool2 Dev2, both the reverberation chamber based method and two-stage method test results show that they have equal performance. However, the multiple probe based method test results for MC-UMi do show a performance difference. The test results for MC-UMa do not show such a difference but also show no performance difference between Pool1Dev1 and Pool2 devices. The explanation for this is not clear.
Thirdly, the ranking sequence for the single cluster channel model agrees with that of the two-stage method. However, the slope of the throughput curves of multiple probe based method under single cluster channel model is very different from that of two-stage and also from that of multiple cluster channel models, which is something to be further investigated.
It has been a concern that two-stage method is not sensitive to the Laptop noise. However from the test results it can be seen that for Pool1 devices and Laptop bundle and Pool2 devices and Laptop bundle, the two-stage test results are comparable. There could be multiple reasons for that for example, the device is well designed to be not sensitive to Laptop noise, or all the devices in Pool1 and Pool2 are seeing similar Laptop noise, etc. Further work is needed to be done in the part to address the Laptop noise impact. A simple comparison of the results alone is not a good indicator of the sensitivity to laptop noise.
For Pool3 and Pool4 devices, the performance different between the two-stage methods and the reverberation chamber based method are hard to explain just due to Laptop noise. Further work in both the reverberation chamber based method and the two-stage method are needed to clarify the reason for the performance gap.

4. Conclusion 
In this proposal, we have compared the two-stage results and two-stage versus other MIMO OTA methods. From the comparison, it can be seen that for Pool1 and Pool2 devices, the three different MIMO OTA methods are having comparable performance. For Pool3 device and Pool4 device, the two-stage and reverberation chamber based method have quite large performance differences.

To make further progress it is important to isolate laptop noise from future comparisons. Use of a phantom laptop or optical connection will help with this process.

. 
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