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1. Introduction 

A Study Item to define a 3GPP methodology for measuring the radiated performance of multiple antenna reception and MIMO receivers in the UE has been in progress [1].  Part of this effort has been a Round Robin test effort to compare the outcomes of the various proposed test methodologies.  Part one of the results was compiled into a document presented in RAN4#57, in Jacksonville [3]; additional results not ready for that submission were presented in Austin by Azimuth [4].
The results of the Round Robin effort have not seen much public analysis, the contents of [3] notwithstanding.  It is the goal of this document to make some effort to understand the results obtained.  There are many possible ways to compare the data, and this contribution is not intended to provide the final word.  Indeed, the intent is to stimulate discussion in the search for understanding.  Having said that, this contribution will mainly focus on comparing the results obtained by Azimuth’s methodology with others.
2. Test Results
The raw data was compiled by the MIMO OTA rapporteur into a spreadsheet.  This spreadsheet was further organized by Azimuth and forms the basis of the results discussed here.  Below is a table indicating the results submitted from each round robin participant, according to the channel model and DUTs for which the data applies.  DUT Pool 1 is indicated by participants in yellow, while DUT Pool 2 is shown with green.  The bottom row shows the Tdoc number.
One observation that can be made right away regards the sparseness of this table.  This limits the utility of the data, since comparisons between arbitrary participants and devices becomes difficult.  This will become more evident later in this contribution.
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3. Observations

Many comparisons are possible; this contribution seeks to make a few that are interesting to the authors.  There are several general observations that should be made at this point in the contribution as these tended to drive the comparisons that were made.
1) When comparing results of differing methodologies, the same channel model must be used.  The SCME UMi and UMa models have significantly different RMS delay spread (294 vs. 841 ns), and the difference in performance due to the channel model is seen right away.

2) The Pool 1 and Pool 2 CS-15 devices seemed to perform similarly; limited comparisons were possible among these devices.

The spreadsheet was sent to the MIMO-OTA reflector at the end of the RAN4 Ad Hoc in Austin.  Since then, some minor errors have been found and corrected.  It can be found in the ZIP archive file with this document.
Comparison with Anechoic Chamber-based Results

In this section, we compare the results obtained through the channel emulator and reverberation chamber-based solution presented by Azimuth [4]with those obtained by anechoic chamber methods [6], [9], [10], [11], [12].  Unfortunately, there was not a lot of overlap in the results with the anechoic methodologies because the laptop HSPA devices were different, and no Pool 1 participant provided results for a K4505 device.  So, for this comparison, we chose to place results obtained with the CS-15 Pool 1 and Pool 2 devices side by side, with the disclaimer that quantitative conclusions drawn from data obtained from two different devices are not recommended.

Figure 1and Figure 2 contains a collection of graphs of the data available for the CS-15 devices.  Each graph contains data for a specified channel model and HSet, with the Azimuth data plotted alongside all the available anechoic results.  Since there is only a single kind of device in the test, we cannot see how the methodologies sort out the relative device performance.  Most of the curves have the same general shape (slope and maximum), but are shifted relative to one another along the power axis.  In some cases, such as Figure 1 (a) and (b) for HSet-3, UMi and UMa), the Nokia and Satimo results coincide.  This suggests that these cases were well-calibrated and indeed measured power or otherwise implemented the methodology in precisely the same way.
This view changes when we look at the HSet-6 UMi results.  Here, there are more data available, and we see the Nokia and Agilent Single Cluster Multiprobe curves are close together; Satimo and NTT Docomo results are likewise paired.  The latter to also appear paired in HSet-6 UMa, but not as tightly as in the UMi case.  The difference in the Nokia result was noted during discussion of [3] when presented at the Jacksonville meeting.
Azimuth’s results are notable in that even though the OTA portion of the methodology specifies a reverberation chamber, the curves look very similar in slope and maximum values to the results based on anechoic chambers.  In the region of the curve where the throughput is decreasing as the signal level decreases, the Azimuth results appear to the left of all other curves.  It is possible that this is a result of the isotropic environment of the reverberation chamber wherein the DUT is presented with waves distributed uniformly over all linear polarizations and directions of arrival.  The anechoic results, taken over a single azimuth cut and using only vertical polarization, clearly leave out a large portion of the antenna response from the result.
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Figure 1.  Comparison of Azimuth’s results with anechoic chamber methodologies with CS-15 devices; HSet-3 (a) UMi channel model, (b) UMa channel model.
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Figure 2.  Comparison of Azimuth’s results with anechoic chamber methodologies with CS-15 devices; HSet-6 (a) UMi channel model, (b) UMa channel model.
Comparison of Reverberation Chamber-based Results

In this section, we compare the results obtained through the channel emulator and reverberation chamber-based solution presented by Azimuth with those obtained by reverberation chamber methods.  In this case, all participants used the same CS-15 device.  Otherwise, we make the same kind of comparison as in the previous section.
The first thing to point out is that the data associated with Bluetest was not consistently labeled in the raw data spreadsheet, so it is not clear at this time what the test conditions were for each dataset.  Secondly, one curve, labeled BluetestAB-3 in Figure 3 (a) and (b) turns out to be exactly identical.  This would appear to be an error in the underlying raw data, as the same data is present in both spreadsheet tabs.  Finally, the “BluetestAB-3” data in the HSet-6 UMi graph is not labeled with a source in the raw data.  Since it seems similar in shape to the BluetestAB-3 results for HSet-3, we will refer to it as such.  There is no RAN4 document from Bluetest describing the test conditions available at this time, only [15] and [16].  We are looking forward to seeing [17] to better understand this data.  This dataset is very interesting because the resulting curve is similar in form to the Azimuth result.
The remaining data for HSet-3 show that the EMITE and Bluetest data are relatively similar; certainly, the Azimuth data stands out as different from the other methodologies using a reverberation chamber.  It would be interesting to see more data from Bluetest using a third DUT, to see how the results compare.
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Figure 3.  Comparison of Azimuth’s results with reverberation chamber methodologies with CS-15 devices; HSet-3 (a) UMi channel model, (b) Uma channel model.
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Figure 4.  Comparison of Azimuth’s results with reverberation chamber methodologies with CS-15 devices; HSet-6 (a) UMi channel model, (b) Uma channel model.
Relative Device Performance

In this comparison, each graph contains data from all devices as measured by a single round robin participant.  The conditions were HSet-6, SCME UMi.  The test methodology used by each participant was the same for each device, except for Agilent; this is discussed further below.
The data are plotted in Figure 5 and Figure 6, consisting of four graphs.  Figure 5(a) is data from Azimuth [4], using a methodology based on a channel emulator and reverberation chamber.  Figure 5(b) is from EMITE [5], also using a channel emulator and reverberation chamber, but obtaining results that are much different in absolute terms.  Figure 6(a) is from Weisbaden University, using an anechoic methodology.  Figure 6(b) is Agilent, showing results from two methodologies: the single cluster multi-probe (“SC-MP”; entirely radiated) and the single cluster 2-stage (“SC 2-stage”) [6].  While the Agilent data is not all from the same methodology, one can see that the two K4505 results are pretty close, which implies a valid comparison between the CS-15 and E6400 results.  Furthermore, the single cluster 2-stage is meant to be a 2-stage version of the single cluster multi-probe methodology, so the comparison is consistent as far as possible.
These results show an interesting effect.  It appears that the relative performance of each DUT is ordered (best to worst) (1) K4505, (2) CS-15 and (3) E6400 for both the Azimuth and EMITE results, yet the Weisbaden University and Agilient results show (1) E6400, (2) K4505 and (3) CS-15.  Note we are referring to an area of the throughput curves between where the devices have reached their maximum throughputs and their lowest throughputs.
Azimuth and EMITE were both methodologies in which the OTA portion was performed in a reverberation chamber, while the Weisbaden and Agilent methodologies are based on an anechoic chamber.  This is very interesting, and deserves further study.  Unfortunately, at this time, not much is known by this author about the Weisbaden methodology, since there does not appear to be any relevant RAN4 contribution.
With the Agilent data, not only is the E6400 result better than the two USB dongles, it is much better.  At approximately 50% throughput, the E6400 performance is about 7 dB better than the 2-stage K4505 results.  Compare this with the Weisbaden University result, in which the difference is about 2 dB.  Clearly, the reasons for such a difference need to be understood to correlate differing methodologies.
One additional point to be made is that EMITE measured performance on USB dongles with the laptop lid closed, but had the lid open to 110 degrees for the internal HSPA modem [5].  Azimuth obtained all results with the laptop lid open.  From these results, it does not seem that the relative performance of the dongles and laptop was affected much due to this difference.  Azimuth is at fault here since it is stated in the test plan that the laptop should be closed when testing the USB dongles.  Still, it’s not clear why testing with the lid closed is required for USB dongles, since that can affect performance.
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Figure 5.  Comparison of all Pool 2 devices as measured using reverberation chamber based methodologies, HSet-6, UMi (a) Azimuth, (b) EMITE.
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Figure 6.  Comparison of all Pool 2 devices as measured using anechoic chamber based methodologies, HSet-6, UMi (a) Weisbaden University, (b) Agilent.

4. Conclusions

A primary interest to Azimuth Systems was to show that performance curves similar to anechoic chamber results were possible with the channel emulator/reverberation chamber combination.  This was indeed demonstrated in Section 3.1, and is believed to be an important step on the path to creating two test methodologies whose results correlate.

It is very interesting to see a comparison of relative device performance.  There is a very large difference in the measured performance of the E6400 device between the reverberation and anechoic chamber based methodologies.  As mentioned in Section 3.1, it is possible that this is a result of the isotropic environment of the reverberation chamber, compared to the anechoic methodology.  It would be very worthwhile to make measurements over the entire sphere in the anechoic-based methodologies to test this hypothesis.
Finally, there were many observations about the deficiencies of the collected data, related to the overall conduct of the round robin.  Most can all be gathered under the common heading of requirements to minimize the number of variables that are changing from participant to participant.  For instance,

· Whether the laptop should be opened at 110 degrees or closed.

· Where, on the turntable, a laptop should be placed when operating in a reverberation chamber.

· There should be at least one participant that can measure all DUTs from all pools to provide a basis for common comparison.  Additionally, a characterization of conducted performance would be useful as well.

· Round Robin participants must present their results in RAN4; data should not be accepted without such a presentation.

· The impact of the BSE on the tests should not be ignored.  We should figure out a way to characterize the BSE’s baseline performance to eliminate this difference from the results.
References

[1] RP-090352, “Proposed new study item: Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals”, Vodafone, TSG-RAN #43, Biarritz, France, 3 Mar 2009.
[2] TR 37.976, “Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals (Release 10)”, version 1.1.0 (2010-05).
[3] R4-104768, “Round-Robin Measurement Campaign: Summary of results – Part 1”, Vodafone, RAN WG4 #57, Jacksonville, USA, 15 Nov 2010.

[4] R4-110359, “HSPA Round Robin test results,” Azimuth Systems, RAN WG4 Ad Hoc #5, Austin, USA, 17 Jan 2011.

[5] R4-104350, “HSDPA SIMO OTA Round Robin Test Report,” CTTC, EMITE Ing, RAN WG4 #57, Jacksonville, USA, 15 Nov 2010.
[6] R4-103760, “MIMO OTA round robin test report: throughput measurement results for multiple probe antenna based method and two-stage method,” Agilent, CATR, RAN WG4 Ad Hoc #4, Xi’an, China 11-15 Oct 2010.
[7] R4-102241, “Test Plan for Anechoic Chamber based MIMO OTA methods,” Nokia et al., RAN WG4  #55, Montreal Quebec, Canada, 10-14 May 2010.

[8] RCSG101103, “Updates to Test Plan for Multi-Antenna OTA Performance Measurements in Reverberation Chamber,” AT&T, 4 Nov 2010.
[9] R4-103846, “MIMO OTA Measurement campaign,” Nokia, RAN WG4 #56, Madrid, Spain, 23-27 August.

[10] R4-103844, “MIMO OTA Round Robin Testing Campaign: SATIMO Testing Results,” Satimo, RAN WG4 Ad Hoc #4, Xi’an, China 11-15 Oct 2010.

[11] R4-103760, “MIMO OTA round robin test report: throughput measurement results for multiple probe antenna based method and two-stage method,” Agilent Technologies, CATR, RAN WG4 Ad Hoc #4, Xi’an China 11-15 Oct 2010.

[12] R4-10410, “SIMO OTA testing result for HSPA UE with receive diversity in active mode utilizing three types of MIMO OTA testing methodologies,” NTT DOCOMO, RAN WG4 #54, San Francisco, US, 22 – 26 February 2010

[13] R4-100838, “Reverberation Chamber + Channel Emulator: A Flexible MIMO-OTA Solution,” Azimuth Systems, RAN WG4 #54, San Francisco, 20 Feb 2010.

[14] R4-101441, “Reverberation Chamber + Channel Emulator: Additional Results,” Azimuth Systems, RAN WG4 Ad Hoc #2, Dublin, Ireland, 12 April 2010.

[15] C. Patané, A. Skårbratt, M. Franzén, J. Åsberg, C. Orlenius, “OTA Round Robin Measurement Campaign: Experiences From Measurements in Reverberation Chamber,” COST 2100 TD(10)12082.

[16] RCSG101102, “Experiences of HSDPA Throughput Measurements in COST2100 Round Robin Test Campaign,” Bluetest, Ericsson, 5 Nov 2010.
[17] R4-110925, “HSPA Round Robin Results,” Bluetest, RAN WG4#58, Taipei, Taiwan, 21-25 February 2011.
[image: image14.png]



1
1

