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1. Introduction

In the recently-completed CTIA MOSG Inter-Lab/Inter-Technique OTA Performance Comparison Testing effort [1], some labs reported difficulties in getting the DUT to stay connected when testing with the SCME UMa model and any of the CTIA reference antennas.  This was traced to the choice of the BS antenna array [2], [3].  The common solution was to change the array parameters.  This contribution seeks to document those concerns and point out possible reasons for the issues.
2. Discussion

Currently, the emulated base station antenna configuration defined in [1] is a two-antenna array with mutually-orthogonal ideal dipole elements.  These elements are tilted 45 degrees with respect to vertical polarization and have no separation (d = 0).  This configuration is commonly used as a sub-array in larger BS arrays.  For the MIMO OTA effort, this BS array configuration is specified to ensure that all polarizations are present at equal power levels in the test volume of the anechoic methodology.
During the recent CTIA round-robin effort (using reference antennas), several companies experienced problems with their test efforts, both in the conducted and in the OTA tests, when using the UMa channel model.  Azimuth Systems reported problems with DUT disconnections [2].  That is, no complete set of throughput points could be obtained; only one or two points were possible at high SNR before the device disconnected.  The problem was observed in OTA tests using the “good” reference antenna, the SCME UMa model, and the cross-polarized BS array.  The solution taken at the time was to change the BS antenna array to vertically-polarized dipoles with 10-wavelength spacing.  This lowered the antenna correlation enough for reliable test results to be obtained.

Bluetest has also reported issues with this antenna array.  These are reported in [3]; further analysis is provided in [4].

A lab using the anechoic boundary array methodology reported changes to the BS antenna array to “turn off” the correlation in order to get a reliable test.  This was learned in discussions during the RAN4#65 MIMO OTA ad hoc meetings and is not reported in any contributions.  The exact modifications required are also not reported, but are believed to be a wide separation of the BS antennas.

Results reported by a different lab using the anechoic methodology indicate success with this BS antenna array.  Further discussion would be very useful to understand if any special conditions were required for their success.

In all cases where difficulty was reported, it appears the labs made similar modifications of the channel conditions to overcome the obstacle: reducing the BS array correlation.  During the same meeting, it was observed that the unusual mean AoD of the UMa model (approximately 90 degrees off boresight) could also be causing this problem; one remediation would be to change the mean AoD to a more realistic value.

In this contribution, the effect of this choice of BS array is investigated.  Channel samples are computed for the ray-based SCME UMa channel model.  These samples are used to compute the sample channel correlation and to compute the ergodic capacity as a function of SNR.  These results are compared with other choices of BS array.

3. Investigation

As mentioned in the previous section, there was a strong suspicion that the cross-polarized array created a high correlation between the BS antennas.  First, the two antennas, while orthogonally polarized, have no spacing between them.  For two identically polarized antennas, this in itself would produce a 100% correlation.

Second, the mean AoD of the SCME UMa model is approximately 90 degrees, or “end-fire”.  It is well understood that an end-fire orientation produces the highest antenna correlation over the whole azimuth range.  Furthermore, such an antenna array is unlikely to be used in an omnidirectional sector, where end-fire operation would be expected, specifically because of the poor correlation properties.  Regardless, the work here focuses mainly on the UMa model specified in [1].

For this work, the ray-based model was simulated with the SCME parameters and 500,000 channel samples were computed.  The channel samples were used to compute the channel correlation matrix.  From this, the BS correlation matrix was computed.

The cross-polarized BS array specified in [1] is taken as a baseline.  Additional antenna arrays and variations on the channel model were also simulated.  These are described below.

Also, the ergodic capacity was computed over a range of SNR values and BS arrays.  Comparisons are made in hopes of learning the effect of the BS array choice on throughput.

BS Correlation Values

The computed correlation between the two BS antennas is shown in Figure 1 for a variety of conditions.  The correlation is computed for each cluster in the UMa model.  A single correlation number per condition would be better; this is left for future study.  Regardless, showing the correlation in this manner does give a useful picture.

The baseline cross-polarized pair appears at the top in blue, very close to unity.  The first four values are all greater than 98.7%.  This certainly bears out the observation that this antenna array creates a high correlation.

A vertically-polarized array with 10-wavelength (used by Azimuth) spacing appears in red.  The correlation is slightly lower than that produced by the baseline array.  It is very close to another curve appearing in green.  This is produced from a modification of the baseline array in which the elements are tilted +/-45 degrees but separated by 10 wavelengths.  This latter array is considered because it results directly from the baseline array if the elements are separated, rather than at the same location.  It is interesting that these two arrays create very similar BS correlation.

The last condition changes the mean angle of departure of the UMa model to zero: all AoDs are clustered around zero degrees.  The baseline BS array is used.  This condition creates a much lower correlation and shows the strong dependency that the mean AoD has on the correlation.

For all results in Figure 1, the DUT antenna array consisted of two vertically-polarized dipole antennas with a half-wavelength separation.  Because the model is not vertically polarized only, the channel correlation is not separable into independent transmitter and receiver correlations with a Kronecker product.  Therefore, it would be interesting to see the effect of CTIA reference antennas on the BS correlation.  Figure 2 and Figure 3 show results for two different BS antenna arrays.

Figure 2 clearly shows a dependency of the measured BS correlation on the DUT antenna, with the CTIA “good” reference antenna producing the overall lowest correlation.  Figure 3 shows all antennas, including the half-wavelength-spaced dipoles, with approximately the same correlation.  The differences on cluster six are not that significant since the power in the higher clusters is relatively low in comparison with the total PDP power.  Note that at this time, only a single azimuth cut ( = 90 degrees) of the CTIA reference antennas is evaluated.  A full three-dimensional analysis may show different results.

[image: image1.emf]0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1 2 3 4 5 6

Correlation Magnitude

Cluster Index

Baseline BS array

Vertically polarized, 10l spacing

Cross polarized, 10l spacing

Baseline BS array; zero deg AoD


Figure 1.  Base station correlation magnitude vs. cluster index for a variety of conditions.  DUT antenna array is half-wavelength-separated dipoles.
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Figure 2.  Base station correlation magnitude vs. cluster index for a variety of DUT antennas.  BS array is baseline cross-polarized array.
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Figure 3.  Base station correlation magnitude vs. cluster index for a variety of DUT antennas.  BS array is vertical polarization with 10 wavelength spacing.
Ergodic Capacity

Capacity is computed by rendering a frequency response for each time sample of the channel and computing capacity over 128 frequency bins.  This process is iterated over SNR.

Figure 4 shows capacity using the baseline BS array and the three CTIA reference antennas.  The half-wavelength-separated dipole array is included for comparison.  If we consider the observed SNR thresholds of the 16QAM and 64QAM throughput tests [2], we would concentrate on the area around 9-12 dB for 16QAM and around 15-20 dB for 64 QAM.  With that view, it looks like there is very little separation between the DUT antennas for 16 QAM.  For 64 QAM, there is a much clearer separation between the good, nominal and bad antennas.

Figure 5 shows a similar graph using the 10-wavelength vertically-polarized array at the BS.  Following the same logic on the basis of SNR, we again see no distinct difference in performance for the 16QAM SNR range.  Similar to the baseline array, there is a much clearer separation between DUT antennas in the 64QAM SNR range.

Again it should be noted that only a single azimuth cut ( = 90 degrees) of the CTIA reference antennas is evaluated.  A full three-dimensional analysis may show different results.
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Figure 4.  Capacity for different DUT antennas using the baseline BS array.
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Figure 5.  Capacity for different DUT antennas using 10-wavelength, vertically-polarized array.
4. Conclusions

MIMO channel models are made of three components: propagation conditions, the transmitter antenna array and the receiver antenna array.  Each plays an important part in the overall system performance.  From the experiences of labs and the analysis above, it should be clear that the base station array has a large impact on this performance.

The goal of this work effort is to measure MIMO performance of a real device and to use this measure to rank devices on the basis of performance.  If the selection of BS antenna array has an impact on what is called a “good” device, then one must consider the proper choice for that array.

Similarly, the selection of the SCME UMa channel model, with its mean AoD characteristics should be reconsidered in light of the unrealistic corner case that is produced.
Finally, the choice of cross-polarized array should be reconsidered if such an array is methodology-specific.
References

[1] MOSG120521R6, “Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices”, AT&T, 7 Dec 2012.

[2] MOSG121011R1, “Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices”, Azimuth Systems, Inc., 4 October 2012.

[3] MOSG121008, “Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices – Bluetest Lab Report”, Bluetest, 4 October 2012.

[4] MOSG130103, “SCME UMi and UMa Correlation and Resulting Data Throughput Performance”, Bluetest, 14 January 2013.

[image: image6.png]



6
5

