
3GPP TSG-RAN4 MIMO OTA AH
R4-66AH-0010
Munich, Germany, 12-13 March, 2013
	Title:
	BS Correlation and Adjustments to the UMa model

	Source:
	Spirent Communications, Motorola Mobility, Anite

	Agenda Item:
	5.3

	Document for:
	Discussion


1
Introduction
Spirent Communications presented a proposal in [1] and a corresponding text proposal for the 3GPP TR in [2] to modify the mean AoD by -15 degrees for the SCME UMa channel model to improve the connection reliability of the SCME UMa channel model while maintaining a challenging test condition such that UE MIMO performance differences can be seen. 
The discussion below is presented to identify preliminary results using the new mean AoD which shows improved reliability and to provide background information concerning the need to test with the correlated BS antenna assumptions.

2
Discussion
In [3], preliminary results for the absolute data throughput framework are presented by Motorola Mobility and Spirent Communications. As part of the results, initial data is presented from [3] and shown in Figure 1, with performance curves using the new AoD assumptions for the SCME UMa channel model versus the original assumptions with no offset, and versus the uncorrelated BS antenna case.

The following dataset shown in Figure 1 includes a modified (MOD) version of SCME UMa, where all Angle of Departure (AoD) were offset by -15º.
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Figure 1: Band 13, SCME Uma, 16 QAM, Base Station antennas correlation comparison
In this data, one can see that the “Bad” antenna test case for the original correlated BS for the SCME UMa channel model was not capable of producing throughput results. However, when using the new AoD assumptions, the “bad” antenna test case is capable of achieving maximum throughput and allows one to evaluate its relative performance.

The effective BS correlation is a composite of the complex correlations observed from each path.  In the plot of Figure 2, the composite BS correlation magnitude is plotted for a variety of AoD offsets for the UMa channel model having a slanted cross polarized X antenna at the BS.  As shown, the current value with AoD offset of zero is 0.95.  An offset of -15 degrees reduces the correlation down to 0.75, which should be quite effective to enable a connection and support the “Bad” antenna.  An alternative AoD offset of -30 degrees further reduces the correlation to 0.5, which is now starting to be a low value and may lose the sensitivity to examine UE antenna characteristics as described in this contribution. 
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Figure 2, Effect of adding AoD offsets to the UMa channel model with slanted X BS antenna
During the initial testing in CTIA and 3GPP RAN4, the channel models used to have both correlated and uncorrelated options for MIMO OTA evaluation, but the uncorrelated BS case is not defined in any of the Geometric Channel Models. Therefore, different test solution providers used different methods to present “uncorrelated” BS antennas or approximations.  In some cases, this test condition was not possible. This caused a great deal of confusion and made comparisons difficult.
Dual Polarized Models

The channel models defined in 3GPP for MIMO evaluations [4] are all double directional geometry-based stochastic models, which define correlation based on the antennas used on each end.  This is also part of the expected MIMO channel.  The MIMO Channel Matrix (H) contains components from both the BS and MS, which often have quite different entries, i.e. the two BS entries, depending on the mobile device antenna’s complex response.  
To model a dual polarized channel, orthogonal X antennas are often used to get low correlation between elements.  e.g. in the case of the UMi model with the X antenna at the BS, and when observed in V & H at 0 degrees, we see correlations of about +/- 78% respectively, which cancel out producing zero net correlation.  So, in the case of having polarization branch balance at the DuT, these correlations cancel out to produce an uncorrelated BS.  However, when the MS antenna is not well balanced, we begin to see correlated behaviors at the BS in our MIMO channel.  Further, if the MS only observes predominately the V component (null on H) in this same example, the BS correlation would be quite high, approaching the 78%.  
Examples of BS correlation and its Effect on Measuring Throughput
BS correlation is a mechanism that models practical antenna arrays in the field and the effect also assists in characterizing the DuT. The BS correlation is observed in both the UMa and UMi model and results in a spread of the resulting throughput curves, which produce different slopes for the composite average curves, when compared to the “uncorrelated” case.  In Figure 1, there are “shallower curves” where the slope is different in the UMa channel with correlated BS antennas when compared to the uncorrelated BS antenna case. Based on this, one can see that performance varies more with the correlated BS antenna assumption, and the reason it varies more is related to the complex pattern of the UE antennas.
Detailed Example:

For the UMi channel model, with the B13 (751 MHz) “Good” antenna, the following BS correlations were observed for Path 1, which had both the AoD and AoA near zero deg.  
BS correlation measured WRT Good Antenna 1:  |corr(h11,h12)| = 0.62

BS correlation measured WRT Good Antenna 2:  |corr(h21,h22)| = 0.069

As observed, the BS correlations are quite different.  This is due to the polarized gain differences for the Good Antenna for path 1, which were:

Ant1v = 1.95 dB     Ant1h = -8.95 dB
Ant2v = -7.13 dB    Ant2h = -9.14 dB
In this case, Antenna 1 emphasizes the Vertical since there is effectively a null in the H pattern and this produces a high BS correlation since only the Vertical BS component is observed.  i.e. the BS correlation between the two slanted BS antennas are observed from UE Ant1, which is corr(h11, h12) and this is dominated by the V component.

However, for Antenna 2, the V & H gains are very similar, and this results in similar gains in the V & H components, which produces a cancelling of the large positive and negative correlation values observed for the slanted BS antennas resulting in a correlation that is close to zero.

Thus due to the branch gain differences in the V & H components, the BS correlation values in the dual polarized model are observed to vary for the same path, resulting in a sensitivity to the polarization balance that is not observed in the single polarized or uncorrelated channels.
3
Conclusion
Since correlated antennas are expected in a realistic model, and the channel matrix is affected by changes in BS correlation that are a function of the UE antenna, it is important to keep this behavior in the model.  
Using the uncorrelated BS antenna removes this important effect.  It is also a model that is not defined in the standard and not supported consistently across most equipment. This has led to the difficulties in implementing this model for testing in the past.
For these reasons, the simplest way to resolve the BS correlation effect is to reaffirm the correlated model for both UMi and UMa, with the -15 degree offset in the mean AoD for UMa.
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