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1.
Introduction

In an effort to finalize the MIMO OTA WI [1] and to record the MIMO OTA Test Plan in TR 37.977 [2], this contribution presents the complete simulation and analysis of the SCMe channel model statistics when filtered spatially by the CTIA Reference antennas.
2.
Discussion

Table 1 below lists all of the simulation test cases presented in this paper.
Table 1: Simulation test cases

	Ant Cfg
	Scenario
	Pol
	eNB ant
	UE ant
	UE rotations
	Frequencies

	2x2
	UMa-S35
	V,H
	X45
	CTIA BAD
	[0:30:330]
	[751]

	2x2
	UMa-S35
	V,H
	X45
	CTIA NOMINAL
	[0:30:330]
	[751,1959.5,2655.5]

	2x2
	UMa-S35
	V,H
	X45
	CTIA GOOD
	[0:30:330]
	[751,1959.5,2655.5]

	2x2
	UMa
	V,H
	X45
	CTIA BAD
	[0:30:330]
	[751]

	2x2
	UMa
	V,H
	X45
	CTIA NOMINAL
	[0:30:330]
	[751,1959.5,2655.5]

	2x2
	UMa
	V,H
	X45
	CTIA GOOD
	[0:30:330]
	[751,1959.5,2655.5]

	2x2
	UMi-S35
	V,H
	X45
	CTIA BAD
	[0:30:330]
	[751]

	2x2
	UMi-S35
	V,H
	X45
	CTIA NOMINAL
	[0:30:330]
	[751,1959.5,2655.5]

	2x2
	UMi-S35
	V,H
	X45
	CTIA GOOD
	[0:30:330]
	[751,1959.5,2655.5]

	2x2
	UMi
	V,H
	X45
	CTIA BAD
	[0:30:330]
	[751]

	2x2
	UMi
	V,H
	X45
	CTIA NOMINAL
	[0:30:330]
	[751,1959.5,2655.5]

	2x2
	UMi
	V,H
	X45
	CTIA GOOD
	[0:30:330]
	[751,1959.5,2655.5]


For each parameter, a channel impulse response (CIR) ensemble is generated over 2008 subframes (28112 OFDM symbols) with the seed randomized every 8 subframes (112 symbols).  Prior work on this topic in [3] outlines the analysis steps in further detail, and the concept in [4] provides valuable insight.  In addition, we refer to [5] for further background into the topic of antenna performance in real propagation environments.
For each test case we compute the following quantities and plot them vs. DUT rotation:

· Received power per branch (two curves per antenna set)

· Envelope correlation (narrowband calculation at the DC component of the band)

· Branch power ratio (the absolute value of the ratio of branch 1 to branch 2 power)
· Condition number (the ratio of the eigenvalues of the narrowband 2x2 matrix computed at the DC component of the band [3]).  For each CIR ensemble we form the narrowband 2x2 channel matrix and compute the two eigenvalues (Figure 1 below illustrates the CDFs); we define the condition number as the ratio of the squares of the eigenvalues.
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Figure 1: Condition number illustration
Figures 2 through 9 below highlight the key components of the analysis.  Please refer to the Appendix for the results of the remaining test cases.
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Figure 2: Band XIII, SCMe UMa single cluster
For the SCMe UMa single cluster model at Band XIII (Figure 2;  the notation of the figure titles refers to all single cluster scenarios with a suffix “S-35” to indicate the angular spread of 35 degrees of the single cluster) above we observe that the peaks of the received power per branch occur at opposite orientations of the DUT for all three antenna types.  This behavior is reflected in the branch power ratio (BPR) curves and contributes to high swings in condition number vs. DUT orientation.  Envelope correlation curves do not capture swings in condition number nor the effect of the GOOD antenna. Given that the envelope correlation estimator normalizes each branch power, we observe that envelope correlation alone is not enough to account for the branch imbalance effect.  Furthermore, we observe that for certain DUT orientations the NOMINAL antennas perform better than the GOOD.  With the spatial correlation coefficient below 0.7 for all orientations of the GOOD antennas, only BPR curves have captured this effect.
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Figure 3: Band XIII, SCMe UMa multi-cluster
In Figure 3 above the received power per branch curves exhibit less selectivity with direction (due to the angular spread of the multi-cluster channel), and we observe a reduction in the condition number.  Although the envelope correlation curve for the GOOD antennas being below 0.2 may suggest a significant reduction in the condition number of the channel, we do not observe this.
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Figure 4: Band II, SCMe UMa single cluster
In Band II the NOMINAL antenna directivity patterns at the elevation = 90 degree cut are known to overlap significantly.  As a result, the received power per branch curves for the NORMAL antenna in SCMe UMa single cluster conditions mirror this effect (Figure 4 above).  In this case the BPR fluctuations as a function of DUT rotation are quite low:  BPR is nearly zero for DUT orientations where the received power per branch is nearly equal.  Because of this overlap of patterns we observe the envelope correlation results shown above.  Since the SCMe UMa channel models define a high correlation at the eNB side of the link, the trends in the envelope correlation curve translate to the condition number curve.  The power per branch curves for the GOOD antennas indicate greatest degree of pattern overlap for a DUT rotation of 180 degrees (where BPR reaches nearly 0 dB) and demonstrate worse performance in terms of condition number than for other orientations.
The three sets of results analysed thus far indicate that the only way to capture BPR and envelope correlation effects on UE MIMO performance is with an anisotropic testing environment.
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Figure 5: Band II, SCMe UMa multi-cluster
With the angular spread of the multi-cluster SCMe UMa channel model increasing, the received power per branch curves with the NOMINAL antennas still overlap significantly, which causes the condition number of the channel matrix to remain high (Figure 5 above).
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Figure 6: Band VII, SCMe UMa single cluster
Moving to the highest frequency band of the CTIA reference antenna designs, we observe that the dominant factor in 2x2 MIMO performance for all four channel model variations is BPR;  the envelope correlation coefficient remains below 0.7 for all DUT rotations for both NOMINAL and GOOD antennas in all four channel model scenarios.
In Band VII under the SCMe UMa single cluster conditions the per branch received power curves with the NOMINAL antennas overlap very little (Figure 6 above), leading to large swings in BPR and, consequently, the condition number   The GOOD antennas, with significant overlap in per branch received power curves, exhibit larger condition numbers in the channel for DUT rotations that maximize this overlap.
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Figure 7: Band VII, SCMe UMa
With the increased angular spread of the multi-cluster SCMe UMa channel, both sets of antennas exhibit similar behaviour in the channel condition number, but for different reasons.  The per branch received power patterns of the NOMINAL antennas overlap more than in the single-cluster case, leading to smaller swings in BPR and condition number, while the per branch received power patterns of the GOOD antennas overlap fully, leading to increased condition number.
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Figure 8: Band VII, SCMe UMi single cluster
For the SCMe UMi single cluster (Figure 8 above) and multi-cluster (Figure 9 below) we observe similar results as with the SCMe UMa single cluster (Figure 6) with lower mean condition number due to lower eNB antenna correlation.  For the NOMINAL antenna in the SCMe UMi single cluster case the BPR swings drive trends in the condition number curve.
[image: image39.png]Received power'
3 T

22 UM 2655.00 VHz CTIANOMINAL-VEAS




[image: image40.png]Paner (cB)

Received power 2x2 UM 2655.00 VHz CTIAGOCD-VEAS





[image: image41.png]Branch poner ratio (cB)

16,

Branch power ratio 22 UM 2655.00 NHz

o S IEAL.OF 000 LECTANDVNALVERS
—6r— XIS IEAL-OP 0.00.LECTIA-GOCDVERS




[image: image42.png]Emvelope Comrelation 2x2 UM 2656.00 VHz
1 T T T T T T

- S IEAL.OF 000 LECTANDVNALVERS
—E— X4SIEAL P 000 LECTIA GOTDNVERS

0 50 10 150 20 250 30 30
DUT Retation (deg)




[image: image43.png]Average Corxition Nurrber





Figure 9: Band VII, SCMe UMi
In summary, we can make the following observations:
1. Spatial channel models give us a spread of channel statistics (received power per branch patterns, branch power imbalance, envelope correlation, and matrix condition number) as a function of DUT rotation, which tells us that this is the right approach to capture the DUT’s antenna characteristics
2. The degree of correlation of the received signal (envelope correlation) alone is not enough to characterize the performance of the channel:  both BPR and envelope correlation are necessary factors in describing the behaviour of condition number.

3. The UMa channel model is a challenging one and is more challenging for the CTIA BAD antennas; particularly the single-cluster UMa model is close to singular for some DUT rotations
3.
Proposal

Based on the results and analysis presented in this paper we highlight the following proposals with the view toward finalizing the MIMO OTA Work Item:
1. Characterization of device OTA performance to be performed in anisotropic channel conditions with control of the spatial parameters, such as angular spread, inside the test volume

2. Characterization of device OTA performance to be performed as a function of DUT orientation relative to the channel model origin

3. Characterization of device OTA performance to be performed in an environment with spatial parameters resembling realistic conditions, such as eNB antenna correlation, XPR, and angular spread
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5.
Appendix

The figures below contain the results of test cases not treated in the analysis in Section 3.
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Figure 10: Band XIII, SCMe UMi single cluster
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Figure 11: Band XIII, SCMe UMi multi-cluster
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Figure 12: Band II, SCMe UMi single cluster
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Figure 13: Band II, SCMe UMi
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