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1.0 Background
In [1], a two-step MIMO OTA test solution has been proposed for cost effective MIMO OTA test. For the proposed test solution, the UE MIMO antenna patterns are first measured in an anechoic chamber. In step 2 the measured antenna pattern is combined with MIMO channel models and emulated by a channel emulator to do the OTA test. This document provides more details on how to perform the MIMO antenna tests in the first step and how to integrate the measured antenna patterns with MIMO channel models in two different approaches: the SCM based approach and an Agilent approach. Further results are given to show that SCM based approaches and Agilent correlation based approach produce comparable results. Both can be used to integrate the effects of real MIMO antennas with MIMO channel models for OTA test with a channel emulator.
2.0 Step 1: measure MIMO antenna pattern
For the MIMO antenna pattern measurement, most of the test configurations are the same as that in Annex A of [2] used for SISO OTA. The DUT is placed against a SAM phantom, and the characteristics of the SAM phantom are specified in Annex A.1 of [2]. The chamber is equipped with a positioner, that makes it possible to perform full 3-D far zone pattern measurements for both Tx and Rx radiated performance. The measurement antenna should be able to measure two orthogonal polarizations (typically linear theta (() and phi (() polarizations as shown in figure 1). 
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Figure 1. The coordinate system used in the measurements

In order to enable OTA pattern measurement of the transmit / receive antennas it is necessary for the UE to be able to switch signals between the antennas. This is an optional requirement for the transmitter. In cases where the duplex spacing is high, the most accurate receive antenna pattern will be achieved using the frequency of the downlink. During development the antennas can be stimulated using external signals.
In the SISO method of [2] the centre of rotation is the phase centre of the UE antenna. For any MIMO method, the centre of rotation should be the centre of the entire array. The centre of the line between the right and left reference ear can be used as an approximation.

Once the UE Tx and Rx antenna patterns of each of individual antenna element are measured, they can be combined with predefined MIMO channel models to fully emulate the transmission channel to test the UE OTA performance. The benefit of this test approach is that the antenna pattern measurement need only be done once and can be reused again and again for different channel models and scenarios.
The MIMO channel model needs the antenna pattern information for both eNB and UE. For the UE side, the measured UE transmitter and receiver patterns are used. For the eNB side, predefined antenna patterns need to be specified. The following section provide some further details on how to combine the antenna patterns together with the MIMO channel model to emulate the influence of antenna arrays under the defined channel model.
3.0 Step 2: apply antenna patterns to MIMO channel models
3.1 Apply antenna patterns to Ray-based channel models
The Ray-based channel model is a geometry-based stochastic model. It can also be called a double directional channel model. It does not explicitly specify the locations of the scatterers, but rather the directions of the rays, like the well-known spatial channel model (SCM), both IMT-advances and consequently LTE-Advanced adopt this kind of model as the MIMO channel model for performance tests [3]. Geometry-based modelling of the radio channel enables separation of propagation parameters and antennas. The time variant impulse response matrix of the U x S MIMO channel is given by [Annex B of [3]]
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where t is time,  is delay, N is the number of paths, and n is path index. The impulse response matrix is composed of the antenna array response matrices Ftx and Frx for the transmitter (Tx) and the receiver (Rx) respectively, and the channel from Tx antenna element s to Rx element u for cluster n is expressed as
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where Frx,u,V and Frx,u,H are the antenna element u field patterns for vertical and horizontal polarizations respectively, n,m,VV and n,m,VH are the complex gains of vertical-to-vertical and horizontal-to-vertical polarizations of ray n,m respectively, 0 is the wave length of the carrier frequency, 
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 is the AoD unit vector, 
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is the AoA unit vector, 
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 are the location vectors of element s and u respectively, and n,m is the Doppler frequency component of ray n,m.
For DUT receive test, Frx,u,V and Frx,u,H are the measured UE receiver antenna patterns from step 1, and Ftx,s,V and Ftx,s,,H are the predefined patterns for the eNB. On the other hand, for DUT transmit test, Frx,u,V and Frx,u,H are the predefined patterns for eNB and Ftx,s,V and Ftx,s,,H are measured UE transmitter antenna patterns from step 1.
Ray-based models are capable of supporting arbitrary antenna patterns under predefined channel modes in a natural way as described above. If a Ray-based model like SCM is specified to be used for MIMO OTA test, then the channel emulator needs to be able to emulate the SCM channel model and compute the interaction with the measured antenna patterns. 

The MIMO OTA test configuration in this case is shown as in Figure.2: Standard base station is connected with channel emulator by RF cable, and the DUT is also connected with channel emulator by RF cable. For DUT receive test, BS transmits the test signal, and DUT receives the test signal. Channel emulator is used to emulate the downlink SCM channel with the antenna influence of predefined eNB antenna pattern and the measured UE antenna pattern. For DUT transmit test, DUT transmits the test signal, and BS receives the test signal. Channel emulator is used to emulate the uplink SCM channel with the measured Tx (DUT) antenna patterns and predefined eNB antenna patterns.

[image: image8]
Figure 2. MIMO OTA measurements based on an SCM channel emulator
3.2 Apply antenna patterns to correlation-based channel models
Ray-based channel models can combine the antenna patterns with channel models implicitly and directly. However, unlike the Ray-based channel models, the correlation matrix and antenna power imbalance has to be derived explicitly from the antenna patterns and the given MIMO channel model. In current correlation-based channel models like those defined for LTE, the assumption is that the transmitter correlation matrix and the receiver correlation matrix can be calculated independently and then combined based on the Kronecker approach. However, through our research, it has been found that for real antenna patterns, the Kronecker assumption usually does not hold which creates a problem for how to combine the antenna patterns with the channel model effectively and correctly. To address this problem, we derived a correlation matrix calculation method for arbitrary antenna patterns under multipath channel conditions. The results have been compared with the results from that of using the Ray-based model approach for the SCM channel models. Both methods result in comparable results. Figure.3 provides the test configuration when correlation-based channel models are used for OTA testing.

[image: image9]
Figure.3 MIMO OTA based on correlation based channel emulator
4.0 Results comparison between the SCM model and correlation-based models

In [4], it has been shown through simulation that the Ray-based model and the correlation-based model have the same statistics. Similar methods as in [4] have been used by Agilent to compare the resulting correlation matrix and power distribution across the channels to check the effectiveness of our method to combine the antenna pattern with MIMO channel models based on correlation based approach. 
4.1 Validation Method:

1) Use SCM code (as per Authors: Jari Salo (HUT), Giovanni Del Galdo (TUI), Pekka Kyösti (EBIT), etc. which aligns with the 3GPP TR 25.996 v7.0.0 SCM channel model ) to generate channel coefficients, then calculate the correlation coefficients and channel powers as:
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 represents the channel coefficient for the ith channel. Then the channel power is normalized to guarantee that the sum of all the channel powers is correct.
2) For correlation-based models, do the theoretical calculation to get the correlation coefficient and channel power value. 

3) The channel correlation coefficients and power values vary with the changing AoA/AoD, according to the SCM model. When one group of AoA/AoD is selected for one path and the channel data is generated, it can be regarded as one time realization or one drop of the MIMO channel. By varying the AoA/AoD parameters, the SCM model provides us multiple snapshots of the MIMO channel. We compare these results in each drop and also the average results over multiple drops. 
4.2 Simulation Results: 
A 2 by 2 MIMO system is configured, with the aim of evaluating the UE’s antenna performance. The eNB uses ideal omni-directional antennas with vertical polarization, and the UE uses a custom designed antenna with pattern as shown in Figure 4. To simplify the correlation property comparison, only one path is generated for the SCM model for each drop. Some simulation assumptions are listed in Table 1.

Table 1. Simulation assumptions
	MIMO configuration
	eNB side 2 antennas, UE side 2 antennas

	eNB antenna pattern
	ideal omni-directional, vertical polarization

	UE antenna pattern 
	plotted as in figure 2, vertical polarization

	PAS distribution
	Laplacian distribution, eNB AS =2 degree, UE AS =35 degree

	Mean AoA and AoD
	Random generated over range [0  360]

	eNB antenna distance
	2 wavelength

	UE antenna distance
	7.5 cm = 0.225 wavelength

	Simulation drop number 
	50

	XPD
	8dB

	Channel Index
	Tx1-Rx1=Ch1, Tx1-Rx2= Ch2, Tx2-Rx1= Ch3, Tx1-Rx2=Ch1,
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Figure.4 Antenna far zone pattern simulated by Agilent EM-solver EMPro
Figure 5 plots each drop’s correlation property, the x-axis represents the absolute value of SCM simulation results and the y-axis represents the absolute value of the theoretical calculation. It can be found that for each drop, there are some differences, especially for the condition when AS=35 is included in the channel couple, but since all the points are located around the line of X=Y, this shows the two methods share the same statistical properties. 
[image: image14.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Absolute value of SCM simulation results

Absolute value of proposed analysis results

 

 

Ch1 and Ch2

Ch1 and Ch3

Ch1 and Ch4


Figure 5 Comparison of SCM and proposed correlation coefficient absolute value for each drop
Tables 2 and 3 give the average results of correlation matrix absolute values for the SCM and correlation=based approaches respectively. These results demonstrate the statistical properties of the two models can agree with each other very well. The difference between the two methods is given in Table 4. Most of the non-diagonal elements are negative which means the correlation coefficient absolute values from the SCM simulation are slightly lower than those from the correlation-based approach. 
Table 2  Correlation Matrix derived from SCM simulation
	Ch Index
	Ch1
	Ch2
	Ch3
	Ch4

	Ch1
	1.0000
	0.6670
	0.9519
	0.6687

	Ch2
	0.6670
	1.0000
	0.6496
	0.9550

	Ch3
	0.9519
	0.6496
	1.0000
	0.6672

	Ch4
	0.6687
	0.9550
	0.6672
	1.0000


Table 3Correlation Matrix from theoretical calculation for the correlation-based model
	Ch Index
	Ch1
	Ch2
	Ch3
	Ch4

	Ch1
	1.0000
	0.7050
	0.9547
	0.6721

	Ch2
	0.7050
	1.0000
	0.6721
	0.9547

	Ch3
	0.9547
	0.6721
	1.0000
	0.7050

	Ch4
	0.6721
	0.9547
	0.7050
	1.0000


Table 4 Difference between SCM and correlation-based models
	Ch Index
	Ch1
	Ch2
	Ch3
	Ch4

	Ch1
	0
	-0.0380
	-0.0027
	-0.0034

	Ch2
	-0.0380
	0
	-0.0225
	0.0003

	Ch3
	-0.0027
	-0.0225
	0
	-0.0378

	Ch4
	-0.0034
	0.0003
	-0.0378
	0


Figure 6 plots each drop’s power for Ch1. For channel power, the two models are completely equivalent because all points locate on the line of X=Y. The channel power comparison results for the other three channels are similar and are thus omitted here.
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Figure 6 Ch1 power of each drop
5.0 Conclusion

This proposal provides further details on how to do low-cost MIMO antenna measurement using a two-step process of antenna pattern measurement in an anechoic chamber according to the method used for SISO OTA in [2] followed by a cabled measurement integrating the measured antenna pattern with MIMO channel models. Comparison of the methods of applying antenna pattern measurement to the Ray-based model and the correlation based model, it can be seen that both method agree very well and thus can be used for MIMO OTA testing. Further analysis is planned to validate that the two-step measurement approach in [1] will result in similar results as the one step approach of trying to simulate multipath in the chamber suing distributed antennas.
References
[1] 3GPP TSG-RAN R4-091361, Agilent Technologies, MIMO OTA methodology proposal.

[2] 3GPP TS 34.114: User Equipment (UE) / Mobile Station (MS) Over The Air (OTA) Antenna Performance Conformance Testing
[3] 3GPP TR 36.814, V0.3.1(2009-01)

[4] ChengXiang Wang, Xuemin Hong, “Spatial-Temporal correlation properties of the 3GPP Spatial Channel Model and the Kronecker MIMO channel model”, EURASIP Journal on Wireless Communications and Networking, Volume 2007.
SCM Channel Emulator with Measured   Antenna Pattern
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Correlation-based Channel Emulator with Calculated Correlation Matrix and Power Distribution
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