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1. Introduction

One of the key steps in MIMO OTA is the validation of the channel model. For multi-probe anechoic methods the channel model is implemented in free space which presents new challenges in validation techniques that are now being developed. Issues such as back scatter and the size of the correlation quiet zone are examples of new challenges.

For the two-stage method, the channel model is implemented entirely within the channel emulator as part of the second stage conducted throughput measurements and as such, the validation of its performance is similar in scope to that which would be required for any conducted channel emulator test system. This contribution describes the channel emulator performance validation platform and gives the measured results, including PDP, Rayleigh spectrum, Rician K factor, correlation coefficient, XPR and AoA, which can reflect MIMO channel fading dominant properties. The measured results demonstrate that this channel emulator system can implement MIMO OTA channel model in a high accuracy. 
2. Test Setup
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Figure 1 Fader Performance Validation Platform Diagram
Figure 1 is a diagram for fader performance validation platform. The main idea is download special designed signal into fader emulator, after the fading, the faded signal is played out from ESG, then use Scope to capture the faded signal. The analysis software installed on PC can extract the channel parameters from the captured faded signal based on the test signal information. This figure is just a principle diagram, when the analysis is carried on multiple channels signal, multiple ESGs should be connected with channel emulator and scope.
3. Measurement Results
This section gives some experiment results, including PDP, Rayleigh spectrum, CPDF (Cumulative Probability Distribution Function) and the LCR (Level Crossing Rate) of Rayleigh fading, Rician K-factor, correlation, XPR and AoA. 
3.1 PDP Validation
The followed measurement results give an example to demonstrate fader’s PDP performance can meet the requirement of parameter set strictly. Configure a 2(2 MIMO channel and each channel has three paths with the same PDP parameters, the set path delays are 0, 5000 and 10000 ns, and path powers are -2, -5 and -12 respectively. 

Figure 2 shows the instantaneous CIR (Channel Impulse Response) for one time measurement, the measured path delay and path loss are shown in Table 1 and Table 2 respectively. These measured results match the set values very well.
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Figure 2 Measured CIR 

Table 1 Measured Path Delay & Set Values (Unit: ns)

	     Channel No.

Path No.
	Channel 1
	Channel 2
	Channel 3
	Channel 4
	Set Path Delay Value 

	Path 1
	0.0
	0.0
	0.0
	0.0
	0.0

	Path 2
	4993.75
	4995.0
	4995.0
	4987.5.0
	5000.0

	Path 3
	9991.25
	9992.5
	9990.0
	9981.25
	10000.0


Table 2 Measured Path Loss & Set Values (Unit: dB)

	     Channel No.

Path No.
	Channel 1
	Channel 2
	Channel 3
	Channel 4
	Set Path Power Value

	Path 1
	-2.009
	-2.131
	-1.995
	-2.122
	-2

	Path 2
	-5.132
	-4.864
	-5.147
	-4.892
	-5

	Path 3
	-11.969
	-12.107
	-12.037
	-12.053
	-12


3.2 Rayleigh Fading Performance Validation

For Rayleigh fading [2] recommends that the following standard conditions and tolerances on the channel model parameters shall be supported by the channel simulator:

For the Rayleigh 6 dB Spectral Shape, the measured power spectral density, S (f), around the carrier, fc

1) At frequency offsets |f-fc|=fd, the maximum power spectral density S (f) shall exceed S (fc) by at least 6 dB.

2) For frequency offsets |f-fc|>2fd, the maximum power spectral density S (f) shall be less than S (fc) by at least 30 dB. 

Simulated Doppler frequency, fd, shall be computed from the measured Doppler power spectrum. The tolerance on Doppler shall be ±5%.
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Figure 3 Rayleigh 6 dB Theoretical Spectral Shape vs. Measured Spectral Shape
Set the Doppler frequency to 120Hz, the measured Doppler power spectrum is shown in Figure 3. The measured results demonstrate that the Doppler spectrum performance can satisfy the recommended requirement very well. The computed Doppler frequency from the measured Doppler power spectrum is 121. 23Hz, the measurement error is 1.025%, which exceeds the recommended ±5% tolerance.

Except for the Doppler power spectrum shape, the primary performance criteria that are used to evaluate Rayleigh fading are the CPDF and the LCR. CPDF describes the probability of a signal level being less then the mean level. The LCR is the number of crossings per second versus the signal power.

The requirement for CPDF is:

1) The tolerance shall be within ±1 dB of calculated, for power levels from 10dB above to 20 dB below the mean power level.

2) The tolerance shall be within ±5 dB of calculated, for power levels from 20 dB below to 30 dB below the mean power level.

The requirement for LCR is:

The tolerance shall be within ±10% of calculated, for power levels from 3dB above to 30 dB below the mean power level.

The theoretical and measured CPDF and LCR are shown in Figure 4 and 5 respectively. In both of these plots the signal power is relative to the mean. The CPDF and LCR were taken with a 120 Hz Doppler frequency. Both of these plots show that the measured performance of the fader well exceeds the above standards for Rayleigh fading.
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Figure 4 Theoretical CPDF vs. Measured CPDF
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Figure 5 Theoretical LCR vs. Measured LCR

3.3 Rician K Factor Test

When there is LOS (Line of Sight) component is summed on Rayleigh fading, Rician K factor is used to represent the power ration between LOS component and NLOS component. Below Table 3 gives the Rician K fact test results.
Table 3 Measured K Factor and Set Value 

	Setting K Factor (dB)
	Measured K factor (dB)
	Error

	0
	0.104
	0.104

	10
	10.564
	0.564

	-10
	-9.798
	0.202


3.4 Correlation Property Validation

Correlation property among different channels is the unique character for MIMO channel compared with the SISO channel and this property influence MIMO system performance significantly. Here still use the three path 2(2 MIMO channel to do the validation. The configured correlation matrix for each path is: 
	1
	0
	0.724
	0

	0
	1
	0
	-0.724

	0.724
	0
	1
	0

	0
	-0.724
	0
	1


Measured correlation matrix for Path 1 is:
	1
	0.005
	0.693
	0.025

	0.005
	1
	0.004
	-0.732

	0.693
	0.004
	1
	0.023

	0.025
	-0.732
	0.023
	1


Measured correlation matrix for Path 2 is:
	1
	0.014
	0.704
	0.008

	0.014
	1
	0.009
	-0.742

	0.704
	0.009
	1
	0.005

	0.008
	-0.742
	0.005
	1


Measured correlation matrix for Path 3 is:
	1
	0.026
	0.687
	0.007

	0.026
	1
	0.004
	-0.728

	0.687
	0.004
	1
	0.014

	0.007
	-0.728
	0.014
	1


Although there exists some measurement error, the results still prove the correlation property is applied correctly in the MIMO channel emulator.

3.5 Polarization XPR Validation 

When dual-polarization channel model is used, XPR is one important parameter to reflect the cross-polarization ratio. Table 4 gives the XPR test results.

Table 4 Measured XPR and Set Value 

	Setting XPR (dB)
	Measured XRP (dB)
	Error

	9
	9.1
	0.1

	6
	6.3
	0.3

	3
	3.2
	0.2


3.6 AoA Validation 

For MIMO OTA test, DUT performance is evaluated under different rotation angles. This rotation effect is reflected in channel emulator as AoA rotation, and then Table 5 gives the measured AoAs under different AoA settings.

Table 5 Measured AoA and Set Value
	Setting AoA(deg)
	Measured AoA(deg)
	Setting AoA(deg)
	Measured AoA(deg)

	0
	-2.6673803e-007
	0
	

	10
	10.9490881
	-10
	-9.3754883

	20
	21.8695412
	-20
	-19.4747047

	30
	31.9345684
	-30
	-29.1605701

	40
	41.0015564
	-40
	-39.7170219

	45
	46.0371094
	-45
	-44.9718552

	50
	52.0835800
	-50
	-49.3584900

	60
	61.9126892
	-60
	-58.6200638

	70
	75.1212692
	-70
	-68.3168945

	80
	82.0257568
	-80
	-76.2628098

	85
	87.5699387
	-85
	-78.4038315


4. Conclusions 

This contribution provides the validation test results for the dominant parameters for MIMO channel models, including including PDP, Rayleigh spectrum, CPDF and LCR of Rayleigh fading, Rician K-factor, correlation, XPR and AoA. The test results prove that when this channel emulator system is used in the second stage of Two-stage MIMO OTA test, the MIMO OTA channel model can be implemented accurately ensuring the throughput results are measured under the correct conditions. 
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