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1. Introduction

Proposals [1] and [2] presented the channel model validation required in [3] for the cabled-conducted version of the two-stage method. This paper validates the channel model for the fully radiated version of the two-stage method. The instrument test setup and methodology are kept the same as in [1] and [2]; the difference is the signal is captured by the test antennas in the chamber. Both correlation-based and geometry-based channel model implementations are validated in this report.  

2. Channel Model Validation

2.1. Methodology


The TR [3] specifies four channel models and four statistics to compute in order to validate each channel model implementation.
The four channel models for validation are:

· SCME Urban Macro

· SCME Urban Micro

· SCME Urban Macro single cluster (AoA =0o)

· SCME Urban Micro single cluster (AoA =0o)

The statistics to retrieve in order to achieve the channel model validation are the following: 

· Power delay profile

· Doppler spectrum/Temporal correlation

· Spatial correlation

· Cross-polarization


2.2. Validation setup
Figure 1 and Figure 2 show the test antennas in the anechoic chamber and the instrument setup outside of the chamber. One dual-polarization test antenna is fixed in the the rotation centre of the chamber to capture the radiated signals. The channel model can be validated by using the setups shown in Figure 3 and Figure 4. For the Doppler spectrum and XPR, Figure 3 is used. For PDP and spatial correlation Figure 4 is used. The functionality of the multiple-channel scope in Figure 4 is to capture the RF signal, which can also be done using a multiple-channel spectrum analyzer. 
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Figure 1 Setup in Chamber for Channel Validation
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Figure 2 Instrument Setup Out of Chamber for Channel Validation
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Figure 3  Setup for Spectrum Analyzer Measurements
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Figure 4  Setup for Scope Measurements
The following table lists the instruments used for the channel validation.

Table 1: Validation instrument list
	Instrument
	MXA (Down converter and/or Spectrum Analyzer)

	Manufacturer
	Agilent Technologies

	Model
	N9020A

	Firmware
	A.08.54

	Instrument
	PXB (channel model emulator)

	Manufacturer
	Agilent Technologies

	Model
	N5106A

	Firmware
	2.0.1000

	Instrument
	MXG (Up converter)

	Manufacturer
	Agilent Technologies

	Model
	N5182A

	Firmware
	A.24

	Instrument
	Scope

	Manufacturer
	Agilent Technologies

	Model
	9064A

	Firmware
	Main 208 Trg 6.3 Ser 3.9.4


2.3. Power delay profile

The PDP verification uses the setup in Figure 4: A Zadoff Chu sequence is generated by the signal generator. After applying the multipath fading channel, the faded signal is transferred to one probe antenna. The probe antenna radiates the signal over the air to the test antenna. The scope is used to capture the faded signal received by the test antenna with the same polarization direction as the probe antenna. The CIR is obtained by correlation between the transmitted Zadoff Chu sequence and the received signal. The PDP is calculated from multiple CIR measurements by normalizing the average powers to set the first path’s power to 0dB.  

The same instrument setup and parameters as in [1] were used to measure the PDP. The sampling frequency of 125 MHz provides a time resolution of 8ns. This creates a small degradation in the time delay measurement accuracy of up to 4 ns. The PDP validation numerical results are given in Table 2.
Table 2:  PDP validation results
	SCME Urban Macro

	Cluster
	Delay (ns)
	Power (dB)

	
	Theory
	Measured 
	Delta (ns)
	Theory
	Measured 
	Delta (dB)

	1
	0
	0
	0
	0
	0
	0

	2
	255
	256
	1
	-1.7
	-1.6
	0.1

	3
	360
	360
	0
	-2.2
	-2.1
	0.1

	4
	1040
	1040
	0
	-5.2
	-5.2
	0

	5
	2730
	2728
	-2
	-9.1
	-9.7
	-0.6

	6
	4600
	4600
	0
	-12.5
	-12.3
	0.2

	SCME Urban Macro single cluster

	Cluster
	Delay (ns)
	Power (dB)

	
	Theory
	Measured
	Delta (ns)
	Theory
	Measured
	Delta (dB)

	1
	0
	0
	0
	0
	0
	0

	2
	255
	256
	1
	-1.7
	-1.6
	0.1

	3
	360
	360
	0
	-2.2
	-2.2
	0

	4
	1040
	1040
	0
	-5.2
	-5.1
	0.1

	5
	2730
	2728
	-2
	-9.1
	-9.8
	-0.7

	6
	4600
	4600
	0
	-12.5
	-12.2
	0.3

	SCME Urban Micro

	Cluster
	Delay (ns)
	Power (dB)

	
	Theory
	Measured
	Delta (ns)
	Theory
	Measured
	Delta (dB)

	1
	0
	0
	0
	0
	0
	0

	2
	205
	208
	3
	-2.7
	-2.9
	0.2

	3
	285
	288
	3
	-1.3
	-1.4
	-0.1

	4
	660
	664
	4
	-4.3
	-4.9
	-0.6

	5
	805
	808
	3
	-6
	-6
	0

	6
	925
	928
	3
	-8.4
	-8.3
	0.1

	SCME Urban Micro single cluster

	Cluster
	Delay (ns)
	Power (dB)

	
	Theory
	Measured 
	Delta (ns)
	Theory
	Measured 
	Delta (dB)

	1
	0
	0
	0
	0
	0 (4.75)
	0

	2
	205
	208
	3
	-2.7
	-2.6
	0.1

	3
	285
	288
	3
	-1.3
	-1.2
	0.1

	4
	660
	664
	4
	-4.3
	-5.0
	-0.7

	5
	805
	808
	3
	-6
	-6.2
	-0.2

	6
	925
	928
	3
	-8.4
	-8.4
	0


2.4. Doppler/Temporal correlation
Temporal correlation is validated by using the setup in Figure 3. A CW signal is generated and fed into the channel emulator. After applying fading the signal is transferred to one probe antenna. The probe antenna radiates the signals over the air to the test antenna. The MXA spectrum analyzer is used to capture the signal received from test antenna. Signal analysis is performed by performing a temporal correlation operation on the received data sequence. The resulting temporal correlation function 
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Both geometry-based and correlation based implementations have been verified. These two implementations have slightly different Doppler Spectrum but the same long term capacity and throughput as validated in previous contributions. The correlation-based implementation uses a classic U-shape “Jakes” Doppler spectrum; the validation results for correlation-based implementation are shown in Figure 5. The Doppler spectrum for the geometry-based implementation is asymmetric according to the direction of travel; the validation results for geometry-based implementation are shown in Figure 6
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Figure 5. Temporal correlation results for correlation-based implementation
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Figure 6. Temporal correlation results for geometry-based implementation

2.5. Spatial Correlation
Spatial correlation is verified using the setup in Figure 4. The channel emulator is set to generate a MIMO channel model with one transmitter and two receivers. The transmitter antenna is an isotropic dipole with +45 degree slant. The two receiver antennas are configured as ideal dipoles with the same polarization. The position for one antenna is fixed as X=0, Y= 0, while the other antenna positions sample a segment of line of length 1 wavelength with sampling interval of 0.1 wavelengths. This is implemented using an antenna spacing (in wave lengths) of -0.5 to +0.5 in steps of 0.1.  The channel model, such as SCME UMi, or UMa is selected as required.
Measurement Process: 

1. Place the dual-polarization test antennas at the rotation centre of chamber. Use the VNA to verify the isolation for different polarizations. This test setup has been verified to reach 30dB isolation. This means when transmitting the signal from the vertical probe antenna, the signal power received at the horizontal polarization antenna is 30dB lower than that received from the vertical polarization antenna.  Similarly, when transmitting the signal from the horizontal probe antenna, the signal power received at the vertical polarization antenna is 30dB lower than that received from the horizontal polarization antenna.
2. For each antenna position pair, the Signal Generator sends the Zadoff Chu sequence to the channel emulator and the required channel model is selected. The two output signals are connected to the two probe antennas using cables. The probe antennas radiate the signals over the air to the test antennas.  

3. Because the polarization isolation is verified in step 1, the signal received from the vertical polarized test antenna is from vertical polarized probe antenna, the signal received from horizontal polarized test antenna is from horizontal polarized probe antenna. The signals received by the test antennas are captured by the scope. The analysis is performed by doing the cross correlation operation directly on the two received signal sequences.  
The test results are shown in Figure 7:
[image: image14.emf]0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Temporal correlation for SCME SC UMi 

Wavelength in lambda

Temporal correlation

 

 

measured

theory

[image: image15.emf]0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Temporal Correlation for SCME SC Uma

Wavelength in lambda

Temporal correlation

 

 

measured

theory



Figure 7: Spatial correlation result

2.6. Cross-polarization

Cross-polarization is verified using the setup in Figure 3. Set the channel emulator for a MIMO channel model with two transmitters and two receivers. The two transmitter antennas are isotropic dipoles with +/- 45 degrees slant and subject to a foreshortening of the slanted radiating element as specified in [3]. The receiver antenna with the port connected to the vertical polarized probe is configured as an ideal dipole with vertical polarization, and the other one is configured as ideal dipole with horizontal polarization. Select the proper channel model, such as SCME UMi, or UMa and play the signal.
Measurement Process:
1. Place the dual-polarization test antennas at the rotation centre of chamber. Use the VNA to verify the isolation for different polarizations. This test setup has been verified to reach 30dB isolation. This means when transmitting the signal from the vertical probe antenna, the signal power received at the horizontal polarization antenna is 30dB lower than that received from the vertical polarization antenna.  Similarly, when transmitting the signal from the horizontal probe antenna, the signal power received at the vertical polarization antenna is 30dB lower than that received from the horizontal polarization antenna. 
2. Adjust the signal power from two signal output ports to compensate for the path loss difference between two polarization directions.
3. Use the spectrum analyzer to measure the signal power from the vertical-polarized test antenna and the power from horizontal-polarized test antenna, and then compare the power difference.

The test results are shown in Table 3.
Table 3 Cross-polarization test results

	Cross-polarization simulation using SystemVUE

	Channel model
	V/H ratio 
	Theory 
	Deviation 

	Urban Macro
	7.9
	8.13
	-0.23

	Urban Macro AoA=0
	7.9
	8.13
	-0.23

	Urban Micro
	0.9
	0.83
	0.07

	Urban Micro AoA=0
	0.8
	0.83
	-0.03


3. Conclusion
The SCME channel model validation for the radiated two-stage method has been presented. The PDP, temporal correlation, spatial correlation and cross-polarization all achieve very accurate values compared to the theory.
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