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1. Introduction
This paper presents the Inter-Lab Inter-Technique SCME channel model validation described in [1] for the two-stage method geometric implementation using the Agilent PXB channel emulator.
A channel validation for the correlation-based model of the SCME channel model has been presented in [2]. This report validates the channel model for the Two-Stage method for the geometry-based SCME. The test setups and methodology is kept the same as in [2]. 
2. Channel Model Validation

2.1. Instrument list


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


2.2. Power delay profile

The same setup and parameters as in [2] 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 Zadoff Chu PDP validation results are shown in Figure 1 and numerical results given in Table 3:
Table 3: Zadoff Chu PDP validation results
	SCME UMa MC/A

	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
	-2.0
	-0.3

	3
	360
	360
	0
	-2.2
	-2.2
	0

	4
	1040
	1040
	0
	-5.2
	-5.2
	0

	5
	2730
	2728
	-2
	-9.1
	-9.3
	-0.2

	6
	4600
	4600
	0
	-12.5
	-12.4
	0.1

	SCME UMa SC/A

	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
	-2.0
	-0.3

	3
	360
	360
	0
	-2.2
	-2.1
	0.1

	4
	1040
	1040
	0
	-5.2
	-5.1
	0.1

	5
	2730
	2728
	-2
	-9.1
	-9.2
	-0.1

	6
	4600
	4600
	0
	-12.5
	-12.3
	-0.2

	SCME UMi MC/A

	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
	-2.7
	0

	3
	285
	288
	3
	-1.3
	-1.3
	0

	4
	660
	664
	4
	-4.3
	-4.0
	0.3

	5
	805
	808
	3
	-6.0
	-6.0
	0

	6
	925
	928
	3
	-8.4
	-8.4
	0

	SCME UMi SC/A

	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
	-2.6
	0.1

	3
	285
	288
	3
	-1.3
	-1.3
	0

	4
	660
	664
	4
	-4.3
	-4.0
	0.3

	5
	805
	808
	3
	-6.0
	-6.0
	0

	6
	925
	928
	3
	-8.4
	-8.4
	0
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Figure 1: Zadoff Chu PDP validation tool results

Using the Zadoff Chu validation method, the results are accurate and within 0.3dB of theoretical values.

2.3. Doppler/Temporal correlation

The Doppler spectra are measured using the SA setup. The parameters for this setup are detailed in Table 4:
Table 4: Doppler/Temporal correlation measurement parameters

	Instrument
	Spectrum Analyzer

	Center Frequency
	751 MHz

	Span
	2 kHz

	RBW
	1 Hz

	VBW
	1 Hz

	Number of points
	8001

	Trace mode
	Average

	Sweep count
	100 traces

	Detector mode
	Average

	Sweep time
	1.87 second per sweep

	Instrument
	Up converter: MXG

	Center frequency
	751 MHz

	RF Output level
	-30 dBm

	Instrument
	Channel Emulator: PXB

	Center frequency
	751 MHz

	Mobile speed
	100 km/h

	Channel models
	SCME UMa, UMi, UMa SC and UMi SC


The Doppler spectra averaged over 100 traces for each of the SCME model are shown in Figure 2:
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Figure 2: Doppler spectrum for SCME models

The temporal correlation is retrieved by computing the Fourier transform of the measured Doppler. Correlation results are shown in Figure 3:
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Figure 3: Temporal correlation results
The PXB geometric implementation achieved close agreement with the theoretical Doppler spectra and temporal correlation as shown in [1].
2.4. Spatial Correlation

The same setup as for the PDP is used to measure the spatial correlation. The receiving antenna can be shifted in space by modifying the receive antenna configuration in PXB. Using this method, the main antenna can be placed in the coordinate point (0, 0), the sub-antenna at (0,-0.5λ) and the correlation computed. The sub antenna is then moved along the Y axis ((0,-0.4λ), (0,-0.3λ), and so forth…) in order to measure the spatial correlation from -0.5 λ to 0.5 λ.
The spatial correlation results are shown in Figure 4:
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Figure 4: Spatial correlation result

The MC models are very accurate and close to expected values. The SC models have slightly more deviation up to 0.1 from the theory. 

2.5. Cross-polarization

The cross-polarization was verified using an incoming V-polarized LTE signal with isotropic antennas. As in [2], an alternative SA setup was used to measure the cross-polarization. This setup is shown in Figure 5:
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Figure 5: SA setup for cross-polarization

The parameters used for this measurement differ from [2] and are therefore shown in Table 5:
Table 5: SA setup for cross-polarization parameters
	Instrument
	Up-converter: MXG

	Output level
	-10 dBm

	Instrument
	Spectrum Analyzers: MXAs

	Center frequency
	751 MHz

	Span
	20 MHz

	Number of points
	8001

	Sweep time
	11.7 ms

	Resolution BW
	82 kHz

	Vertical BW
	82 kHz

	Averaging
	10000

	Instrument
	Channel emulator: PXB

	BS antenna pattern
	Isotropic vertically polarized

	MS antenna pattern 1
	Isotropic vertically polarized 

	MS antenna pattern 2
	Isotropic horizontally polarized


This measurement setup gave the results in Table 6:
Table 6: Cross-polarization results for SA setup
	Cross-polarization measurement using spectrum analyzers setup

	Channel model
	V power (dBm)
	H power (dBm)
	V/H ratio
	Theory
	Deviation

	UMa MC/A
	-33.64
	-42.66
	9.02
	9
	0.02

	UMa SC/A
	-35.64
	-44.70
	9.06
	9
	0.06

	UMi MC/A
	-33.42
	-42.41
	8.99
	9
	-0.01

	UMi SC/A
	-35.82
	-44.89
	9.06
	9
	0.06


Using the alternative SA method the cross-polarization results are very accurate being below 0.1 dB from the theoretical values.
3. Conclusion
The geometry-based implementation of the SCME channel model validation for the Two-Stage method was presented. The PDP, spatial correlation, cross-polarization and temporal correlation all achieve accurate values compared to the theory. 
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