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1. Introduction
During the RAN4-77AH-OTA meeting, changes to the channel model validation procedure were proposed in R4-77AH-OTA-0017. This document was endorsed and additional corrections were added later, but it was requested to the labs to provide validation results based on the updated procedure. 

This contribution is providing these updated results for the RC+CE solutions using the ETS-Lindgren Reverberation Chamber AMS-7200.
2. Measurement Setup
The ETS-Lindgren’s AMS-7200 Wireless Reverb OTA Test System (Fig.1), along with EMQuest software was used.
Table 1 shows the equipment used for these tests.

	Reverberation Chamber
	ETS-Lindgren AMS7200

	Chamber dimensions (m)
	4.83L x 3.61W x 3.05H

	Channel Emulator
	FS8

	Network Analyzer
	ZVA24

	Spectrum Analyzer
	MXA N9020A

	Dipole
	Model 3126-722


Table 1: Equipment list
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Fig 1: ETS-Lindgren AMS-7200 Wireless OTA Reverb Test System
3. Validation results
This section shows the results for the channel model validation described in [1].
3.1 Power Delay Profile (PDP)
In order to validate the long delay spread high correlation (UMa), and short delay spread low correlation (UMi) channel models, the network analyzer output was connected to the input of the channel emulator. The 4 outputs of the channel emulator were connected to the 4 measurement antennas in the AMS-7200. The network analyzer input port was connected to the reference antenna riding on the turntable in the RC. The network analyzer was configured as shown in Table 2.

	
Item
	Unit
	Value

	Center frequency
	MHz
	751

	Span
	MHz
	200

	RF output level
	dBm
	0

	Number of traces
	
	1000

	Effective distance traveled by UE between faded channel model samples
	Wavelength
	  >2

	Number of points in the trace
	
	1101

	Averaging
	
	1


Table 2: PDP VNA settings

Using the Network Analyzer, 1000 traces were measured (H(t,f)), then the Fourier transform was taken at each frequency response, and the resulting impulse responses were averaged over time and shifted so that the first tap was on delay 0 as seen in Fig 2, and Fig 3.
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Fig. 2: PDP for short delay spread low correlation channel model (UMi)
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Fig. 3: PDP for long delay spread high correlation channel model (UMa)

The results for the short delay spread low correlation channel model (UMi) were compared against Table C.2-1 in [2] and the differences were calculated and shown in Table 3, were the maximum deltas from the reference model clusters were 13ns and 0.5 dB for the delay and power respectively. The RC RMS delay spread was 58ns.

	Cluster
	UMi Model
	Measured
	Delta

	
	Delay (ns)
	Power (dB)
	Delay (ns)
	Power (dB)
	Delay (ns)
	Power (dB)

	1
	0
	0
	0
	0
	0
	0

	2
	285
	-1.3
	281
	-0.8
	-4
	0.5

	3
	205
	-2.7
	204
	-2.7
	-1
	0

	4
	660
	-4.3
	647
	-4.1
	-13
	0.2

	5
	805
	-6.0
	802
	-6.0
	-3
	0

	6
	925
	-8.4
	920
	-8.3
	-5
	-0.1


Table 3: Measured results for the short delay spread low correlation channel model (Umi)

The results for the long delay spread high correlation channel model (UMa) were compared against Table C.2-2 in [2] and the differences were calculated and shown in Table 4, were the maximum deltas from the reference model clusters were 5ns and 0.8 dB for the delay and power respectively. The RC RMS delay spread was 58ns.

	Cluster
	UMa Model
	Measured
	Delta

	
	Delay (ns)
	Power (dB)
	Delay (ns)
	Power (dB)
	Delay (ns)
	Power (dB)

	1
	0
	0
	0
	0
	0
	0

	2
	360
	-2.2
	362
	-1.6
	2
	0.6

	3
	255
	-1.7
	254
	-0.9
	-1
	0.8

	4
	1040
	-5.2
	1043
	-5.1
	3
	0.1

	5
	2730
	-9.1
	2730
	-8.5
	0
	0.6

	6
	4600
	-12.5
	4600
	-12.0
	-5
	0.5


Table 4: Measured results for the long delay spread high correlation channel model (Uma)
3.2 Doppler

The network analyzer was connected to the input port of the channel emulator. The 4 output ports of the channel emulator were connected to 4 measurement antennas in the AMS-7200. The spectrum analyzer was connected to the RC’s reference antenna. The time base of the network analyser was connected to the SA for synchronization purposes. The spectrum analyser’s RBW and VBW were set to 1Hz. The channel emulator was set to 30km/hr for the long delay model (UMa). 

The theoretical Doppler for 30km/hr at 751 MHz is +/-21Hz which is in agreement with the results obtained in this test as shown in Fig.3. 
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Fig. 4: Doppler expectrum for the UMa channel model (30Km/hr)
3.3 Base station antenna correlation

The output of the network analyzer was connected to each input port of the channel emulator separately, while the 4 output ports of the channel emulator were connected to the four measurement antennas of the AMS-7200. The RC’s reference antenna was connected to the input port of the Network Analyzer. There were 600 stirring positions (step mode) used for this test. This was done for 2 transmit streams sequentially, the S-parameters were taken each time, stored and the correlations between both streams were calculated for the center frequency.

The network analyzer measurements were configured as shown in Table 5.

	
Item
	Unit
	Value

	Center frequency
	MHz
	751

	Span
	MHz
	10

	RF output level
	dBm
	0

	Number of traces
	
	600

	Effective distance traveled by UE between faded channel model samples
	wavelength 
	30Km/hr

	Number of points
	
	11

	Averaging
	
	1


Table 5: Measured results for the long delay spread high correlation channel model (Uma)
The Complex Frequency Correlation Coefficient for the UMa channel model was found to be 93.7%, which is in line with the calculated expectations (~94%). For the UMi channel model the correlation coefficient was 12.8%.
3.4 Rayleigh Fading
This validation was performed for the step mode only. Continuous mode is not part of these results as it has not been defined in the validation procedure.

The network analyzer output was connected to the channel emulator’s input port. The channel emulator’s 4 output ports were connected to the AMS-7200 measurement antennas. The reference antenna was connected to the network analyzer input port. The stirring sequence was set to 180 steps (step mode only), which is the same configuration that will be used for DUT testing in step mode. The network analyzer was configured as shown in Table 6

	Item
	Unit
	Value

	Center frequency
	MHz
	751 

	Span
	MHz
	10

	RF output level
	dBm
	0

	Number of traces
	
	180

	Effective distance traveled by UE between faded channel model samples. Distance between traces in channel model
	wavelength
	>2

	Number of points
	
	11

	Averaging
	
	1


Table 6: Rayleigh Fading VNA settings

The reverberation chamber was loaded to 58ns RMS delay spread (same loading used for the PDP validation). We collected 180 samples using the UMa channel model, and calculated the chi-square error using 10 bins with equal probability. The value obtained was 15. The normal threshold value of acceptance in this case for 5% and 1% will be 15.51 and 20.09, so we accept the hypothesis that the data is Rayleigh distributed.

The data was plotted in Fig. 5 for the cases of using bin sizes for equal probability and for equal size.
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Fig. 5: Histograms for the Uma channel model using equal probability and equal bin size
For the UMi channel model the chi-square error was 7.33, which is lower than the 1% and 5% threshold mentioned above, therefore we also accept the hypothesis that the data is Rayleigh distributed.
3.5 Isotropy
The output port of the network analyzer was connected to the channel emulator in bypass mode. The four output ports of the channel emulator were connected to each measurement antenna in the AMS-7200. An electric dipole connected to the network analyzer input port was placed in a single location in the turntable using three different orientations in the test volume. The test volume was not evaluated, only one single point as specified in the validation procedure.
Also, the stirring mode supposed to be the same that it will be used for DUT testing but continuous mode is not part of these results as its requirements haven’t been defined.
The chamber was loaded with 58ns RMS delay spread.
For each measurement the dipole was moved to 180 positions (step mode). This was repeated for each antenna polarizations. The VNA traces were measured and stored. The anisotropy coefficients were evaluated and plotted in Fig.6 for 751 MHz.
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Fig. 6: CDF of the anisotropy coefficients for three orientations
The chi-square error was evaluated according to [1], the result was 11.43 and the measured resulst shows good alignment with the reference CDF. There are no limits defined yet for this test, but the normal threshold value of acceptance in this case for 5% and 1% will be 16.92 and 21.67, so we can say that the data passes the chi-square test.
In Fig. 7 there are two examples of the expected CDF’s for three orientations according to IEC-64000-4-21[3], and the ones used in this validation according to 3GPP[1]. It can be seen that the CDF for three orientations currently used by [1] as reference, is very similar to the measured results from a well stirred chamber according to [3]. But the differences from theoretical as the results from three orientations should be more sensitive to chamber imperfections and this is more evident when compared to the theoretical values found in IEC-64000-4-21[3].
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Fig. 7: CDF’s of the Anisotropy Coefficients according to IEC 61000-4-21 and 3GPP
When using the theoretical CDF found in [3] the new chi-square value will be 46.40. This result will fail the chi-square test. 
The correspondent CDF’s of the measured and theoretical anisotropy coefficients for three orientations are shown in Fig. 8.

[image: image10]
Fig. 8: CDF’s of the measured Anisotropy coefficients for 3 orientations vs theoretical values found in [3]

In this case the test fails to pass the chi-square test, as that seems to be the case for a well stirred chamber. This highlights the fact that in order to be able to accurately evaluate the quality of the isotropic environment, the validation measurements should be compared against the expected theoretical results, and the difference should be accounted for quantitatively as a MU item.

4. Conclusion

The Rayleigh validation is currently defined for step mode only, even though the procedure requires to do it using the same stirring sequence as the the one used to measure the DUT. It may need to be done for both stirring cases (step and continuous) in the RC+CE case, but there is no clear guidance how to do the continuous mode. 
The isotropy validation is currently done in one location for three orientations. This should be done using at least two locations in the opposite corners of the test volume. Also, the Isotropy error should be evaluated using the theoretical values from [3] as those are representative of the ideal conditions. Also, the Isotropy validation procedure needs to include how to evaluate the continuous mode too.
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