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1. Introduction

In 3GPP, four fundamentally different approaches have been proposed, namely reverberation chamber based methodologies, reverberation chamber plus channel emulator based methodologies, anechoic chamber based methodologies, and two-stage methods. This paper focuses on the methods to evaluate and verify the implemented channel model for reverberation chamber and reverberation chamber plus channel emulator based methodologies. As a reference, parameters of the implemented channel model are compared against:

· Power Delay Profiles 

· Doppler
· Correlation
· Rayleigh Fading
· Isotropy
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*************************** Start of text proposal to TR 37.977 ************************************

2. 8.3.2
Validation Measurements
8.3.2.1
PDP
This measurement checks that the resulting power delay profile (PDP) is like defined in the channel model.

Method of measurement: 

For PDP validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement transmit antennas of the reverberation chamber.

Step the emulation and store traces from VNA. .e. run the emulation to CIR number 1, pause, measure VNA trace, run the emulation to CIR number 10, pause, measure VNA trace. Continue until 1000 VNA traces are measured.
Step the emulation and stirrer sequence and store traces from the VNA. i.e. run the emulation to channel impulse response (CIR) number 1 with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure VNA trace, run the emulation to next CIR  and move the reverberation chamber’s stirrer sequence to the next point, pause, measure VNA trace, change source antenna. Continue until all VNA traces are measured.

VNA settings:

Table 8.3.2.1-1: VNA settings for PDP.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	50 [TDB, may be PDP specific]

	RF output level
	dBm
	-15

	Number of traces
	
	1296 [TBD]

	Distance between traces in channel model
	wavelength (*
	> 2

	Number of points
	
	501

	Averaging
	
	1


(* Time [s] = distance [(] / MS speed [(/s]

MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]

Channel model specification:

Table 8.3.2.1-2: Channel model specification for PDP.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	wavelength
	> 2592

	Channel model
	
	As specified in section 8.2


Method of measurement result analysis: 

Measured VNA traces (frequency responses H(t,f)) are saved into a hard drive. The data is read into, e.g., Matlab. The analysis is performed by taking the Fourier transform of each trace: 
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The resulting impulse responses h(t,tau) are averaged in power over time:
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Finally the resulting PDP is shifted in delay, such that the first tap is on delay zero. The reference PDP plots from Table 8.2-1 and Table 8.2-2 are shown in Figure 8.3.2.1-1.

In a reverberation chamber, when a channel emulator is not used and the PDP is therefore an exponential decay, such as the NIST channel model, only the inherent RMS Delay Spread of the reverberation chamber needs to be calculated. The selection of the T hi(t,() measurements has to be performed when the absorber loading technique is used to tune the RMS DS in an RC. Alternatively, the sample selection technique allows for selecting a subset of M hi(t,() measurements which provide the desired RMS DS, and in this case the averaging has to be performed only over the selected subset of M channel impulse responses.

The calculation of RMS delay spread is performed on the time domain data as the square root of the second central moment of the PDP, that is,
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OTA antenna configuration: 
For e.g. 1 full ring (or single cluster configuration) of V polarized elements.

Measurement antenna: 

For e.g. Vertically oriented sleeve dipole.
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Figure 8.3.2.1-1: Reference PDP values for SCME Urban Macro / SCME Urban Micro plotted from Table 8.2-1 and Table 8.2-2.
8.3.2.2
Doppler/Temporal Correlation
This measurement checks the Doppler/temporal correlation.

Method of measurement: 

For Doppler validation, two methods could be used to measure the Doppler spectrum. The first uses a CW tone from the Signal Generator fed directly, or via the channel emulator if used, to the fixed measurement antennas and is recorded by the spectrum analyzer.  This method is suitable for methodologies in 6.3.1 or 6.3.2.

For the second method, the input signal from the VNA is fed directly, or via the channel emulator if used, to the fixed measurement antennas of the reverberation chamber.  This method is suitable only for the methodologies of 6.3.2.
Spectrum Analyzer Method

For the first method, a sine wave (CW, carrier wave) signal is transmitted from the signal generator. The signal is connected from the signal generator to the channel emulator via cables. The channel emulator output signals are connected to power amplifier boxes via cables. The amplified signals are then transferred via cables to the fixed measurement antennas. The fixed measurement antennas radiate the signals over the air to the test antenna. The Doppler spectrum is measured by the spectrum analyzer and the trace is saved.
Network Analyzer Method

Alternatively, the Doppler spectrum can be measured with a VNA. Frequency sweeps are measured with the VNA for a complete stirring sequence, thus collecting samples of the chamber transfer function 
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. To get a correct estimate of the Doppler power spectrum, the spatial distance between the stirrer positions should be small enough to satisfy Nyquist theorem. 
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The Doppler spectrum 
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 can then be calculated using
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The discrete Doppler power spectrum will now have a frequency axis ranging from 0 to N-1, where N is the number of stirrer positions used. To convert this into a Doppler frequency domain, the sampling theorem gives a frequency axis in the interval [
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and the frequency step between each Doppler frequency sample is given by
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 is the time step between the measured samples.

Signal generator settings:
Table 8.3.2.2-1: Signal generator settings for Doppler/Temporal correlation.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Output level
	dBm
	-15

	Modulation
	
	OFF


Spectrum analyzer settings:

Table 8.3.2.2-2: Spectrum analyzer settings for Doppler/Temporal correlation.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	Hz
	2000

	RBW
	Hz
	1

	VBW
	Hz
	1

	Number of points
	
	401

	Averaging
	
	100


VNA settings

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	50 [TDB]

	RF output level
	dBm
	-15

	Number of traces
	
	1296 [TBD]

	Number of points
	
	501 [TBD]

	Averaging
	
	1 [TBD]


Channel model specification:
Table 8.3.2.2-3: Channel model specification for Doppler/Temporal correlation.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model
	
	As specified in section 8.2

	Mobile speed
	km/h
	100 (*


(* Or the maximum achievable value

Method of measurement result analysis for methodologies of 6.3.1: Measurement data file (Doppler power spectrum) is saved into hard drive. The data is read into, e.g., Matlab. The analysis is performed by taking the Fourier transformation of the Doppler spectrum. The resulting temporal correlation function 
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  is normalized such that 
[image: image18.wmf](

)

(

)

(

)

1

Re

max

=

D

t

R

t

. Then the function values left from the maximum is cut out. Further on the function values after, e.g., seven periods is cut out. The reference temporal correlation plots from Table 8.2-1 and 8.2-2 are shown in Figure 8.3.2.2-1.

OTA antenna configuration: 

For e.g. 1 full ring (or single cluster configuration) of V polarized elements. 
Measurement antenna: 

For e.g. vertically oriented dipole.
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Figure 8.3.2.2-1: Reference Temporal Correlation Functions for SCME Urban Macro / SCME Urban Micro plotted from Table 8.2-1 and Table 8.2-2.
Method of measurement result analysis for methodologies of 6.3.2: 
View the Doppler power spectrum. The reference classical Doppler spectrum is shown in figure a.
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Figure a. Reference Doppler Spectrum for Jakes fading models
OTA antenna configuration: 
Fixed measurement source antennas. 
Measurement antenna: 

The wideband test antenna.
8.3.2.3
Spatial Correlation

Method of measurement for methodologies of 6.3.1: 

This measurement checks whether the measured correlation curve follows the theoretical curve.

Step the emulation and store traces from VNA. I.e. run the emulation to CIR number 1, pause, measure VNA traces in 11 different DUT positions, run the emulation to CIR number 10, pause, measure VNA traces in 11 different DUT positions, … etc. Continue until frequency response of 1000 CIRs in 11 positions (=1000*11 VNA traces) are measured. 

11 test antenna positions sample a segment of line of length 1 wavelength with sampling interval of 0.1 wavelengths. Antenna spacing (wave lengths): -0.5 to +0.5 step of 0.1. 
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Figure 8.3.2.3-1: Test antenna positions.

VNA settings:

Table 8.3.2.3-1: VNA settings for spatial correlation.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	10

	RF output level
	dBm
	-15

	Number of traces
	
	1000

	Distance between traces in channel model
	wavelength (*
	> 2

	Number of points
	
	1

	Averaging
	
	1


(* Time in seconds = distance [(] / MS speed [(/s]

MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]

Channel model specification:

Table 8.3.2.3-2: Channel model specification for spatial correlation.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	Wavelength
	> 2000

	Channel model
	
	As specified in section 8.2

	Mobile speed
	km/h
	3


Measurement Procedure


CALIBRATE


OPEN corrVNATrace trace file

FOR EACH gridPoint IN [test zone grid set]

MOVE measurement antenna to gridPoint


FOR EACH chanIRNumber IN [0:SD:1000*SD]



Measure Freq Resp with VNA



Save freq resp trace to trace file


END

END

CLOSE corrVNATrace_<calibMethod>_<polarization> trace file

Method of Measurement Results Analysis

Calculate correlation of 1000 x 11 matrix H(f) of frequency response samples. The procedure is to correlate sixth column (the trace measured at the centre of chamber) with the 10 other columns as follows (Matlab example)

for ind = 1:11;

    Corr(: , : , ind) = abs(corrcoef(H(: , 6),H(: , ind)));

end

Correlation = squeeze(Corr(1, 2, :));

The reference spatial correlation plots from Table 8.2-1 and 8.2-2 are shown in Figure 8.3.2.3-2.

OTA antenna configuration: 

For e.g. 1 full ring (or a single cluster configuration) of V polarized elements.

Measurement antenna: 

For e.g. Sleeve dipole.
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Figure 8.3.2.3-2: Reference Spatial Correlation Functions for SCME Urban Macro / SCME Urban Micro plotted from Table 8.2-1 and Table 8.2-2.
Method of measurement for methodologies of 6.3.2: 

This measurement checks that the resulting base station antenna correlation is like that defined in the channel model.

For correlation validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement antennas of the reverberation chamber.

Step the emulation and stirrer sequence and store traces from VNA. i.e. run the emulation channel impulse response (CIR) number 1with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure VNA trace, run the emulation to the next CIR and move the reverberation chamber’s stirrer sequence to the next point, pause, measure VNA trace. Continue until all VNA traces are measured.

VNA settings:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	50 [TDB]

	RF output level
	dBm
	-15

	Number of traces
	
	1296 [TBD]

	
	
	

	Distance between traces in channel model
	wavelength (*)
	> 2

	Number of points
	
	501 [TBD]

	Averaging
	
	1 [TBD]


(* Time [s] = distance [(] / MS speed [(/s]

MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]

Channel model specification:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	wavelength
	> 2592 [TBD]

	Channel model
	
	As specified in section xx


Method of Measurement Results Analysis

Compute the correlation between two traces (S21 and S31 in figure x.) which represents the correlation between two transmit streams. This correlation should match that of the channel model used.

OTA antenna configuration: 

Fixed measurement antennas.

Measurement antenna: 

The wideband test antenna.

8.3.2.4
Cross-Polarization
This measurement checks how well the measured vertically or horizontally polarized power levels follow expected values. This procedure is only mandatory for the methodologies in Section 6.3.1.
Method of measurement: 

Step the emulation and store traces from VNA.

VNA settings:
Table 8.3.2.4-1: VNA settings for cross-polarization.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	10

	RF output level
	dBm
	-15

	Number of traces
	
	1000

	Distance between traces in channel model
	Wavelength (*
	> 2

	Number of points
	
	201

	Averaging
	
	1


(* Time [s] = distance [(] / MS speed [(/s]

MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]

Channel model specification:
Table 8.3.2.4-2: Channel model specification for cross-polarization.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	wavelength
	> 2000

	Channel model
	
	As specified in section 8.2

	Mobile speed
	km/h
	3


Measurement Procedure

1. Play or step through the channel model -> SCME UMi, or UMa X Corr

2. Measure the absolute power received at the center of the array, averaged over a statistically significant number of fades.

a. Use a vertically polarized sleeve dipole to measure the V component.

b. Use a horizontally polarized (vertically oriented) magnetic loop dipole, or a horizontally polarized sleeve dipole measured in two orthogonal horizontal positions and summed to measure the H component.

3. Calculate the V/H ratio

4. Compare it with the theory -> 0.83dB for UMi, and 8.13dB for UMa
Expected measurement results
V/H ratio (composite, i.e., all 6 paths combined) of the 3GPP SCME Umicro model is 0.83 dB and for Umacro 8.13 dB. The BS antennas are isotropic dipoles with +/- 45 degrees slant and subject to a foreshortening of the slanted radiating element. See channel model details specified in Section 8.2.
8.3.2.5
Rayleigh Fading
This measurement checks that the resulting fading of the MIMO OTA system is Rayleigh as per channel model.
Method of measurement: 

For Rayleigh Fading validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement transmit antennas of the reverberation chamber.

Step the emulation and stirrer sequence and store traces from VNA. i.e. run the emulation to CIR number 1 with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure VNA trace, run the emulation to next CIR  and move the reverberation chamber’s stirrer sequence to the next point, pause, measure VNA trace. Continue until all VNA traces are measured.

VNA settings:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	50 [TDB]

	RF output level
	dBm
	-15

	Number of traces
	
	1296 [TBD]

	Distance between traces in channel model
	wavelength (*)
	> 2

	Number of points
	
	501 [TBD]

	Averaging
	
	1 [TBD]


(* Time [s] = distance [(] / MS speed [(/s]

MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]

Channel model specification:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	wavelength
	> 2592

	Channel model
	
	As specified in section xx


Method of Measurement Results Analysis

The primary performance criteria to evaluate Rayleigh fading is the Cumulative Probability Density Function (CPDF) of the received signal amplitude (x) at the DUT. CPDF describes the probability of a signal level being less than the mean level. The CPDF of x in a set of measured samples (or a selected subset) in a mode-stirred reverberation chamber [FC(x)] is defined as,
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The evaluation of the measured CPDF has to provide:

1) The difference (dB) to theoretical Rayleigh-fading values for power levels ranging from 10dB above to 20 dB below the mean power level.

2) The differences (dB) to theoretical Rayleigh-fading values for power levels ranging from 20 dB below to 30 dB below the mean power level.

The requirement for CPDF is:

1) The tolerance shall be within [TBD] dB of theoretical Rayleigh-fading, for power levels from 10dB above to 20 dB below the mean power level.

2) The tolerance shall be within [TBD] dB of theoretical Rayleigh-fading, for power levels from 20 dB below to 30 dB below the mean power level.
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Figure b. Reference Rayleigh distribution
OTA antenna configuration: 

Fixed measurement antennas.

Measurement antenna: 

The wideband test antenna.

8.3.2.6 
Isotropy
This measurement checks that MIMO OTA system provides an isotropic environment over time.  It is described for methodologies in Section 6.3.2.
Method of measurement: 

For isotropic validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement antennas of the reverberation chamber. If a channel emulator is used, it has to be placed in Bypass mode where no fading is used. Instead of the test antenna, an electric dipole is placed on the turn table. Three orthogonal components of the electric field are recorded with the dipole in three different orientations (see figure x). 

Step the stirrer sequence and store traces from VNA. i.e. with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure a VNA trace for each wall antenna, move the reverberation chamber’s stirrer sequence to the next fixed point, pause, measure VNA trace for each wall antenna. Continue until all VNA traces are measured. Follow this procedure with the dipole in all three positions.

VNA settings:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	NA

	RF output level
	dBm
	-15

	Number of traces per wall antenna
	
	1296 [TBD]

	Distance between traces in channel model
	wavelength (*)
	NA

	Number of points
	
	NA

	Averaging
	
	NA


(* Time [s] = distance [(] / MS speed [(/s]

MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]

Channel model specification:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	wavelength
	NA

	Channel model
	
	As specified in section xx


Method of Measurement Results Analysis

Compute and evaluate the anisotropy coefficients as described in [2]. The reference anisotropy coefficients are shown in figure c where one type is from processing two orientations, 3 total plots, and the other is for all orientations.
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Figure c. Reference Anisotropy Coefficients
OTA antenna configuration: 

Fixed measurement antennas.

Measurement antenna: 

The electric dipole.

8.3.3
Reporting
Additionally, the results should be summarized in the following table:
Table 8.3.3-1: table template for reporting validation results.
	Item
	Parameter
	Result
	Tolerances
	Comments

	1
	Power delay profile
	
	
	

	2
	Doppler / Temporal Correlation
	
	
	

	3
	Spatial Correlation
	
	
	

	4. 
	Cross Polarization
	
	
	

	5.
	Rayleigh Fading
	
	
	

	6.
	Isotropy
	
	
	


Note 1: The exact tolerances are for further study.
Note 2: In addition to the validation of channel model parameters stated here, in order to properly identify test tolerances it is important to verify test repeatability. Though not required for channel model verification, individual labs are encouraged to run test repeatability experiments, such as the one described in Annex G.A.2 in [3]. For future uncertainty analyses, test repeatability of all methodologies has to be reported.
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