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<< Unchanged content omitted >>
C.3.2.4
Rayleigh fading

This measurement checks that the resulting fading of the MIMO OTA system is Rayleigh as per the channel model.
Method of measurement:
For Rayleigh Fading validation, the input signal from the VNA is fed to one of the two input ports of the channel emulator and further to the fixed measurement transmit antennas of the reverberation chamber. The same stirring sequence, number of active CE output ports, channel model and CE channel model emulation as used for the DUT measurement, as well as the chamber loading used for the DUT measurement and PDP validation, should be used for the validation measurement.
In order to achieve statistical significance, the number of samples should be >1000. If the DUT stirring sequence has less than 1000 steps, the number of measurements shall be increased proportionaly without altering the fading envelope distribution. This is done reducing the CE IR, and the stirring step by dividing them by an N value such as the resultant number of measurements will be > 1000 while keeping the same amplitude distribution. e.g. if the stiring sequence has 120 steps, and for every measurement the stirrers move equally 9 degrees, then using N = 9 for 1080 samples will result in changing the stirring sequence to 1 degree per measurement for all the stirrers, and dividing the IR step by 9. If needed, the IR should be rounded to the closest integer.
Step the chamber stirring sequence and store traces from VNA measurements at each step until the Number of Traces specified in Table C.3.2.4-1 is obtained. For the RC+CE, also the channel model emulation will be stepped for each VNA trace.
The VNA sampling should be such that independent samples of the channel model impulse response are obtained. This is ensured if the effective distance travelled by the UE between faded samples of the channel model is as defined in the table below.
The procedure described above shall be performed in two of the extreme test volume validation positions (TVVPs) defined in Annex G. The same stirring sequence, number of active CE output ports, channel model and CE channel model emulation shall be used at each of the chosen TVVPs.
VNA settings:

Table C.3.2.4-1: VNA settings for Rayleigh fading

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink center frequency in 36.508 [19]

 as required per band

	Span
	MHz
	Same as signal bandwidth

	RF output level
	dBm
	0

	Number of traces
	
	>1000

	Effective distance traveled by UE between faded channel model samples
	wavelength (Note)
	> 2

	Number of points
	
	Configured to obtain 1 MHz step size

	Averaging
	
	1

	NOTE:
Time [s] = distance [(] / MS speed [(/s]


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


Channel model specification:

Table C.3.2.4-2: Channel model specification for Rayleigh fading

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 [19] as required per band

	Channel model samples
	wavelength
	> 2 x Number of traces 

	Channel model
	
	As specified in Annex C.2


Method of Measurement Results Analysis

The primary performance criterion to evaluate Rayleigh fading is the Cumulative Distribution Function (CDF) of the received signal amplitude (x) at the DUT. CDF describes the probability of a signal level being less than the CDF parameter. The CDF of x in a set of measured samples in a reverberation chamber is defined as,
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Figure C.3.2.4-1: Reference Rayleigh distribution

The difference between the measured histogram of CDF (also known as empirical CDF, ECDF) and ideal histogram is computed within the framework of the Chi-Square test [3] to determine if the chamber provides a Rayleigh fading. The Chi-Square test is a purely statistical test for determining if the observed data ECDF follows the theoretic CDF. The Chi-Square test is performed as follows [21]. 
1. Partition the measured sample space (N samples) into K disjoint intervals (bins).

2. Calculate the number mi of samples that fall in each of these intervals. This is a measure of the probability that the outcome will fall in that interval. 

3. Compare the Rayleigh CDF obtained from the measured data to the theoretical probability distribution using the Chi-Square test.

The Chi-Square statistic is defined as the “weighted square error” and is given by
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Here, N is the number of samples, pi is the theoretical probability of landing in the bin with index i, and mi is the measured number of samples in the bin with index i. K=15 shall be used for the validation. The theoretical value pi is given in Table C.3.2.4-3 below.
Due to the statistical variations of the chi-squared value, the final reported value should be obtained by averaging the chi-squared values obtained for each frequency point in the signal bandwidth. This averaged value should be compared to the limit.
Table C.3.2.4-3: Theoretical probability distribution for the Rayleigh distribution with 15 bins 
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	Bin limit (min)
	Bin limit (max)
	pi

	0.00000
	0.06899
	1/15

	0.06899
	0.14310
	1/15

	0.14310
	0.22314
	1/15

	0.22314
	0.31015
	1/15

	0.31015
	0.40547
	1/15

	0.40547
	0.51083
	1/15

	0.51083
	0.62861
	1/15

	0.62861
	0.76214
	1/15

	0.76214
	0.91629
	1/15

	0.91629
	1.09861
	1/15

	1.09861
	1.32176
	1/15

	1.32176
	1.60944
	1/15

	1.60944
	2.01490
	1/15

	2.01490
	2.70805
	1/15

	2.70805
	+infinity
	1/15


Note: These limits are given as Watt ratios.
According to [22], a chi-squared value less than or equal to 27.69 will mean that the numbers are Rayleigh distributed (1% significance level). 
It also needs to be verified that there is no strong LOS component present. This is done by evaluating the ratio of the direct path component to the scattered component (also known as K-factor).  If there is no direct component present, then K = 0, K = -∞ dB.
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The maximum allowed K-factor is -10dB, anything higher than will be considered a failure.
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Figure C.3.2.4-2: Scattered Plot of Measured S21 with no LOS component present
OTA antenna configuration: 

Fixed measurement source antennas.

Measurement antenna: 


A suitably wideband test antenna.

C.3.2.5
Isotropy for 3D isotropic models

This measurement checks that the resulting received signal characteristics are statistically spatially isotropic.

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. 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. The same stirring sequence as used for the DUT measurement, as well as the chamber loading used for the DUT measurement and PDP validation, should be used for the validation measurement. 


Step the chamber stirring sequence and store traces from VNA measurements at each step until the Number of Traces specified in Table C.3.2.5-1 is obtained. Repeat this procedure with the dipole in all three orthogonal orientations.

VNA settings:

Table C.3.2.5-1: VNA settings for isotropy

	Item
	Unit
	Value

	Center frequency
	MHz

	Downlink center frequency in 36.508 [19]

 as required per band

	Span
	MHz
	Same as signal bandwidth

	RF output level
	dBm
	0

	Number of traces per receive antenna orientation
	
	Same as in DUT measurement

	Number of points
	
	Configured to obtain 1 MHz step size

	Averaging
	
	1


Method of Measurement Results Analysis
Compute and evaluate the anisotropy coefficients from the measured data as described in [2]. Using S parameters, the anisotropy coefficient that employs two orientations may be given as 

Apq(n) = (|S21,p(n)|2-| S21,q(n)|2)/(| S21,p(n)|2+| S21,q(n)|2), 





where p < q = 1, 2, 3. The total anisotropy coefficient that takes into account all three orientations is given by 

Atot(n)=sqrt{[A12(n)]2+[A13(n)]2+[A23(n)]2}/sqrt{3}.





The cumulative distribution functions (CDFs) for the ideal anisotropy coefficients are shown in figure C.3.2.5-1, where the left plot applies to Apq(n) and the right plot applies to Atot(n).
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Figure C.3.2.5-1: Reference anisotropy coefficients for two orientations (Apq) and for three orientations (Atot)
NOTE: These figures have been provided by the National Institute of Standards and Technology in USA.
The differences between the measured CDF of Apq(n), Atot(n) and their ideal CDF’s are is computed within the framework of the chi-square test [3] to determine if the chamber is isotropic. The chi-square test is a statistical test for determining whether the CDF of the observed data for Apq(n), and Atot(n) are is significantly different from the ideal. The chi-square test is performed as follows [21]. 
1. Sort the N measured values of Apq(n), and Atot into the K equal, disjoint intervals (bins) specified in the first two columns of Table C.3.2.5-2 and C.3.2.5-3, with K = 101, and K = 11 respectively.

2. Count the number Mk of measured samples of Apq(n), and Atot that fall in the kth interval. It is necessary that at least 5 measured samples fall into each interval.

3. For Apq(n) the numbers of samples per bin are equal, therefore pi = N/10. For Atot(n) Ccalculate the probability pk of samples for each bin from the ideal CDF in the kth interval. Table C.3.2.5-23 provides the values of pk for K = 11 bins.
4. Compare the Mk with the expected number obtained from the ideal CDF pk using the chi-square test as follows.
(Mk-Npk)2/(Npk).








The summation over bins goes from k=1 to K. 
Due to the statistical variations of the chi-squared value, the final reported value should be obtained by averaging the chi-squared values obtained for each frequency point in the signal bandwidth. This averaged value should be compared to the limit.
Table C.3.2.5-2: Expected Count for 2 Orientations Anisotropy Coefficients with 10 bins 
	Bin limit (min)
	Bin limit (max)
	pi

	-1.0
	-0.8
	1/10

	-0.8
	-0.6
	1/10

	-0.6
	-0.4
	1/10

	-0.4
	-0.2
	1/10

	-0.2
	0.0
	1/10

	0.0
	0.2
	1/10

	0.2
	0.4
	1/10

	0.4
	0.6
	1/10

	0.6
	0.8
	1/10

	0.8
	1.0
	1/10


Table C.3.2.5-23: Expected Count for Total Anisotropy Coefficient with 11 Bins 

	Bin limit (min)
	Bin limit (max)
	pk

	0.00000
	0.09090909
	0.013

	0.09090909
	0.18181818
	0.040

	0.18181818
	0.27272727
	0.066

	0.27272727
	0.36363636
	0.093

	0.36363636
	0.45454545
	0.118

	0.45454545
	0.54545454
	0.140

	0.54545454
	0.63636363
	0.157

	0.63636363
	0.72727272
	0.163

	0.72727272
	0.81818181
	0.150

	0.81818181
	0.90909090
	0.053

	0.90909090
	1.00000000
	0.006


According to [22], a chi-squared value less than or equal to 21.67 will mean that the 2 orientation anisotropy coefficients, Apq(n), are uniformly distributed as expected (1% significance level). For the Total anisotropy coefficients, Atot(n), a chi-squared value less than or equal to 23,21 will mean that the there is no significant difference from the ideal reference (1% significance level).
OTA antenna configuration: 

Fixed measurement source antennas.

Measurement antenna: 


The electric dipole.
<< End of changes >>
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