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1. Introduction
The attached TP to TR 37.977 v0.7.0 add the channel capacity and condition number to the channel model validation items. The justification for this is based on the data presented in R4-134225. The current validation parameters of PDP, temporal correlation and cross polarization failed to pick up on the sensitivity of the geometric-based channel model implementation to the starting phase for the channel realization which is not otherwise defined. The spatial correlation metric did show significant variability but not in a way that directly indicate the impact on the receiver.

The significance of the non-ergodic behaviour of the spatial correlation is further examined in R4-134225 through the additional metrics of condition number and channel capacity, both of which are fundamental measures of the channel as seen by the DUT unlike PDP, spatial correlation, XPR and temporal correlation which are necessary measures but do not in themselves directly predict receiver performance.

The addition of condition number and channel capacity to the channel model validation will provide further proof that the desired channel has been correctly generated in the test volume.

It is recommended that existing channel model validations are updated to include condition number and channel capacity analysis to show adherence to the desired channel model.

<Start of changed text>
8.3.2.4
Cross-Polarization
This measurement checks how well the measured vertically or horizontally polarized power levels follow expected values. 
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 [m /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
	30


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
Condition number
This calculation checks how well the channel is conditioned for 2x2 MIMO transmissions in a way that directly relates to receiver performance. 
Method of calculation: 

The condition number can be computed as follows:
· Create a fading coefficient realization with 0.5 lambda spaced vertically polarized dipoles for MS and BS using the channel model being validated
· For each time sample (2x2 matrix), compute the singular value of the 2x2 MIMO channel coefficients.

· Convert it into dB 20*log10.

· Plot the CDF and compare with expected values.
Example: 

Using the public MatLab SCME, the condition number can be retrieved the following way:

singular_values = svds([squeeze(sum(H(1,1,:,sample))) squeeze(sum(H(2,1,:,sample))) ; squeeze(sum(H(1,2,:,sample))) squeeze(sum(H(2,2,:,sample)))]);
condition_number(sample) = singular_values(1)/singular_values(2);
Expected results: 

The expected results for the condition number CDFs variation are the shown in Figure 8.3.2.5-1:
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Figure 8.3.2.5-1: Reference Condition number CDF variations for SCME UMa MC/A, UMa SC/A, UMi MC/A and UMi SC/A.
The target values for the condition number CDFs are the shown in Figure 8.3.2.5-2:
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Figure 8.3.2.5-2: Reference Condition number CDF target for SCME UMa MC/A, UMa SC/A, UMi MC/A and UMi SC/A.

8.3.2.6
Channel capacity
This calculation computes the channel capacity from fading coefficients. The reference capacity is computed for SNR = 20dB.

Method of calculation: 

The channel capacity can be computed as follows:
· Create a fading coefficient realization with 0.5 lambda spaced vertically polarized dipoles for MS and BS using the channel model to validate,
· For H a M x S matrix with M number of link (4 for 2x2MIMO) and S the length of the realization (e.g. 10000 coefficients), then the capacity CDF can be calculated with the following MatLab script:

SNR_lin=10.^(SNR./10);
capacity=zeros(1,length(H));
capacity_SNR=zeros(size(SNR));
for jj=1:length(SNR)
    for ii=1:size(corrH,2)
        tempH=reshape(corrH(:,ii),N,M);
        a=eye(N,N)+SNR_lin(jj)*tempH*tempH'/M;
        capacity(1,ii)=log2(det(a));
    end
    [n1 x1]=hist(capacity,40);
    n1_Normalized=n1/size(capacity,2);
    a=cumsum(n1_Normalized);
    b=abs(x1);
a and b can be used to plot the capacity CDF.
Expected results: 

The expected results variations for the channel capacity with a 20dB SNR are the following:
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Figure 8.3.2.6-1: Reference 20dB SNR capacity variations CDF for SCME UMa MC/A, UMa SC/A, UMi MC/A and UMi SC/A.
The target results for the channel capacity with a 20dB SNR are the following:
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Figure 8.3.2.6-2: Reference 20dB SNR capacity target CDF for SCME UMa MC/A, UMa SC/A, UMi MC/A and UMi SC/A.

8.3.3
Reporting
Additionally, the results should be summarized in the following table:
<End of changed text>
