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Introduction
This contribution is providing draft text to define Verification of channel model implementation in TR38.827 chapter 7.4 [1], refining the PSP measurement process according to next steps in [2]. This contribution adds also super resolution techniques in post processing.
Discussion

In the last RAN4 e-meeting, verification of channel model implementation for FR2 MPAC was discussed [2] and agreed that PSP verification needs to be clarified with steps. The proposed changes in [1] are for chapter 7.4.1.6.  
Proposal: Include the following draft text on channel model verification.
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========================== Start of change 1==========================

7.4.1.6
PAS similarity percentage (PSP)
This measurement validates the PSP in the test zone. The PSP validation is measured with a vector network analyzer as shown in Figure 7.4.1.6-1). To limit the measurement time, N (N is TBD) positions in test zone is used: N is distributed in test volume, example shown in figure 7.4.1.6-2 using N=6. 
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Figure 7.4.1.6-1: Setup for PSP validation measurements

Virtual array location (VAL) means a set of 16 test antenna locations (TAL) as shown in figure 7.4.1.6-2.

[image: image2]
Figure 7.4.1.6-2: Virtual array locations and test antenna locations in virtual array
Alternatively, the TAL’s can be positioned in any way which allows the DoA (Direction of arrival to be detected). The two-axis positioner can be used to validate the PSP to form virtual arrays of azimuth and elevation by forming a scan over both dimensions
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Figure 7.4.1.6-3: Alternative test antenna locations 

The PSP validation measurement setup is illustrated in Figure 7.4.1.6-1. The network analyser transmits signals through the fading emulator and probes. The N (N to be defined) probes radiate the signals within the anechoic chamber and a receiving test antenna is placed within the test zone. The test antenna is attached to a positioner that can move the antenna to pre-defined spatial locations, called test antenna locations (TAL) on each virtual array location (VAL). Number of VAL denoted by N. The received signal is measured with the network analyser. Test antenna can be directive antenna with sufficient 3dB beam width (3 dB Beam width depends on probe wall layout and is TBD). If the directive antenna has V (vertical) and H (horizontal) connectors, H connector shall be terminated. TALs form 4x4 UE antenna in each VAL  (1,…,N).
The measurement and analysis procedure are as follows:

1. Calculate theoretical PAS of selected channel model 

2. Set the target channel model to fading emulator. 
3. For each VAL, 1,…,N

a. For each position of the test antenna in the test zone (TAL), step & pause the emulator to different time instances. Measure the frequency responses [image: image5.png]H(f,t) = H(mAf, nAT),m=0,..,M — 1



 for all stepped channel snapshots [image: image7.png]


, where the interval between frequency and time samples is [image: image9.png]Af



 and [image: image11.png]AT



, respectively. The number of channel snapshots [image: image13.png]


 and frequency samples [image: image15.png]


 should be sufficiently high so that the matrix can be estimated reliably. 


b. Move the test antenna with a positioner to another location [image: image17.png]


 and repeat step 2 to record frequency responses [image: image19.png]H,(mAf,nAT)



 of all stepped channel snapshots. 

c. Repeat step 3 to record frequency responses at all [image: image21.png]


 spatial sample points. 

d) Stack measured time and frequency samples to a vector and calculate correlation between the each spatial sample point (i.e. k=j and other spatial points k=1,…,16 )

d. Calculate elements [image: image23.png]p,, = corr [vec(ﬂk(mAf, nAT)), vec (H, (maf, nAT))]




e. Form correlation matrix (16x16) in virtual array position to evaluate matrix R from test antenna positions [image: image24.png]


, k=1,...16, j=1,…16.

4. A) Calculate measured PAS Bartlett beamformer in each VAL by [image: image25.png]P,(Q) = a?(QR,a(Q)



  
5. Calculate TVD in each VAL (1,…,N)  from normalized theoretical PAS and normalized measured PAS from step 4
6. Calculate PSP in each VAL (1,..,N)  by [image: image26.png]PSP = (1—D,) = 100%




7. Take mean value of all PSP’s of step 6 by [image: image27.png]



8. Compare result of step 7 to target PSP
Alternative TAL position settings would yield using super resolution technique to estimate the DoA’s and then forming the PAS from six (6) different directions. 
1) For each TAL, 1,…,M
a. Step and pause the emulator to different time instances. Measure the time responses [image: image28.png]x(t)



 of the received signal
b. Calculate the autocovariance matrix of [image: image29.png]x(t)



 by forming [image: image30.png]N
Rec = %Z OO




c. Using singular value decomposition, calculate the signal sub space [image: image31.png]


 of matrix [image: image32.png]



d. Calculate the Power and DoA’s using steering vectors and signal sub space matrices by equation [image: image33.png]Puusic(9) = A EUUEA(0)




e. All six (6) power and angle estimates are collected by step d.
f. With 4x4 synthetic array and power-DoA pairs of step e, filter the PAS by Bartlett beam former [image: image34.png]P,(Q) = a?(QR,a(Q)



 to estimate the PAS seen by DuT
g. Compare step f to theoretical PAS by channel model and probe layout
VNA settings:

Table 7.4.1.6-1: VNA settings for PDP measurements

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink center frequency

in Table 7.4.1-2

	Span
	MHz
	200 

	Number of traces
	
	300

	Number of points
	
	1101

	Averaging
	
	1


Channel model specification:

Table 7.4.1.6-2: Channel model specification for FR2 PSP measurements

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink center frequency

 in Table 7.4.1-2

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

	Channel model
	
	As specified in Clause 7.2

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


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


Method of measurement result analysis:

Measured correlation is compared to theoretical correlation with the filtered channel model PAS and mean angle. Weighted difference is calculated.
Time Domain Alternative Method:


[image: image35]
Figure 7.4.1.6-4: Setup for PSP validation measurements based on time domain

Table 7.4.1.6-3: Signal Generator Settings
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink centre frequency in 3GPP as required per band

	Output power
	dBm
	Function of the CE. Sufficiently above Noise Floor


Table 7.4.1.6-4: CE Settings
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink center frequency

 in Table 7.4.1-2

	Output power
	dBm
	Sufficiently above Noise Floor

	Input power
	dBm
	Matched to output power of SG

	Channel
	
	As per required CDL

	Mobile Speed
	Km/hr
	As per required CDL

	Doppler Spread
	
	As per required CDL


Table 7.4.1.6-4: Signal Analyzer Settings
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink centre frequency in 3GPP as required per band

	Sampling
	Hz
	At least 8 times bigger than the max Doppler spread

	Observation time
	s
	At least 32s


The measurement and analysis procedure are is following the procedure of VNA measurement in TAL’s described earlier. Target of measurement and analysis is to repeat the steps to get correlation matrix, which is then used to get measured PAS. This is then compared to theoretical one to calculate the TVD and finally PSP in each VAL.
Method of measurement result analysis:

Measured correlation is compared to theoretical correlation with the filtered channel model PAS and mean angle. Weighted difference is calculated.

7.4.1.7
Correlation matrix

<Editor’s note: whether using the correlation matrix to validate the FR1 channel model is FFS >
7.4.2
Pass/Fail Criteria  

========================== End of change 1==========================
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