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1
Introduction

The last WF [1] requested to finalize the PSP validation to complete channel model validation. This contribution discusses the PSP validation and proposes a simplified method to calculate the desired PSP [2].
2
Details
Basic quantity to define PSP is Total Variation Distance (TVD), as discussed in [3]. TVD describes how well OTA set-up is able to reconstruct the target PAS. 
As known, the filtered channel model will form a PAS. PAS can be expressed by equation
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 denotes PAS from theory,  [image: image3.png]a(Q)



 is steering vector in given direction. This can be expressed in discretized form, i.e. substituting the square brackets by correlation matrix, i.e.
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(2)
where [image: image5.png]


 is correlation matrix with elements of spatial correlation between the UE antenna elements. [image: image6.png]


 is the PAS estimate for a given direction ( in the OTA set-up.
By comparing these two, we can see how well the reference antenna is able to measure theoretical PAS. To set some metric for this, [3] proposes to use TVD, defined by the following equation:
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i.e. both theoretical and OTA PAS values are normalized.
PSP is calculated using TVD by following equation
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(4)
What makes this interesting is that we can apply this directly to validation using a virtual array. The OTA PAS can be calculated using the existing spatial correlation function and methodology and all we need to measure is the correlation matrix in Eq. (2). 
In FR2, a 4x4 UE array is used. All simulations done so far, latest shown in [4] and [5], use in simulations such array and mathematically both contributions show better than 84% PSP over the whole test volume with both selected channel models, CDL-A InO and CDL-C UMi. These simulations form a basis of acceptance PSP level. Acceptance PSP level is TBD.
To validate the PSP, the correlation matrix needs to be measured. The typical optimization, done numerically, samples the test volume in several points. Obviously, it is not expected that PSP is calculated in such many points in space. Target is to get reliable estimate of PSP in few points in test volume using the 4x4 array.
The array can be in N (N TBD) points in space and corresponding PAS values are calculated using the measured correlation matrices, see equation (2). After calculating the theoretical PAS, equation (1), we can form PSP in each virtual array location by equations (3) and (4). Finally mean value of these PSP’s are calculated.
The virtual array can be located as shown below


[image: image9]
Figure 1. Illustration of virtual array positions.

As an example, in Figure 1 the virtual arrays are in a) centre of the test volume and b) 4 pieces of virtual arrays to the boundary of test volume. The correlation matrix in these points are calculated as per equation (2) and discretized PAS is calculated using equation (2). This PAS substituted to equation (3) and comparison to original PAS is calculated by equation (3). Finally, PSP is obtained by equation (4) in each virtual array location. Finally, mean value of these PSP values are calculated.
The correlation matrix in equation (2) is 16x16 matrix (as the virtual array has 16 elements). The correlation matrix contains all combinations of virtual array element pairs in each location. 
Thus, the validation of PSP can be achieved by following set-up. For simplicity, virtual arrays are plotted as single antennas.
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Figure 2. PSP validation system diagram.

In practise, we can use both directive and omnidirectional antennas to execute measurements. Directive antenna requires adjusting the direction such that all probes are on main lobe. Note also that we have two loops, one going through all Virtual array locations and one where the test antenna goes through all virtual array elements.
 Thus, getting the PSP consist of following steps
1) Calculate the theoretical PAS from the filtered channel model for each virtual array location n=1,…,N or use existing reference result.
2) Go through all (N) virtual array locations. Inside virtual array
a. For each position of the test antenna in the test zone, step & pause the emulator to different time instances. Measure the frequency responses [image: image12.png]H(f,t) = H(mAf, nAT),m=0,..,M — 1



 for all stepped channel snapshots [image: image14.png]


, where the interval between frequency and time samples is [image: image16.png]Af



 and [image: image18.png]AT



, respectively. The number of channel snapshots [image: image20.png]


 and frequency samples [image: image22.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: image24.png]


 and repeat step 2 to record frequency responses [image: image26.png]H,(mAf,nAT)



 of all stepped channel snapshots. 

c. Repeat step 3 to record frequency responses at all [image: image28.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: image30.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 
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, k=1,...16, j=1,…16.
3) Calculate PAS in each virtual array position using equation (2) to get [image: image32.png]PAS,



, n=1,…N
4) Substitute the step 1 and step 3 results to equation (3)

5) Calculate PSP using equation (4) in each virtual array location, n=1,..., N
6) Calculate mean value of the PSP’s over all N positions virtual array positions
7) Compare that to target PSP
As an alternative, we also propose to add a second method to validate PSP. This method is based on time domain techniques. Instead of using a VNA to measure the frequency domain traces, the narrowband equivalent fading can be more efficiently measured. Time savings are at least two orders of magnitude.
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Same process of collecting the data and analysing the data apply also in this method. Only difference is that we measurement equipment is different.
Proposal 1: Adopt the above procedure to validate PSP.
3
Conclusions
This document discusses the FR2 MPAC OTA PSP validation. Response to request in [1] was provided to complete the channel model validation.
Proposal 1: Adopt the above procedure to validate PSP.
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