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1
Introduction

Last RAN4 meeting #94bis Way Forward [5] requested companies to provide input to PSP validation. There were two contributions specifically dedicated to this topic [1],[2]. Specifically [2] pointed out few very important aspects of the PSP validation. In this contribution the PSP validation is discussed more carefully.
2
Details
The theoretical background of PSP calculation is given in [3] and a method to calculate PSP based on this was presented in [1]. However, as pointed out, there are few practical problems related the method of [1].
The very first one is that in PSP, it is necessary to calculate Bartlett beam former. Bartlett beam former requires correlation matrix and this correlation matrix will be composed by measurements. Typically, in these measurements VNA is used, which usually has single input and output (2 port) or two (2) inputs and two (2) outputs (4 port) to calculate S parameters. To calculate the correlation matrix, we need more than 2 antennas and therefore VNA measurements yield using the virtual array in measurement, i.e. single antenna measurements by moving the measurement antenna in the test volume. In method of [1], the measurement antenna is moved in 16 different antenna positions per each PSP calculation, which would require additionally linear slider in the two-axis positioner. This is extra cost as linear slider is only needed for PSP validation, therefore in practise it would be beneficial to use only two-axis positioner also for the channel model validation.
The other concern in the [1] is the accuracy. The Bartlett beam former alone is probably not very accurate if the number of elements is limited. The ability to distinguish narrow spread signals from probe antennas may be difficult without any high-resolution technique. 4 antenna Patch array has following gain pattern), yielding resolution of pi/N-1, roughly 40 degrees in azimuth and in elevation.  
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Figure 1. 4 element patch array gain pattern (example), in 2D also.

In theory, we can increase the array dimension, but the measurement time becomes prohibitive due to deployment of virtual array.

There are also some concerns on using omnidirectional antenna in validation. The link budget is always a concern in the FR2 MIMO OTA and channel model validation is no exception to that. Link budget can be improved by using directive antennas, but that  may require additional aligning of test antenna towards probes. As recap, the PSP can be calculated by defining the Total Variation Distance.

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: image5.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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where [image: image7.png]


 is correlation matrix with elements of spatial correlation between the UE antenna elements. [image: image8.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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Despite all these concerns, the benefits of the proposed method [1] are balancing (at least) some of the disadvantages. The method is relatively straightforward to implement and it uses the existing validation scrpits, widely already used in the 4G MIMO OTA. Needed equipment are available in all of the laboratories, thus method itself does not need anything else than new analysis SW. Analysis SW is relatively simple, as it only needs to implement the Bartlett beam former or alternatively super-resolution technique to estimate DoA and based on DoA equivalent PAS is created. The caveat here is that in FR2 MPAC the RL is 75 cm or more. By definition, this distance is too short for phase taper to settle, thus,  the near to far field convesrion is possibly needed in PSP analysis. 
Linear slider can be removed if we use 16 elements patch array in the validation. The patch array is can be mounted directly on to antenna mountin table in two axis positioner. Positioner can move in azimuth and elevation, thus 3D scan can be done. The needed extra compnent is the switch that selects one element of the patch antenna at a time. In this way it is possible to use standard VNA in measurements and there is no need for linear slider in the two axis positioner. Patch array can be moved e.g. in 5 positions in test volume and mean PSP is calculated in each of those, yieding totally 5x16 (80) measurement points. 
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Figure 2. Patch array in two-axis positioner

The accuracy of the signal space can always be improved by using some super-resolution technique, such as MUSIC (Multiple Signal Classification) [4]. Idea is that from the received signal vector the covariance matrix is formed
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This covariance matrix is decomposed by singular value decomposition (SVD) to obtain signal subspace span by 
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 which is then analysed to get power of directional information
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(5)
Equation (5) provides the Power angular distribution of the space. Typically, to obtain say six (6) distinct DoA’s and equivalent powers, threshold needs to be used. This threshold is TBD.

Once Equation (5) is calculated, resulting PAS can be filtered by the 4x4 UE array to obtain the PAS seen by the UE. Eventually, this then can be compared to theoretical value to see how accurately the discretised OTA installation is able to mimic the theoretical one.
Observation 1. PSP validation most likely need some phase taper correction technique.

Equivalently as in proposal in [1], the accuracy is determined how accurately the autocovariance matrix is formed, possibly needing a near to far field conversion in PSP analysis for FR2 MPAC system.

MUSIC algorithm is only few lines of code (also readymade implementation exists in Matlab). The link budget is always a concern and only way to get better link budget is to use directive antenna. Unfortunately, the directive antenna needs to be aligned to main direction of radiation in each point of virtual array. Therefore, it is better to have each individual element omnidirectional and use e.g. noise cancelling (more samples to average noise out).
Alternative method to validate PSP was presented in [2]. The method is using MUSIC as super resolution Power – DoA estimation. Compared to [1], biggest difference is how the virtual array is positioned. [2] deploys the two-axis positioner in azimuth and elevation as shown in figure 3.

[image: image15]
Figure 3. Virtual array positions of [2].

This method will also use virtual array and deploy two axis-positioner. Two axis-positioner is moving on half circle trajectories and data is collected using e.g. VNA. Antenna is either omnidirectional single antenna or directive antenna. [2] propose to use 79 separate positions of virtual array, which is sufficient to cover whole semi-sphere. Performance if the method is shown in [2] and after DoA estimation, corresponding PAS can be created. Once this is done, the PAS of the distinct DoA’s and powers (Eq. (5)) shall be filtered by UE antenna.
Both methods are suitable for PSP evaluation. The link budget in both methods yield same value as they both measure the samples in the boundary of the test volume. Both methods use additional algorithm to detect the actual DoA angles and re-create the PAS using the detected DoA’s. Difference is the measurement antenna. If the method of [1] is used with omnidirectional antenna, it would require additional linear slider. This can be avoided by using the patch array, with reasonable size to limit the measurement time.
Observation 2. If the number of measurement time is limited, number of virtual elements will also become limiter mandating to use some super-resolution technique to estimate DoA.

If the methods of [1] and [2] is compared, following table can be created.

	Item
	Method [1]
	Method [2]

	Number of points
	80
	79

	Need for super-resolution post processing
	Yes
	Yes

	Need for linear slider
	No
	No

	Need for special measurement antenna
	Yes
	No

	Measurement antenna
	Patch
	Omni/directional single antenna


In short, both proposals can be used to measure PSP, however method in [2] re-uses better the existing antennas and therefore is recommended. However, method of [1] is not excluded.
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.
Proposal 1. Apply either of the PSP validations proposed in [1],[2], using super-resolution technique to estimate DoA.
3
Conclusions
In this contribution PSP validation was discussed. PSP validation is new item introduced in FR2 channel model validation; thus, careful thinking should be taken to decide methodology that is not overwhelming in terms of execution time. It is also understood that current FR2 MIMO OTA requires two-axis positioner and adding linear slider just for PSP validation seems to be additional cost without any other benefits. In this contribution following conclusions were made:
Observation 1. PSP validation most likely need some phase taper correction technique.

Observation 2. If the number of measurement time is limited, number of virtual elements will also become limiter mandating to use some super-resolution technique to estimate DoA.

Proposal 1. Apply either of the PSP validations proposed in [1],[2], using super-resolution technique to estimate DoA.
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