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1
Introduction

Last 3GPP RAN4 in Reno, NV, USA, discussed on FR2 channel model validation [6]. Feedback was requested and this document discuss few items that needs to be taken into consideration. Existing 4G MIMO OTA validation techniques shall be revisited as the Figure of Merit has changed from correlation to PSP. However, target of the validation is to guarantee that given propagation conditions or Figure of Merits are created to the test volume. Therefore, the 4G methods apply in many respects to the 5G validation.
2
Details
Nice introduction of the validation is given in reference [1]. Reference [1] was motivation also to contribution [6]. The target of the reference [1] is to introduce joint spatio-temporal algorithm to perform channel model validation in sectorized MPAC system. Target of the channel model validation is to verify that desired channel model characteristics are replicated in the test volume of OTA test system accurately. Specifically, PDP (Power Delay Profile), PSP (PAS Similarity Percentage), polarization and Doppler are quantities that are verified in channel model validation. As the discussion of FR2 has been revolving around such system e.g. [2],[3],[4],[5], it is natural that this paper is taken as reference to discuss further how the channel model validation should be performed.
Reference [1] shows impressive practical measurements and good agreement with theoretical channel model and validated channel model at sub 6 GHz. However, at the same time, we must highlight few items that needs further clarification, especially when applied to FR2.
1) [1] uses 2 m range length. In FR2 we may not be exactly in far field as we do not know exactly where the antennas. This means that wave front may not be exactly plane, thus estimation algorithm may have some errors due to reduced range length. The agreements in RAN4 just investigated the range length effect to PSP and a minimum range length of 0.75 m was agreed, therefore the actual distances may not be exactly following the far field criterion. This estimation error is unknown as we speak.
2)  [1] uses UCA (Uniform Circular Array) antenna as test antenna in the centre of chamber. UCA is either realized by arranging number of vertical dipoles in circular form or virtually rotate the dipole location on a turn table in the test volume. It is known that dipoles exist in FR2 region (or Ka band antennas) [7]. However the link budget may become an issue in FR2 if omnidirectional antennas are used. UCA can also have dual polarized patch array as element, however they are not easily available in the market. In FR2, how can we get test antenna that is suitable to make measurements? Like [1] illustrates, UCA is more suitable than ULA (Uniform Linear Array) as the angles which are in the axis of ULA cannot be estimated with ULA. Most likely, the best way to realize any array is to use virtual array, i.e. moving the dipole antenna in test volume to get samples from whole test area.
Polarization is not considered in the paper and it is very evident that key feature of FR2 will be polarization Reference [6] does not include description of the UCA antenna in details, thus it is very hard to justify if the antenna in reference measurements have been dual or single polarized.
3) The validation time (10 h) is poses a problem, even in simple test set-up. Ideally, channel model validation should be done only once, yet practise has shown that validation needs to be done quite regularly. Apparently, the process to get samples is to run fading equipment in step wise manner and stay in position until the sweep over the bandwidth is taken. In order to have statistical reliability, the number of samples per single DuT antenna position has to be large.
4)  [1] measures only angular behaviour, i.e. estimating the angle of arrival by UCA antenna. The main point, i.e. estimating the proper FoM, in this case, PSP is not defined clearly.

5) All all fading equipment in the market are sub 6 GHz devices, thus the needed frequency converter must be taken into account.

Even the concerns above are listed as items to discuss, the paper clearly has its merits and one of the most important ones is that no special equipment is needed in the lab. In practise, the VNA (Vector Network Analyzer) and test antenna is sufficient to complete the whole validation process.

Even the method of paper looks attractive, the validation time is a concern as well potentially needed new antennas. Unfortunately, as said, validation needs to be performed many times unexpectedly and sometimes even many times in a row to finetune the test system. Examples of such events is e.g. mechanical breakdown of rotation table or broken module in test system, or even a calibration of individual test instrument or instruments. Therefore, it would be beneficial to have time efficient validation method, taking also account that test antenna should be easily available from the market.

Most of FR2 antennas are by nature directive and therefore it would be natural to think that such antenna is also used in the validation. Like [6] points out, the RX signal is highly specular in FR2 due to gNb spatial filtering, thus there is very little need for extracting multiple angles simultaneously from the validation data. Since the main focus of the validation is to validate specular angular and temporal behaviour, we suggest that they are separately validated. Thus, we propose two step method for validation 
Two step method:
Two step method is measured with a) Step 1: directive antenna and b) Step 2: Omnidirectional antenna 
All temporal parameters (PDP, power, Doppler, XPR) is measured in Step 1 using dual polarized directive antenna. The dual polarized directive antenna can be e.g. the same antenna that is used in probes. Following high level connections describe the set-ups to be used. 
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Figure 1. PDP and XPR validation
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Figure 2. Doppler validation
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Figure 3. Power validation

The PSP validation is realized by using omnidirectional antenna (only one polarization is sufficient) with following connection
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Figure 4. PSP validation

PSP validation is using similar process as spatial correlation. Single polarized antenna is used as virtual array. Theoretical PAS is calculated from gNb filtered channel model and compared to correlation with various combinations of the virtual array positions and mean angles. We propose to use 7 positions of virtual array, one in centre and 6 in the boundary of the test zone (or volume). Number of traces is obviously determining the needed measurement time.
The rationale behind this proposal is that all of the FR1 validation scripts can be re-used and we do not have to determine new techniques to do the validation. Also, the number of extra equipment (antennas) is kept to minimum, even re-using the probe antenna may save some costs. The target of FR2 channel model validation is same as in FR1 or in MIMO OTA, thus it is natural to think that same techniques apply in FR2 and therefore there is no need to use new estimation techniques.
Proposal 1: Adopt the simplified two step validation technique to FR2 channel model validation.

Few details to be considered in the validation

1) PDP

The PDP verification can be done similarly as in FR1 [8].

2) Doppler

The Doppler verification can be done similarly as in FR1 [8]. Instead of VNA, signal generator with CW (Continuous Wave) is used and Doppler shift is measured with Spectrum Analyser. We could use the autocorrelation, but the needed amount of samples makes the measurement very uneconomical in terms of testing time.

3) XPR

XPR in FR1 is measured using magnetic loop (H) and sleeve dipole (V). However, in FR2 it is difficult to find easily such antennas. Instead, same directive antenna (horn) can be used to measure XPR by measuring the each polarization separately, terminating the H when measuring V and V when measuring H. Otherwise the process is same as in [8] for FR1.
4) Power 

Power is validated with same procedure as in FR1 [8], except the dual polarized antenna is used instead of magnetic loop and sleeve dipole. 

5) PSP

PSP verification is FR2 specific verification and this is executed by using the step 2 of the verification process. The antenna is changed to omnidirectional dipole (available in markets, e.g. [7]). Target of the virtual array is to measure the PAS with VNA by extracting the tap data and calculate correlation between the virtual array points. The measured correlation is compared to theoretical correlation, calculated by virtual antenna separation, angular spread and mean angle. 

1) The desired PAS and mean angle are calculated from theoretical spatial correlation function. Theoretical PAS can be calculated from
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2) Where ( is random variable describing the AoA/AoD with respect the mean angle [image: image8.png]
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 is normalization factor to get unit integral of the PAS. The PAS in azimuth and elevation is calculated separately and the marginal azimuth and elevation is multiplied together to obtain 3D PAS.

3) The reason this is very suitable to estimate the correctness of the channel model is simply because spatially the gNb antenna filters the signal to single cluster model. For single cluster model it is relatively easy to calculate accurately the spatial correlation from measurements and from theoretical curve. 

Since the gNb filtering is practically filtering almost all spatial clusters, the channel model will become very directive, thus the theoretical PAS is easy to calculate.
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.
3
Conclusions
This document discusses the FR2 MPAC OTA channel model validation. It is proposed that simplified validation is used to expedite the validation process. It is also noticed that high spatial resolution test antennas are not necessary as the spatial domain is highly filtered by gNb antenna. Following proposals were made:

Proposal 1: Adopt the simplified two step validation technique to FR2 channel model validation.
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