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1
Introduction

Recent development of 3GPP RAN4 on FR2 MPAC has been revolving around channel model scaling [1] and how to implement cost effective MPAC system to test FR2 user devices. 
As known, one critical design factor of MPAC system is the used propagation environments as they define how the radiator antennas are located in MPAC system. NR FR2 use the very high frequencies and 3D channel models, which may lead to very complex probe layout and thus very expensive test systems. 

[2] defines the needed performance criterions for terminal and [3] defines NR test methods. Base on [3}, MPAC OTA system shall be deployed as base line test method and this paper discuss how the FR2 MPAC system should be designed.

[1] defines five CDL models, namely, CDL-A, CDL-B, and CDL-C represent NLOS scenarios, and CDL-D, CDL-E represent LOS scenarios. The focus right now is in CDL-A and CDL-C with UMi and InO (InH) scaling. This document describes the studies done at Spirent on FR2 test solution based on the channel models defined by [1].
2
Detail
The study in this paper will focus on CDL-A, CDL-B and CDL-C only. And at 28 GHz carrier frequency, even the frequency does not play any role in this study (all results can be generalized to 39 GHz as well). We include CDL-B to the analysis part, even though CDL-B is not considered anymore by 3GPP RAN4
Simulations use 8x16 URA antenna as shown below.
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Channel model scaling effects (shown only CDL-A model):
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We see that scaling affects to spatial behaviour of the channel model considerably. This also affects to complexity of the test solution. From the picture, we can see that phase wrap can happen sometimes (switch from 180 degrees to -180 degrees) if the whole cluster is scaled.
Using the scaled values has already been agreed in 3GPP RAN4 and therefore there is consensus that basis of the channel modelling in MPAC system shall be done using scaled values.
When filtering the scaled channels by gNb antenna, we get following response
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As we can see, that only one cluster will be clearly amplified, as the three peaks refer to same spatial cluster in CDL-A. The reason for this is that the gNb antenna is highly directive. Each of the channel models will produce slightly different response (not shown in this document).
If two (2) strongest beams are selected and PSP (PAS Similarity Percentage) is calculated by using 4x4 Virtual array as UE (RX end) we get following result
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The PSP of this case is 89.7%, aligning what was shown in contribution [4].

Similarly, we have calculated all combinations of channel models and scaling values to get following table:


[image: image10]
We can see that the PSP is varying between 86% to 92%, yet none of the PSP values aligning exactly. The varying PSP may cause differences between the performance of the DUT, thus making channel model comparison more difficult.
There are multiple ways how we can optimize the probe locations of MPAC system. Thus, depending what we have as an optimization criterion and how the MPAC radiator antennas are located, we may end up getting multiple different installation layouts. This poses a problem for validation process as we cannot have exactly comparable values between the labs. Therefore, it is desired that all the vendors use similar layout of the MPAC radiator antennas. Below we discuss two approaches (selecting the beams or selecting the clusters) to show that we end up having multiple different probe layouts depending how the probe locations are optimized.

As a preliminary probe layout, the beam directions from each model produce the following distribution of probes supporting each of the CDLs.  
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The Azimuth domain spans from -20 … 28 degrees and elevation domain from 73 … 94 degrees. Each of the channel model and scaling factors produce slightly different cluster distribution in AoA-ZoA domain. This would yield system that is able to select the OTA radiator antennas based on the channel model.  There are multiple possible ways to do this.
The problem of selecting hard coded number of beams is that the energy of the model is varying a lot (portion of how much energy is modeled by the probes compared to the total energy of the model). Therefore, we have calculated how many clusters, filtered by gNb antenna (assuming the UT to be omnidirectional as we do not know DUT’s details in real life) need to be included to exceed the 90% energy.
Following table contains the number of the clusters that corresponds over 90% of the power in CDL Model after the gNb filtering.
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These clusters maps to AoA-ZoA domain as follows.
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As we can see, the distribution of signals is different, yet we model the same environment by a fixed set of probe locations.
Observation: The probe locations can vary a lot due to different approaches to select the probes.

Defining unique figure of merit (FoM) between different approaches may be very difficult, thus we may end up completely different probe layouts, with different performance, thus having great uncertainty between the labs. Therefore, we propose to fix the a) strategy to select the probes and b) locations of the probes to keep traceability between the vendors’ solutions.
Proposal 1: Agree on probe layout on MPAC system

3
Conclusions
This contribution proposed practical aspects of the FR2 MPAC installation. It is proposed that 3GPP RAN4 decides the probe layout of FR2 MPAC system to minimize the uncertainty of MPAC design.
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