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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. One key item that fader vendors were asked to provide is the probe layout and design in last RAN4 meeting held in Reno, NV. It is preferred that conformance system is fully aligned over different vendors. In same meeting it was also agreed the channel model tables to be used [2].
As known, one critical design factor of MPAC system is the used propagation environments as they define how the radiator antennas are in MPAC system. NR FR2 use the very high frequencies and 3D channel models, which lead different probe layout than defined in [3]. Besides, the figure of merit will be different than in 4G MIMO OTA, thus it is expected that FR2 probe layout will be completely different.
This contribution assumes that the figure of merit is PSP, introduced in several contributions, e.g. in [4]. We also assume the MPAC system is based on a wall of probes structure to allow the creation of 3D channel models in an anechoic chamber, where a certain number of radiator antennas are distributed in space. These antennas are used to transmit signals from a gNb through the channel model, filtered by the gNb antenna.
This contribution discussed the probe layout and design principles using above assumptions.
2
Detail
The study in this paper will focus on CDL-A, and CDL-C at 39 GHz carrier frequency, even the frequency does not play any role in this study (all results can be generalized to 28 GHz as well). Scaling is either UMi or InO, as defined in [2]. The range length is selected to be 75 cm on all of the simulations.
Since the purpose of the metric in FR2 is to test UE beamformer, the first natural approach is to define how many resources are needed to reconstruct the PAS (Power angular spectrum). Essentially, how we can accurately create the intended power distribution in space.  100% of power (or energy) would yield too many clusters to be distributed, yielding test set up that is too complex. 
	Model
	#Clusters
	Percentage

	CDL-A UMi
	17
	90.67 %

	CDL-A InO
	17
	90.67%

	CDL-C UMi
	17
	90.26%

	CDL C InO
	17
	90.26%


Thus, even though the channel model has either 23 or 24 clusters, over 90% of the energy is in 17 clusters . If the AoA/ZoA of these clusters is plotted, following AoA-ZoA distribution is seen.
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By visual inspection it is seen that signal spreads from -180 degrees to +180 degrees, even if the scaling is done. In elevation we can see signals between +40 to 124 degrees.
Observation 1: Spread of the signal is wider in azimuth domain than in elevation domain. 
Observation 2: If the signal is not filtered, 90% of the energy yield very big installation.
Observation 3: There is no clusters in middle (azimuth from -70 deg to 20 deg). Clusters are wrapped with 180 degree and -180 degree. If zero azimuth is boresight, the signals enter from back.

This means that design of the probes should not be done by the original, scaled model and it is desired that the azimuth is having wider spread than the elevation.

Applying the 8x16 URA antenna to clusters, the spatial domain will be filtered. 
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Some clusters will be amplified and some not. Example of CDL-A UMi shown below.
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Clearly, few clusters compose the majority of the energy. Following table lists how many clusters are needed to model over 90% of the energy
	Model
	#Clusters
	Percentage

	CDL-A UMi
	3
	90.38%

	CDL-A InO
	3
	98.91%

	CDL-C UMi
	7
	92.23%

	CDL C InO
	3
	91.83%


In spatial domain the clusters are shown in below figure.
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It is seen that the filtered clusters are wrapped in azimuth direction between -180 degree and -180 degree. We see (obviously) the same blank space as in original cluster distribution, but now a bit wider (~-150 degree to ~120 degree). Many of the clusters are on top of each other in AoA-ZoA domain and only 6 separate clusters are seen. Still, the azimuth domain is wider than the elevation domain (~60 degrees vs, ~30 degrees).
Observation 3. Antenna filtering reduces the clusters to max 6 spatial (AoA-ZoA) clusters.
To model a cluster, we need multiple antennas to model the equivalent spread. It is essential that we have large enough spread to differentiate from the TDL model (single antenna solution) [5]. 
Each of the original clusters are Laplacian in azimuth and elevation and assuming the marginal distribution to be multiplication of the both, the single cluster would look like below.
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In following, we assume that the cluster is modelled by dual Laplacian distribution and filtered by the gNb antenna. The same antenna locations will apply, even if the antenna filtering is not done, but the power weights are calculated differently.
First, we have to note that if the 3D probe layout is highly truncated in elevation, the correlation becomes high.

[image: image6]
Even though correlation is NOT the KPI of FR2 NR device testing, Spirent feels important to raise this point as it affects to MIMO Tput maximum performance. Thus, probe layout should provide means to have as good performance as possible. This is enabled only if the antenna separation is wide enough to have also low correlation values [5].
Each cluster in spatial domain (AoA – ZoA) is listed in below table.
[image: image7.emf]Channel model Scaling AoA ZoA
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Essemtially, CDL-A UMI, InO and CDL-C InO are single cluster models. 
Taking the maximum and minimum of the AoA and ZoA, the AoA spans over 78 degrees and ZoA over 19 degrees. 
If we filter out the duplicates of the angles, we get locations of the mean directions of the clusters. At the same time, we also convert negative angles to positive.
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Earlier, it was discussed in [6] that it is required minimum angular separation between antennas is 3.27 degrees to guarantee proper isolation Having said that, we can further reduce the cluster directions. If 3 degrees separation is assumed, following set is obtained (rounded to full degrees):
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These co-ordinates form the 4 antennas around which the clusters are formed.
Each cluster will have 4 surrounding antennas around the main direction to model spread (filtered by gNb antenna). This is the window that needs to be defined. In order to avoid situation that the correlation is high everywhere and no MIMO performance is seen, it is recommended that the antennas are at least 20 degrees out of the main direction. 

This means that the farthermost antennas are at least 10 degrees out of the maximum spread defined by the AoA-ZoA. This yields that span of 78 degrees will expand to 98 degrees in azimuth and 39 degrees in elevation.

Proposal 1: Wall structure should be 98 degrees in azimuth and 39 degrees in elevation.

This also allows to make wide enough spreads to test system to avoid the high correlation case discussed earlier.
Radiator antenna locations are defined by following principle.
1. Take the mean direction from above table 
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2. Expand each cluster by 10 degrees in azimuth and elevation to create 4 new probe positions

[image: image11]
3. This will constitute 20 probe locations which are selected based on the channel model to save channel emulation resources. Further optimizations can be achieved by removing the probe at the center.
[image: image12.emf]Antenna Location

1 202,90

2 164,74

3 129,71

4 207,76

5 212,90

6 192,90

7 202,100

8 202,80

9 154,74

10 174,74

11 164,64

12 164,84

13 119,71

14 139,71

15 129,81

16 129,61

17 217,76

18 197,76

19 207,66

20 207,86


This installation requires switch to pick up the right probes based on the channel model.

Proposal 2: Use the spreading of probe locations as shown above to select the probes based on the channel model
3
Conclusions
This contribution proposed practical aspects of the FR2 MPAC installation. The main conclusions were 
Observation 1: Spread of the signal is wider in azimuth domain than in elevation domain. 

Observation 2: If the signal is not filtered, 90% of the energy yield very big installation.

Observation 3: There is no clusters in middle (azimuth from -70 deg to 20 deg). Clusters are wrapped with 180 degree and -180 degree. If zero azimuth is boresight, the signals enter from back.
Proposal 1: Wall structure should be 98 degrees in azimuth and 39 degrees in elevation.

Proposal 2: Use the spreading of probe locations to model spread of the cluster and select probes based on channel model.
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